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ON MOBIUS MEANS 

By H. GUPTA, M. S. CHEEMA and 0. P. GUPTA 

The well-known Mobius Function is defined by the relations: 

1'(1) = 1, 

11-(n) = 0 if n has a square factor> 1; 

and 11-(n) = ( -1)' when n is a product of r different primes> 2. We define 
n n 

l',(n) = :l>(t), p 2(n) = 211-1(t). 
1==1 tc=l 

In 1946, Professor Viggo Brun conjectured that on the average 

1 12 {3 
-, (n-1),;-2+---· n 2 n n2 

where {3 = 18. C. L. Siegel opined that 

2,2 
{3 = "3) = 16-42" ' 

The study made here was undertaken at the suggestion of Brun whose 
attention was attracted by H. Gupta's paper* 'On a Conjecture of Miller'. 
We have studied in fact, the function 

F(n) <= {1'
2
(n-1)+2n-12Jn. 

In the table that follows are recorded values of F(n) and T,(n) for values 
ofn<750, k<5; where 

• 2 T,_,(t) • T,(n) = ,_=_,_l __ _ 
n 

and T 0(t) = F(t). • 
The first minimum for 1',(n) occurs for 

k=1 at n=6; for k=2 at n=l8; for k=3 at n-=50; for k=4 at 
n = 200 and fork= 5 at n = 539. 

In fact, 
T1 (6) = -14-667; 

T ,(18) = -14·542; 
T9(50) = -14-441; 

T.(200) = -14·846; 

T•(539) = -14-712. 

* Jour. Irult'an Math. Soc., 13, 1949, 85-90. 
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" F(n) T, T• -T, -T• -T, 

I -10 - 10·000 - 10·000 10·000 10·000 10·000 
2 -14 - 12·000 -1!·000 10·500 10·250 10·125 
3 -15 -13·000 -11-667 10·889 10·463 10·238 
4 -16 - 13·750 -12·188 1!·214 10·651 10·341 
5 -15 -14·000 -12·550 11-481 10·817 10·436 

6 -18 -14·667 -12·903 ll·718 10·967 10·525 
7 -14 -14·571 -13·141 ll·921 ll-l03 10·607 
8 -16 -14·750 -13·342 12·099 ll·228 10·685 

9 -IS - 15·1ll -13·539 12·259 11·342 10·758 

10 -20 -15·600 - 13·745 12·408 11-449 10·827 

11 -II -15·182 -13·876 12·541 11-548 10·893 

12 -12 -14·917 -13·962 12·659 I 1-641 10·955 
13 -13 -14·769 -14·024 12·764 Jl·727 11·014 

14 -28 -15·714 -14-145 12·863 11·808 11·071 

15 -30 -16·667 -14·313 12·960 11-885 1!·125 

16 -16 -16·625 - 14·458 13·053 11-958 11·177 

17 0 -15·647 -14·528 13·140 12·028 11·227 
18 0 - 14·778 - 14·542 13·218 12·094 11·276 

19 0 -14·000 -14·513 13·286 12·156 11·322 
20 -20 -14·300 -14-502 13·347 12·216 11·367 

21 -42 -15·619 -14·556 13·404 12·273 11-410 
22 -44 -16·909 - 14·663 13·462 12·327 11·451 

23 -23 -17-174 -14·772 13·519 12·378 11-492 

24 -24 -I 7-458 -14·884 13·576 12·428 11-531 

25 -25 -17·760 -14·999 13·632 12·477 11-569 

26 -26 -18·077 -15·117 13·690 12·523 1!·605 

27 0 -17·407 -15·202 13·746 12·568 I 1-641 

28 28 - 15·786 -15·223 13·798 12·612 11·676 

29 58 -13·241 -15·154 13·845 12·655 11·709 

30 60 - 10·800 -15·009 13-884 12·696 1!·742 

31 31 - 9·452 -14·830 13·914 12·735 11·774 

32 - 32 -10·156 -14·684 13·938 12·773 11-806 

33 - 99 -12·848 -14·628 13·959 12·809 11-836 

34 -136 -16·471 -14·683 13·981 12·843 11-866 

35 -140 -20·000 -14-834 14·005 12·876 I 1-894 

' 
36 -108 -22-444 -15·046 14·034 12·909 11·923 

37 - 74 -23·838 - 15·283 14·068 12·940 11-950 

38 - 76 -25·211 -15·545 14·107 12·971 1!·977 

39 - 39 ...... 25·564 -15·802 14·150 13·001 12·003 

40 40 -;23·925 -16·005 14·196 13·031 12·029 

41 123 - 20·341 -16·110 14·243 13·060 12·054 

42 168 -15·857 -16•104 14·287 13·089 12·079 

43 172 -11-488 -15·997 14·327 13·118 12·103 

44 132 - 8·227 -15·820 14·361 13·147 12·127 

45 90 - 6·044 -15·603 14·389 13·174 12·150 

46 46 -4·913 -15·371 14·410 13·201 12-173 

47 47 -3·809 -15·12;) 14·425 13·227 12·195 

48 0 -3·729 -14·887 14·435 13·252 12·217 

49 - 49 -4·653 -14·679 14·440 13·276 12·239 

50 -100 -6·560 -14·516 14·441 13·300 12·260 
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n F(n) T, T, -T, -T, -T, 

51 -153 - 9·431 -14·416 14·441 13·322 12·281 
52 -156 -12·250 -14·375 14·440 13·344 12·301 
.53 -159 -15·019 -14·387 14·439 13·364 12·321 
54 -216 -18·741 -14·468 14·439 13·384 12·341 
.55 -275 -23-400 - 14·630 14·443 13·403 12·360 

.56 -280 -27·982 -14·868 14·450 13·422 12·379 
,)7 -285 -32·491 -15·178 14·463 13·440 12·398 
r.8 -232 -35·931 -15·535 14·481 13·458 12·416 
59 -118 -37·322 -15·905 14·506 13·476 12·434 
eo - 60 - 37·700 -16·268 14·535 13·494 12·452 

61 0 -3i-082 -16·609 14·569 13·511 12·469 
62 0 -36·484 - 16·930 14·607 13·529 12·486 
63 63 -34·905 -I 7·215 14·648 13·547 12·503 
64 128 -32·359 -17·452 14·692 l!Nl65 12·520 
65 195 -28·862 -I 7-627 14·737 13·583 12·536 

66 330 -23-424 -17·715 14·783 13·601 12·552 
67 402 -17·075 -17·705 14·826 13·619 12·568 
68 408 - 10·824 -17-604 14·867 13·638 12·584 
69 414 - 4·667 -17·417 14·904 13·656 12·599 
70 490 2·400 -17·134 14·936 13·674 12•615 

71 497 9·366 -16·760 14·962 13·692 12·630 
72 432 15·236 - 16·316 14·980 13·710 12·645 
73 365 20·027 -15·818 14·992 13·728 12·660 
74 222 22·757 - 15·297 14·996 13·745 12·674 
75 ISO 24·453 -14·767 14·993 13·762 12·689 

76 76 25· I 32 -14·242 14·983 13·778 12·703 
77 0 24·805 -13·735 14·967 13·793 12·717 
78 0 24·487 -13·245 14·945 13·808 12·731 
79 - 79 23-177 -12·784 14·917 13·822 12·745 
so -240 19·888 -12·375 14·886 13·835 12·759 

81 - 405 14·642 -12·042 14·850 13·848 12·772 
82 - 574 7-463 -11-804 14·813 13·859 12·785 
83 - 664 - 0·627 -11·669 14·775 13·870 12·798 
84 - 840 -10·619 -11-657 14·738 13·881 12·8ll 
85 -1020 -22·494 -11·784 14·704 13·890 12·824 

86 -1118 -35·232 -12·057 14·673 13·900 12·837 
87 -1131 -47-828 -12·468 14·64i 13·908 12·849 
88 -1056 -59·284 -13·000 14·629 13·916 12·861 
89 - 979 -69·618 -13·636 14·618 13·924 12·873 
90 - 990 -79·844 -14·372 14·615 13·932 12·885 

91 -1001 - 89·967 -15·203 14·621 13·940 12·896 
92 - 920 - 98·989 -16·113 14·638 13·947 12·908 
93 - 837 -106·925 -17-090 14·664 13·955 12·919 
94 - 658 -II2·7Si -18·108 14·701 13·963 12·930 
95 - 380 -115·600 -19-134 14·747 13·971 12·941 

96 0 -114·396 -20·126 14·803 13·980 12·952 
97 388 -109·216 - 2J.045 14·868 13·989 12·963 
98 686 -101·102 -21-862 14-939 13·999 12·973 
99 990 - 90·081 -22·.551 15·016 14·009 12·984 

1oo I 1300 - 76·180 -23·087 15·097 14·020 12·994 
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n F(n) T, T, """"'7Ts -T• -T• 

101 1616 -59·426 -23-447 15·179 14·031 13·004 
102 1836 -40·843 '-23·617 15·262 14-043 13·014 
103 1957 -21-447 -23·596 15·343 14·056 13·025 
104 1976 - 2·240 -23·391 15·420 14·069 13·035 
105 1995 16·781 -23·008 15·492 14·083 13·045 

106 1908 34·623 -22·465 15·558 14·096 13·054 
107 1926 52·299 -21·766 15·616 14·lll 13·064 
108 1836 68·815 -20·927 15·665 14-125 13·074 
109 1744 84-183 -19·963 15·705 14·140 13·084 
!IO 1540 97·418 -18·896 15·734 14·154 13·094 

Ill 1221 107·540 -17·757 15·752 14·!68 13-!03 
ll2 1008 ll5·580 -16·566 15·769 14·183 13·!13 
ll3 791 121·558 -16·344 15·756 14-197 13-123 
114 456 124·491 -14-117 f5·741 14·210 13·132 
ll6 0 123·409 -12·921 15·717 14·223 13·!42 

ll6 - 348 ll9·345 -11·781 15·683 14·236 13·!51 
ll7 - 702 112·325 -10·720 15·640 14·248 13-!60 
!IS -1062 102·373 - 9·762 15·591 14·269 13·!70 
1!9 -1309 90·513 - 8·919 15·.535 14·270 13-!79 
120 -1440 77·758 - 8·197 16·473 14·280 13-188 

121 -1673 64·!l6 -7·600 15·408 14·289 13•!97 
122 -1708 49·590 -7·131 15·341 14·298 13·206 
123 -1722 36·187 -6·787 15·271 14·306 13·215 
124 -1612 21-903 -6·555 15·201 14·313 13·224 
125 -1500 9·728 -6·425 15·130 . 14·320 13·233 

126 -1386 - 1-349 -6·386 15·061 14·325 13·242 
127 -1270 -ll·339 -6·424 14·993 14·331 13·260 
128 -1280 -21·250 -6·540 14·927 14·335 13·259 
129 -1290 -31-085 -6·730 14·863 14·339 13·267 
130 -1170 -39·846 -6·985 14·803 14·343 13·275 

131 -1!79 -4:8·542 -7·302 14·746 14·346 13·283 
132 -1320 -58·174 -7-687 14·692 14·349 13·292 
133 -1463 -68·737 -8·146 14·643 14·351 13·299 
134 -1474 -79·224 -8·677 14·598 14·353 13·307 
135 -1350 -88·637 -9·269 14·559 14·354 13·315 

136 -1224 - 96·985 - 9·914 14·526 14·356 13·323 
137 -1096 -104·277 -10·603 14·496 14·357 13·330 
138 -1!04 -1!1-522 -1!·334 14·473 14·357 13·338 
139 -1251 -1!9·719 -12·114 14·456 14·358 13·345 
140 -1540 -129·864 -12·955 14·446 14·359 13·352 

14! -1833 -141·943 -13·870 14·441 14·359 13·359 
142 -1988 -154·.944 -14·863 14·444 14·360 13·367 
143 -2002 -167·860 -15·933 14·455 14·361 13·373 
144 -1872 -179·694 -17-070 14·473 14·361 13·380 
145 -1740 -190·455 -18·266 14·499 14-362 13·387 

146 -1460 -199·151 -19·605 14·533 14·363 13·394 
147 -1029 -204·796 -20·765 14·576 14·365 13·400 
148 - 592 -207·412 -22·027 14·626 14·367 ' 13·407 
149 - 149 -207-020 -23·268 14·684 14·369 13·413 
150 150 -204·640 -24·477 14·749 14·371 13·420 
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n F(n) T,· T, -T, -T• -T, 

151 453 -200·285 -25·642 14·822 14·374 13·426 
152 608 -194·967 -26·756 14·900 14·378 13·432 
153 765 -188·693 -27-814 14·985 14·382 13·438 
154 924 -181-468 -28·812 15·074 14·386 13·445 
155 930 -174·297 -29·750 15·169 14·391 13·451 

156 1092 -166·179 -30·625 15·268 14·397 13·457 
157 1256 -157·121 -31-431 15·371 14·403 13·463 
l58 l2G~ -l~S·l21 -~~-l~~ l5·4.77 l4-4l() la·4~Q 
159 1431 -138·195 -32·836 15·586 14·417 13·475 
160 1760 -126·331 -33·420 15·698 14·425 13·481 

161 2093 -112·547 -33·912 16·811 14·434 13·487 
162 2592 - 95·852 -34·294 15·925 14·443 13·493 
163 3097 - 76·264 -34·552 16·039 14·453 13·499 
164 3444 - 54·799 -34·675 16·153 14·463 13·504 
165 3795 - 31-467 -34·656 16·265 14·474 13·510 

166 3984 - 7·277 -34·491 16·375 14·486 13·516 
167 4342 18·766 -34·172 16·482 14·498 13·522 
168 4536 45·655 - 33·697 16·584 14•510 13·528 
169 4732 73·385 -33·063 16·682 14·523 13·534 
170 4930 101-953 -32·269 16·773 14·536 13·540 

171 4959 130·357 -31·318 16·858 14·550 13·546 
172 4988 158·599 -30·214 16·936 14-5~4 13·552 
173 5017 186·682 -28·960 17-005 14·578 13·557 
174 4872 213·609 -27-566 17-066 14·592 13·563 
175 4550 238·389 -26·046 17-117 14·606 13·569 

176 4224 261-034 - 24·415 17·159 14·621 13·576 
177 3894 281·559 -22·686 17-190 14·635 13·581 
178 3738 300·978 -20·868 17·211 14·650 13·587 
179 3759 320·296 -18·962 17·221 14·664 13·593 
180 3600 338·517 -16·976 17·219 14·678 13·599 

181 3439 355·646 -14·917 17·207 14·692 13·605 
182 3094 370·692 -12·799 17·182 14·706 13·611 
183 2562 382·667 -10·638 17·147 14·719 13·617 
184 2208 392·587 - 8·446 17-099 14·732 13·624 
185 1850 400·465 - 6·236 17-041 14·745 13·630 

186 1674 407·312 -4·012 16·970 14·757 13·636 
187 1309 412·134 -1·787 16·889 14·768 13·642 
188 1128 415·941 0·43., 16·797 14·779 13·648 
189 945 418·741 2·648 16·694 14·789 13·654 
190 760 420·537 4·848 16·581 14·799 13·660 

191 382 420·335 7·023 16·457 14·807 13·666 
192 - 192 417-146 9·159 16·324 14·815 13·672 
193 - 7i2 410·984 11·241 16·181 14·822 13·678 
194 -1552 400·866 13·249 16·029 14·828 13·684 
195 -2145 387·810 15·170 15·869 14·834 13·690 

196 -2940 370·832 16·985 15·702 14·838 13·695 
197 -3743 349·949 18·675 15·.527 14·842 13·701 
198 -4752 324· 182 20·218 15·347 14·844 13·707 
199 -5771 293·553 21-591 15·161 14·846 13·713 
200 -7000 257·085 22·769 14·971 14·846 13·718 
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n F(n) T, T, -T, -T• -T, 

--
201 - 8241 214·806 23·724 14·779 14·846 13·724 
202 - 9292 167·743 24·437 14·585 14·845 13·730 
203 -10150 116·916 24·893 14·390 14·843 13·735 
204 -10812 63·343 25·081 14·197 14-839 13·741 
205 -11480 7·034 24·993 14·006 14·835 13·746 

206 -11948 - 51·000 24·624 13·818 14·830 13·751 
207 -12213 -109·754 23·975 13-636 14·825 13·756 
208 -12480 -169·226 23·046 13·459 14·818 13·-761 
209 -12749 - 229·416 21-838 13·290 14·811 13·766 
210 -12810 -289·324 20·357 13·130 14·803 13·771 

211 -12660 -347·953 18·611 12·980 14·794 13·776 
212. -12720 -406·311 16·607 12·840 14·785 13·781 
213 -12780 -464-404 14·348 12·712 14·775 13·786 
214 -12626 ·-521·234 11-846 12·598 14·765 13·790 
21S -12255 -575·809 9·112 12·497 14·754 13·795 

216 -11664 -627·144 6·167 12·410 14·744 13·799 
217 -11067 -675·253 3·027 12·339 ·14·732 13·803 
218 -10246 -719·156 -0·286 12·284 14·721 13·808 
219 - 9198 -757·872 -3·745 12·245 14·-710 13·812 
220 - 7920 -790·427 -7·321 12·222 14·699 13·816 

22.1 -6630 -816·851 -10·984 12·217 14·687 13·820 
222 -fil06 -836·171 -14·701 12·228 14·676 13·824 
223 -3791 -849·422 -18·444 12·256 14·666 13·827 
224 -2688 -857-629 -22·191 12·300 14·655 13·831 
225 -1575 -860·818 -25·918 12·361 14·645 13·835 

226 -4fi2 -859·009 -29·604 12·437 14·635 13·838 
227 908 - 851·225 - 33·224 12·529 14·626 13·842 
228 2052 -838·491 -36·756 12·635 14·617 13·845 
229 3206 -820·830 -40·180 12·755 14·609 13·848 
230 4140 -799·261 -43-480 12·889 14·601 13·852 

231 4851 -774·801 -46·646 13·035 14·595 13·855 
232 5336 -748·461 -49·671 13-193 14·588 13·858 
233 5825 -720·249 -52·549 13·362 14·583 13·861 
234 6084 -69H71 -55·278 13-541 14·579 13·864 
235 6345 -661·230 -57·8.16 13·730 14·57.~ 13·867 

236 6844 -629·428 - 60·278 13·927 14·572 13·870 
237 7347 -595·7"72 - 62·538 14·132 14·571 13·873 
238 8092 -559·269 -64·625 14·344 14·570 13·876 
239 8604 -520·929 -66·534 H·562 14·570 13·879 
240 8880 -481·758 -68·264 14·786 14·570 13·882 

241 9158 -441-759 -69·814 15·014 14·572 13·885 
242 9196 -401·934 -71·186 15·247 14·575 13·888 
243 9234 -362·280 -72·384 15·482 14·579 13·890 
244 9272 '--322·79.1 -73-411 15·719 14·584 13·893 
245 9310 - 283·478 -74·268 15·958 14·589 13·896 

246 9348 -244·325 -74·959 16·198 14·596 13·899 
247 9139 - 206·336 -75·491 16·438 14·603 13·902 
248 9176 -168·504 -75·866 16·678 14·612 13·90fi 
249 9213 -130·827 -76·087 16·916 14·621 13·908 
250 9500 - 92·304 -76·152 17·153 14·631 13·911 
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n F(n) Tl T, -T, -T• -T, 

251 9789 -62·936 -76·059 17·388 14·642 13·913 
252 9828 -13·726 -75·812 17·620 14·654, 1~·916 
253 9867 25·328 -75·412 17-848 14·666 13·919 
2{54 10160 65·228 -74·859 18·072 a·680 13·922 
256 . 10710 106·972 -74·146 IR·292 14·694 13·925 

256 11008 149·555 -73·272 18·507 14·709 13·928 
257 11308 192·973 -72·236 18·716 14·724 13·931 
258 11352 236·225 -71·040 18·919 14·741 13·935 
259 11137 278·313 -69·691 19·115 14·758 13·938 
260 11180 320·242 -68·192 19·304 l4·7i5 13·941 

261 11223 362·015 -66·543 19·485 14·793 13·944 
262 11266 403·634 -64·749 19·658 14·812 13·948 
263 11572 446·099 -62·806 19·822 14·831 13·951 
264 11616 488·409 -60·718 19·977 14·850 13·9o4 
265 11660 530·566 -58·487 20·122 14·870 13·958 

266 ll970 57~hl7l - 56·111 20·257 14·890 13·961 
267 12015 616·423 -53·592 20·382 14·911 13·965 
268 12328 660·123 -50·929 20·496 14·932 13·968 
269 12643 704·669 -48·120 20·599 14·9.53 13·972 
270 12690 749·059 -45·168 20·690 14·974 13·976 

271 12737 793·295 -42·074 20·769 14·995 13·980 
272 12512 836·379 -38·844 20·835 15·017 13·983 
273 12285 878·315 -36·484 20·889 15·038 13·987 
274 11782 918·109 -32·004 20·929 15·060 13·991 
275 11550 956·771 -28·409 20·956 15·081 13·995 

276 1!316 994·304 -24·703 20·970 15·103 13·999 
277 11080 !030·715 -20·893 20·970 15·124 14·003 
278 10564 1065·007 -16·987 20·956 15·145 14·007 
279 10323 1098·190 -12·990 20·927 15·166 14·011 
280 10080 1130·268 - 8·907 20·884 15·186 14·016 

281 9835 1161·246 -4·742 20·827 15·206 14•020 
282 9306 1190· 128 -0·505 20·704 15·226 14·024 
283 8490 1215·922 3·793 20·668 15·245 14·028 
284 7384 1237-641 8·137 20·566 15·264 14·033 
285 6270 1255·298 12·513 20·450 15·282 14·037 

286 4862 1267·909 16·903 20·320 15·300 14·042 
287 3l57 1274·491 21·285 20·175 15·316 14·046 
288 1728 1276·066 25·642 20·016 15·333 14·050 
2$9 289 1272·650 29·957 19·843 15·348 14·055 
290 -1160 1264·262 34·213 19·6.56 16·363 14·060 

291 -2910 1249·918 38·390 19·457 15·377 14·064 
292 -4380 1230·637 42·474 19·245 15·391 14·069 
293 -5860 1206·437 46·H6 19·020 15·403 14·073 
294 -7644 1176·333 50·289 18·185 15·414 14·078 
295 -9440 1140·346 53·984 18·538 15·425 14·082 

296 -10952 1099·493 57·516 18·281 15·435 14·087 
297 -12474 1053·791 60·8'il 18·015 15·443 14·091 
298 -14006 1003·255 64·033 17·739 15·451 14·096 
299 -15249 948·900 66·993 17·456 lll-458 14-100 
300 -16200 891·737 69·742 17·165 15·464 14-105 
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n F(n) T, T• -T, -T.,, -T, 

301 -17157 831·774 72·274 16·868 15·468 14·ll0 
302 -17818 770·020 74·584 16·565 11;.472 14·ll4 
303 -18180 707·478 76·673 16·258 15·474 14·ll9 
304 -18240 645·151 78·543 15·946 15·476 14·123 
305 -18300 583·036 80·197 15·630 1.5-476 14·128 

306 -18054 522·131 81-641 15·313 15·476 14·132 
307 -17806 462·430 82·881 14·993 15·474 14·136 
308 -17864 402·928 83·920 14·672 15·472 14·141 
309 -17922 343·624 84·761 14·350 15·468 14·145 
310 -17670 285·516 85·408 14·028 15·464 14·149 

3ll -17727 227·598 85·866 13·707 15·458 14·153 
312 -18096 168·868 86·132 13·387 15·451 14·158 
313 -18467 109·329 86·206 13·069 15·444 14·162 
314 -19154 47·981 86·084 12·753 15·435 14·166 
315 -19530 -14-171 85·166 12·440 15·426 14·110 

316 -19908 - 77-126 85·250 12·131 15·415 14·174 
317 -20288 -140·883 84·537 11-826 15·404 14·178 
318 -20988 -206·440 83·622 11-526 15·392 14·181 
319 -22011 -274·793 82·498 1 l-231 15·378 14·185 
320 -22720 -344·934 81·163 10·942 15·36., 14· 189 

321 -23433 -416·860 79·611 10·660 15·350 14·192 
322 -23828 -'- 489·56.-'l 77·844 10·386 15·335 14·196 
323 -24548 -564·050 75·856 10·118 1.,·318 14· 199 
324 -24948 -639·306 73·649 9·860 15·302 14·203 
325 -25350 -715·342 71·221 9·610 15·284 14·206 

326 -25754 - 792·147 68·573 9·371 15·266 14·209 
327 -25833 - 868·725 65·707 9·141 15·247 14·213 
328 -25584 - 944·076 62·628 8·922 15·228 14·216 
329 -25333 -1018·207 59·343 8·715 15·208 14·219 
330 -24750 -1090·121 55·860 8·519 15·188 14·222 

331 -23832 -1158·828 52·190 8·336 15· 167 14·224 
332 -23240 -1225·337 48·342 8·165 15·146 14·227 
333 -22644 -1289·658 44-324. 8·007 15·125 14·230 
334 -22044 -1351·796 40·144 7·863 15·103 14·233 
335 -21105 -1410·761 35·813 7·733 15·081 14·235 

336 -19824 -1465·562 31·344 7-616 15·059 14·238 
337 -18535 - 1516·214 26·752 7·514 15·036 14·240 
338 -17576 -1563·i28 22·047 7-427 15·014 14·242 
339 -16611 -1608·115 17·238 7·354 14·991 14·244: 
340 -15300 -1648·385 12·339 7·296 14·968 14·246 

341 -13981 -1684·551 7·363 7·253 14·946 14·249 
342 -12312 -1715·626 2·325 7·225 14·923 14·251 
343 -10633 -1741-624 - 2·759 7·212 14·901 14·252 
344 - 8944 -1762·561 - 7·875 7·214 14·878 14·254 
345 - 7245 -1778·452 -13·007 7·231 14·856 14·256 

346 -5882 -1790·312 -18·144 7·263 14·834 14·258 
347 -4154 -1797·153 -23·271 7-309 14·813 14·259 
348 -2784 -1799·988 -28·376 7·369 14·791 14·261 
349 -1396 -1798·831 -33·449 7·444 14·770 14·262 
350 - 350 -1 794·691 -38·481 7-533 14·750 14·264 
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n F(n) T, T, -T, -T• -T, 

351 702· -1787·578 -43·464 7-635 14·729 14·265 
31\2 1760 -1777-500 -48·391 7·751 14·710 14·266 
353 2824 -1764·464 -53·252 7-880 14·690 14·268 
354 3540 -1749·480 -58·044 8·021 14·671 14·269 
35:) 3905 -1733·552 -62·764 8·176 14·653 14·270 

356 4628 -1715·682 -67·406 8·342 14·63/i 14·271 
357 53.55 -1695·877 -71-968 8·.520 14·618 14·272 
31i8 5728 -1675·140 -76·446 8·710 14·602 14·273 
359 6462 -1652-474 -80·836 8·91 1 14·586 14·274 
360 6840 -1628·883 -85·136 9·123 14·571 14·274 

361 7220 -1604·371 - 89·345 9·345 14·556 14·275 
362 7602 -1578·939 - 93·460 9·577 14·M2 14·276 
363 8349 -1551-590 - 97·477 9·819 14·529 14·276 
364 9100 -1522·327 -101-391 10·071 14·517 14·2-77 
365 9855 -1491·156 -105·199 10·332 14·1i06 14·278 

366 10980 -1457·082 -108·892 1 0·601 14·495 14·278 
367 !1744 -1421·112 - 112·468 10·878 14·485 14·279 
368 12144 -1384·250 -115·924 11·164 ) 4·4-7fi 14·280 
369 12M6 -13413·499 -119·259 11-457 14·468 14·280 
370 12950 -1307-859 -122·471 11·757 14-461 14·280 

371 12985 -1269·334 -125·562 12·064 14·454 14·281 
372 13392 -1229·922 -128·531 12·377 14·448 14·281 
373 13801 -1189·625 -131·376 12·61H1 14·444 14·282 
374 13838 -1149·444 -134·098 13·020 14·440 14·282 
375 13500 -1110·379 -136·701 13·:J50 14·437 14·283 

376 13160 -1072·426 -139·190 13·685 14·435 14·283 
377 12818 -1035·581 -141·508 14·024 14·434 14·284 
378 12852 - 998·841 -143·836 14·367 14·434 14·284 
370 12886 - 962·206 -145·995 14·7lo 14·43o 14·284 
380 12540 - 926·674 -148·049 15·066 14·436 14·285 

381 12192 -892-241 -150·002 15·420 14·430 14·285 
382 12224 -857·906 -151-856 Hi·ii7 14·442- 14·286 
383 12639 -822·666 -153·607 16·137 14·447 14·286 
384 12672 -787·523 -155·258 16·499 14·4;)2 14·286 
38.5 12705 -752·478 -156·809 16·864 14·458 14·287 

386 123.52 -718·528 -158·264 17·230 14·466 14·287 
387 12384 -684·672 -159·625 ] 7·598 14·474 14·288 
388 12416 -650·907 -160·891 17·967 14·483 14·288 
389 12448 -617·234 -162·064 18·338 14·493 14·289 
390 12090 -584·651 -163·148 18·709 14·1503 14·289 

391 12121 -552·156 -164·142 19·081 14·515 14·290 
392 12544 -518·747 -165·047 1 9·453 14·528 14·290 
393 12969 -484·427 -165·860 19·826 14·041 14·291 
394 13790 -448· 198 -166·576 20·198 14·556 14·292 
395 15010 -409·063 -167·190 20·570 14·571 14·292 

396 16632 -366·030 -167-692 20·942 14·587 14·293 
307 18262 -319·108 -168·074 21·312 14·604 14-294 
398 19502 -269·306 -168·328 21·682 14·622 14·29.0 
399 21147 -215·632 -168·447 22·050 14·640 14·296 
400 22400 -159·092 -168·423 22·416 14·660 14·297 
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n F(n) 1'1 T, -T, -T• -T, 

401 23659 -99·696 -168·252 22·i79 14·680 14·298 
402 24522 -38-448 -167·929 23·140 14·701 14·299 
403 24986 23·648 -167·454 23·498 14·723 14·300 
404 25856 87·589 -166·822 23·853 14·745 14·301 
405 26730 153·3i3 -166·032 24·204 14·769 14·302 

406 27608 220·995 -165·078 24·551 14·793 14·303 
407 28083 289·452 -163·962 24·894 14·818 14·304 
408 28968 3-59·743 -162·678 25·232 14·843 14·306 
409 29857 431-863 -161·224 25·564 14·869 14·307 
410 30340 504·810 -159·600 25·891 14·896 14·308 

411 30414 577-582 -157·806 26·212 14·924 14·310 
412 30900 651-180 -155·843 26·520 14·952 14·312 
413 31388 725·003 -153·708 26·834 14·981 14·313 
414 32292 801-850 -151-400 27·135 15·010 14·315 
41.? 33200 879·918 -148·915 27·429 15·040 14·317 

416 34528 960·803 -146·248 27·714 15·070 14·318 
417 35862 1044·499 -143·392 27-992 15-101 14·320 
418 37620 1132·000 -140·341 28·260 15·133 14·322 
419 38967 1222·298 -137-089 28·520 15·165 14·324 
420 39900 1314·388 -133·633 28·770 15·197 14·326 

421 40837 1408·266 -129·970 29·011 15·230 14·328 
422 41356 1502·929 -126·101 29·241 15·263 14·331 
423 42300 1599·376 -122·022 29·460 15·297 14·333 
424 43248 1697·604 -117·730 29·668 15·331 14·335 
425. 44200 1797·609 -113·224 29·865 15·365 14·338 

426 451.56 1899·390 -108·499 30·050 15·399 14·340 
427 45689 2001·941 -103·557 30·222 15·434 14·343 
428 46652 2106·264 - 98·394 30·381 15·469 14·346 
429 47619 22-12·354 - 93·007 30·527 15·504 14·348 
430 48160 2319·209 - 87·397 30·659 15·539 14·351 

431 48272 2425·828 -81-566 30·778 15·575 14·354 
432 47952 2631·213 -75·518 30·881 15·610 14·357 
433 47630 2635·367 -69·257 30·970 15·646 14·360 
434 46872 2737·295 -62·791 31-043 15·681 14·363 
435 45675 2836·002 -56·127 31·101 15·717 14·366 

436 44036 2930·498 -49·277 31·142. 15·752 14·369 
437 42389 3020·792 -42·252 31·168 15·787 14·372 
438 41172 3107·895 -35·059 31·177 15·822 14·376 
439 39510 3190·815 -27-711 31·169 15·857 11-379 
440 37400 3268·564 - 20·220 31·144 15·892 14·382 

441 35280 3341-152 -12·597 31-102 15·926 14·386 
442 33150 3408·593 - 4·857 31·042 15·961 14·389 
443 30567 3469·898 2·986 30·966 15·995 14·393 
444 27528 3524·083 10·917 30·871 16·028 14·397 
445 24475 3571-164 18·917 30·759 16·061 14·400 

446 21854 3612·157 26·974 30·630 16·094 14·404 
447 19668 3648·076 35·075 30·483 16·126 14·408 
448 17920 3679·933 43·211 30·318 16·158 14·412 
449 16164 3707·737 51·372 30·136 16·189 14·416 
450 13950 3730·498 59·548 29·937 16·219 14·420 
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n F(n) T, T, -T, -T• -T, 

451 !l726 3748·226 67·727 29·721 16·249 14·424 
452 9944 3761-934 75·900 29·487 16·279 14·428 
453 8154 3771·629 84·058 29·236 16·307 14·432 
454 6810 3778·322 92·196 28·969 16·335 14·436 
455 5915 3783·018 100·307 28·685 16·362 14·441 

456 4560 3784·721 10.8·387 28·384 16·389 14·445 
457 3199 3783·440 !l6·429 28·067 16·414 14·449 
458 1374 3·778·179 124·424 27·734 16·439 14·454 
459 0 3169·948 132·366 27·386 16·463 14·458 
460 -1380 3758·752 140·250 27-021 16·486 14·462 

461 ~2766 3744·599 148·068 26·641 16·508 14·467 
462 -4620 3726·494 155·814 26·246 16·529 14·471 
463 -6019 3705·445 163·480 25·837 16·549 14·476 
464 -7888 3680·46fl 171·060 25·412 16·568 14·480 
465 -9765 3651·544 178·545 24·974 16·586 14·485 

466 -12116 36H·708 185·925 24·521 16·603 14-489 
467 -14010 3579·961 193·193 24·055 16·619 14·494 
468 -16380 3537·312 200·338 23·675 16·634 14·498 
46ij -18760 3489·770 207·352 23·083 16·648 14·003 
470 -20680 3438·345 214·226 22·578 16·660 14·508 

471 -23079 3382·044 220·952 22·061 16·672 14·512 
472 -25016 3321-879 227·522 21·532 16·682 14·517 
473 -26961 3257·8:36 233·929 20·992 16·691 14·522 
474 -28440 3190·983 240·167 20·441 16·699 14·526 
475 -30400 3120·265 246·230 19·880 16·706 14·531 

41tr -32368 3045·710 252·ll2 19·308 16·71 I I4·535 
4'i'i -34344 2967·32.3 257-804 18·728 16·716 14·540 
478 -36328 2885·117 263·300 18·137 16·718 14·544 
470 -37841 2800·094 268·596 17·539 16·720 14·549 
480 -39840 2711·260 273·685 16·932 16·721 14·554 

481 -41847 2618·624 278·560 16·318 16·720 14·558 
482 -43380 2523·191 283·217 15·696 16·718 14·562 
483 -44436 2425·967 287·654 15·068 16·714 14·567 
484 -45980 2325·954 291·865 14·434 16·710 14·571 
485 -47530 2223·159 295·847 13·794 16·704- 14·576 

486 -48600 2118·fi84 299·598 1 3·150 16·696 14·580 
487 -49674 2012·234 303·114 12·500 16·688 14·584 
488 -51240 1903-111 306·393 11·847 16·678 14·589 
489 -52812 1791·2Hl 309·430 11-190 16·666 14·593 
490 -53900 1677·563 312·222 10·530 16·654 14·597 

491 -54992 1562·147 314·767 9·807 16·640 14·601 
492 -56580 1443·972 317·062 9·203 16·625 14·605 
493 -58174 1323·042 319·103 8·531 16·609 14·610 
494 -59280 1200·364 320·887 7·870 16·.591 14·614 
495 -60885 1074·939 322·410 7·203 16·572 14·618 

496 -62496 946·772 323·669 6·536 16·552 14·621 
497 -64113 815·867 324·659 5·869 16·530 14·625 
498 -65238 683·229 325·379 5·204 16·508 14·629 
499 -66866 547·860 325·825 4-· Ml 16·484 14·633 
500 -69000 408·764 325·991 3·880 16·458 14·636 



n F(n) T, T, +T, -T• ~, 

- ' 

501 -71142 265·948 325·871 -3·221 16·432 14·640 
502 --72790 120·418 325·462 -2·567 16·404 14·643 
503 -73941 - 26·821 324·762 -1-916 16·375 14·647 
504 -75600 -176·768 323·766 -1·270 16·346 14·650 
505 -77265 -329·418 322·473 -0·629 16·314 14·654 

506 -78430 - 483·767 320·~80 0·007 16·282 14·657 
507 -80106 - 640·813 318·983 0·636 16·249 14·660 
508 -81788 - 801)-551 316·779 1·258 16·214 14·663 
509 -83476 - 962·978 314·265 I-873 16•179 14·666 
510 -8.1680 -1129·090 311-435 2·480 16·142 14·669 

511 -87381 -1297-881 308·285 3·079 16·104 14·672 
512 -88576 -1468·346 304·815 3·668 16·066 14·674 
513 -89775 -1640·483 301-023 4·248 16·026 14·677 
514 -90978 -1814·292 296·908 4·817 15·986 14·680 
515 -91670 -1988·769 292·470 5·376 15·944 14·682 

516 -91848 -2162·915 287·711 5·923 15·902 14·684 
517 -92026 -2336·731 282·635 6·458 15·859 14·687 
518 -91686 -2509·220 277·245 6·981 15·815 14·689 
519 -91863 -2681·385 271-545 7-490 15·770 14·691 
520 -91520 -2852·229 265·537 7·987 15·724 14·693 

521 -91175 -3021·754 259·228 8·469 15·678 14·695 
522 -91350 - 3190·966 252·618 8·937 15·630 14·697 
523 -91525 - 3359·864 245·711 9·389 15·582 14·698 
624 -92224 -3529·402 238·506 9·826 15·534 14·700 
525 -92925 - 3699·730 231-005 10·248 15·485 14·701 

526 -93628 -3870·696 223·207 10·653 15·435 14·703 
.527 -93806 -4041·3.ol 215·115 I l-041 15·385 14·704 
528 -93456 -4210·697 206·733 11-4Il 15·334 14·705 
529 -93104 -4378·737 198·065 ll·764 15·283 14·706 
530 -92750 -4545·475 189·115 12·099 15·231 14·707 

531 -92925 -4-711·915 179·885 12·415 15·179 14·708 
532 -93100 -4878·058 170·377 12·712 15·127 14·709 
533 -93275 -5043·906 160·594 12·989 15·074" 14·710 
534 -92916 -5208·461 150·540 13·247 15·021 14·710 
535. -93090 -5372·725 140·216 13·484 14·968 14·711 

536 -92728 -5530·701 120·627 13·701 14·914 14·711 
537 -92364 -5697·393 118·776 13·896 14·861 14·711 
538 -91460 -5856·803 107-669 14·071 14-807 14·712 
539 -90013 -6012·937 96·313 14·2.23 14·753 14·712 
540 -88560 -6165·802 84·717 14·354 14·699 14·712 

541 -87101 -6315·405 72·886 14·462 14·645 14·712 
542 -86178 -6462·753 60·828 14·548 14·591 14·711 
543 -84708 -6606·851 48·549 14·610 14·538 14·71 1 
544 -82688 -6746·706 36·058 14·650 14·484 14·711 
545 -80660 - 6882·327 23·363 14·666 14·430 14·710 

M6 ~78078 -7012·722 10·477 14·658 14·377 14·709 
547 -74939 -7136·901 - 2·590 14·626 14·324 14·709 
548 -72336 -7255·878 -15·826 14·571 14·271 14·708 
549 -69723 -7369·661 -29·221 14·491 14·219 14·707 
fi50 -67100 -74-78·262 -42·764 14·387 14-167 14·706 

12 



n F(n) T, r. T, -T• -T, 

551 -64467 -7581-690 - 56·447 14·258 14·ll5 14·705 
552 -61272 -7678·Q55 - 70·256 14·105 14·064 14·704 
553 -58065 -7770·069 - 84-179 13·928 14·014 14·703 
554 -54292 -7854·043 - 98·204 13·727 13·964 14·701 
555 -49950 -7929·892 -ll2·315 13·498 13·914 14·700 

556 -46148 -7998·629 -126·499 13·246 13·865 14·698 
557 -42332 -8060·269 -140·743 12·970 13·817 14·697 
.158 -39060 -8115·824 -155·085 12·669 13·770 14·695 
559 -35776 -8165·306 -169·365 12·343 13·723 14·693 
560 -31920 -8207·725 -183·719 11·993 13·677 14·692 

561 -28050 -8243·094 -198·085 I 1-618 13·632 14·690 
562 -24728 -8272·427 - 212·452 ll·220 13·588 14·688 
663 -20831 -8294.734 -226·808 10·797 13·544 14·686 
564 -17484 -8311-026 -24H42 10·350 13·502 14·684 
565 -14125 -8321·317 -255·443 9·880 13·461 14·681 

566 -10188 -8324·615 -269·700 9·386 13·420 14·679 
567 - 5670 -8319·933 -283·898 8·869 13·381 14·677 
568 - 1136 -8307·285 -298·023 8·328 13·343 14·674 
569 + 3414 - 8286·685 -312·063 7·765 13·306 14·672 
570 7410 -8259·147 -326·005 7·180 13·270 14·670 

571 11991 - 8223·683 -339·837 6·572 13·235 14·667 
572 16016 -8181·306 -353·546 5·942 13·201 14·665 
573 20055 -8132•028 -367·121 5·291 13·169 14·662 
574 24682 - 8074·861 -380·549 4·619 13·138 14·659 
575 28750 -8010·817 -393·819 3·926 13· 108 14·657 

576 32832 -7939·910 -406·920 3·213 13·080 14·654 
577 36928 -7862·149 -419·840 2·480 13·053 14·651 
578 40460 -7778·547 . -432·572 1·727 13·028 14·648 
5i9 44004 -7689·ll2 -445·104 0·955 13·004 14·645 
580 48140 -7592·855 -457·428 0·165 12·981 14·643 

581 52290 -7489·786 -469·532 -0·643 12·960 14-640 
582 57036 -7378·918 -481-404 -H69 12·940 14·637 
583 61215 -7261·261 -493·033 -2·313 12·922 14·634 
584 65992 -7135·827 -504·408 -3·172 12·905 14·631 
585 70785 -7002·629 - 515·516 -4·048 12·890 14·628 

586 75594 -6861-679 - 526·345 -4·939 12·876 14·625 
587 81006 -671Jo990 -536·883 -5·846 12·864 14·622 
588 85848 -6554·570 -547·117 -6·766 12·854 14·619 
589 90706 -6389·446 -557·036 -7·700 12·845 14·616 
590 96170 -6215·617 -566·627 -8·648 12·838 14·613 

591 101061 -6034·100 -575·878 - 9·608 12·832 14·610 
592 106560 -5843·907 -584·777 -10·579 12·829 14·607 
593 ll2077 -5545·052 -593·310 -11-562 12·826 14·604 
594 ll7018 -5438·549 -601-467 -12·555 12·826 14·601 
595 121975 -5224·408 -609·237 -13·558 12·827 14·598 

596 126352 -5003·643 -616·610 -14·570 12·830 14·595 
597 130743 -4776·261 -623·578 -15·590 12·835 14·592 
598 135746 -4541-274 -630·129 -16·617 12·841 14·589 
599 140166 - 4299·693 -636·255 -17·652 12•849 14·586 
600 144000 -4052·527 -641·949 -18·692 12·859 14·583 

IS 



n F(n) T, T• -T, -T, -T, 

601 147846 - 3799·784 -647-203 19·738 12·870 14·580 
602 161102 -3542·472 -652·013 20·788 12·884 14·678 
603 153765 -3281·597 -656·374 21-842 12·898 14·570 
604 156436 -3017·164 -660·282 22·899 12·915 14·572 

. 605 159115 -2749·177 -663·735 23·959 12·933 14·569 

606 161802 -2477-El40 - 666·728 25·019 12·953 14·567 
607 163890 - 2203·558 -669·260 26·081 12·975 14·564 
608 165376 -1927·934 -671·330 27·142 12·998 14·562 
609 166866 -1650·768 - 672·938 28·202 13·023 14·559 
610 167750 -1373·062 -674-086 29·261 13·050 14·556 

611 168025 -1095·815 -674·776 30·318 13·078 14-554 
612 168912 - 818·024 -675·011 31-371 13·108 14·552 
613 169801 - 539·690 -674·790 32·421 13-139 14·549 
614 170078 - 261-Bll -674·117 33-466 13·172 14·547 
615 170970 16·615 -672·994 34·506 13·207 14·545 

616 171248 294·588 -671-423 35·540 13·243 14·543 
617 I il526 572·ll0 -669-408 36·567 13·281 14·541 
618 17ll86 848·184 -666·952 37·587 13·320 14·539 
619 170225 112J.814 -664·062 38·099 13·361 14·637 
620 168640 1392·005 -660·746 39·602 13·404 14·535 

621 167049 1658·763 -667·011 40·597 13·448 14·533 
622 165452 1922·096 -652·865 41·581 13·493 14·532 
623 164472 2183·011 -648·313 42·555 13·539 14·530 
624 164112 2442-513 -643·359 43·518 13·587 14·529 
625 163750 2700·605 -638·009 44·469 13·637 14·527 

626 163386 2957-291 -632·266 45·408 13·688 14·526 
627 163647 3213·574 -626·132 46·334 13·740 14·524 
628 163280 3468·457 -619·617 47·247 13·793 14·523 
629 162911 3721·943 -612·710 48·146 13·848 14-522 
630 163170 3975·035 -605-428 49·031 13·003 14·521 

631 163429 4227·735 -597·768 49·900 13·060 14·520 
632 1630ii6 4479·046 -589·735 50·754 14·019 14·1520 
633 162681 4728·970 -581·333 51·593 14·078 14·519 
634 162938 4978·511 - 572·563 52·414 14·138 14·518 
635 163830 5228·671 -563·427 53·219 14·200 14-518 

636 165360 5480·450 - 553·924 M·006 14·263 14·517 
637 !66894 5733·846 -544·054 54·776 14·326 14·517 
638 168432 5988·859 -533·814 55·526 14·391 14·517 
639 169331> 6244·487 -523·206 56·258 14·456 14·517 
640 170240 6500·730 -512·231 56·971 14·523 14·517 

641 171147 6757·588 -500·890 57·663 14·590 14·517 
642 171414 7014·062 -489·184 58·336 14·658 14·517 
643 171038 7269·154 -477·119 58·987 14·727 14·518 
644 170016 7521·866 -464·698 59·617 14·797 14·518 
64;3 168990 7772·205 -451-927 60·225 14·867 14·518 . 

646 167314 8019·173 -438·814 60·8ll 14·938 14·519 
647 164985 8261-779 -425·367 61·374 15·010 14·520 
648 162000 8499·029 -411-594 61·915 15·083 14·521 
649 ].59005 8730·934 - 397·507 62-432 15·156 14·022 
650 156650 8958·502 -383·114 62·925 15·229 14·523 
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n F{n) Tx T• -T, -T• -T, 

651' 154287 9181·740 -368·421 63·39,, 15·303 14·524 
652 151264 9399·658 -353·439 63·840 11)·378 14·525 
653 148231 9612·263 -338·178 64·260 15·452 14·527 
654 144534 9818·566 -322·648 64·655 15·528 14·528 
655 140170 10017·576 -306·861 65·025 15·603 14·530 

656 136448 10210·305 - 290·829 65·369 15·679 14·532 
657 132i14 .10396·764 -274·562 65·687 15·755 14·534 
658 128968 10576·964 -258·070 65·980 15·831 14·536 
659 124551 10749·914 -241·366 66·246 15·908 14·538 
660 119•160 10914·626 -224·463 ,66·485 15·985 14·540 

661 114353 11071·113 -207·374 66·699 16·061 14·542 
662 108568 11218·390 -190·115 66·885 16·138 14·544 
663 103428 11357·469 -172·698 67·045 16·215 14·.54 7 
664 97608 11487·364 -155·137 67·177 16·292 14·550 
665 91770 11608·090 -137-448 67·283 !6·368 14·552 

666 85248 11718·661 - Jl9·646 67·362 !6·445 14·555 
667 78706 11819·091 -101·747 67·413 16·521 14·558 
668 72812 11910·398 - 83·765 67-438 16·598 14·561 
669 66900 11992·595 - 65·713 67·435 16·674 14·564 
670 61640 12066·696 - 47·605 67·405 16·749 14·568 

671 55693 12131·712 -29·454 67·349 16·825 14·571 
672 50400 12188·659 -11-272 67·265 16·900 14·574 
673 45091 12237·548 6·928 67·15ti 16·974 14·578 
674 39092 12277·392 25·133 67·018 17·049 14·582 
675 33750 12309·203 43·332 66·855 17·122 14·586 

676 28392 12332·994 61-512 66·665 17·196 14·589 
677 23018 12348·777 79·661 66·449 17·268 14·593 
678 16950 12355·563 97·767 66·206 17·341 14·597 
679 10185 12352·367 115·815 65·938 17·412 14·602 
680 4080 12340·201 133·792 65·645 17·483 14·606 

681 - 2043 12319·081 151-686 65·326 17·553 !4·610 
682 - 7502 12290·018 169·484 64·981 17-623 14·614 
683 -13660 12252·023 187-174 64·612 17·692 14·619 
684 -20520 122M· III 204·743 64·218 17·760 14·624 
685 -27400 12146·295 222·176 63·800 17·827 14·628 

686 -33614 12079·589 239·461 63·358 17·893 14·633 
687 -39846 12004·006 256·585 62·892 17·959 14·638 
688 -45408 11920·558 273·538 62·403 18·023 14·643 
689 -50986 11829·257 290·310 61·892 18·087 14·648 
690 -55890 11731-113 306·891 61·357 18·150 14·653 

691 -60117 11627-136 323·274 60·800 18·212 14·658 
692 -65048 Il5I6·334 339·448 60·222 18·272 14·663 
693 -69993 11398·716 355·407 59·622 18·332 14·668 
694 -74952 ]]274·291 371-l40 59·002 18·390 14·674 
695 -79230 11144·069 386·641 58·360 18·448 14·679 

696 -82824 11009·057 401-903 57-699 18·504 14·685 
697 -86428 10869·262 416·921 57·018 18·560 14·690 
698 -89344 10725·690 431-690 56·318 18·614 14·696 
699 -91569 10579·346 446·207 55·599 18·667 14·702 
700 -93100 10431·233 460·472 54·862 18·718 14·707 
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n F(n) 1', T, -T, -T, -T, 

701 - 94635 10281·352 474·481 54·107 18·769 14'713 
702 - 96876 10128·706 488·234 53·334 18·818 14·719 
703 - 99123 9973·299 501·726 52·544 18·866 14·725 
704 -100672 9816·132 514·957 51·738 18·913 14·731 
705 -102225 9657·208 527·924 50·916 18·958 14·737 

706 -104488 9495·530 540·626 50·078 19·002 14·743 
707 -106050 9332·099 553·061 49·225 19·045 14·749 
708 -106908 9167·918 565·229 48·357 19·086 14·755 
709 -107768 9002·987 577-130 47-475 19·126 14·761 
710 -109340 8836·3£7 588·763 46·579 19·165 14·768 

711 -J11627 8666·879 600·124 45·670 19·202 14·774 
712 - JJ3920 8494·706 611·212 44·747 19·238 14·780 
713 - JJ6219 8319·792 622·024 43·812 19·273 14·786 
714 -117810 8143·140 632·558 42·864 19·306 14·793 
715 -118690 7965·751 642·814 41·905 19·337 14·799 

716 -120288 7786·626 652·791 40·935 19·368 14·805 
717 -121890 7605·766 662·488 39·954 19·396 14·812 
718 -122778 7424·173 671·906 38·963 19·423 14·818 
719 -122949 7242·847 681-045 37·961 19·449 14·825 
720 -123840 7060·788 689·906 36·950 19·474 14·831 

721 -124733 6877-994 698·488 35·930 19·496 14·838 
722 -124906 6695·468 706·794 34·902 19·518 14·844 
723 -125079 6513·207 714·825 33·865 19·538 14·850 
724 -124528 6332·2ll 722·584 32·820 19·556 14·857 
725 -123975 6152·477 730·074 31·768 19·573 14-864 

726 -123420 5974·003 737·297 30·708 19·588 14·870 
727 -122863 5-796·785 744·256 29·642 19·602 l4·8i7 
728 -123032 5619·823 750·953 28·570 !9·614 14·883 
729 -123201 5443-114 757·390 27-492 19·625 14·890 
730 -123370 5266·658 763·567 26·408 19·634 14·896 

731 -124270 5089·453 769·485 25·320 19·642 14·903 
732 -124440 4912·500 775·144 2.4·226 19·648 14·909 
733 -124610 4735·798 780·548 23·128 19·653 14·916 
734 -125514 4558·346 785·695 22·026 19·656 14·922 
735 -125685 438!-144 790·586 20·920 19·658 14·928 

736 -125856 4204·192 795·224 19·812 19·658 14·935 
737 -126027 4027-487 799·610 18·700 19·657 14·941 
738 -125460 3852·030' 803·746 17·585 19·654 14•948 
739 -124891 3677-817 807·635 16·469 19·650 14·954 
740 -125060 3503·847 811·279 15·350 19·644 14·960 

741 -125229 3330·119 814·678 14·230 19·637 14·967 
742 -126140 3155·631 817-833 13·109 19·628 14·973 
743 -127796 2979·384 820·742 11·986 19·618 14·979 
744 -130200 2800·379 823·403 10·864 19·606 14·985 
745 -132610 2618·620 825·813 9·740 19·593 14·992 

746 -134280 2435·1JO 827·970 8·618 19·578 14·998 
747 -135207 2250·850 829·875 7·495 19·562 15·004 
748 -136136 2065·841 831·527 6·373 19·544 15·010 
749 -137067 1880·083 832·927 5·253 19·525 15·016 
750 -137250 1694·576 834·076 4·134 19·504 15·022 
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CHLORAMINE-BAS VOLUMETRIC REAGENT. PART I 

By Al'AR SINGH, Pa'\iah Unive:rsity College, Hoshiarpur 

Chloramine-B is the sodium salt of N-chloro benzene sulphonamide 
and has the formula C6H 5S02N(Na)Cl. 3H20 (nwlecular weight, 267·5). 
Its high equivalent weight, ready solubility in water and moderate stability 
are worthy of note and recommend it as a volumetric oxidising agent. When 
kept in bottle of blue glass, the freshly prepared solution was found to 
lose abortt 2-3% of its oxidising power in the course of a fortnight at 
ordinary temperature. The aqueous solution reacts as if it were a hypo· 
chlorite &nd has the great advantage that it is far more stable than sodium 
hypochlorite. 

B. J\[. Affana's eve (Svetdlovsk. Agr. lust. Zavodskaya Lab., 1950, 
16, 1011-1012) has reported that ·Chloramine-B is a good substitute for 
Chloramine-Tin analytical chemistry. 

In the present investigation arsenious oxide, tartaremetic, potassium 
sulphocyAnide, hydmzine sulphate, stannous chloride, ferrous sulphate 
mercurortB chloride, thallous chloride, potassium sulphite, sodium 
bisulphite, sulphurous acid were pre-oxidised with iodine monochloride 
and the liberated iodine was oxidised with standard Chloramine-B to 
iodine monochloride, iodine cyanide and complex IBr2 in the presence of 
excess of concentrated hydrochloric acid, hydrocyamc acid and a saturated 
solution of potassium bromide respectively. Potassium iodide was titrated 
against standard Chloramine-B directly without pre-oxidation with iodine 
monochloride. Hydrogen peroxide was pre-oxidised with hypo-iodous acid 
(5 c.c. of 0·5 M iodine monochloride+20 c.c. of 2·5 N sodium hydroxide). 

EXPERIMENTAL 

Iodine Cyanide Method.-A known weight of each substance in solution 
was taken in a stoppered conical flask. To it was added 5 c.c. of 0·5 M 
iodine monochloride and the mixture was allowed to stand for about 
5 minutes to complete the oxidation. About 15 c.o. of 0·5 N KCN, &t least 
50 c.c. of 2·5 N HCI, &bout l tp 2 gms. of sodium chloride and some starch 
solution were added and the titration with O·l N Chloramine-B was carried 
out slowly, with constant shaking, to the discharge of the iodine starch blue 
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colour, which appeared at the begilllling of the titration. In these titrations 
normality of the solution with respect to hydrochloric acid was maintained 
at about l N. 

Iodine Bromide Method.-A known weight of the substance was pre
oxidised as before "~th 5 c.c. of iodine monochloride in a conical flask. To 
it was added 5 c.c. of concentrated hydrochloric acid, 22·0 gms. of potassium 
bromide and 5 c.c. of carbon tetrachloride and the mixture was diluted to 
about 100 c.c. with water and titrated against standard Chloramine-B 
solution. The conical flask was stoppered and vigorously shaken during 
the titration, the carbon tetrachloride layer acquired purple colour due 
to iodine. Addition of small volumes of Chloramine-B solution was 
continued, shaking vigorously after each addition until the carbon tetra
chloride layer was faintly violet. The Chloramine-B was then added 
dropwise, with shaking after the addition of each drop until the carbon 
tetrachloride layer became colourless. The end point was very sharp. 

Iodine Monochloride Method.-A known weight of each substance in 
solution was treated with 5 c.c. of iodine monochloride, 60 c.c. of hydrochloric 
acid and 5 c.c. of chloroform. The mixture was cooled to room temperature 
and. titrated against standard Chloramine-B solution until' the carbon
tetrachloride layer became colourless. In these titrations, the normality 
of the solution with respect to hydrochloric acid wa~ kept between 4 N to 
7 N even at the end point. 

In the case of potassium sulphite, sodium bisulphite, and sulphurous 
acid the solutions were added to 10-15 c.c. of iodine monochloride contained 
in a titration flask. Iodine monochloride reacted with them quantitatively 
liberating iodine without auy loss of sulphur dioxide. 

In the following tables, the iodine monochloride procedure will be 
referred to as method A, the iodine cyanide procedure as B and iodine 
bromide as C. 

Method B is not applicable in the case of mercurous chloride and 
tballous chloride because of the failure of the iodine starch reaction. 

TABLE I 

Arsenious o~ide. Tartaremetic. 

Found (g.) Found (g.) 

Taken (g.) Taken(g.) 

A B c A B c 

·04946 ·04938 ·04932 ·04980 ·16690 ·16879 ·16879 ·16881 
·06429 ·06430 ·06431 ·06430 ·28373 ·28696 ·28527 ·28527 
·08408 ·08514 ·08462 ·08463 ·35040 ·35279 ·35279 ·35279 
·10386 ·103841 ·10433 ·10436 ·38387 ·38486 ·38486 ·38655 
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TABL'& II 

Potassium aulphocyanide. Hydrazine sulpha.te. 

Found (g.) }'ound (g.) 

Taken (g.) Taken (g.) 

A B 0 A B c 

•01617 ·01609 ·010!8 ·01628 ·03200 ·03242 ·03208 ·03208 
·02!03 ·02109 ·02109 ·02104 ·04160 •04164 ·04164 ·04197 
·02748 ·02763 ·02755 ·02773 ·05440 ·05461 ·05494 ·05494 
·03396 ·03402 ·03399 ·03408 ·06720 ·06723 ·06767 ·06757 

TABLE III 
. 

Stannous chloride. Ferrous sulplmte. 

Found (g.) Fo=d (g.) 

Taken (g.) Taken (g.) 

A B c A B c 

·1098 ·1078 ·1090 ·1090 ·2780. ·2780 •2780 ·2780 
·1279 ·1275 ·1280 ·1280 ·3614 ·3600 ·3614 ·3614 
·1866 ·1849 ·1860 •1860 •4176 ·4176 ·4180 ·4180 
·2018 ·2015 ·2014 ·2015 ·4879 ·4879 ·4893 ·4907 

TABLE IV 

Mercurous chloride. Tha.llous chloride. 

Found (g.) Found (g.) 

Taken (g.) Taken (g.) 

A B c A B c 

·3034 ·3024 . . ·3045 ·1260 ·1259 .. ·1265 
·3232 ·3227 . . ·3227 ·2617 ·2617 .. ·2627 
•3720 •3720 . . ·3723 ·3030 ·3048 .. ·3053 
·4190 ·4196 . . ·4201 ·32.90 ·3286 .. ·3298 
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TABLE v 

Potassium sulphite. Sodium bisulphite. 

Found (g.) Taken (g.) 

Taken (g.) 

A B 

·07562 ·07505 ·07584 
·1020 ·1019 ·1023 
·1323 ·1312 ·1319 
·1390 ·1387 ·1387 

Sulphurous acid. 

Found (g.) 

Taken (g.) 

A B 

·04100 ·04114 ·04102 
·05347 ·0533 ·0533 
•0656 ·0656 ·0656 

Taken (g.) 

·0830 
·1079 
·1411 
·1743 

Found (g.) 

c A B 

·07584 ·06970 ·06968 ·06968 
·1020 ·09048 ·09048 ·09048 
·1327 ·10i54 ·10750 ·10756 
·1383 ·14180 ·14170 ·14140 

TABLE VI 

Hydrogen peroxide. 

Taken (g.) 

c 

·04114 ·001853 
·05412 ·00290 
·06601 ·00629 

TABLE VII 

Potassium iodide. 

Found (g.) 

A B 

·0826 ·0830 
·1079 ·1079 
·1409 ·1411 
·1743 •1743 

Found (g.) 

A B 

·001836 ·001845 
·00289 ·00295 
·00625 ·00627 

c 

·0830 
·1079 
·1411 
·1743 

c 

·06968 
·09043 
·10750 
·14190 

c 

·001845 
·00295 
·00627 

From the above re$ults it is concluded that arsenious oxide, tartsremetie, 
'potassium sulphocyanide, hydrazine sulpha'te, stanous chloride, ferrous 
sulphate, mercurous chloride, thallous chloride, potassium sulphite, 
sodium bisulphite, sulphurous acid, hydrogen peroxide and potassium 
iodide can be estimated volumetrically with standard Chloramine-B after 
pre-oxid:1t.ion with iodine monochloride or hypo-iodous acid in the presence 
of concentrated hydrochloric acid, hydrocyanic 110id or saturated' solution 
of potassium bromide respectively. 
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GAMETOGENESIS Al\'D FERTILIZATION IN ISOPAROROHIS 
EURYl'REMUM 

By OM p ARKASR DRINGRA, 

Late Paniab University Research Schoktr, Department of Zoology, Hoshiarpur 

lNTRODUOTION 

The Digenea is a group of parasitic trematodes, which has been 
attracting a good deal of attention from the cytologists since the beginning 
of this century, but all the previous workers without exception have 
confined themselves to the study of chromosomes. To the best of my 
knowledge the present investigation is the first attempt to work out the 
gametogenesis and fertilization processes of a trematode species, Jsoparor
chis eurytremum, with modern cytological fixatives. I have not only 
followed and studied the chromosomes in all stages of gametogenesis and 
fertilization, but I have also studied the cytoplasmic inclusions such as 
the mitochondria and the Golgi elements in spermatogenesis. These 
cytoplasmic inclusions have not been studied by me in oogenesis and 
fertilization on account of the insuperable difficulty of fixing the shelled 
eggs with fixatives lacking strong fat-solvents. Nevertheless the study 
of spermatogenesis with modem fixatives has been extremely profitable. 

Certain remarkable features with regard to the maturation of the 
egg and the process of fertilization in lsoparorchis eu.rytremum. have been 
·brought out in this investigation. The egg leaves the ovary when it is 
still in the oocyte stage, and takes its abode in the oviduct, where the 
sperm enters the oocyte. It is after the sperm has entered the oocyte that 
a shell is formed round the egg and the egg undergoes maturation divisions. 
But this is not all. Both the sperm pronucleus and the female pronucleus, 
instead of conjugating directly, pass into a resting stage and it is after 
some time that chromosomes appear in the pronuclei and the process of the 
union of the pronuclei is accomplished. 

• 
PREVIous WoRK 

Cable (1931) has given an historical account of the chromosomes in 
trematodes. It appears that there has been a great deal of confusion 
about the chromosomes in this group of animals. The haploid number 
of chromosomes in the oases recorded so far has not exceeded fourteen, 
but there have been· some confiioting counts. Von Janicki (1903) and 
Kathariner (1904) have counted eight diploid chromosomes in Gyrodactylus, 
but Gille (1914) recorded twelve diploid chromosomes instead of eight. 
Goldschmidt (1905) counted ten diploid chromosomes in Zoogonus miru.s, 
while Sohreiners (1908), Gregoire (1909) and Wassermann (1913) stated that 
the diploid number in Zoogonus mirus was twelve instead of ten. 

21 



In the monogenetic forms it has not been known for a long time which 
of the two meiotic divisions is the reductional division. Goldsclunidt 
(1902) in Polysromum imegerrimum was unable to say whether the first or 
second maturation division was reductional. Likewise Von Janicki (1903) 
and Gille (1914), working on Gyrodactylns elegans, failed to give any in· 
formation on the subject. 

Goldschmidt (1905) in Zoogonns described a unique phenomenon of 
'Primartypus '. According to him, the first maturation division is equational 
when the chromosomes split longitudinally; in the second maturation 
division two groups of haploid numbers are separated and drawn to daughter 
oells. In such a process synapsis as such is absent. A number of workers 
studying the same material have, however, discarded this view. Anderson 
(1935), Chen (1937), Rees (1939), Pennypacker (1940), Jones (1945), Britt 
(1947) and Willmott (1950) seem to agree that the maturation of germ 
oells in essential aspects is similar in the various trematodes studied. 
Willey and Koulish (1950) and Willey and Godman (1951) have, however, 
stated that in the absence of an heteromorphic pair of chromosomes, it is 
not possible to say as to which of the two maturation divisions is reductional. 

Some of the early stages in gametogenesis have been interpreted 
differently from the accepted scheme. Chen (1937) while working on the 
oogenesis of Paragonimus kdlicotti, has described a leptotene stage after 
synapsis. Pennypacker (1940) following Wilson's scheme has proposed 
the names 'diakinesis', 'prophase' or 'Post spireme' for the leptotene 
stage of Chen. This author has stated that Chen's leptotene corresponds 
with his own figure 3 of Pneum<nioeces mediopl=us. Rees (1939) in Parorchis 
acanthu~ has drawn figures 16 and 17 as 'zygotene' and 'pachytene' res
pectively, but Pennypacker (1940) considers these as metaphases or as 
late prophase stages. Willmott (1950) has stated that in Gigan!IJcotyle 
bafhycolyle, the primary spermatocyte undergoes the characteristic nuclear 
changes as outlined by White (1946). 

The importance of chromosomes in taxonomy has been stressed by 
White (1940) and Britt (1947). Giving evidence based on chromosome 
stndy, Britt (1947), has supported the view of McMullen (1937) that Leci
thodendriidae shows relationship with the families Plagiorchiidae and 
&nife:ridae and that Allocreadidae should not be put along with Plagior
chiidae as held by Faust (19391 and Dollfus (1930). Analysing the work 
on about fifty species of various genera and families, Britt has brought 
out a new idea of' Aneuploidy' as the basis of speciation in this group of 
hermaphroditic animals, and has rejected polyploidy as suggested by 
White (1940) for other groups of hermaphroditic animals. In this vast 
group of parasitic trematodes there is still a large number of families and 
genera in which chromosomes have not been studied, and until this is 
done it will. be premature to pass final judgment ou. the claims of Britt. 

As has already been stated none of the previous workers had employed 
fixatives without fat-solvents, and for that reason the study of cytoplasmic 
inclusions in this group of animals has been completely neglected. Dingler 
(1910) suggested that since the whole of the cytoplasmic material is left 
behind in . the form of a residual mass, the sperm is only nuclear. 
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Unfortunately no serious attempt seems to have been made to determine the 
fate of these cytoplasmic structures, which play an important role in 
spermatogenesis in general. 

The chromatic granules are the only cytoplasmic inclusions to which 
special attention has been paid by some workers. Gelei (1913) in Dendra
coelum lacteum and Pennypacker (1940) in Pneumonoeces similiplexus h&ve 
observed certain dark granules in the developing oocytes. Gelei (1913) 
has claimed their origin from the oocyte nucleus, while Pennypacker (1940) 
is not definite about it. However, none of the workers has described any 
such granules in the spermatogenesis of trematodes. 

'rh<> <>xmt.-"<% <>{ W<>"ffill,tk gro.m.,l.e~ '" fue "%'!; <~<l.ls <e~f ~+~ 
has given rise to certain speculations regarding the relationship of these 
granules to the differentiation of the germ cells. 

Halkin (1902), Cable (1931), Chen (1937), Rees (1939), Markell (19<l3), 
Britt (19<l4), Jones (1945), and Willmott (1950) have all studied fertilization. 
All these workers except Jones have shown that the haploid pronuclei 
prior to fertilization go into a resting stage. Jones (1945) in Macravesti
bu!um kepmri has, however, stated that there is no such resting stage. 

Markell (1943) and Britt (194<l) have observed a little of cytoplasm 
around the polar bodies after they are liberated into the nutritive material 
but Jones (l9<l5) has failed to observe any cytoplasm associated with the 
polar bodies after their migration. Jones has further maintained that 
the first polar body, when discltarged from the oocyte, enlarges and becomes 
lobed but does not divide. 
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MATEJUAL AND METHous 

The specimens of !&oparorchis eurytremum were obtained from the 
air-bladder of a freshwater Jish, Wallagonia attu. The collection was 
made at Rupar and Ludhiana and from a. local fish shop in Hoshiarpur, in 
the months of October, November and December, 1951. These trematodes 
survive for at least two da.ys during winter in the air-bladder after death. 
The infection occurs in about 50% of these fishes, and the range of infection 
is from a few to twenty trem,;todes in a single infected fish. The size of 
the trematodes is fairly large. There are two rounded testes which lie, one 
on either side of the ventral sucker. The single ovary is tubular and lies 
towards the posterior side. Tbe uterus lies close to it on its anterior side. 

The specimens were washed in normal saline, and the testes were taken 
out with the help of a fine forceps by removing the skin'. On removal 
they were directly put into the various fixatives like Bonin, Flemming
without-acetic acid, Champy, J{olatchev, Altmann and Da-Fa.no. Fixation 
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in Bouin's fluid for 24 hours gave good results for chromosome study. 
Flemming.without.acetic acid and Champy for 48 hours and 24 hours 
respectively proved successful for the mitochondria and the Go!gi body. 
Kolatchev's method for the Golgi body was quite successful, and Altmann's 
fixative gave better results in smea:rs than in sections. Smears were made 
in F.,V.A., Bouin's, Kolatchev's and Altmallll's fixatives. After Bouin's, 
F.W.A. and Champy's fixatives 0·5% iron haematoxylin was used as stain. 

For section cutting the material was passed through various grades 
of alcohol, cleared in cedar-wood oil and embedded in paraffin. Sections 
were cut 10-14 microns thick for chromosome study, and 6-8 microns 
thick for cytoplasmic inclusions. 

For the maturation stages of the egg and fertilization the proximal 
portion of the uterus was taken out and transferred to Camoy's fluid for 
four hours. The entire trematodes were also put in tl:ris fixative and the 
uteri were taken out afterwards. After removing the material from the 
fixative, it was thoroughly washed in 80% alcohol for a few hours and then 
transferred to 70% alcohol for storage. For staining a mixture of Iron
acetocarmine and Ehrlich's haematoxylin in equal parts was used. The 
material was directly put into this mixture of stains for twenty-four hours. 
As it docs not overstain, no differentiation is needed after this mixture. 
For permanent preparations the material a-fter staining was passed through 
different mixtures of absolute alcohol and acetic acid in the ratios of l : 3, 
2 : 2 and 3 : l and then it was put in absolute alcohol. It was cleared in 
xylol and mounted in canada balsam. Before mounting, the proximal 
portion of the uterus was teased very gently with the help of fine needles 
to liberate the eggs and spread them uniformly over the slide. 

Chromosome counts were made from spermatogonial mitosis and the 
meiotic divisions in both spermatogenesis and oogenesis. Segmentation 
stages of the fertilized eggs were also helpful in counting the diploid number 
of chromosomes. 

OBSERVATIONS 

(a) Spermatogonia 

The male germ cells are loosely packed in the testis. The spermatogonia 
also occur loosely in great abundance close to the wall of the testis, but 
sometimes groups of spermatogonia are met with. The spermatocytes 
lie inner to the peripheral zone of spermatogonia, while the spermatids and 
spermatozoa are more centrally located. 

The spermatogonia are of three types :-primary, secondary and tertiary. 
The primary spermatogonia occur singly and are the smallest; and they 
have very little cytoplasm (Plate I, figs. l, 2). They contain one or two 
karyosemes in their nuclei with finely granular chromatin. No cy.toplasmic 
granule can he made out in the primary spermatogonia. As the first 
spermatogonia~ division approaches the nuclear wall disappears and the 
chromosomes ·are arranged on the spindle. 1'heir individual identity, 
however, cannot be defined on account of their ccmpact arrangement on 
the spindle (Plate I, fig. 3). 
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The secondary spermatogonia occur in groups of twos. They remain 
connected by a protoplasmic strand, which probably represents the spindle
remains. The pairs are not easily differentiated as they are closely packed 
up. In size the secondary spermatogonia are bigger than the primary. 
They also have one or two karyosomes in their nuclei, which stain brilliantly 
as in the case of primary spermatogonia (Pl. I, fig. 4). 

In the conrse of the second spermatogonial mitosis 20 diploid chromo
somes can be easily counted in the metaphase as seen from above (Pl. I, 
fig. 5). In the side view of the equatorial plate, however, the diploid 
number cannot be determined with accuracy as the chromosomes overlap 
and aggregate (Pl. I, fig. 6). In di'ision the chromosomes split, but the 
movement of the chromosomes on the spindle is irregular (Pl. I, fig. 7). 
Centrosomes can sometimes be observed at the poles of the spindle of the 
second spermatogonial mitosis. 

The division of the secondary spermatogonia results in the formation 
of a group of four cells, which are connected by spindle remains. They are 
called the tertiary spermatogonia. It is not always ensy to distinguish 
the tertiary groups, as they are sometimes encroached upon by the primary 
and secondary spermatogonia. The individual cells of the tertiary groups 
are, however, very much like the preceding ones, but their nuclei are slightly 
bigger than the nuclei of the secondary spermatogonia. They may have 
one or two karyosomes as observed in the primary and secondary spermato
gonia (Pl. I, fig. 8). 

The mitochondria appear for the first time in the tertiary spermato
gonia as a mass of granules forming a cap close to the nucleus. The exact 
location of this mass varies, but it is generally seen towards tho point of 
attachment of the cell (Pl. I, fig. 9). The mitochondria have not been 
traced through the spermatogonial division, as the cells are very small and 
the chromosomes when placed at the equator make these granules obscure. 

The Golgi body exists in the tertiary spermatogonia invariably as a 
single minute granule (Pl. I, fig. 10). Twenty chromosomes (diploid) can 
be easily counted in the metaphases of the third spermatogonial mitosis 
(Pl. I, fig. 11). Twenty chromosomes go to each pole, but the splitting 
of chromosomes and their migration to the poles is not simultaneous. As 
a result of this, the chromosomes are scattered all over the spindle during 
the anaphases (Pl. I, figs. 12, 13). It is difficult to count 20 chromosomes 
in later anaphases on account of the close aggregation of some of them 
(Pl. I, fig. 14). During the telophases the chromosomes fuse to form 
irregular chromatic masses (Pl. I, fig. 15). Cytoplasmic cleavage in all 
the four tertiary spermatogonia now takes place, with the result that eight 
cells are formed. These grow quickly and are thus converted into primary 
spermatocytes. During spermatogonial division a minute centrosomal 
granule at each pole of the spindle can be seen. 

(b) Primary Sperrnatocyte.s 

Primary Spermatocytes occur in clusters of 8 cells, resulting from the 
division of tertiary spermatogonia. They are ,;.,nnected with each other 
by protoplasmic strands. 
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The nucleus is generally excentric in position (Pl. I, fig. 16). In the 
resting stage the spermatocyte nucleus shows no structure, save for the 
presence of a faint reticulum and deeply staining nucleolus (Pl. I, fig. 16). 
In the subsequent leptotene stage the nuclear threads become prominent, 
but there is no indication of polarization of these threads (Pl. I, fig. 17). 
The number of loops in the leptotene stage could not be determined, but 
when the process of pairing begins, some of the threads appear dmtble 
(Pl. I, fig. 18). The threads become more conspicuous and double, but they 
are still scattered (Pl. I, fig. 19). With the further advance of the paiJ·ing 
process, the polarization of the threads is indicated (Pl. I, fig. 20). As the 
pairing process is completed, polarization becomes more pronounced, ;lnd 
the syndesis or the synapsis stage is reached (Pl. I, fig. 21). The number 
of loops at the completion of polarization corresponds to the haploid number 
of chromosomes (Pl. I, fig. 21). The loops contract ana give rise to tetrads 
(Pl. I, fig. 22). They condense further and reach the end of prophase 
(Pl. I, fig. 23), when the nuclear wall breaks down and they come to lie on 
the meiotic spindle. The tetrad nature is apparently lost to view because 
of an extreme condensation of chromatin (Pl. I, figs. 24-26). These bivalent 
chromosomes are at first scattered all over the spindle (Pl. II, fig. 27), but 
soon they arrange themselves in the form of a plate at the equator (Pl. II, 
fig. 28). The synaptic mates then separate (Pl. II, fig. 29). With the 
beginning of the anaphase two groups of homologous chromosomes are 
formed (Pl. II, fig. 30). The identity of the chromosomes is retaiJled 
even at the late anaphase stage (Pl. II, fig. 31 ). At the telophase st,e.ge, 
however, the daughter nuclei form compact masses (Pl. II, figs. 32, 33). 

1n the primary spermatocyte the mitochondria exist in the form ol 
juxta-nuclear mass (Pl. II, figs. 34-36). The mitochondrial mass gradu~lly 
spreads out with the advance of meiotic activity, so much so that during 
the first meiotic division the mitochondrial granules are dispersed throughout 
the cytoplasm except for the peripheral region (Pl. II, figs. 37, 38). j'he 
mitochondria appear to be sorted out more or less equally during the division 
stages of the primary spermatocyte (Pl. ii, fig. 39). 

A fragment of the Golgi body is passed on to the primary spermatocyte 
in_ the last. spermatogonial division (Pl. II, figs. 35, 36). This rounded 
granUle starts growing until it is differentiated into two regions-a deeply 
impregnated thick cortex and a light central core (Pl. II, figs. 40, 41; 
PI. ill, fig. 42). Dining meiosis I, the Golgi body divides into two t1-nd 
each granUle moves towards one of the two poles (Pl. II, figs. 38, 39; Pl. JII, 
figs. 43, 44). 

In the resting spermatocyte the centrosome is seen situated closo to 
the nucleus (Pl. I, fig. 16). During first meiosis the centrosome seem~ to 
divide into two centrosomes, which take up their position at the respective 
poles of the spindle (Pl. II, figs. 27, 2-8). 

When the primary spermatocyte divides, a furrow starts from the 
outer free border of the dividing cell and extends gradually towards the 
centre, where the cells of a cluster meet (PI. II, fig. 33). In the dividing 

·clilster the furrows meet at the centre, the cells are drawn out, and thl1S -a 
cluster of secondary spermatocytes with double the number of cells, j.e., 
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16 is formed. The daughter chromosomal masses do not form definite 
nuclei till after cytoplasmic cleavage is completed. 

(c) Secondary Spermalocytea 

The clusters of secondary spermatocytes are composed of 16 cells each. 
The secondary spermatocytes are smaller than the primary spermatocytes 
(PI. m, fig. 45). 

In the cytoplasm the mitochondria again assume the form of a cloudy 
rounded mass close to the nucleus (Pl. III, fig. 46). The single Golgi body 
again grows and is differentiated into two regions, a chromophilic cortex 
and a chromophobic medulla (Pl. ITI, figs. 47, 48). At this stage the Golgi 
body has reached its largest size, almost ready for division. As the chromo
somes divide during meiosis II, the Golgi body is also fragmented into two 
parts each moving towards opposite poles (Pl. III, figs. 49-53). 

The centrosome is sometimes seen in close relation with the nucleus 
of the resting secondary spermatocyte (Pl. ITI, fig. 45). 

During meiosis II, the changes observed in the mitochondrial mass 
are similar to those described earlier for meiosis I. 

After a resting period there follows the second meiotic division. The 
haploid number of 10 chromosomes can be counted in tbe metaphase 
(Pl. III, fig. 54). Each chromosome now splits into two, and the daughter 
chromosomes move towards the respective poles (Pl. ITI, fig. 55). 

In late anaphase II, the chromosomes are aggregated closely, and a 
reliable count of their number cannot be easily made (Pl. ill, fig. 55). 
As the chromosomes are further drawn to the poles, they form compact 
chromatic masses, one at each pole (Pl. ITI, figs. 56, 57). These masses 
do not form definite nuclei till cytoplasmic cleavage is completed. 

(d) Sper171JJ1eleosis 

The spermatids are seen in clusters of 32 cells. Like the primary and 
secondary spermatocytes, these are also attached to each other (Pl. ITI, 
fig. 58). A variable number of chromatin granules is seen in the spermatid 
nucleus during the early stages. The spermatid in early stages has a mass 
of mitochondria lying on one side of the nucleus (Pl. ITI, fig. 59). A Golgi 
granule is invariably seen (Pl. ITI, fig. 60), and a centrosome is sometimes 
seen close to the nucleus (Pl. Ill, fig. 58). 

In the early spermatid the Golgi granule is rather small. It again 
shows a growth period before the nucleus elongates. At the height of its 
growth, it is differentiated into an outer thick rim and an inner light core 
(Pl. III, fig. 61). This is followed by a decrease in the size of the Golgi 
body, when the inner lighter core disappears, and we see a deeply im
pregnated undifferentiated rounded structure (Pl. III, fig. 62). With the 
advance of spcrmateleosis, the Golgi body gradually decreases in size and 
ultimately it disappears from view altogether (Pl. ill, figs. 63--65). Even 
the residual mass of the spermatid cluster does not show any structure, 
which may be considered as the .remnant of the Golgi body. 

In the early spermatid the nucleus is rounded and lies towards the 
outer end of the cell. To begin with the centrosome is situated at the 

27 



anterior narrow end of the cell (Pl. ill, fig. 66), but it soon starts moVing 
backwards (Pl. ill, fig. 67), till ultimately it takes up its position at the 
base of the nucleus (Pl. III, fig. 68). The centrosome at this stage lies 
between the nucleus and the cell membrane, and two flagella are given off 
posteriorly from it. The mitochondria are seen scattered throughout the 
cytoplasm of the cell (Pl. IV, fig. 69). The nucleus now becomes oxyphilic, 
and there can be seen one or two granules in it. It becomes more and more 
elongated in the antero-posterior axis and looks spindle-shapod (Pl. IV, 
figs. 70-73). Subsequently the nucleus becomes wavy (Pl. nr, figs. 75, 76), 
The Golgi granule has by this time degenerated, and disappears from view. 
With further development the nucleus becomes basiphilic and its elongation 
continues (Pl. IV, figs. 77, 78). The cytoplasm with its contents shrivels 
up towards the centre of the spermatid cluster and the elongated sperm 
nucleus completely withdraws itself from the cytoplasm, which is cast off 
(Pl. IV, fig. 81 ). The sperm, when set free in the testis, is very long and 
filamentous with two flagella (Pl. IV, fig. 79). The centrosome from which 
the flagella arise is also sometimes Visible (Pl. IV, fig. 80). The sperm 
nucleus is of uniform width, though slightly tapering towards the posterior 
end. It is difficult to measure the length of the sperms, as they form 
bundles and as they are too long. Sperms of different sizes have been 
recorded by me; and it is very probable that the elongation of the nucleus 
continues even after the sperm is set free in the testis. 

The residual masses of the spermatid clusters are seen in the form 
of big ball-like structures and are loaded with mitochondrial granules 
(Pl. IV, fig. 81). They also show the holes from which the sperms come 
ont, after the retraction of the cytoplasm. 

(e) Maturation and Fertilization 

Observations have also been made on various stages in egg develop
ment, which occur after the shell has been secreted. The shell encloses 
an oocyte with a sperm towards the operculsr end and four to seven yolk 
globules towards the opposite side. The sperm enters the egg before the 
shell is formed; and after its penetration into the oocyte, the sperm lies 
coiled close to the nucleus (Pl. IV, fig. 82). On the maturation of the 
oocyte ten bivalent chromosomes are spread on the spindle (Pl. IV, fig. 83). 
The sperm lies coiled, a little away from the spindle. Soon the chromosomes 
clump together- and form a deeply stained mass at the equator, (Pl. IV. 
fig. 84). The fused chromosomal mass divides into two halves; and now 
the sperm nucleus begins to condense (Pl. V, fig. 85). One chromosomal 
mass, which is the first polar body, moves into a cytoplasmic tube, and the 
other travels towards the opercular end. The condensed sperm nucleus 
shows a. reticular appearance (Pl. V, fig. 86). The formation of the second 
polar body starts immediately after the separation of the first. The 
chromosomal mass of the oocyte unravels into 10 haploid chromosomes 
(Pl. V, fig. 87). Soon the spindle is formed, and the chromosomes get 
themselves arranged on it (Pl. V, fig. 88). The cytoplasm of the oocyte 
shows a protuberance .to receive the second polar body. Metaphase II 
appears to be of long duration, and its chromosomes are often agglutinated • 
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The first polar body at this stage elongates, and divides into two unequal 
halves, which remain enclosed together into a little piece of cytoplasm for 
some time (Pl. V, figs. 89, 90). The agglutinated chromosomal mass of 
metaphase II divides into two halves, forming the second polar body and 
the female pronucleus (Pl. V, fig. 91). The second polar body moves into 
the cytoplasmic tube (Pl. V, fig. 92). This now constricts and thus com. 
pletely encloses the second polar body (Pl. V, fig. 93), which is detached 
from the mature ovum and lies amongst the yolk globules. The male and 
the female pronuclei, which were hitherto very compact, now lose their 
compactness and become irregular and reticular in appe~Lrance (Pl. V, 
fig. 94). The two pro-nuclei now become vesicul~Lr with faint granules of 
chromatin inside each and remain in a state of rest for some time (Pl. V, 
fig. 95). 

After a period of rest, the process of cell cleavage sets in. The twenty 
diploid chromosomes are set free in the cytoplasm of the mature oocyte 
(Pl. V, fig. 96). Soon the chromosomes are arranged on a spindle (Pl. V, 
fig. 97), and then their division starts. In the anaphase it is not easy to 
count 20 chromosomes at each pole on account of their close aggregation 
(Pl. V, fig. 98). The telophase chromosomes now fuse to form a chromatic 
mass at, each pole. Nuclear division, having been completed, is followed 
by cytoplasmic division, which results in the formation of two blastomeres 
of unequal size (Pl. V, fig. 99). Their nuclei are soon reorganized (Pl. V, 
fig. 100). It is, however, to be noted that the daughter cells when formed 
are separated. The diploid chromosome number (20) has been definitely 
confirmed by a study of early segmentation (Pl. V, figs. 101-103). The 
second cleavage affects the bigger cell, which too divides unequally. The 
third cleavage also affects the bigger cell. The smaller cell formed in the 
first cleavage division, which remains undivided in the subsequent few 
stages has often been called the 'Propagatory cell'. ' 

(f) Chromosomes 

It has been shown above that the diploid number of chromosomes 
in Isoparorchis eurytremum is 20 and the haploid 10. 

The chromosomes arc rather small. There is a pair of chromosomes 
about 3p long; another pair 2p; still another is 1·5p.. But the rest of them 
aro quite small not exceeding lp. The largest pair of chromosomes is 
J -shaped and the second in length is rod-shaped. The third one is also 
rod-like. All the other chromosomes, which are quite small, cannot be 
said to be rounded or elongated. 

DISCUSSION 

The present work on spermatogenesis agrees in some essential respects 
with tlie findings of a nnmber of previous workers in other species of 
trematodes. Dingler (1910) in Dendrocoelum larweolalum, Cable (1931) 
in Cryptocotyle lingua, Anderson (1935) in Proterometra macrostom.a. Chen 
(1937) in ParagonimWJ keUicotti, and Willmott (1950) in Gigantoeotyle bathy
cotyle have all shown that during the process of spermatogenesis the successive 
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stages remain. crowded together and form clusters. The clusters of secondary 
·spermatogonia., tertiary spermatogonia., primary spermatocytes, secondary 
spermatocytes and spermatids consist of 2, 4, 8, 16 and 32 cells respectively. 
"The clusters described by some of the previous workerS a.re in the form of 
syncytia, and when the successive stages follow, only the nuclei are doubled. 
But in I soparorchi3 eurytremum the clusters are of cells attached to one 
another at a point. There is doubling of cells. and not the nuclei alone. 
A similar condition hn.~ also been reported by Anderson (1935) io Proterometra 
macrostoma. 

Dingler (1910) described the differentiation of the spermatid into 
1lpermatozoon. Cable (1931), agreeiog with Diogler, described the trans· 
formation as follows:-

'There begins a gradual elongation of the nuclei accompanied by a 
1'ondensation of ehromatio. The spermatids are at first ovate with the 
pointed end drawn out and directed towards the centre of the cluster. As 
they become longer and thinner, they stain more intensely and lose their 
granular appearance. They then become twisted into a confused mass, 
which later seems to become oriented in respect to the vas deferens
The spermatozoon does not appear to have a differentiated head or other 
parts such as are found in the male gametes of many animals.' 

This appears to be an incomplete description of spermateleosis. No 
body seems to have stated definitely, whether the trematode sperm is to 
be classed with flagellate or non-flagellate sperms. 

I have found that the process of spermateleosis in Isoparorchis 
~rytremum is quite simple. Once the centrosome has taken up its position 
at the base of the nucleus and the flagella have appeared, the nucleus starts 
elongating towards the centre of the cluster of spermatids without losiog 
its orientation. There occurs only a slight twisting of the nucleus duriog 
late stages of its elongation without any rotation of the anterior or posterior 
ends of the nucleus. The whole elongated filamentous part of the sperm 
arising from the nucleus may be said to be the head and the posterior 
region having two flagella and a centrosome ca,n be called the tail. 

The head and tail described by Chen ( 1937) in Paragonimus kellicotti, 
{)annot be compared with the head and tail of the sperm of lsoparorchis 
€urytremum. In Paragonimus, as stated by Chen (1937), the head and the 
tail are two differentiated regions of chromatin. The head is thick and 
~hort, but the tail is thin and long. In Isoparorchis, as observed by me, 
the region of the sperm formed from the chromatiD is the head alone and 
the flagella, which arise from the centrosome, constitute the tail. The 
~perm of Isoparorcki.s is to be classed "ith the flagellate sperms. The 
sperm is, however, unique in having two flagella and only one centrosome, 
which remains undivided. 

Cable (1931) ascribed the elongation of the spermatids to the presence 
of cytoplasmic strands radiating from the centre of a spermatid syncytium 
to the individual nuclei•. I have not noticed such strands in the case of 
lsoparorchis eurytremum, though the elongation of the spermatid nucleus 
is almost of the same type. It is possible that the cytoplasmic strands 
described by Cable in Cryptocotyle are the differentiated cytoplasmic zones 
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having mitochondrial granules. In Isoparorckis, on the other hand, the 
mitochondria arc scattered in the whole of cytoplasm, and thus the differen
tiated zones are absent. 

Dingler (1910) has stated that the spermatid nuclei only go to form 
the spermatozoa, while the cytoplasmic material is left behind in the form 
·Of abandoned residual mass. Cable (1931) saw only the residual cyto
plasmic masses and agreed with what Dingler (1910) had said. But the 
cytoplasmic components have not been described by these workers. 

Indeed, information regarding the two categories of cytoplasmic 
structures, viz. the Golgi elements and mitochondria in the Trematoda is 
meagre. In Isopa-rorahi..s the mitochondria in the spermatogonia are in 
the form of a cloudy mass lying on one side of the nucleus. In the primary 
"nd secondary spermatocytes the mitochondria are found scattered through
QUt the cytoplasm almost evenly. In the earliest spermatid also the 
mitochondria are seen in the form of a cloudy mass, but during sperm
form:ttion these are once again scattered uniformly. Ultimately they are 
left behind with the residual cytoplasm. The 32 ripe sperms of a cluster 
wriggle out from the free border and leave behind a massiv•; cytoplasmic 
mass containing all the mitochondria. The residual mass assumes a globular 
form, as has also been observed by Rees (1939) in Parorchis acartihu$. 

The casting out of the mitochondria without forming a-ny sperm 
structure has also been described recently in some other animals. Sharma 
(1950) has stated that mitochondril\ seem to have no function in the sperm
formation of the spider Plexippus paykulli. Nath and Bhatia (1953) have 
very recently described a typical mitochondrial nebenkern in the early 
spermatids of Lepisma domestica, which is typical of insect spermatogenesis, 
but the nebenkern completely pales off without forming the sheath of the 
axial filament. The climax is reached in the spermatogenesis of a Hoshiarpur 
dragon-fly, Sympetrum hypomel<M (Selys), in which the mitochondria are 
conspicuous by their absence-what to talk of their forming a nebenkern 
(Nath and Rishi 1953). All these instances and that of Isoparorchis 
clearly point towarcla the conclusion that the mitochondrial material ""' 
such iB not an essential component of the ripe sperm. 

Another cytoplasmic component, which has been investigated by the 
author in trematode spermatogenesis for the first time is the Golgi body. 
This is first seen as a granule in the spermatogonia.. In the spermatocyte 
it is seen as a small body, which grows to a big vesicle, showing a differen
tiated cortex and a core. 

During meiosis I, the Golgi vesicle is seen dividing. In the secondary 
spermatocytes it grows from a smaller to a bigger body. Here also it is 
differentiated into a deeply impregnated outer rim and a lighter inner 
region. It divides again during meiosis II, and thus a single Golgi granule 
is transmitted to eiwh spermatid. In the spermatid it starts growing at 
first but later on degenerates gradually in the cytoplasm and is ultimately 
lost to view. 

My observations on the structure of the Golgi body in Isoparorckis 
would allow me to say that the single vesicular and deeply impregnated 
Golgi granule corresponds to the lipoid-containing substance of Baker 
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(1945). The lighter region appears very late when the Golgi body has 
attained a fairly big size. It is only at this stage that the chromvphilic 
and chromopho hie regions arc marked. 

The cortlplete degeneration of the Golgi material at different stages 
of spermatel~osis ha" been traced both in the non-flagellate and flagellate 
sperms. Nath (1932, 1937 and 1942), working on the non-flagellate ~perms 
of the Decapod Crustacea, has shown that the Golgi material completely 
degenerates at varying stages of spermateleosis without forming the 
acrosome. Nath and Sharma (1953) have also made similar obser>'ations 
in the millipede, Thyroglutus m11layus. 

Amongst the flagellate sperms, teleostean fishes seem to h"ve no· 
product of the Golgi body in the ripe sperm. Vaupel (1929) in !;eb-istes• 
reticulatus h~s shown that the Golgi bodies are sloughed off, without 
forming any e;perm component. 

I agree with Cable (1931), Pennypacker (1940) and Jones (1945) that 
the maturation of the oocyte occurs after the shell is formed in the ootype. 
The condensation of the sperm-nucleus is continued till anaphase of meiosis I 
in the oocyte. This is more or less the case in Pneumonoeces as observed 
by Pennypacl<er (1940) and in Maoravestibulum as noted by Jones (1945). 
The polar bodies when liberated into the nutritive material of the oocyte, 
gather a little cytoplasm around them. In this respect I agree with 
Markell (1943) and Britt (1944), who have observed a little of cytoplasm 
around the polar bodies, and differ from Jones (1945), who failed to see any 
such cytoplasm. 

Jones (1945) found that the first polar body when formed enlarges 
and becomes lobed, but does not divide. 1n lsoparorc"his eury!remum,. 
however, the first polar body is seen dividing into two unequal halves. 

The absence or presence of a resting sta.ge in the pronuclei prior t<> 
fertilization bas been discussed by many workers. Cable (1931), :flalkin 
(1902), Chen (1937), Rees (1939), Markell (1943), Britt (1944) and Wjllmott 
(1950) have all observed male and female pronuclei gradually going into 
resting stage before the diploid chromosomes are set free or a fusion nucleus 
is formccl. Jones (1945) has stated that the male and female pronuclei 
go into prophase directly, there being no resting stage. In Isoparorcki!? 
eunjtremum, however, the pronuclei go into· a resting stage prior te> 
karyogamy. 

It may be stated that the separation of the germ cell at the first cleav11ge 
stage as stressed by Ishii (1934) and Chen (1937), required further observa. 
tions iu Isoparorchis. Anyhow, it has been observed that the sma!1er cell 
formed by the first cleavage remains unaffected in the subsequent twe> 
cleavage divisions. 

SuMMARY 

1. The processes of spermatogenesis, maturation of the ovurtl and 
karyogamy have been worked out in detail in Iso-parorchis eurytremu,n. 

2. The haploid number of chromosomes is 10 and the diploid 20. 
'I'he chromosomes have been counted in male meiosis I and II and in 
segmentation of the egg. 
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3. The mitochondria are in the form of a juxta-nuclear cap-like mass 
in spermatogenesis. In spermatocytes they are more or less uniformly 
distributed in the cytoplasm. The mitochondria. are left behind in the 
residual cytoplasmic mass and do not contribute towards the formation 
of any pa.rt of the ripe sperm. 

4. The Golgi body occurs as a. single granule in spermatogenesis. It 
grows and divides during spermatogenesis. At certain stages it reveals 
a duplex structure. In the spermatid it completely disappears from view. 

5. The single centrosome of the spermatid has never been seen 
dividing. Two flagella arise from the centrosome. 

6. Polar bodies are extruded with a little of cytoplasm. 
7. The first polar body divides into two unequal halves. 
8. The sperm and ovum nuclei reorganize themselves into a resting 

stage before they unite in karyogamy. 
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EXPLANATION 011 Fmuru:s 
Abbrevie.tions: 

0,-centrosome; G,-Golgi body; M,-m.itochondria; }l,-nucleus; P,-polar body; 
p 1,-first polar body; P 2,-second polar body; PR,-propagatory cell; S ,-a perm; 
Y ,-yolk cell. 

Plate I 

FIGs. I, z. Primary spermB-togonia, showing one and t1VO karyosomes in their nuclei. 
Bouin's o.nd Iron Haematoxylin. 

FIG. 3. i.\letaphase· of primary spermatogonium. Bouin's and Iron Haematoxylin. 
Fla. 4. A group of secondary spermatogonia, showing one or two karyosOmes. 

Bouin's and Iron Ha.ematoxyJin. 
FIG. 5. Metaphase of secondary spermatogonium, showing diploid number of 20 

chromosomes. Bouin's and Iron Haematoxylin. 
FIG. 6. :M"etapho.se of secondary spermatogonium (side view). Centrosome and 

spindle are soen. Bouin 's and Iron Haematoxylin. 
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FIG. 7. Anaphase of secondary spermatogonium. Bouin's and Iron Hnematoxylin. 
FIG. 8. A group of four tertiary spermatogonia. Bouin's and Iron Hn.emat-oxylin. 
FIG. 9. Tertiary spermatogonium. showing mitochondrial mass. Altru.ann's and 

Acid Fuchsin. 
FIG. 10. Tertiary spermatogonium, showing Golgi body. Kolatchev. 
FIG. 11. Metaphase of tertiary sporma.togonium, showing diploid number of 2()

chromosomes. Bouin's and Iron Haematoxylin. 
FIG. 12. Metapha.so of tertiary spermatogonium (side view). Centrosome and 

spindles are also seen. Bonin's and Iron Haema.toxy}in. 
FIGs. 13,14. Early and late anapha.ses of tertiary spermatogonia. Bouin's and Iron 

Haematoxylin. 
FIG. 15. Telophase of tertiary spermatogonium. Bouin's and Iron Ha.ema.toxylin. 
FIG. HJ. Section through a cluster of primary spermatocyt.osJ showing 6 of the 8 cellS' 

in a resting stage. Bouin's and Iron Haematoxylin. 
FIG. 17. Nucleus of prima.ry spermatocyte, showing leptotene stage. Bouin 's and 

Iron Haematoxylin. 
FIGs. 18-20. Nuclei of primary spennatocytes, showing zygotene stages. Bouin's 

and Iron Haematoxylin. 
FIG. 21. Nucleus of primary spermatocyte, showing a bouquet stage. Bouin's and 

Iron Haematoxylin. 
Fro. 22. Nucleus of primary spermatocyte, showing diplotene stage. Bonin's and 

Iron Haeroatoxylin. 
FIG. 23. Nucleus of primary spermatocyte, showing diakinesis stage. Bonin's and 

Iron Haematoxylin. 
Fros. 24-26. Primary spermatocytos in metaphase, showing ha.ploid number of 

10 chromosomes. Bouin'a and Iron Hsematoxylin. 

• Plate II 

Fros. 27, 28. Primary sperma.tocytes in metaphase showing chromosomes, spindles, 
centrosomes and Golgi remains. Bouin 's and Iron Haoma.toxylin. 

FIG. 29. Primary spermatocyte in early anaphase. Bonin's and Iron Ha.ema.toxylin· 
Fxo.s. 30, 31. Primary sperma.tocytes, showing two successive stages of a.napba.ec. 

Haploid number of chromosomes can be counted in each set. Bonin's 
and Iron Hoomatoxylin. 

FIGs. 32, 33. Primary spermatocytes in telophase, showing centrosomes and Qo1gi 
remains. Bouin's and Iron Haematoxylin. 

Fro. 34-. Primary spermatocyte from a smear, showing a mitochondrial cap. 
Altmann's and Acid Fuchsin. 

Flo. 35. Primary spermatocyte from a smear, showing mitochondrial mass and a 
Golgi body. F.W.A. and Iron Haematoxylin. 

FrQ, 36. Primary spermatocyte, showing mitochondrial cap, a Golgi body and a 
centrosome. F.W.A. and Iron Haematoxylin. 

FIG. 37. Primary spermatocyte in metaphase. F.W.A. a.nd Iron Haoma.toxylin. 
FIGs. 38, 39. Primary spermatocytes in teloph~. showing division and separation 

of the Golgi body. F.W.A. and Iron Haematoxylin. 
Fros. 40, 41. Primary spermatocytes, showing the growth of the Golgi body. Kolat

ohev's mothod on smears . 

• 
Plate III 

FIG. 42. Primary spermatocyte, showing Go1gi body grown to its maximum size and 
indicating duplex structuro. Kolatchev (smear). 

Fro.. 43. Primary spermatocyte at metaphase. Note tho Golgi body has decreMed 
in size and its inner lighter core has disappeared. Kola.tchev (smear}. 

FI:G. 44. Primary spenna.~cyte at metaphase, showing the Golgi body divided into 
two. Kolatchev (smear). 
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Fra. 45. SectSon .through a cluster of secondary spermatocytes showing 9 of 16 cella 
in a resting stage. Bouin 'sand Iron Haema.toxylin. 

Fw. 46. Socondo.cy spermatocyte in resting sto.ge, showing a mitochondrial mass. 
Altmann's and Acid Fuchsin (smear). 

FioS. 47, 48. Secondary sperma.tocytes, showing the growth of the Golgi body. 
Kolatchev (smear). 

}i'ros. 49, 50. Secondary sperma~·ocyt.es at metaphase, showing division of the Golgi 
body. Kolatchev (smoor). 

Fro. 51. Secondary spermatocyte, showing the Golgi bodies reaching the poles when 
the cell is about to divide. Ko1atchev (smear). 

·Fws. 52, 53. Secondary spermatocyte at metaphase and telopha>~e. Note t.hc 
mitochondria scattered and the Golgi body divided. F:\\'.A. and Iron 
Raemo.toxylin. 

Fw. 54. Secondary spermatocyte at metaphase showing 10 chromosomes. Bouin's 
and Iron Haemato:x:ylin. 

Fms. 55, 56. Secondary spermatocyte at late anaphase a.nd telophase. Bouin's 
and Iron Hncmatoxylin. 

Fro. 57. Secondary spermatocyte at t.oloph8Se. Note the cleavage begins from the 
outer border. Bouin's and Iron Haematoxylin. 

Fw. 58. Section through a cluster of spcrmat.ids, showing 17 of the 32 cells. Cen
trosome is seen in some of the cells. Bouin 's and Iron Haematoxylin. 

Fm. 59. A spermatid, showing mitochondrial mass. Alt-mann'a and Acid Fuchsin 
(smear). 

Fms. 60. 61. Spermatids, showing the growth of tho Golgi body. Ko1atchev (smear). 
Fros. 62-65. Successive stages in the degeneration of the Golgi body during sper~ 

mat.eleos.ia. Ko1atchev (smear). 
Fros. 66-68. Sperma.tida, ahowing the movement of the centrosome. Bonin's and 

Iron Haemato:xylin. • 
Pktl< IV 

Fra. 69. Sperma.t.id, sbowing lightly sMined oval nucleus, mitochondrial granules 
a Golgi body, a. centrosome and two filament.s. F.W.A. and Iron Baema
toxylin. 

FIGS. 70-73. Successive stages in the elongation of t.be spermatid nucleus. F.W.A. 
and Iron Haematoxylin. 

Fms. 74-76. Spennatids, showing further elongation of tho spermatid nucleus and 
the degeneration of t.he Golgi body. F.W.A. and Iron Haemntoxylin. 

Fros. 77, 78. Spermatids, showing a change in the intensity of the nucleus. Note 
tho mitocllOndria.Rre shrivelled up. F.""'~.A. and Iron Haemat.oxyJin. 

FIG. 79. A mature sperm. F.W.A. and !ron Haematoxylin. 
FIG. 80. Basal part, of the sperm, showing tho centrosome from which t.wo flagella 

arise. F.,V.A. and Iron Haematoxylin. 
FIG. 81. A residual ma..<:Js of the spermatid cluster loaded with residua.} mitochondrial 

mass. F.,V.A. and Iron Haematoxylin. 
Fm. 82. Egg, showing a primary oocyte with a sperm in the cytoplasm and some 

yolk cells whose outlines alone are drawn. 
FIG. 83. Egg, showing primary oocyte in metaphase and the sperm lying away from 

tho spindle in a coiled condition. Carnoy's and Iron~Aootocannine with 
Ehrlich's Haema.tox.ylin. 

·Fw. 84. Egg, showing chromosomal m&SB at metaphase and a coiled sperm outside 
the spindle. Carnoy's and Iron-Acetocar.mine with EhrliCh's Hacma
toxylin. 

Plale V 

FIG. 85. Egg, showing the division of the chromosomal mass into two and a con
densed globular sperm. Carnoy's and Iron-A~tocarmine with Ehrlich's 
Haematoxylin. 
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FIG. 86. Egg, showing tho separation of t.he first polar body into a cytoplasmic tube 
and a condensed sperm. Carnoy's and Iron-Acetocarmine with Elulich's 
Haematoxylin. 

}'IO. 87. Egg, showing a dotachod first polar body, a condensed sperin and the 
secondary Oocyte o.t metaphase. Camoy's and Iron-Acetocarmine wit-h 
EhrliQh's Haematoxylin. 

FJG. 88. Egg~ showing the chromosomes of the meiosis II arranged on the spindle 
and the sperm in a condensed form. Carnoy's Wld Iron-Acetocarmine 
with Ehrlich's Haema.t.oxylin. 

~~IG. 89. Egg, showing the chromosomes of meiosis ll on t-he spindle and the first 
polar body dividing. Carnoy's and Iron-Acetocarmine with Ehrlich's 
Ha.ematoxylin. 

Fw. 90. ·Egg, showing t-ho chromosomal mass of meiosis II on the spindle, the sperm 
condensed and t.he polar body divided. Ca.rnoy's and Iron-Acetocarmine 
with Ehrlich's Haematoxylin. 

FIGs. 91-93. Eggs, showing successive stages in t,ho formation and liberation of the 
second polar body. Not.e the sperm is still condensed. Carnoy's and 
Iron-Acetocarmine wit·h Ehrlich's HaematoxyJin. 

Fro. 94. Egg, showing male and femfl.le pronuclei changing their texture. The female 
prom1eleus is bigger t.ha.n the male. Carnoy's and Iron-Acetocarmine 
with Ehrlich's Haemat.oxylin. 

F10. 95. Egg, showing male and female pronuclei of equal size, having reached the 
resting stage. Carnoy's and Iron-Acetocarmine with Ehrlich's Haema
toxylln. 

FIG. 96. Egg, showing male and female pronuclei at metaphase. Diploid number 
(20) of chromosomeR is clear. Cnrnoy's and Iron-Acetoco.rmino with 
Ehrlich's Haematoxylin. 

FIGs. 97-99. Eggs, showing succes:::ive stages in the 1st cleavage division. Carnoy's 
and lron-Acetocarmine with Ehrlich's Haematoxylin. 

Fm. 100. Egg, showing two-celled stage. One nell is larger t.han the other. Carnoy's 
and lron-Acetocarmine with Ehrlinh's HncmBt.oxylin. 

Fm. 101. Egg, showing the larger cell of a two-cell embryo at metaphase, Carnoy's 
and lron-Acotocarmine wit.h Ehrlich's Haematoxylin. 

Fw. 102. Egg, showing the huger cell of a two-cell embryo at telophase. Curnoy's 
and lron-Acetocarmine with Ehrlich's Haematoxylin. 

~"'w. 103. Egg, ~;bowing a three-cell stage of an embryo. One cell at met-aphase, 
CarnQy'A and Iron--~cetocarmine wit.h Ehrlich's Haematoxylin. 
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STUDIES ON INSECT SPERMATOGENESIS 

No. n. LEriDOPTERA 

ON THE FoRMATION oF THE Ao&asoME AND MrrooaoNDRIAL NEBENKERN 

IN PRODENIA L11'URA FABR. AND ANAPHAEIS SP. 

By SoKHDEV RAJ BAwA, University Research Scholar, Zoolngy 
Department, Panjah University, Hoshiarpur. 

!NTRODUOTION 

Gatenby (1917) in Smerinthus gives a clear account of the direct origin 
of the acrosome from the Golgi elements-his acroblasts. The mitochon
drial nebenkern, in his opinion, is of the nature of a 'spireme'. But his 
account is incomplete inasmuch as he has not studied the later development 
of the acrosome and the formation of the sheath of the tail region of the 
sperm. 

Bowen (1922) in his paper on Lepidoptera conceives the mitochondrial 
nebenkern to be of the nature of 'plate-work' rather than a 'spireme'. 
lloreover, in his opinion, the tail sheath is formed not from the fragmented 
'spireme' as suggested by Gatenby but by the 'central substance' granules 
appearing in the chromophobic part of the mitochondrial nebenkern. 
Regarding acrosome formation, Bowen states that 'the early steps in the 
formation of the acrosome cannot be analyzed with any satisfaction in 
Callosamia on account of very small size of the acrosome in this species'. 
In Pyga.era his 'material begins at a point where the acrosome is already 
nearing completion'. 

Nath (1925), who on an invitation from Professor Gatenby examined 
the latter's slides on Oporabia, Smerinthus, and Pieri.!, came to the conclu
sion that 'the mitochondrial nebenkern does not directly form the tail
sheath, but undergoes a progressive dwindling and ultimately disappears'. 
The sheath-forming substance, according to Nath, 'arises as a new sub
stance in the chromophobic cavity round the nebenkern'. 

In view of the above-mentioned controversy with regard to the exact 
formation of the acrosome and the tail-sheath of the sperm in the Lepid· 
optera, I undertook work on Prodenia litura and Anapha.eis sp. Some of 
the observations made on fixed preparations of Prodenia litura have been 
confirmed by the study of the fresh material under the Phase Contrast 
Microscope. 

The investigations recorded in this paper-the second in the series 
Studies on Insect Spermatogenesis' -were conducted in the Department 

of Zoology, Panjab University, Hoshiarpur, Panjab (I.). I am greatly 
indebted to Professor Vishwa Nath for providing me with the necessary 
research facilities and also for correcting the manuscript of this paper. 
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MATERIAL AND METHODS 

The material was obtained from larvae and from a sm~;Jl number of 
pupae of Prodenia litura and AnaphaeiB sp. The eggs of Prodenia litura 
were collected in large numbers deposited on the leaves of the Cauliflower 
during September and October. These eggs were reared in the laboratory 
at room temperature. The larvae of AnaphaeiB sp. can be obtained feeding 
on AmaryUis grandiflora in December and January. Both the species 
were available in various fields and gardens in the vicinity of the University 
Zoological Laboratory, Hoshiarpur. 

The testes of fully grown larvae and young pupae were transferred to 
the fixing fluids directly after dissection. A number of fixatives, viz., 
Champy, Flemming, Flemming-without-acetic and Bouin were tried. 
Best results were obtained in Flemming-without.acetic, while Bonin's 
fluid acted as control. Aftor the usual process of dehydmtion the material 
was embedded in paraffin wax and sections were cut. at 4-6 J.1. and stained 
in 0·5% iron.haematoxylin. 

0BSERV ATIONS 

As there is not much variation in the behaviour of .the cytoplasmic 
inclusions, viz., Golgi bodies and the mitochondria, in the process of sperm
formation in the two species under discussion (Prodenia litura and 
Anaphaeis sp. ), it has been considered best to record the findings together 
in one communication. 

(a) Spermatogonia.-In the spermatogonium of Prodenia litura the 
mitochondria exist in the form of a juxta-nuclear mass of faintly-staining 
granules. The Golgi bodies can be seen as darkly-staining crescents em
bedded in the mitochondrial mass (Pl. I, Fig. 1). 

But under the Phase Contrast the Golgi bodies appear as vesicles in the 
fresh material and never as crescents (Pl. II, Fig. 27). . 

In AnaphaeiB sp., on the contrary, tbe mitochondria and the Golgi 
bodies of the spermatogonium·exist in the form of faintly-staining vesicles 
and deeply-staining granules respectively (PI. III, Fig. 39). Before the 
spermatogonium enters the growth period, the vesicular mitochondria 
spread themselves out and enclose the nucleus all round (Pl. III," Fig. 40). 

(b) Spermalocytes.-In the resting .Primary spermatocyte of Prodenia 
litura the mitochondria, which were granular in the spermatogonium now 
assume a vesicular appearance but remain juxta-nuclear in position. The 
Golgi crescents can be located in the neighbourhood of the nucleus. A 
darkly-staining nucleolus can also be observed at this stage in the interior 
of the nucleus (Pl. I, Fig. 2). Later on, when the mitochondria have 
reached a considerable size, the Golgi bodies tend to move away from the 
nucleus. As the chromosomes arrange themselves along the nuclear wall 
prior to the nuclear division, the Golgi bodies have moved considerably 
awa,y from the nucleus but still lie amongst the mitochondrial vesicles 
(Pl. I, Figs. 3, 4). In the polar view of metaphase I, the mitochondria are 
seen to be spread out throughout the cell encircling the chromosome plate 
(Pl. I, Fig. 5). 
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Similar observations have been made in the fresh material of Prodenia 
lit'Ma under Phase Contrast, but the Golgi bodies are now clearly seen as 
complete spheres, each having an onter chromophilic cortex and an imier 
chromophobic medulla, instead of crescents (Pl. II, Figs. 28, 29). 

In the resting primary spermatocytes of Anaphaei• sp. the vesicular 
mitochondria are seen distributed throughout the cytoplasm of the cell 
with a few Golgi granules of appreciable size lying amongst them (Pl. ill, 
Fig. 41). In a fully grown spermatocyte the mitochondrial vesicles have 
enormously grown in size, giving the cytoplasm of the cell a frothy 
appearanoe (Pl. ill, Fig. 42). 

During the first meiotic division, in both Prodenia litura and AnaphaeiB 
sp., the mitochondria seem to be distributed almost in equal proportions to 
the two daughter cells, and they get much stretched during the telophase 
(Pl. I, Fig. 7; Pl. ill, Fig. 43). In Prodenia litura the mitochmidria are 
caught up in the area of spindle fibres, while in Anaphaeis sp., they 
make a mn,ntle round the spindle. Two rod-like centrioles towards each 
pole of the first meiotic spindle can be clearly made out in AnaphaeiB sp. 
(Pl.III, Fig. 43), but these centrioles lie far away from the poles of the spindle. 
This, however, is certainly a later development in this species, as during 
metaphase I of the P. litura a small rod-like centriole lies at the very apex 
of the spindle at each end (Pl. I, Fig. 6). 

In both the species, the second meiotic division follows immediately 
the first, there being no resting stage intervening between the two meiotic 
divisions. The behaviour of the Golgi bodies and the mitochondria during 
the second meiotic division is more or less similar tc that in the first meiotic 
division (Pl. I, Figs. 8-10; Pl. III, Figs. 44, 45). 

In the fresh material of Prodenia litura studied under the Phase 
Contrast, the spindle fibres have been observed in a number of dividing 
cells. The vesicular mitochondria are aggregated towards the two apices 
of the spindle and a few Golgi bodies, revealiog a duplex structure, can also ' 
be observed being distributed almost eveuly to the two daughter cells. 
The mid-body appears as a highly refractive plate (Pl. II, Figs. 30, 31). 

(c) Spcrmateloosia.-In the early spermatids of Prodenia litura and 
Anaphaeia sp., the mitochondria collect together to form a compact mass 
towards one side of the cell (Pl. I, Figs. ll, 12; Pl. III, Fig. 46). It will be 
recalled that the mitochondria have been described as vesicles, each vesicle 
showing a distinct chromophilic cortex and a central chromophobic 
medulla. Soon they begin to coalesce to form the mitochondrial 
nebenkern. It need hardly be mentioned that in optical sections the 
mitochondrial vesicles appear as rings. 

There are important differences in the structure of the mitochondrial 
nebenkern in the two species. In both the species a nebenkern character. 
istic of insect spermatogenesis is formed, hut in Prodenia litura a 
remarkable and unique event takes place in the later stages of the 
differentiation of the mitochondrial nebenkern. Here in this species the 
central chromophilic part of the nebenkern, instead of dwindling in size 
and di3appearing ultimately, is actually ejected out of the nebenkern in 
the tail region of the sperm, where it is sloughed off along with some Golgi 
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material. This unique process has been fully studied in the fresh material 
also under the Phase Contrast (Pl. II, Figs. 32-38). A typical insect 
nebenkern, consisting of a central chromophilic core and a peripheral 
envelope of mitochondrial vesicles can be seen (Pl. II, Figs. 34, 35). 
Gradually the chromophilic walls of the peripheral mitochondrial vesicles 
break down and a spacious chromophobic peripheral space is produced 
surrounding the chromophilic core (Pl. II, Fig. 36). Subsequently the 
chromophilic core is thrown out of the nebenkern posteriorly in the tail 
region, where it will he sloughed off along with the Golgi remnants (Pl. II, 
Figs. 37, 38). It may also be noted that the 'central substance', which 
ultimately forms the sheath of the axial filament, appears in the peripheral 
chromophobic cavity sometime before the ejectment of the chromophilic 
core. 

Reverting to the fixed material of Prodenia litura, the running together 
of the mitochondrial vesicles, the formation of the nebenkern with a 
chromophilic core and a peripheral chromophobic space, the appearance 
of the 'central substance' in this space, and finally the ejectment of the 
chromophilic core can be studied very clearly (Pl. I, Figs. 11-21; Pl. II, 
Figs. 22-24). 

The process of the differentiation of the mitochondrial nebenkern in 
Anaphaeis sp., are more conventional as compared with Prorlenia litura, 
except that the size of the nebenkern is much larger than that of 
the nucleus. The details of the process can be studied clearly by a 
reference to (Pl. III, Figs. 46-66). 

In an early spermatid of Prorlenia Wura the Golgi bodies a.ppear as 
crescents distributed in the outer region of the cell immediately surrounding 
the mitochondrial mass, while in knaphaeis sp., the Golgi bodies are in the 
form of granules or crescents (Pl. I, Figs. 11, 12; Pl. III, Figs. 46, 48, 49). 

A study of the living rn&terial of Prorlenia litura under Phase Contrast 
' reveals that the Golgi bodies are really complete spheres and show a duplex 

structure. Each Golgi body has an outer chromophilic cortex enclosing 
an inner chromophobic medulla (Pl. II, Figs. 32, 33 and 36-38). The 
crescents so often seen in the sectioned material seem to be the optical 
sections of the Golgi spheres. 

When the mitochondrial nebenkern has been formed, the Golgi bodies 
tend to colleco round the spermatid nucleus (Pl. I, Figs. 13, 14; Pl. III, 
Fig. 49), and soon a deeply.staining granule, the acrosomal granule, appears 
a.mongst the Golgi bodies (Pl. I, Fig. 15; Pl. III, Fig. 50). The acrosomal 
granule seems to grow in size probably at the expense of the Golgi bodies. 
During further growth of the acrosomal granule the outer multiple 
structure formed by the fusion of the Golgi bodies progressively gets 
simplified (Pl. I, Figs. 16, 17; Pl. III, Figs. 51, 52). Finally the aerosomal 
granule is seen enclosed in a. single envelope-the acrosornal vesicle (Pl. ill, 
Figs. 54-56). The acrosomal vesicle subsequently disappears and the 
acrosomal granule, which has much increased in size by thia time, prepares 
to form the acrosome of the mature sperm. 

It is to be noted that ·not a single Golgi body can be seen in the tail 
of the sperm ·during late spermateleosis in Anaphaeis sp. It wonid appear, 
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therefore, that all the Golgi bodies in the spermatid of this species parti
cipate in the formation of the acrosomal granule. But in Prodenia litura, 
judging from the fact that a few Golgi bodies are seen being sloughed off, 
it would appear that not all the Golgi bodies participate in the formation 
of the acrosomal granule. 

In Figs. 18-21, Pl. I and li'igs. 22-24, Pl. II and Figs. 57-63, Pl. III 
are shown the stages of acrosome development. The acrosome to start 
with is a massive granule lying in close contact with the nucleus. Sub
sequently it assumes a spindle shape, and then it elongates. Ultimately 
it is seen projecting behind the spermatid nucleus (Pl. II, Figs. 25, 26). 
But as the spermatids during late spermateleosis in both t.he species are 
very much attenuated, I have been unable to trace the later history of 
acrosome elongation. 

Lastly I might make refereJ:J.ce to the spindle fibres of meiotic divisions. 
So far, in conformity with the colloidal conception of protoplasm, it is 
generally believed that the spilJ.dle fibres of the dividing cells 11re simply 
the coagulation effects caused by the fixing fluids. But I have seen the 
spindle fibres in the living testicular material of Prodenia litura under 
Phase Contrast (Pl. II, Figs. 30, 31). 

DrsoussroN 

It will be recalled that in both the Lepidopteran species under dis
cussion the mitochondria. are vesicular in nature in the sperma.tocytes, the 
vesicles being larger in Anaphaeis sp. than in Prodenia litu.ra. These 
observations are in accord with those of Gatenby (1917). 

In the early spermatid the mitochondrial vesicles fuse to form a typical 
insect nebenkern. The study of the fresh testicular material of Prodenia 
litura under Phase Contrast and of tbe sectioned material of P. litura and 
Anaphaeis sp., reveals that the mitochondrial nebenkern is of the nature of 
a 'plate-work' as conceived by Bowen (1922) and Nath (1925) rather than 
a 'spireme' as suggested by Gatenby (1917). 

The various stages of neb~nkern differentiation have been very care
fully studied in certain species of Lepidoptera by Bowen (1922) and Nath 
(1925), with whom I am in close agreement as far as Anaphaeis sp .• is 
concerned. But in Prodenia litura it is to be carefully noted that the 
central chromophilic core of the mitochondrial nebenkern instead of dis
appearing completely in situ is actually ejected out of the nebenkern in the 
tail region of the sperm. The rejected chromophilic part of the nebenkern 
has been seen and figured by Il\e in the tail region along with the sloughed 
off Golgi bodies in the fresh testicular material of Prodenia litura under 
Pha~e Contrast. This unique event in the process of differentiation of 
the nebenkern ha~ not been recorded by any previous worker on insect 
spermatogenesis. 

Diverse opinions have beeu expressed regarding the sperm-tail sheath 
formation in Lepidoptera. G4tenby (1917) considers that the 'spireme' 
(chromophilic substance) of the J:J.ebenkern breaks up into thick threads which 
spread out in the chromophobic cavity of the drawn out mitochondrial 
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nebenkern. These threads finally form the tail sheath, but Gatenby 
has not figured the necessary stages to justify his contention. Bowen 
(1922), on the other hand, is of the opinion that the tail sheath is formed by 
'central substance' granules---an altogether new product appearing in the 
chromophobic cavity of the nebenkern-and not by the fragmentation of 
the 'spireme' as conjectured by Gatenby (1917). Nath (1925), working 
on a cross between Oporabia dilutata and 0. autumnata, suggests that as 
the chromophilic substance is undergoing condensation, its substance may 
somehow be transformed into the sheath substance (centrsl substance of 
Bowen), which is simultaneously developing in the chromophobic cavity 
of the mitochondrial nebenkern. My observations in Prodcnia litura and 
Anaphaeis sp. in this respect are fully in accord with Bowen's and Nath's. 

The Golgi bodies in the fixed preparations of Prodenia litura and 
Anaphaei8 sp. appear in the form of crescents or granules. But a thorough 
study of the fresh material of P. litura under Phase Contrast reveals Golgi 
bodies as complete spheres. I am in close agreement with Baker (1949), 
Nath (1944), Nath and Bhatia (1953), etc., etc., that the essential structure 
of the Golgi elements is granular or vesicular. It has been suggested by 
N1>th that the crescents very often observed in the seetioned material are 
really the optical sections of the Golgi spheres. 

Gatenby (1917) for the first time gives a clear account of the direct 
origin of the acrosome of the Golgi bodies, his aeroblasts, in the sperm of 
th'e Lepidopteran, Smerinthus. To quote Gatenby's own words: 'When 
formed the aero blasts are quite spherical, and their wall is of equal thick. 
ness, not more bulging or thicker on one side than the other', Within 
each acrosomal vesicle there differentiates, according to Gatenby an· aero. 
somal granule. Gatenby thinks that the acrosome is finally formed by the 
running together of several aero blasts. 

Later Bowen (1922), working on Pygaera bucephala, interprets the 
acrosome as a differentiation product of the Golgi bodies. He confirms 
Gatenby inasmuch as there is one acrosomal granule to each acrosomal 
vesicle (Gatenby's acroblast) and the fusion of the aerosomal granules into 
ene large granule, which becomes the acrosome. But he differs from 
Gatenby inasmuch as the acrosomal vesicles are sloughed off after secreting 
the acrosomal granules. 

I am unable to confirm the findings of both Qa,tenby and Bowen, who 
have described one acrosomal grsnule to each acrosomal vesicle. I have 
never observed in either Prodcnia litura or in Anaphaeis sp., at any stage 
of spermateleosis, more than one acrosomal granule to all the participating 
Golgi bodies (aeroblasts of Gatenby or acrosomal vesicles of Bowen). 

It will be recalled that in Anaphaeis sp. all the Golgi elements come 
together in the vicinity of the nucleus to form the acrosomal granule; and 
at no stage in spermateleosis there can be found any Golgi body in the 
tail region of the sperm ready to be sloughed off. As the acrosomal granule 
grows in size, the acrosomal vesicles fuse together to form a single vesicle 
enclosing the acrosoma.l granule. Gradually the :wrosomal vesicle dis
appears from view as the acrosomal granule within it is growing in volume. 
The conclusion, therefore, is irresistible that the acroblasts, far from being 



sloughed off, are completely used up in the formation of the acrosomal 
granule. 

In Prodenia litura, in which a few Golgi elements can be seen being 
sloughed off in the tail region, there is no evidence that these are the same 
Golgi elements which participated in the formation of the acrosomal 
granule. The size of the acrosomal vesicles is much smaller in this species, 
and it would appear that they are completely used up in the formation of 
the acrosomal granule before they have any chance to fuse together to 
form one single vesicle as in Anaphaeis sp. 

SUMMARY 

I. In this communication, the behaviour of the Golgi bodies and the 
mitochondria in the male germ cells during spermatogenesis has been de
scribed in two species of Lepidoptera, viz., Prodenia litura and A naphaeis sp. 

2. The mitochondria arc granular in the spermatogonium of Prodenia 
litura, but they are vesicular in Anaphaeis sp. 

3. The mitochondria increase in size considerably during growth of 
the spermatocyte in both the species. _ 

4. A typical insect mitochondrial nebenkern is formed in both the 
species; the chromophilic core dwindles gradually and finally disappears 
completely in Anaphaeis sp., but in Prodenia litura the chromophilic core 
gets extruded into the spermatid tail, where it is sloughed off. 

5. The mitochondrial nebenkern is of the nature of 'plate-work' 
(Bowen, 1922) rather than a 'spireme' (Gatenby, 1917). 

6. The 'central substance' (sheath substance of Nath) forms the 
tail sheath. 

7. The Golgi bodies are granular in Anaphaeis sp., but complete 
Golgi spheres revealing a duplex structure can be observed in fresh living 
material of Prodenia litura under Phase Contrast. 

8. According to my investigations the acrosome is formed directly 
from the Golgi bodies, there being some important differences between 
my findings on the one hand and those of Gatenby and Bowen on the other. 
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EXPLANATION OF LETTERING IN THE PLATES 

A.-Acrosome; A.g.-Acrosoma.l granule; A.f.-Axial _filament; 0.-Centriole; 
O.B.-Chromophobio area; C.L.-Chromophilic area; Oh.--Chromosomcs; O.s.
Central substa.nce; G.-Golgi bodies; M.-Mitochondria; M.n.-Mitochondria.l 
nebenkern; M.B.-Mid-body; N.-Nucleus; N 1.-Nucleolus; S.f.-Spindlc fibres; 
S.r.-Spindle OODllla.nta. 

EXPLANATION OF TH'E PLATES 

Pl. I, Figs. 1-21; Pl. II, Figs. 22-26; e.nd Pl. III, Figs. 39-66 have been 
drawn with a Camera Lucida at . the table level with Spencer l 0 x eyepiece with oil 
immersion o9jective giving a magnification of approximately 1,700 times. All the 
figures ht\ve been selected from sectioned material fixed in Flemroing-without-RCetic 
and stained with 0•5% iron-haematoxylin. 

Pl. II, Figs. 27-38, are drawn from the fresh material studied under Phase 
Contrast Microscope. 

PLATE I 

Figs.l-21. Prodenia !itura. 

Fw. 1. Resting spennatogonium. 
2. Early primary spermatocyte showing nucleus, vesicular mitochondria and 

crescent-shaped Golgi bodies. 
,. 3. Resting primary spermatocyte. 
,, 4. Primo.ry sperroa.tocyte showing la.to prophase, 

5. Polar view metaphase I. 
G. Side view metaphase I. 

" 
7. Telophase I. 

, 8. Polar view metaphase II. 
9. Side view metD.pha.ae II. 

10. Telophase II. 
l.l,IGS. 11, 12. Early spermatids showing mitochondrial vesicles aggregating to form 

a compact mass and a few scntterod Golgi bodies. 

11 
13, 14. Sperma.tids showing mitochondrial nebenkern and a few Golgi bodies 

collecting near the nucleus. 
Fw. 15, Spermatid showing the formation of the acrosomal granule. 

16. Spermatid showing the axial filament traversing the mitochondriall'loben
kern and the a.crosomal granule with a single Golgi body. 

, 17. Spermatid showing differentiation of the nebenkern into outer clear 
chromophobic and inner darkly- staining chromophilic portion. 

,, 18. Spermatid showing the disa.ppeara.nce of tho acrosoma.l vesicle and the 
elongation of the mitochondrial nebenkern. 

19. Spermatid showing the appearance of the 'central substance' granules in 
the chromophobic ares. of the nebenkern. 

Fros. 20, 21. Spermatids showing massive acrosome in close contact with tho nucleus, 
extruded chromophilic coro and· a fow Golgi bodies in the tail region. 

PLATE II 

Figs. 22-26. Prodenia litura 

FIGS. 22-26. Spermatids showing the progressive development and elongation of 
the acrosome. 



Figs. 27-38. Protknia litura (Phase Contrast). 

FIG. 27. Resting spermatogonium. 
, 28. Resting primary sperma.tocyto showing vesicular mitochondria and Golgi 

bodies. 
, 29. Primacy sperma.tocyto. Late prophase. 

FIGS. 30, 31. Telophase II showing the spindle fibres and almost equal distribution 
of the mitochondria and the Golgi bodies. 

FIG. 32. Early spermatid showing the compact mitochondrial mass, spherical Golgi 
bodies and the spindle fibre remains. 

, 33. Spermatid showing a. few Golgi bodies collecting in the vicinity of the 
nucleus. 

Fras. 34, 35. Sporma.tids showing the condensation of the mitochondrial nebenkern 
and the formation of the acrosoma.l granule. 

FIG. 36. Elongating spermatid showing the acrosome and the a.ppen.rance of the 
'central substance' granules in the chromophobic area of the nebenkern. 

Fras. 37, 38. Spermatids showing the extrusion of the chromophilic substance of the 
nebenkern and a few Golgi bodies in the tail region. 

Figs. 39-66. Anaphaeis sp. 

FlG. 39. Spermatogonium showing vesicular mitochondria and a few Golgi 
granules. 

, 40. Spermatogonium before the growth period, 
., 41. Primary spermatocyte. 
, 42. Resting primary spermatocyte. 
, 43. Telophase I showing mitochondria., faintly staining spindle fibres and two 

rod-like centrioles on either side of the spindle. 
, 44. Newly formed secondary spermatocyte, 

45. Telophase II. 
, 46. Earliest spermatid. 
, 47. Early spermatid showing the forrna.tion of the mitochondrial nebenkern. 

FIGS. 48, 4:9. Spermatid.s showing differentiation of the mitochondrial nebenkern 
and a few Golgi bodies in the form of granules and crescents. 

FIG. 50. Spermatid showing the appearance of the 'central substance' gra~ules in 
the chromophobic cavity of the nebenkern and tho aggregation of the 
Golgi bodies in tho formation of tho acrosomal granule. 

FIGS. 51-56. Sperma.tids showing the elongation of the nebenkern and the gradual 
dwindling of tho chromophilic substance. The growt-h in size of the 
acrosomal granule can also be seen. 

, 57-63. Sparmatids showing the later development stages of the acrosome. 
, 64-66. T.S. spermatid ta.il region showing the 'central substance' granules in 

the partitioned chromophobic cavity of the nebenkern. 

Pnbtisbm by the Paniab University, H~inrpur, and. Prlntbi by N()t11lS.!l A. JW.is, Baptist Misalon Pteu, 
.4JA .LoWU Cirenla.r Rood, calcutta. 
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FISH SPERMATOGENESIS 
WITH PARTICULAR REFERENCE TO THE FATE OF THE 

CYTOPLASMIC INCLUSIONS 

11. SPERMATOGENESIS OF ELASMOBRANOHS (PLEUROTREMA.TA.) 

By HEM SAGAR V ASISHT, Junior Research Scholar, Government of lnditJ, 
Department o.f Zoo7,ogy, Panjah University, Hoshiarpur 

INTRODUCTION 

In the first paper of this series, the spermatogenesis of nine species of 
Rays and Skates (Vasisht, 1953) was worked out with particular reference 
to the fate of the G<Jlgi bodies and the mitochondria in spermateleosis. It 
was shown that in all the species of Rays and Skates the acrosome is formed 
directly from the Golgi bodies, and the mitochondria form the sheath of 
the middle-piece. 

In this, the second paper of the series, the spermatogenesis of three 
species of sharks ( OhilcscyUium griseum, Oarcharinus limbaius and Sphyrna 
blcchii) has been worked. The study of shark spermatogenesis has fully 
confirmed my conclusiorm arrived in the spermatogenesis of Rays and 
Skates. 

The names of the previous workers on fish spermatogenesis h"" been 
listed in the first paper of this series. Here reference may be made again 
to a recent paper on the spermatogenesis of Ohilcscyllium griseum by 
Ratnavathy (1941). This paper has been fully discussed by me in the 
pl'escnt communication. 

My thanks are due to the staff of the Taraporewala Aquarium, 
Bombay, Central Marine Fisheries, Mandapam Camp, and the Research 
ARsistants at Krusadai and Pamban Islands of Madras Fisheries for the 
help, which they all rendered to me for collecting the fish. 

I am also indebted to Dr. Vishwa Nath for suggesting this problem 
and correcting the manuscript of this paper. 

MATERIAL AND TECHNIQUE 

The spermatogenesis of the three sharks has been worked out in this 
paper. They all belong to" the order Lamniformes, sub-class Selachii and 
class Chondrichthyes. The species are : (1) Ohilcscyllium griseum, (Muller 
and. Henle), (2) Carcharinus limbaius, (Muller and Reule), and (3) Rphyrna 
blochii (Day). 

This work was started in the month of April, 1951. I visited different 
fishi.ng grounds in the suburbs of Bombay and around Pamban Island. 
Generally I used to dissect the fish on the spot, but sometimes it was con
sidered necessary to take the catoh to the laboratory. 
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The male genital orgllJlS of these sharks are built on the same plan 
as described by Thillaya.mpalam (1928) in Scoliodon. The testes are a 
pair of buff or flesh-coloured elongated structures, each with a vas deferens 
opening to the outer world through the grooves in the claspers. These 
claspers are present only in the male Elasmobranchs. The testes are 
sit.ua.ted below the kidneys, extending from the base of the liver to the 
rectal glands. They are attached to the body wall by a fold of peritonf)um. 
Immediately after the testes were dissected out, they were put in 0-75% 
solution of sodium chloride, cut into small pieces of not more than 
l millimeter in diameter, and transferred to separate capsules containing 
different fixatives. 

Smears were also prepared for the study of sperms. For smears 
Flemming-without-aeetic acid was diluted with an equal quantity of dis
tilled water. 

The testicular material was mainly fixed in Flemming-without-aPetic 
acid, Champy, Altmann, Kolatchew and Bonin's fluid. Amongst all the 
fixatives used Flemming-without-acetic acid proved to be the best. Very 
satisfactory results were obtained after fixation in F.W.A. for 24 or 48 
hours. This was followed by 0·5% iron haematoxylin. 

OBSERVATIONS 

As the pre-spermateleosis stages of the three sharks, viz., Chiloscyllium 
grise~<m, Carcharinw limbalw and Sphyrna bwchii, dealt with in this paper 
are more or less similar, it has been considered useful to give a compara
tive account, with occasional references to the existing variations. 

Spermaiogooia 

The earliest spermatogonia, as is usual in . the spermatogenesis, are 
more or less rounded cells with comparatively large nuclei. The nucleus 
hardly reveals any structure save for the presence of a deeply-sta.iJling, 
prominent nucleolus and a few chromatin granules. The nucleus is ce11tral 
in position with a layer of attenuated cytoplasm surrounding it. The 
cytoplasm is clear and does not contain any granules (Pl. I, Fig- l ; 
Pl. ill, Fig. 39; and Pl. IV, Fig. 68). 

As the spermatogonium grows in size, a few feebly-staining gratJ.ules 
make· their appearance in the cytoplasm. These are the mitochotJ.dria 
(Pl. I, Figs. 2 and 3; Pl. ill, Fig. 40; and Pl. IV, Figs. 69 and 70). Em
bedded amongst the mitochondrial granules are a few bigger and J)lore 
chromophilic bodies. These are the Golgi bodies (Pl. I, Fig. 3; Pl. III, 
Fig. 40; and PL IV, Fig. 70). 

Primary spermalocyte 

The primary spermatocyte is the largest cell in the testis. It generally 
has a large, excentric, vesicular nucleus, often containing a nucleolus. 
The mitochondria which were originally small' dust-like granules grow in 
size appreciably into bigger granules during the growth period (PL I, :Figs. 
4 to S; Pl. III, Figs. 41 to 43; and PL IV, Figs. 7l to 73). . 
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The deeply -staining Golgi bodies are either in the form of granules or 
crescenm or vesicles. They are very few in number as compared with the 
mitochondria and are more often than not in the form of crescents. The 
Golgi bodies do not lie in a particular position but are scattered amongst 
the mitochondria (Pl. I, Figs. 4 to 8; Pl. III, Figs. 41 to 43; and PI. IV, 
Figs. 71 to 73). 

Only a few division stages (Meiosis I) in Ohiloacyllium griseum have 
been noticed and figured by me. During the division of the primary 
spermatocyte a well-defined spindle can be observed. Two prominent 
centrosomes are also seen, one at each pole. During metaphase I the 
chromosomes appear as deeply-stained compact mass (Pl. I, Fig. 9). 
During telophase I the two daughter masses formed by the splitting 
of a single chromosomal mass migrate towards the poles, one moving 
towards one pole and the other to the opposite pole (Pl. I, Fig. 10). In 
late telophase I (Pl. I, Fig. ll) the two daughter nuclei are formed and the 
centrosomes disappear from the scene. 

During the first meiotic divisions the mitochondria are seen as pale 
vesicles, and they are sorted out roughly into two equal parts to the two 
secondary spermatocytes. But in the few dividing cells whlch appear in 
my preparations fixed with F.W.A. I have failed to observe any Golgi 
bodies. 

Secondary spMmatocyte 

The secondary spermatocytes are similar to the primary spermatocytes 
but are definitely smaller than the latter (Pl. I, Figs. 12 and 13; Pl. III, 
Figs. 44 to 47; and Pl. IV, Fig. 74). The secondary spermatocytes have 
the usual complement of mitochondria and Golgi bodies. There is a 
definite inter-kinetic resting stage, when the nucleus of the secondary 
spermatocyte is reformed. 

In Okiloscyllium griseum metaphase II shows the chroll:!osomes 
jumbled up in a single mass (Pl. I, Fig. 14) as in met~phase I. This single 
chromatic mass lies at tlte equator of the spindle, while at each pole there 
is a distinct centrosome. In Pl. I, Fig. 15, is shown a telophase II. During 
the late telophase II the two daughter nuclei, i.e., the spermatid nuclei 
are formed (Pl. I, Fig. 16). Here also the mitochondria appear as vesicles 
and they are distributed, more or less equally, to the two daughter sper. 
matids and the Golgi bodies fail to come up in this technique, i.e., F.W.A. 

Spermateleosis 

For the sake of convenience and to avoid possible confusion, individual 
account of each fish is dealt with hereafter. 

Ohiloacyllium grz~eum 

In Okiloscyllium griseum, the earliest spermatid, in F.W.A. technique, 
shows a deeply·stained excentric nucleus, a juxta-nuclear mass of mito. 
chondrial granules and a few Golgi bodies (Pl. I, Fig. 17). Pl. I, Fig. 18, 
is drawn from Kola,tchew and shows a single vesicular Golgi body. A few · 
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Golg:i bodies seem to come together and forni a slightly bigger structure 
called the pro-acrosome (Pl. I, Figs. 19 and 20). Pl. I, Fig. 21, is drawn 
from a smear and shows very satisfactorily the arrangement of different 
structures in the cell. The pro-acrosome, sooner or later, settles down on 
the nucleus (Pl. I, Figs. 19 and 20) and is transformed into an acrosome 
(PI. I, Figs. 22 to 26). The acrosome is at first pear-shaped, but ultimately 
it becomes wavy (Pl. II, Figs. 35 to 37). The point at which the acrosome 
attaches itself to the nucleus is tbe anterior end of the future sperm head. 
The cytoplasm now gradually gets attenuated and at tbe same time the 
sperm nucleus elongates (Pl. II, Figs. 27"to 32). A few of the Golgi bodies 
which do not take part in the formation of the pro-acrosome are sloughed 
off along with the residual cytoplasm (Pl. I, Figs. 20 and 26; and Pl. II, 
Figs. 29 to 32 and 35). 

As the pro-acrosome is approaching the nucleus the granular mitoc 
chondria, are becoming vesicular. These mitochondria form a compact 
mass towards the posterior end of the spermatid (Pl. I, Figs. 23 to 26). 
As the spermatid grows the mitochondria become more localized around the 
axial filament (Pl. II, Figs. 27 to 31). Most of these mitochondria form the 
sheath of the axial filament in the region of the middle-piece, while a few 
are sloughed off along with the residual cytoplasm (Pl. II, Figs. 33 to 35). 

At about the first appearance of the pro-acrosome and its contact with 
the spermatid nucleus, there appears in the spermatid two closely situated 
centrosomes, just within the cell membrane (Pl. I, Figs. 19 and 20). One 
of these centrosomes migrates towards the nucleus and becomes the proxi
mal centrosome, the other remains as the distal one. An axial filament 
springs up from the proximal centrosome connecting it with the distal. 
At the sa.me time the distal centrosome gives off tbe extra-cellular pai-t of 
the axial filament, which is, indeed, the posterior extension of the intra
cellular part (Pl. I, Figs. 23 to 25). 

As the nucleus begius to elongate the cytoplasm starts attenuating, 
so much so that it cannot be made out round the head region, and exists in 
the form of a very thin sheath in the region of the middle-piece, whose 
anterior and posterior ends are determined by the proximal and the distal 
centrosomes respectively (PI. II, Figs. 33 to 35). By this time the mito
chondria of the middle-piece region have completely disappeared. 
Immediately behind the middle-piece the residual cytoplasm, containing 
the unused mitochondria and Golgi bodies, forms a prominent bleb as 
shown in Figs. 33 and 34 of Pl. II. Soon after, this bleb shifts down the 
axial filament (PI. II, Fig. 35), and is ultimately sloughed off (Pl. II, Fig. 
36), the axial filament behind the middle-piece remaining a-bsolutely naked. 

The fully mature sperm has a cylindrical deeply-staining nucleus with 
a wavy acrosome in front, middle-piece behind and a naked axial filament 
forming the tail (Pl. II, Fig. 36). 

Sertoli cells, which presumably perform the two-fold function of 
nourishment and a.nchorage for the ripening sperms, are met with just 
within the walls of the sperm follicles or cysts (Pl. II, Fig. 38). These 
cells are large with large nuclei like the typical nurse-cells, to which bundles 

· of ripening sperms are attached. Subsequently the sertoli cells get loosene~ 
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and come to lie amongst the sperm bundles, where the sloughed off 
residual cytopl!W3m of the sperm can also be seen. 

CarcharinW< limhatus 
The earliest spermatid has a "esicular excentric nucleus, granular 

mitochondria and a few granular and crescent-shaped Golgi bodies (Pl. III, 
Fig. 49). As the transformation of the spermatid into the sperm proceeds, 
the nucleus starts taking up a deep homogeneous stain with iron
haematoxylin and becomes compact, showing no structure whatsoe"er in 
its interior (Pl. III, Figs. 50 to 55). 

Most of the Golgi bodies come close together (Pl. III, Fig. 53), and 
ultimately fuse to form a bigger structure called the pro-acrosome (Pl. III, 
Fig. 54). This hovers round the nucleus for some time and ultimately 
fuses with it (Pl. III, Figs. 55 and 59). Later on the pro-acrosome is 
transformed into the acrosome, which is generally pear-shaped (Pl. IV, 
Figs. 65 to 67) but sometimes it Msumes the form of a small filament 
(Pl. IV, Figs. 62 and 63). 

During spermateleosis, the mitochondria lose their staining capacity 
(Pl. III, Figs. 50 to 55), and ultimately fuse to form a homogeneous, faintly
staining mass (Pl. III, Figs. 56 and 57). This is the mitochondrial 
nebenkern, which elongates when the cytoplasm of the spermatid is drawn 
out. It seems to be traversed by the two axial filaments (Pl. III, Figs. 
59 to 61). In other words, the mitochondrial nebenkern forms the sheath 
of the· axial filament in the region of the middle-piece, and finally dis
appears from view as such (Pl. IV, Fig. 67). 

In Oarcharinus limbatua the history of the centrioles is quite com
plicated inasmuch as there are three granular centrosomes instead of the 
usual two, hitherto described in Elasmobranchs. To begin with one finds 
two granular centrosomes near the cell membrane (Pl. III, Fig. 51), which 
soon get apart (Pl. III, Fig. 52); and an axial filament now appears between 
the two (Pl. III, Figs. 53 and 54). Thus we have a proximal and a distal 
centrosome. At the same time the extra-cellular part of the axial filament, 
which is a continuation of the intra-cellular part, puts in its appearance. 
Soon after the stage represented in Pl. III, Fig. 54, with a single proximal 
centrosome and a single intra-cellular axial filament, there appear in the 
spermatid two proximal centrosomes each connected with the single distal 
centrosome by an intra-cellular axial filament (Pl. III, Fig. 55). It is 
difficult to say whether the second proximal centrosome is formed by the 
division of the originally single proximal centrosome or by the division of 
the distal centrosome. With the lengthening out of the cytoplasm of the 
spermatid, the two intra-cellular filaments also lengthen out and coil round 
~ach other in the region of the middle-piece (Pl. III, Figs. 59 and 61; and 
Pl. IV, Figs. 63 to 66). In the ripe or nearly ripe sperm, however, there is 
again ouly one intra-cellular filament, probably formed by the fusion of the 
two filaments (PI. IV, Fig. 67). 

The ripe sli:erm has a deeply-stained bean-shaped nucleus with a 
conical acrosome in front, a middle~ piece behind and a naked axial filament 
forming its tail. It may be noted that the nucleus of the ripe sperm of 
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Oarcharinus limbatus is much smaller as compared with Ohiloscytlium 
gri8eum. 

Sphyrna bwchii 

The earliest spermatid of Sphyrna blockii shows a vesicular nucleus 
with a few chromatin threads, juxta-nuclear mitochondria and a few Golgi 
granules or crescents or vesicles (Pl. IV, Figs. 75 and 76). The Golgi bodies 
have a distinct tendency to come close together and lie in groups (Pl. V, 
Figs. 77 and 78). The Golgi bodies of one group fuse to form a bigger 
structure, called the pro-acrosome (Pl. V, Fig. 80). This is soon attached 
to the nuCleus (Pl. V, Figs. 81 and 82), and is ultimately transformed into 
an acrosome (Pl. V, Figs. 83 and 84), which soon becomes conical in form 
(Pl. V, Figs. 85 to 89). The Golgi elements which do not take part in the 
formation of the pro-acrosome, are sloughed off along with the residual 
cytoplasm (Pl. V, Figs. 86, 88 and 89). 

The mitochondria of the spermatid come closer and ultimately fuse to 
form a compact structure taking a feeble homogeneous stain (Pl. V, Figs. 
82 to 86). This is the mitochondrial nebenkern. With the drawing out 
of the cytoplasm the mitochondrial nebenkern also lengthens out and 
ultimately it forms the sheath of the middle-piece, the axial filament 
running through it. 

There are two. centrosomes and their relationship with the axial 
filament is exactly the same as in Ohiwscyllium gri8eum (Pl. V, Figs. 78 to 
SO and 85 to 90). 

As in Ohiloscyllium griBeum and Oarcharinu.s limbatus, the rounded 
spermatid nucleus of Sphyroo bwohii, which stains deeply and homo
geneously, gets elongated to form the sperm nucleus, but it does not grow 
to the same length as in Chiwsoyllium griseum. 

The ripe sperm of Sphyroo bloohii has a short nucleus with a conical 
acrosome in front, the middle-piece behind, and a tail formed by the axial 
filament ouly (Pl. V, ~ig. 90). 

DISCUSSION 

Golgi bodies and the acrosome 

In the first paper of this series dealing with the nine species of 
Elasmobranchs (Vasisht, 1953), I have fully discussed the work of older 
workers of the last century, such as Hermann (1882), Jensen (1883), Swaen 
and Masquelin (1883), and Moore (1895) on the Elasmobranch sperm. It 
was concluded by me tha,t all these workers, in spite of the faulty technique 
used by them, gave faithful accounts of what they saw in their prepara. 
tions. A reference to my earlier paper referred to above on the spermato
genesis of Rays and Skates will clearly show that all these workers saw the 
Golgi bodies fused to form an acrosome, hut they could not possibly have 
been expected to use modern terminology at a time when the Golgi 
apparatus had not been even discovered. • 

The only recent paper on the Elasmobranch sperm is by Ratnavathy 
(1941), who worked on the sperm of the shark, Chilosoyllium gri8eum, 
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which ·forms also the subject matter of the present communication. 
According to her,' ... the Golgi bodies oftbe spermatid fuse together in such a 
manner .that an almost homogeneous mass of Golgi substance is obtained 
which ·may now be designated as the acroblast. This structure always 
occupies that pole of the spermatid which is destined to become the anterior 
end of the sperm and is diametrically opposed to that region of the cell 
where the centrosome has settled down. The acroblast very soon 
elaborates within its substance a single small vesicle, which, however, soon 
enlarges and becomes prominent. When it reaches its maximum dimen· 
sions it is gradually pushed out of the acroblast and deposited close against 
the nuclear wall, the acroblast is still maintaining its connection with the 
ve•icle for a longer or shorter time. Soon it is filled with a dense substance 
so that the transparent appearance of the vesicle is lost, and when this 
change of appearance is effected the acroblast, which up to now has been 
observed clinging to the wall of the vesicle like a lump, gradually separates 
itself and proceeds in a posterior direction to be later expelled from the 
subEtance of the spermatid. The vesicle together with the dense substance 
that it encloses comes to be known as the acrosome. This structure 
presently MSumes a conical appearance and persists through the later 
stages of sperm formation as a thin short apical filament, until in the 
metamorphosed spermatozoon it presents the appearance of a ·spirally 
twisted filament.' I agree with Ratnavathy (1941) that the acrosome in 
Ghilollcyllium griaeum sperm is screw.like, and arises from the Golgi bodies. 
But I have never come across, in my material, either the ~acroblast' or the 
'acrosomal vesicle' described by her. In all the twelve species of Elasmo· 
branchs studied by me the earliest spermatid has a few Golgi bodies, which 
soon come together to form a pro·acrosome, the fore-runner of the 
acrosome. But there is no indication whatsoever of the Golgi bodies 
secreting the acrosome. 

M itochonilria anil the middle-piece 

With regard to mitochondria it is of interest to note that, like the 
Golgi bodies, their behaviour in spermateleosis in general is uniform in all 
the twelve species of Elasmobranchs inasmuch as the mitochondria in· 
variably form the sheath of the axial filament in the region of the 
middle-piece. 

Genlr080me8 anil the axial filamem 

Hermann '(1882) described the distal centrosome as 'renfiement' 
(swelling). Jensen (1883) has called it 'button'. Moore (1895) has 
mentioned the distal centrosome as 'bead' in his paper on Elasmobranchs. 
From the account of these workers it would appear 'that the distal centro· 
some of the sperm in these Elasmobranchs is granular. My studies of the 
sperm of twelve species of Elasmobranch fishes has convinced me that the 
accounts of the above.named workers, describing the distal centrosome of 
the sperm as a granule, is correct. 

But a few workers like Suzuki (1899) and Ratnavathy (1941) have 
described the distal centrosome of the sperm as ring·like and funne[.Jike 
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respectively. Ratnavathy (1941), working on OhilosoyUi"m griseum, 
gives a very elaborate account of 'the phenomenon of the cataclysmic 
disruption of the centrosome, entailing the abnormal formation of the 
axialillament in between the two products of centrosomal division'· The 
result of this 'cataclysmic disruption' is that, according to Ra.tna.va.thy, 
the distal centrosome becomes 'funnel-like'. I am unable to support this 
account of Ratnavathy. In my preparations of the sperm of the Chilo· 
scyllium and other eleven species of Elasmobranchs the distal centrosome 
is invariably granular in form. 

SuMMARY 

l. The spermatogenesis of the three Elasmobranch sharks, viz., 
Ohilosoyl!i7tm grise7tm, Oarcharin7LB limbat7LB and Sphyrrw blochii, has been 
worked out in this paper. 

2. A thorough study of the cytoplasmic inclusions in the spermato. 
gonia, spermatocytes and in spermateleosis has been made. 

3. The earliest spermatid has an excentrically placed nucleus, a few 
Golgi clements and granular mitochondria. 

4. During spermateleosis a pro-acrosome is formed directly by the 
fusion of a few Golgi bodies. This fuses with the nucleus and is directly 
transformed into a.n acrosome. 

5. The mitochondria in, Ohilosoylli"m grise7tm become vesicular in 
the late spermatids, whereas in Oarcharin7LB limbat7LB and Sphyrna blochii 
they remain granular. They form the sheath of the middle-piece. 

6. In OhiloscyUi7tm grise7tm and Sphyrrw blochii the two centrosomes, 
proximal and distal, are situated at the anterior and posterior ends of the 
middle-piece respectively. In Oaroharin7LB limbat7LB there are two proximal 
centrosomes and one distal. 

7. The unused Golgi bodies and the mitochondria are sloughed off 
along with the residual cytoplasm. 

8. The ripe sperm in OhilosoyUi"m grise7tm bas an elongated nucleus 
with a short wavy acrosome in front, a prominent middle-piece and a long 
flagellum. In the sperm of Oaroharin7LB limbat"" and Sphyrrw bloohii, 
however, the nucleus is much smaller. 
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EXPLANATION OF LETTERING IN I'r.ATES 

A.-Acrosome; A1.-Proacrosome; A.f.-Axial filament; G.-Centrosome; Os.~ 
Centrosomes; 0 1 .-Proxima.I centrosome; 0 2 .-Dista.l centrosome; O.G.--Chromatin 
granules; Oh.-Chromosomos; G.-Golgi body; M.-Mitoohondria; M.p.-Middle· 
piece; M .n.--~Htochondrial nebenkern; N.-Nucleus; N1~Nuc1eolus; N.J.-Nuclea.r 
filament; R.O.-Residual cytoplasm; S.J.-Spindle fibres. 

EXPLANATION OF FIGUltES AND PLATES 

All figul'es have been drawn with a camera. Iucida at tho table level with Beck 
10 X eyepiece and oil immersion objective giving a magnification of approximately 
1,70{). All ligures (except PI. I, Fig. 21; Pl. II, Figs. 27 Blld 31 to 37; Pl. III, Figs. 
D9 i·o 6l; P), IV, Figs. 82 to 67; and PJ. V, Figs. 89 a.nd 90 wbicb are drawn from 
smears) have bean drawn from sectioned material fixed either in Flemming-with
out.acetio a~id or Cha.mpy followed by 0•5%iron haematoxylin; and Kolatchew. 

PLATE I (Ghiloscyllium griseum) 

FIG. I. Earliest spermat-ogonium (J:i'.W.A.). 
2. Spermatogonium showing the mitochondria (F.\\7.A,). 

,. 3. Late spermatogonium (F.W.A.). 
FHs. 4 and 0. Primarysperma.tocytes (F.W.A.). 

6 to 8, Primary spormatocytes showing the grown-up mitochondria in addi· 
tion to the Golgi bodies (F:\V.A.). 

F10. 9. Metaphase I (F.W.A.). 
10. Telophase I (F.W.A.). 
ll. Late telophase I (F.W.A.). 

Fms.I2and 13. Sooondaryspermatocytes (F.'\V.A.). 
F,o. 14. Metaphase II (F.W.A.) . 

., 15. Telophase II (F:W.A.) • 
., 16. Lnte telophase II (F.W.A.). 
,. 17. Spermatid (li',,V.A.). 
,. 18, Spermatid (Kola.tchew). 

}'IGS. 19 and 20. Sporma.tids showing the pro-acrosome, centrosomesand the vesicular 
mitochondria (F.¥/.A.). 

Fm. 21. Spermatid drnwn from a smear (F.W.A.). 
" 22. Spermatid with an acrosome (F.W .A.). 

Fms. 23 to 26. Late spermatids showing the elongating nuclei, acrosomes and tho 
axial filaments (Jl'.W.A.). 

PLATE II (Ghiloscyllium gri8eum) 

Fws. 27 to 32. Late spermatids {F.W.A.). 
, 33 to 3.S. Early sperms showing the blebs ofresiduo.l cytoplasm (Ji ... W.A.). 

Fla. 36. Fully ripe sporm (F.W.A.) • 
., 37. Diagrammatic representation to show the intra-nuc]eo.r filament and the 

twisted acrosome (F.W.A.). 
38. ~rtoli cells and the arrangement of sperm bundle in the test.icular cyst or 

foliole (F.W.A.). 
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PLATE ill (Carcharinua limbatua) 

FIG, 39. Earliest spermatogonium (F.W.A.). 
, 40. Spermatogonium showing mitochondria and Golgi bodies (F.W.A.), 

FIGs. 41 to 43. Primary spermatocytes (F.W.A.). 
,, 44 to 47. Secondary spermatocytes (F."\\r.A.). 

FIG. 48. Spermatid (Kolatchew). 
,, 49. Early spermatid (F.VV.A.) . 
., 50. Spermatid showing condensed nucleus (F.W.A.) 
, 51. Spermatid showing two oentrosomes (F.W.A.). 
, 52. Spermatid (F.W.A,) . 
., 63. Spermatid showing the Golgi bodies coming near one another and the 

appearance of n.n axial filament (F.'\V.A.). 
,, Goi. Proacrosome is formed (F.W.A.). 

55. Spermatid showing three controsomcs {F.W.A.). 
Fms. 56 to 58. Mitochondrial nebenkern is formed (F.VI7.A.). 
FIG. 59. Elongating spermatid (F.'\\l.A.). 
FIGs. 60 and 61. Acrosome is formed (F.W.A.). 

PLATE IV (Carcha.rinua limbatus) 

FIGS. 62 and 63. Filamentous acrosome (F.W.A.). 
,. 64 to 66. Note the early sperm stages with a bean-shaped nucleus and the 

conical acrosome (F.W.A.). 
Fm. 67. Mature sperm (F.W.A.). 

(Sphyrna bwchii) 

FIG. 68. Earliest spennatogonium (Champy). 
, 69. Spermatogonium showing tho mitochondrial granules (Champy) . 
., 10. Late spenna.togonium showing the Golgi bodies in addition tc the mito

chondria (F. W .A.). 
Fms. 71 to 73. Primary spermatocytes (F.W.A.). 
Fto.. 74-. Seoonda.-ry apennatocyto (F .Vl.A.). 

75. Earliest sperrna.t.id (F .\V.A.). 
, 76. Spermatid with a condensed nucleus and showing different structures of 

G<>lgi bodies (Champy). 

PLATE V (Sphyma blochii) 

FIGS. 77 and 78. The Golgi bodies are showing a distinct tclndoncy to cOme 
closer (F.W.A.). 

FIG. 79. A small intra-cellular filament hae appeared between the two cent.ro
aomes (F .W .A.). 

80. Pro-acrosome is formed (F.W.A.). 
,. 81. The pro-acrosome has touched the nucleus (Chmnpy). 
,. 82. Elongating spermatid (F.W.A.). 

83. Spermatid showing tho directly transformed acrosome (F.W.A.). 
Fras. 84 and 85. Late sperma.tids showing elongated nuclei and the axial filaments 

(F.W.A.). 
u 86 and 87. Late spenna.tids showing the receding cytoplasm (F."7.A.). 

88 and 89. Early sperms with the residual eytoplnsm (Cha.mpy). 
FIG. 90. Mature sperm constituted by a small nucleus with an acrosome in front, 

a long middJe-pieco behind Rnd an axial filament (F.W.A.). 
, 91. Sertoli cells and the arrangement of sperm bundle in the follicle of the 

testis (F.W .A.). 
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CHLORAMINE-B AS A VOLUMETRIC REAGENT 

PART III. DETERMINATION OF METALS 

By APAR SINGH, Panjah University College, Hoshiarpur, Panjab (India) 

Anthranilic acid reacts with zinc, cobalt, nickel, cadmium, lead, etc., 
to form insoluble Chellate compounds which are represented by the 
following formula:-

The precipitation of these metals quantitatively have been studied 
very thoroughly by Goto (J. Ghem. Soc. Japan, 1934, 55, 1156-63; C.A., 
1935, 29, 1029), and Funk and his co-workers (Z. Anal. Ghem., 1933, 93, 
241-7; Wid., 1934, 96, 385-8; ibid., 1935, 101, 85-88). The organic com. 
ponent of the precipitate is determined by quantitative bromin&tion with 
Chloramine-B in the presence of excess potassium bromide and is used to 
calcniate the amount of the metallic substance. 

The brominating reagent consists of a standard solution of Chlora· 
miue-B, used in conjunction with potassium bromide in an acid medium. 
The organic metallic complex is dissolved in hydrochloric acid, treated 
with a measured excess amount of Chloramine-B. 

The reactions involved are: 

Me++++2C7H70 2N = Me(C7H60 2N)z+2H+ 

Me(C7H 60 2N)2+2HC1 = Me+++2C7H 70 2N+2Cl

CoH5S02N(Na)CI +2KBr+2HCl = C6H5S02NH2+ 2KCl+NaCl +Br2 

C,H,O,N +3Br2 = C6H2Br8NH2+C0,+3HBr. 

General Procedure of Brominalion.-The precipitate of the complex 
formed was digested, filtered on a sintered crucible and washed free from 
the reagent. The precipitate was dissolved in concentrated hydrochloric 
acid and the solution transferred to an iodine flask, diluted with water 
so that it was 2-3 N with respect to hydrochloric acid. The solution was 
cooled thoroughly and mixed with 10 c.c. of 20% potassium bromide and 
a known excess of standard Chloramine-B solution to brominate completely 
the whole of the anthranilic acid and to leave an excess equivalent to 20-30 
c.c. of NflO sodium thiosulphate. During the bromination period, the 
iodine flask was stoppered and the cup was kept filled with 5 c.c. of 40% 
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potassium iodide solution to prevent the escape of bromine. The potas
sium iodide was finally added to the flask and the iodine liberated was 
titrated against sodium tbiosulphate uaing starch as the indicator. A 
starch solution should be added just near the end point. 

EXPERIMENTAL 

Preparation of the Reagent.-Three per cent sodium anthranilate 
reagent was prepared by dissolving 3·0 gm. of A.R. &nthranilic acid (twice 
recrystallised) in 22 c.c. of 1·0 N sodium hydroxide solution. The solution 
was filtered and the filtrate was diluted to lOO c.c. and treated very care
fully with small quantities of anthranilic acid 1mtil slightly acidic to litmus. 

Determination of Zinc..-A known weight of zinc sulphate was dis
solved in water. To it was added a very dilute solution of sodium
carbonate drop by drop with stirring till slightly turbid and was then 
acidified slightly with dilute acetic acid. The solution was diluted to 
150 c. c., heated to boiling, mixed with 20 c. c. of 3 per cent sodium anthra
nilate solution and allowed to stand for 2-3 hours. The precipitate was 
filtered and washed with a cold solution of the reagent which was prepared 
by diluting the reagent solution with 15--20 times as much water. The 
precipitate was sucked dry, washed several times with alcohol and dried 
to a constant weight at 105--ll0°0. The precipitate was dissolved in 4 N 
hydrochloric acid in a glass stoppered bottle and titrated with a measured 
excess of Chloramine-B solution in conjunction with potassium brolnide 
solution. The results of the various determinations are recorded in 
Table I. 

TABLE I 

znso •. 7H20 Zn(07H 60 2N)2 Nf!O Wt. of the ZnSO •• 7H20 
taken. obtained. Chlora.mino-B Zn(07H 60 2N), found, 

(g.) used. w.r. to 
(c.c.) O.B. used. 

0·03825 0·0456 !6·30 0·04583 0·039038 
0·04335 0·05160 18·40 0·05174 0·044068 
0.05100 0·0606 21·50 0·06045 0·051493 
0·06375 0·0758 26·70 0·07508 0·063947 

l o.c. of· Nf!O Cbloramine-B ~ 0·002812 gm. Zn(C7H 60 2N)2 = 0·002395 gm. 
znso •. 7H20. 

Determination of Oobalt.-A known weight of cobalt salt (say 0·1 gm.) 
was dissolved in 250 c.c. of distilled water. It wllS heated to boiling and 
mixed with 15--20 c.c. of 3 per cent sodium anthranilate solution. The 
solution was allowed to stand over-night and filtered through siotered 
crucible. The precipitate was washed thoroughly with a cold solution 
prepared by diluting 5 c.c. of the reagent solution with 95 c. c. of water and 
finally several times with alcohol. A red precipitate corresponding to the 
formula CO(C7!402N)2 obtaioed was dried to a constant weight at 105--
10700. It was dissolved io 4 N HOI and titrated against standard 
Chloramine-B io the presence of potassium bromide as usual. 
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Results of the titrations are summarized in Table II. 

TABLE II 

CoOl,. 6H,O Oo(07H,O,N)2 N/10 Oo(07H 60 1N)a eooJ,.6H,o 
taken. obtained. Chloramine-B corresponding to found. 

(g.) (g.) used. C.B. used. (g.) 
(c.c.) (g.) 

0·03315 0·0452 16·40 0·04523 0·03251 
0·0390 0·0540 19•60 0·05405 0·03887 
0·04680 0·0654 23·80 0·06564 0·04719 
0·0585 0·08!2 29·60 0·08163 0·05869 
0·0975 0·1360 49·30 0·13597 0·09776 

I c.c. of NJIO C.B. = 0·002758 gm. of Oo(07H 60 2N)a = 0·001983 gms. of 
OoCI2 • 6H20. 

Determination of Nickel.-The determination of nickel is similar to 
cobalt. Anthranilic acid gives a light green precipitate of nickel anthrani
late when added to a hot neutral solution of nickel salt. 

The results of various titrations are recorded in Table ill. 

TABLE ill 

NiCI26H20 Ni(C7H 60 2N), N/10 Ni(C7H 60 2N)2 NiC10 .6H2Q 

taken. obtained. Chlora.mine-B corresponding to found. 
(g.) (g.) used. C.B. used. (g.) 

(c.c.) (g.) 

0·0200 0·02740 9·90 0·02728 0·01960 
0·0260 0·03615 13·20 0·03638 0·03366 
0·0400 0·0552 20·30 0·05594 0·04019 
0·0600 0·0830 30·50 0·08406 0·06039 

I c.c. of N/10 Chloramine·B = 0·002758 gm. Ni(C7H 60 2N)2 = 0·0019808 gm. 
NiC12 • 6H20. 

Deftrmination of Gadmium.-A white crystalline precipitate corres
ponding to the formula Cd (C7H.!02N)2 is obtained when sodium 
a.ntbranila.te is added to a slightly acid or neutral solution of cadmium 
salt. The details for quantitstive precipitstion of ca.dmium aro similar 
to zinc determination as discussed before. The precipitate is dissolved in 
4 N HOI and titrated against stsndard excess Chloramine-B in the presence 
of potsssium bromide as before. 

The results are given in Table IV. 

TABLE IV 

3Cdso •. sH,o Cd(C7H 60 2N)2 N/10 Cd(C7H 60 2N)2 3CdSO, .sH,o 
taken. obtained. Chlora.mine-B corresponding to found. 

(g.) (g.) used. C.B. used. (g.) 
(c.o.) (g.) 

0·03910 0•0592 18·50 0·05925 0·03953 
0·05290 0·0806 25·00 0·08007 0·05342 
0·0690 0·1067 33·20 0·10634 0·07094 

1 o.c. of N/10 Chloramine·B = 0·003203 gms. Cd(C7H 60 2N)2 = 0·002137 gm. 
3CdSO,. 8H20. 
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Determination of Lead.-A known weight of lead nitrate was dissolved 
in 100 c. c. of water. To it was added 30 c. c. of 3 per cent sodium antlttani
late solution with constant stirring. The solution was allowed to stand 
for 2-3 hours and filtered through sintered crucible. The precipitate was 
washed repeatedly with a wash solution prepared by diluting the precit>itat
ing reagent 5-6 times with water. It was finally washed with a little 
alcohol and dried at 105-107°0. to a constant weight. The precipitat~ was 
dissolved in hot 10 per cent ammonium acetate solution, cooled, ·acidified 
with hydrochloric acid and titrated with standard Chloramine-B solution 
in conjunction with potassium bromide, as described in the general procedure. 

The results of various determinations are recorded in Table V. 

/ 

TABLE v 
Pb(N08), Pb(C,H60 2N)2 Nf!O Pb(C,H60 2N), Pb(NO,), 

taken. Chloramine-B oortesponding to fO\UJ.d. 
used. C.B. used. (g.) 

0·03588 0·0512 13·00 0·05190 0·03588 
0·0552 0•0790 20·()5 0·07986 0·05520 
0·06348 0·0910 23·00 0·09184 0·06348 
0·08004 0·1154 29·10 0·11619 0·08032 . 

1 c.c. of Nf10 Cbloramine-B = 0·003993 gms. Pb(C,H00 2N)0 = 0·002~6 gm. 
Pb(N03) 0 • 

From the above results it is evident that zinc, cobalt, n.ickel, 
cadmium and lead can be precipitated as their metallic anthranilates and 
1\b.e org-... nic component of lille prerripimte D; determined by quantitat1ve 
bromination with Chloramine-B in conjunction with excess of potassium 
bromide. 

P.S.-In the esse of zinc sulphate, cobalt chloride and nickel chloride, 
the solutions were made in water and their strength was deter
mined by the usual standard methods. 
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CHEMICAL EXAMJNATION OF THE OIL FROM THE SEEDS 
OF CASSIA ABSUS LINN. 

By I. SEN GuPTA, KULIVANT SINGH and RAM PABKASR SooD 

(Dept. of Chemistry, Panjab University CoUege, Hoshiarpur) 

'The Physical properties and chemical composition of the oil from Oassia .Absus 
Linn. has been studied and the empirical formula. of unsa.ponifiable mattor along 
with its benzoate and acetate reported.' 

lNTRODUOTION 

Cassia Absus Linn.s (ver. Chaksu), an indigenous medicinal plant, 
belongs to the natural order of Leguminosae. It is distributed t.broughout 
India, Ceylon, Tropical Asia, Australia and Africa. The seeds are bitter, 
cooling, astringent to the bowels, diuretic, cure diseases of the eye, used for 
bronchitis pains, leucoderma, etc. 

The earlier work on the composition of the seed was first reported by 
Dymock,• who reported the presence of an alkaloidal principle, the 
moisture content, the ash percentage and the amount of soluble extract by 
various solvents. Later on, Sicldiqui and Abmed,U found two water. 
soluble isomeric quaternary bases in a total yield of about 1·5%. These 
bases were named Chaksine and Isochaksine. A good deal of work has 
been ·carried out by various workers (7, 9, 121 on the constitution of these 
bases. Petroleum ether extract gave a dark yellow oil. Tbe present 
investigation was initiated with a view to study the composition of the oil. 
Ahmed, Z.,' has also reported the composition of the oil. There seems to 
be some discrepancy regarding the percentage of glycerol and our results 
are at variance with those reported by biro. Further the hydroxy acid 
has been identified as ricinoleic acid. The unsaponifiable matter on 
purification was found to have empirical formula C28H8g0. This was 
further converted into the corresponding acetate and benzoate. 

EXPERIMENTAL 

Extraction of the Oil.-Four kilograms of chaksu seeds were dried in 
the sun for a day and then crushed and powdered. The black husk was 
separated and the yellow powder soaked in petroleum' ether (B.P. below 
1oo•c.) at room temperature (20-25°C.), shaking occasionally. Three 
extractions were made in two weeks' time. The solvent was distilled off 
on water bath and the last traces of it were removed in an air oven at 12o•c. 
The total amount of the oil obtained was 86 gms. 
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OluLracteristics of the Oi!.-The oil was OO.rk green with yellowish tinge. 
A single drop was pale yellow in colour. The oil does not contain any 
nitrogen and sulphur and burns with a sooty flame. A drop of it was 
spread on ea.ch of the two glass slides and kept at room temperature. The 
films becsme white, sticky and dried at the end of 40 OO.ys, showing thereby 
that the oil belongs to the class of the semi.drying oils. 

Table I records the physics! and chemical constants: 

TABLE I 

Specific gravity at 25•c. 
Refractive index at 24·25°0. 

Specific rotation in chloroform 2~[1X] 
Saponificstion value 
Acid value 
Iodine value 
R.M. value 
Polenske value 
Unsaponifiable lliatter 
Acetyl value 
Hebner value 

0·9203 
l-4610 

+0·03542 

189·00 
22·125 

117·05 
0·847 
0·70 
3·81 

39·96 
87-11 

Saponiji.cation.-200 gms. of the oil were saponified with alcoholic 
potash; the alcohol was distilled off and the residual soap dissolved in 
water. The unsaponifiable matter was removed with ether and the soap 
solution was then decomposed with dilute sulphuric acid. When heated, 
the fatty acids formed a clear oily layer at the top. These were removed 
with' ether in a separating funnel, washed free of acid with water, solvent 
recovered, and then dried at 10o•c. The acids were yellowish green with 
semi.solid consistency. Yield of the acids = 84'}'.. 

The constants of the mixed fatty acids are as in Table IT. 

TABLE IT 

Refractive index at 22°C. 
Iodine value 
Neutralization value 
Mean molecular weight 

1-46 
118·20 
197·25 
284-40 

Unsaponifiah!e Matter.-The yellowish brown sticky mass obtained by 
extracting the saponified oil with ether, wa,.hing it free of soap and alkali 
with water, drying over anhydrous calcium chloride and recovering the 
solvent. After treatment with animal charcoal and repeated crystaJliza. 
tion from absolute alcohol, beautiful silky white flakes were obtained on 
cooling the alcoholic solution in ice. The crystals were collected on suction 

and dried in a vacuum desiccator. m.pt. 13Q.l3l°C.; [«];; = 1·469, 
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4·130 mgms. of the white substance gave on combustion 12·615 
mgms. of C02 and 4·410 mgms. of H 20: Founll: C, 83·30%, H, 11-86%, 

• 0 (by difference), 4·84%, the empirical formnla comes out to be C28H390. 
Acetate derivative.-It was prepared by refluxing 0·1 gm. of the sub

stance with excess of acetic anhydride in a 100 c.c. R.B. flask on a sand 
bath for two hours. The oily substance obtained on pouring the cooled 
solution in ice cold water, was chilled in ice for four hours and allowed to 
remain so for a day. The white-solid mass crystallized, was rubbed 
into small flakes with a glass rod to remove the embedded acetic anhydride,' 
washed free of acetic acid and crystallized twice from absolute alcohol. 
Yield = 0·09 gm. m.pt. = 115-6°0. 

Benzoate de?-ivative.-(i) 0·05 gm. of the substance was dissolved in 
5 c.c. of dry pyridine and an excess of benzoyl chloride was added to it in 
a 100 c.c. R.B. flask. The solution changed from yellow to scarlet red. 
It was allowed to stand, chilled in ice and crystallized from boiling alcohol. 
The product was found to be the original substance. m.pt. = 130°0. 
Mixed ni.pt. with the original substance = 130-1°0. 

(ii) The experiment was repeated by dissolving the substance in 10 c.c. 
of dry benzene and then adding pyridine and benzoyl chloride but the 
product on crystallization was again found to be the original substance. 

(iii) 0·1 gm. of the substance was dissolved in 10 c.c. of dry benzene 
and refluxed on a water bath for six hours in a 100 c.c. R.B. flask with 
0·5 gm. of pure benzoic anhydride. The yellowish residue obtained after 
distilling off benzene was heated at 120-140°0. for three hours in an oil bath. 
The yellow mass after treating with sodium hydroxide to make it free of 
benzoic anhydride, was . extracted with ether, washed free of sodium 
hydroxide and sodium benzoate and kept overnight on anhydrous sodium 
sulphate. The yellow mass obtained on recovering the ether melted at 
110-120°0. This on extracting with boiling absolute alcohol and chilling 
gave a white substance which was found to be the original substance. 
m.pt. 130°0. 

The residue insoluble in alcohol was dissolved in ether and crystallized 
from a mixture of dry ether and absolute alcohol by chilling in ice. The 
m.pt. of the beautifnl white flakes was found to be 142-3°0. Yield of the 
benzoate = 0·02 gm. 

Separation of Solid and Liquid Faity Acids.-The acids (100 gms.) 
were dissolved in 95% alcohol (500 c.c.) and the solution, after boiling 
mixed with a boiling solution of lead acetate (75 gms.) in 95% alcohol 
(500 c.c.), the alcohol in both cases containing 1·5% glacial acetic acid. 
The insoluble lead salts obtained on cooling overnight at 18-20°0., were 
crystallized from alcohol containing 1·5% glacial acetic acid. The solid 
acids were regenerated from the lead salts by treating with cone. HCl 
and then extracting with ether. The liquid acids were recovered from the 
lead salts left over on evaporation of the mixed alcohol mother liquors. 

Some characteristics of saturated and unsaturated acids were studied 
as shown in Table III. 
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Physical state 

Refractive index 
Iodine value 

'Neutralization value 
Percentage in total fatty acids 
Percentage in the oil 

TABLE III 

Unsaturated 
acids. 

Greenish liquid. 

1-4522 at 23·25'C. 
136·00 
160·55 
81·22 
68·23 

Saturated 
acids. 

Cream colo11red 
solid. 

2·56 
206·30 

18·78 
15·77 

.Uwrduraled Acids.-In order to determine the percentage of the 
hydroxy acid 17·8194 gms. of the unsaturated acids were. converted into 
methyl acetyl esters 10 (19·0613 gms.) and fractionated • using modified 
Willstatter distillation flask under 9-10 mm. pressure. 

TABLE IV 

Fractions. Temperature 'C. W t. of the fraction 
obtained in gms. 

s1 201-208 14·1266 

s. 210-220 1·8934 

s. 260 1·6465 
·Residue 1·3948 

The boiling point of fraction Ss corresponds to that of methyl acetyl ricin
oleic acid. The acid was liberated from fraction 8 8 and residue by 
saponification with KOH and hydrolysis with 50% HCJ. The acid obl;ain
ed after purification was found to be identical with ricinoleic acid. 

Iodine value 
Saponification value .. 
Wt. of 88 fraction+residue 

86·00 
188·90 

3·0413 gms. 

The composition of the unsaturated acids was determined according 
to the method of Jamieson and Baughmann.• The ethereal solution of 
unsaturated acids was treated with bromine and then .chilled at -15'C .. 
No crystals of hexabromide derivative were obtained, sh'Owing the absence 
of linolenic acid in the oil. On cooling the. petroleum ether solution at 
O'C., tetra-bromo linoleic acid crystals separated, m.pt.' ll2-ll3'C. The 
filtrate was freed of the solvent on a water bath and from the bro>:njue 
contents of the residue, estimated by sodium ethoxide method,• the 
percentages of dibromo ricinoleic acid, dibromo oleic acid and ii;,tra
bromo linoleic acid were calculated. The resulta are given in Table V. 

66 



TABLE V 

Unsaturated acids taken 
Tetra-bromo linoleic acid insoluble in petro-

leum ether 
Residue {di- and tetra-bromides) 
Bromine contents of the residue 
Bromine present in the residue 
Ricinoleic acid in 5·1430 gms. 
Ricinoleic acid dibromide due to 0·7392 gm. 

ricinoleic acid 
Dibromo oleic and tetra-bromo linoleic acid 
Bromine in the residue due to dibromo 

ricinoleic acid 
Bromine in the residue due to dibromo oleic 

and tetra-bromo linoleic acid 
Dibromo oleic acid in the residue 
Tetra-bromo linoleic acid in the residue 
Total tetra-bromo linoleic acid 
Oleic acid equivalent to dibromide 
Linoleic acid equivalent to tetra-bromide 

TABLE VI 

Oleic Ricinoleic 
acid. acid. 

%in total unsaturated acids .. 20·57 14·37 
% in total fatty acids 16·71 11·67 
%in oil .. 14·03 9·80 

5·1430 gms. 

3·0869 gms. 
6·5388 gms. 

45·7550% 
2·9920 gms. 
0·7392 gms. 

J.l360 gms. 
5·4028 gms. 

0·3965 gms. 

2·5955 gms. 
l-6580 gms. 
3·7448 gms. 
6·8317 gms. 
1·0580 gms. 
3-1900 gms. 

Liooleic Saturated 
acid. acids. 

62·01 3·05 
50·36 2·48 
42·31 2·08 

Baiurated Acids.-The acids {20·3223 gms.) obtained from the insoluble 
lead salts after conversion into methyl esters • {21·4195 gms.) were 
fractionally distilled as io the case of unsaturated acids. The losses on 
distillation were added proportionately to each fraction. The various 
fractions of the esters were separately hydrolyoed with alcoholic potassium 
hydroxide. Hydrolyzed products from fractions L, and L 2 on repeated 
crystslli2ation from alcohol were identified to be myristic and palmitic 
acids in both the cases. Hydrolyoed product from fraction Ls on repeated 
crystallization from alcohol and acetone gave a product meltiog at 69°0. 
showiog it to he stearic acid, confirmed by takiog mixed melting poiot 
with an authentic sample. The results are recorded in Table VII. 

Saturated acids present in the unsaturated acids up to the extent of 
2·08% of the oil were also distributed proportionately into the individual 
Mtnrated acids. Table VIII shows the calculated composition of total 
fatty acids from chaksu oil. 
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TA.BLE VII 

w 
~ Ul"" ~ 0 Mean :s1 Wt. of individual a.cidfl in the fraction wt. -:;; ~ . .. .s " 1\:lol.wt . 0. 

0 ,., H ~ -;;; . ~ 
-§, • ]2 0 

~ ~ 
~ 8 " • d ·;; c Fraction. ~ :3 

~w 

~ 
.;, ~ 

·~ 1i: s-- ~ 0 
~ .;, rJ ~ 0 

8 •" • ~., 

0 0 ~ 

" • . ., 0. ~ 0 

"' .d~ 0 ~ 0 0 -~ 

~ 
~ • ~~ ] ~ :g 0 

"" 0 ~·~ ~ . ~0 ~ 

;§ 
0. 

~ ,; -§,~ 
0 ·s 0 

~ t. 0~ !:a • il -~ 
.., 0 

·-"' 0. • ] -~ 1! 
~ §, ·s ~ e<o ;,r• ~ ~g ;., .. • -§ 

);j 8 • ~ 
~ ;:; 0'1 "' "' >« -<1 "' "' -<1 "" 

L, .. .. 178-90 10 25 6·0679 6·1953 217·45 258·0 244·0 5·8600 2·5700 3·2810 

L, .. .. 190-99 10 26 6·5037 6·6401 213·20 263-1 249·1 6·2870 1·6310 4·6560 

L, .. .. 200-18 . 10 31 6·8331 6·9763 198·05 283·2 269·2 6·6310 .. 3·6100 3·0210 

L, .. .. 225-35 9 49 0·5797 0·5919 161·25 347·9 333·9 0·5682 .. .. .. 0·1350 0·4332 

Residue .. .. .. .. 0·9950 1·0159 157·90 355·3 341·3 0·9761 .. .. .. .. 0·9506 0·02550 
--

Totn.l weight .. .. .. .. 20·9794 21-4195 .. .. .. 20·3223 4·2100 11·5470 3·0210 0·1350 1·3838 0·02550 

% of acids in mixed saturated ~ids . . .. .. .. .. .. 20·7200 56·8200 14·8700 0·6643 6·8110 0·12550 

% in total fatty acids .. .. .. .. .. .. .. 3·8900 10·6700 2·7920 0·1247 1·2780 0·02356 

%in oil .. .. .. .. .. .. .. .. 3·2680 8·9620 -2·3450 0·1048 1·0740 0·01979 



TABLE VIII 

Solid acids Liquid acids Total 
15·77% 68·23% 84% 

Saturated: 

Myristic 3·26800 0·4315 3·699~ 

Palmitic 8·96200 0·1836 10·1456 
Stea.ric 2·34500 0·3097 2·6547 
Arachidic 0·10480 0·0138 0·1186 
Behenic l-07400 0·1418 1·215~ 

Lignoeeric 0·01980 0·0026 0·0224 

Uwmlurated: 

Oleic 14·0300 14·030o 
Ricinoleic 9·8000 9·8000 
Linoleic 42·3100 42·310o 
Non-saponifiables 3·810o 

The authors thank Dr. S. M. Mukherjee, for his keen interest in tl:te 
work. 
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ON THREE NEW SPECIES OF THE GEf\'lJS OEPHALOGONIMUS 
POIRIER, 1886, FROM THE INTESTINE OF LISSEMYS 

PUNOTATA PUN07'ATA 

By N. K. GUPTA, M.So., PH.D., Lecturer in Zoology, Punjab 
University College, Hoshiarpur 

INTRODUC'ITON 

In this paper, three new species, namely, Oephaloganimus indiou;:;, 0. 
kmruz1·us and 0. asiaticu.s have been described. These new trematodes 
were found in the small intestine of Lissemys punotata punctata during · 
the course of my investigations of helminths in vertebrates. 'rhe work 
was carried out in the Zoological Laboratory of the Panjab University 
College, Hoshiarpur. 

I am thankful to Dr. Vishwa Nath for providing me facilities in the 
depa.rtment and to Dr. H. D. Srivastava for his guidance and helpful 
criticism in this work. My thanks are also due to Prof. Dewan Anand 
Kumar, Vice-Chancellor of the Pan jab University, for much kind 
encouragement in these studies. 

Genus Cephalogonlmus Poirier, 1886 

Poirier (1886) established the genus Oephaloganimus for a digenetic 
trematode Oephalagonimus lenairi, n.sp., obtained from the small intestine 
of an African turtle, Tetrathyra vaiUaintii in Senegal. Looss (1899) re
corded the type species 0. lenoiri from Trianyx nilatica in Egypt. From 
Canada, Stafford in 1902 described 0. americanus which he got from the 
intestine of Rana virescew and R. clamata---common frogs of North 
America. From France, Blaizot in 1910 described the third species 0. 
eurapae•M from the intestine of Rana esoulenta. Luhe (1911) recorded 
Distom"m retusus of Dujardin (1845) and included it in the genus. He, 
however, did not give any description. Nickerson (1912) added another 
species 0. vesica,.dus parn.sitic in the intestine of soft-shelled turtles (Amyda 
and Aspidonectes) collected from Minnesota. From the United States of 
America, two more species were added to the genus, one 0. amphiumae 
described by Chandler in 1923 from the intestine of Amphiuma mearUI 
and the other 0. compactus by Stunkard in 1924 from the intestine of 
Pseudornys jlaridana. 

From India, Moghe (1930) was the first to describe a representative 
of the genus-0. emydalis, n.sp.-from the alimentary canal of Emyda 
granasa. From California, Ingles (1932) described 0. brevicirrus from the 
intestine of Rana aurora drayto11i. In the samo year from India, Sinha 
reported 0. mag11us from the intestine of Trionyx gangeticWJ a.nd Pande 
described 0. mehri from Lissemys punctata pun-ctata and 0. gangeticus 
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f;rom Trionyx gangeticus. In 1934, Sinha corrected the measurements of 
the species G. magnus already described by him in 1932. Ogata (1934) 
from Japan described a new species G. japonicus from the intestine of a 
turtle L' Amyda japonica. From Burma Chatterji (1936' described G. 
burmanica from the intestine of Emyda scutata. Caballero and Sokoloff 
(1936) got a new species G. robustus from Rana montezumae in Mexico. 
They held G. europaeu<~ as a synonym of G. retusus (Dujardin, 1845) on 
page' 119 of their paper published in 1936 but later on on page 126 in the 
same paper they described it as a distinct species. Even in the key to the 
species given by the joint authors, G. e~tropae7"' is held valid. 

Mehra (1937) from Allahabad (India) gave the description of G. 
min~ttum from the intestine of Lissemys punctaia puncwta. Lent and 
Freitas (1940) held the three species, namely, 0. retusus, C. americanus and 
G. europaellB a.s distinct species. They also pointed out the probable 
·mistake made by Odhner (1910) who had recorded C. retusus from Rana 
esc,;lenta whereas Dujardin (1845) had mentioned R. temporaria as its host. 
They further stated that if the views of Odhner (1910) were accepted with 
regard to the size of eggs and incorrect measurements recorded by 
Dujardin, then C. europa""' should be treated as synonymous With G. 
retusus and 0. americanU8 as a distinct species. If Dujardin's measure
ments were taken as correct, then 0. americanus should be equal to G. 
retusus as had been shown by Whalton (1938). The joint authors, how. 
ever, preferred not to accept these views and, therefore, they held the 
three species valid. 

From France, Dollfus (1950) described G. thomsi from Pelmios 
nigricans. Gupta (1951) from J,ucknow described 0. heteropneust,;s from 
a fresh-water fish, Heteropneusksfossilis (Bloch.). 

During the period from 1845-1921, three more species were as~igned 
to this genus, hut were removed from it because of their anatomical 
differences. These are C. ovat·us (Rudolphi, 1803), G. pellucidu8 (V. Lin· 
stow, 1873) and C. trachysauri (MacCallum, 1921). The species G. ovatus 
and C. pellucidua have now been placed in the genus Prosthogonimua ]juke, 
1899. Chandler (1923) rightly excluded 0. trachysa,;ri from the genus 
Oephalogonim1«1. He was, however, not aware of the work of Dollfu• who 
had already assigned MacCallum's species C. trachysauri to the genus 
Paradistom,;m Kossa.ck (1910). Johnston (1932) proposed that the specific 
name be replaced by Paradistomum M acGall,;mi. 

SYNONYMITY OF TBE SPECIES 

Chandler (1923) pointed out that G. retusus (Dujardin, 1845) Odhner 
(1910) and G. e,;mpaeu<~ Blaizot (1910) were identical and this identity was 
later confumed by Stunkard (1924). Travru;sos (1932) and Bba!erao 
(1936) also expressed a similar opinion in regard to the synonymy of G. 
europaeus with G. retusus. Bhalerao (1936) further pointed out that 
Pande's (1932) species-G. gangeticus and Sinha's (1932) species-C. 
magn1«1 were also identical. They were from the intestine of the same 
host, i.e., Trionyx gangeticus. But according to the law of priority the 
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specific name G. magnus has precedence over the name of G. gamgetimt~. 

Therefore, G. gangeticua should fall into the synonymy of G. magn1ts. 
While commenting on the characters used in separating the species, 
Bhalerao pointed out that G. magnus should be treated as a synonym of 
G. a.mpMumae Chandler (1923). Therefore, both the species, i.e., G. 
gangeticus and G. magnus be merged into the synonymy of G. amphiumae. 

Cabellero and Sokoloff (1936) 11nd Lent and Freitas (1940) considered 
C. europaeus as a valid species. Bhalerao (1942) pointed out that G. mehri 
and G. minutum were quite distinct species. With regard to the synonymy 
of G. magmts with C. amphiumae he revised his earlier opinion and kept the 
former species as distinct from the latter. He, however, maintained G. 
gangeticua as synonym of G. magnus. In G. amphiumae the intestinal 
caeca end very close to the posterior extremity of the body, whereas in G. 
magnus the two cn.eca terminate midway between the posterior end of the 
body and the hinder margin of the posterior testis. He further proved 
that G. magnus was merely a large variety of G. emydali8 Moghe (1930). 

Genus Cephalogonimus Poirier, 1886 

DIAGNOSIS 

Cephalogonimidae Nicoll, 1914; Cephalogoninlinae Looss, 1899. 
Body: elongated, elliptical, oval or rounded dorso.ventrally. Cuticle: 
spinous. Suckers: oraJ larger or smn.Uer than the ventra] sucker or both 
of the same size. Digestive system: oesophagus, if present: smalll or 
ltbsent; intestinal caeca not extending to the posterior extremity of the 
body. Reproductive systems: genital opening at the anterior end, medi&n 
or lateral, to the right or left or slightly behind or dorsal to the oral sucker 
or at the anterior tip of the body; testes placed obliquely behind each 
other or in tandem one behind the other; cirrus sac long and curved, with 
posterior end broad and the anterior tubular; ovary spherical in front of 
the testes, to the right side or close behind the ventral sucker; receptaculum 
seminis and Laurer's canal present; uterus coiled particularly in the post
testicular region; v:itellaria well developed, on the lateral sides of the body. 
Excretory system: excretory bla<ider Y .shaped with lateral branches. 

Host . . Fish, Frogs, Snakes and Chelonia. 
Locality Egypt, America, France, Congo Beige, Japall, 

Burma and India. 
Type Species G. Lerwiri Poirier, 1886. 

Host .. 
Location 
Locality 

Cephalogonimus indicus, n.sp. (Fig. 1.) 

Lissemys puncta.ta punctata. 
Small intestine. 
Hoshlarpur (India). 

A dozen specimens of this parMite were obtained from the small intes· 
tine of Lissemys punclata punctata examined at Hoshlarpur. The 
trematode is elliptical in shape with broad anterior and narrow posterior 
ends. The live worm is yellowish in colour. The cuticle is beset with 
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FIG. l. Ventral view of Oeplt.aWgonimm indicus, n.sp. 

E.P.-excretory pore; G.p.-genita.l pore; Jnt.c.-Iri.testinal caecwn; O.s.~:ral 
sucker; Ov.-ova:.ry; M.gl.-Mehlis' gland complex; P.ph.-prephsrynx; Ph.-ph&· 
rynx; T1 .-a.nterior testis; T2.-Posterior testis; V.s.-.:_-Ventra.l sucker; Vit.-vit.elline 
glands. 

very minute backwardly directed spines. They are more closely arranged 
in the preovarian region than behind it. In the latter region they gradu
ally decrease in number till they disa,ppear altogether in the posterior 
region of the body. The oral sucker is spherical or globular, situated 
subtcrminally at the anterior extremity with its opening faciug vcntraiiy. 
It measures 0·0952-0·135 X 0·135-0·1425 mm. in size. It is slightly larger 
than the ventral sucker. The ventrttl sucker, measuring 0·085-D·I35 X 
0·0\l-0·1275 mm. in size, is situated at a distance of 0·240-D·285 mm. from 
the anterior extremity of the body. 

The oral sucker is followed by a sma.U prepharynx which Jeada into a 
muscular pharynx, oval in outline and measuring 0·03 x 0·0578 mm. The 
oesophagus is inconspicuous. In specimens where it is visible, it is never 
more than 0·008 mm. in length. The intestinal caeca run backward ter· 
mimting at the level of either the anterior margin or middle of the posterior 
testis. The intestinal bifurcation lies far in front of the ventral sucker. 

The excretory pore is terminal at the posterior extremity of the body. 
The excretory bladder is Y·shaped, the main stem which is median in 
position extends up to the posterior border of the posterior testis whore it 
bifurcates into lateral cornua. In some specimens the distal end of the 
main excretory bladder has been seen forming a small caudai vesicle. The 
right and left cornua extend up to the level of the base of the ovary. 

The two testes may be rounded or oval and are placed somewhat 
obliquely one behind the other in the middle region of the body partly in 
between the two intestinal caeca. The anterior testis lies slightly to the left 
of tbe median line close to the left intestinal caecum and 0·048-D·06 mm. 
behind the ventral sucker. The posterior testis is median in position 
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close to the blind end of the right intestinal caecum. The former testis 
measures 0·095-0·15 x 0·09-D·165 mm. and the latter measures 0·105-0· 150 
X0·135-D·l65 mm. in size. From the anterior border of each testis arises 
the vas efferens, the two vasa efferentia unite near the base of the cirrus 
sac to form a small inconspicuous vas deferens. The cirrus sac is obliquely 
placed in the space between the oral sucker and the ovary with its posterior 
end touching or over-lapping the right intestinal caecum. It is broader 
posteriorly and towards the anterior end it becomes narrower. The vesi~ 
cula. seminalis lies in the basal part of the cirrus sac and consists of two 
distinct portions which are dema-rcated by a constriction. The proximat 
part is longer than the distal. The pars prostatica and ejaculatory duct 
are long tubular structures, the first being surrounded by the prostat<l 
gland cells. The cirrus is protrusible and without any spine. The genital 
pore is median in position lying at the anterior end of the body in front of 
the oral sucker. 

The ovary is situated close to the postero-lateral border of the ventral 
sucker, to the right of the median line. It is almost spherical in appearance 
measuring 0·075-0·120X0·075-D·l275 mm. From its left lateral side, 
ther~ arises the oviduct which soon dilates to form the ootype surrounded 
by the Mehlis' glands. The whole complex lies to the left of the mediaJl 
line, close to the postero-lateral side of the ventral sucker and in front of 
the anterior testis. In some specimens it has been observed that the 
ovary and Mehlis' gland complex are partly overlapped by the ventral 
sucker. The receptaculum seminis lies just behind the Mehlis' gland 
complex. The Laurer's canal is present. The vitelline reservior lies 
between the ova-ry and the Mehlis' ~';land comvlex. The uterus is much 
coiled, its descending limb passes through a space between the ovary and 
the anterior testis and is confined to the right side of the body, while the 
ascending limb to the left side, proceeds forward along the left intestine-! 
caecum, terminating into the metraterm which opens close to the male 
genital opening into the genital atrium. In the post-testicular region of 
some specimens the coils of the uterus are arranged in such a way and are 
so full of eggs that their descending and ascending limbs cannot be made 
ont. 

The vitelline glands are extra-caecal and confined to the lateral sides. 
They commence midway between the oral and ventral suckern and extend 
up to the level of the middle of the anterior testis. At some places theY 
may overlap the intestinal caeca. The number of follicles varies from 
13-21 on the left and l0-21 on the right sides. The eggs are dark-brown 
or yellowish in colour, oval in shape, measure 0·0306-D·035 mm. in length 
and 0 0102-D-0105 mm. in breadth. 

RELATIONSHIPS 

Sixteen valid species have been described under the genus GephaltJ
gonimW!. Of these, G. indicw;, n.sp., resembles G. ret1MUS (Dujardin, 
1845), G. americanus Stafford (1902), G. europaeWJ Blaizot (1910), G. 
amphiumae Chandler (1923), G. emydalis Moghe (1930), G. brevicirrWJ Ingles 
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(1932), 0. mehri Pande (1932), 0. burmanica Chatterji (1936), 0. minutum 
Mehra (1937), 0. thamsi Dollfus (1950) and 0. heteropneustus Gupta (1951) 
in having the oral sucker larger than the ventral sucker. It furthor re· 
sembles 0. amphiumae, 0. emydalis, 0. mehri, 0. burmanica, 0. m·inutum 
and 0. thamsi in the position of the genital pore which is placed in front of 
the oral sucker, i.e., at the anterior extremity and differs from G. relu.sus, 
0. americanus, 0. et<ropaeu~, C. brevicirrus and C. heteropneut'Wl in ..;1hich 
the genital pore is subterminal and lies on the dorsal side of the oral sucker. 

In its oblique position of testes, the new species resembles C. mint!lum 
and 0. mehri and differs from the other species in which the genital pore is 
situated in front of the oral sucker. It stands apart from C. minutum in 
which the body is rounded, the vitellaria are pre·acetabular in position . 
and the intestinal caeca reaching behind the posterior testis and from 0. 
mehri in the length of intestinal caeca and distribution of vitellaria. In 
the remaining species, i.e., C. lenoiri. Poirior (1886), C. vesicaudus Nickerson 
(1912), 0. compactus Stunkard (1924), C. japonicus Ogata (1934) and 0. 
robustus CabaJlero and Sokoloff (1936) the oral sucker is either smaller 
than or equal to the ventral sucker. 

Hoi!! .• 
Location 
Locatity 

Cephalogonlmus kumarus, n.sp. (Fig. 2.) 

Lissemys punctata punctata. 
Intestine. 
Hoshiarpur (India). 

Only three mature specimens or Cepnal.ogonim>M lcumar>M, !l.Ep., 

were found in the intestine of a tortoise dissected in the Zoological L:tbor. 
atory of the Panjab University College, Hoshiarpur. The live worms 
were light yellow in colour. The body is elongated, broad anteriorly and 
narrower posteriorly. The cuticle is spinous. The spines are spa:rsely 
distributed and are directed either p9steriorly or sidewardly or even 
anteriorly. A few spines are also seen in the post.testicular region in 
which region they are mostly absent as in other species. 

The worm is 1·305-1·815 mm. in length and 0·420-0·495 mm. in maxi
mum breadth, which is across the level of the cirrus sac. The orn1 sucker 
is subterminal, measuring 0·135-0·153 mm. in length and 0·135-0·153 mm. 
in breadth. It is larger than the ventral sucker which measures 0·1088-
0·1l56 mm. in length and 0·102-0· 1088 mm. in breadth. The vetltra1 
sucker is situated at a distance of 0·375-0·540 mm. from the anterior extre· 
mity. A small prepharynx is present. The pharynx is a small muscular 
pear-shaped structure lying behind the prepharynx and measures 0·0374--
0·051 mm. in length and 0·0544 mm. in breadth. The oesophagus is an 
exceedingly small tubular structure arising from the base of the pharynx 
and soon bifurcates into two intestinal caeca which run posteriorly "long 
the lateral sides of the body terminating at a little distance beyond the 
posterior testis at a distance of 0·405-0·45 mm. in front of the posterior 
end of the body. 
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F1o. 2. Ventral view of Cephalogonimus kumarus, n.sp. 

Ci.-Cirrus; Exo.v.--exerctory vesicle; lnt.o.-intestinnl caecum; O.s.-<~ral 

sucker; Ov.-ovary; Jt.f.gl.-:.\!ehli.s' gland complex; P.ph.-prepha-rynx; Ph.
pharynx; T1.--anterior testis; T2.-posterior testis; V.s.-ventral sucker; V.sem.
vosicula. seminalis; V it.-vitelline glands. 

The excretory system is Y-shaped, the main bladder bifurcates into 
two cornua at half-way between the posterior testis and the hinder end of 
the body. The excretory pore opens to the outside at the posterior end 
of the body. 

The testes are spherical, placed obliquely either in the middle region 
or slightly anterior to it. The anterior testis is to tbc left of the meclian 
line close to the left intestinal caecum, measuring 0·135-0·165 x0-135-
0·165 mm. The posterior testis is almost in the median line measuring 
0·135-0·165 x 0·135-0·150 rom. Both the testes are situated close together. 
From the anterior aspect of each testis is given off n vas efferens and the 
two vasa efferentia unite at the base of the cirrus sao to form a short vaB 
deferens. The cirrus sac is a long curved structure lying obliquely in the 
space between the oral and the ventral suckers. The vesicula seminalis 
lies at the basal part of the cirrus sac. It shows a constriction at its middle 
region, thus dividing it into two equal portions, the proximal and the 
distal. The latter portion is followed by the prostatic duct which is sur
rounded by the prostate gland cells. 

The ovary is situated to the right of the median line in the 
pre~testicular region, posterior to the ventral sucker. It measures O·l2-
0·15XO·l2 mm. in size. It is slightly overlapped by the ventral sucker. 
The oviduct arises from the left margin of the ovary and proceeds back
wards and soon dilates to form the ootype which is surrounded by the 
Mchlis' glands. The Mehlis' gland complex lies behind the ovary and to 
the right of the anterior testis. The receptaculum seminis lies partly 
dorsa\ to the Mehlis' gland complex. · In some specimens Mehlis' gland 
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complex lies opposite to the ovary and is just behind the ventral sucker. 
The receptaculum seminis, however, remains to the right of the median 
line behind the ovary. The vitelline gla.nds arc mostly extra-caecal and 
extend from the level of the middle of the cirrus sac to the anterior !/4th 
of the anterior testis. The uterus is densely coiled in the post-testicular 
region. The genital pore lies subterminally a little behind the anterior 
extremity just in front of the oral sucker. The eggs measure 0·0216-
0·034 X 0·012~·0136 mm. in size. They are dark-brown or yellow in colour. 

RET,ATIONSHIPS 

In possessing oral sucker larger in size than the ventral sucker Cephaw
gonimus kumarus, n.sp., differs from 0. lenoiri and C. ve.sica.ud'll8 in which 
oral sucker is smaller than the ventral sucker and from 0. compactu.s, 0. 
japonicus and 0. robustu~ in which both the oral and ventral suckers are 
of the same size. In having the oral sucker larger than the ventral sucker 
the new species resembles the remaining species, viz., 0. 1·etu.su.s, C. ameri
canu.s, G. europaett8, C. amphiumae, 0. emydalis, G. brevicirrus, C. melzri, 
0. burmanica, 0. minutum, C. thomsi, 0. heteropnev.stw and 0. i?Ulicus n.sp. 
It, however, differs from 0. retusus, G. american'us, C. europaeus, C. brevi
cirrus and 0. heteropnewtus in the position of the genital pore which in the 
latter species is placed subterminally dorsal to the oral sucker and from 
0. amphiu.mae, 0. emydt!lis "nd 0. thomsi in which the testes are placed in 
tandem. In the oblique position of testes 0. knmarus resembles 0. mehri, 
0. /ru.rmanica, 0. minutu.m ~nd 0. indicu.8. But it stands a.part from 0. 
indiC?.ts in wh.ich the intestinal caeca terminate in the testicula-r region and 
from C'. minutum in the shape of the body and distribution of the vitellaria. 
The new species 0. kumaru.s differs from 0. burm.anica in the presence of 
oesophagus and the extent of vitelline glands. It closely resembles 0. 
mehri, but it differs from it in the absence in latter of the prepharynx and 
oesophagus and also in the extension of vitellaria. Therefore, the new 
species is distinct from all the existing species. This new species has been 
named after my old teacher Prof. Dewan Anand Kumar at present Vice
Chancellor of the Panjab (India) University. 

Host .. 
Location 
Local·ity 

Cephalogonimus aslaticus, n.sp. (Fig. 3.) 

Lis•emys p1<nctata punctata. 
Intestine. 
l!oshiarpur (India). 

Only one specimen of Cephalogonimu.s asiaticus, n.sp., was found in 
the small intestine of a tortoise collected from a local pond. · The worm 
is elliptical in shape. It measures 0·762 mm. in length and 0·315 mm. in 
breadth across the testicul&r region. It is rounded at the anterior end, 
while the posterior end is slightly attenuated. The body is beset with 
backwardly directed spines, more densely in the first hal{ of the body as 
compared to the second half where-they are scanty. 
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Vlt. 

Ov . ..... 
Int. c. 
Tl 

T2 

Exc. v, 

Fro. 3. Dorsal view of CephalogonimU8 asiaticus, n.sp. 

Exc.v.-excretory vesicle; Eg.-eggs; G.p.-genital pore; Int.c.-intestinal cac. 
cum; O.a.--oral sucker; Ov.--<~vary; Ph.-pha.rynx; R.s.-recepta.culum seminis; 
T1 .--anterior testis; T2.-posterior testis; Vit.-vitellaria; V.s.-vent.ral sucker. 

There is a large oral sucker placed su bterminally at· the anterior end 
of the body and measuring 0·11.56 mm. in length and 0·119 mm. in breadth, 
The ventral sucker measuring 0·085 x 0·085 mm. is situated at a distance 
of 0·19fi mm. from the anterior end of the body. The pharynx is very 
small and is placed behind the oral sucker. The prepharynx and thQ 
oesophagus seem to be absent, •The two caeca are almost straight running 
posteriorly along the lateral sides of the body and the inner side of thQ 
vitellaria. They terminate at the level of the anterior border of first l/4th 
of the posterior testis. 

The excretory pore is terminal, placed at the posterior end of the body, 
It opens into the main bladder of the Y-shaped excretory system. At th~ 
base of the posterior testis, the main excretory bladder forks into two 
lateral vessels-the cornua which run along the lateral sides of the testes. 

The two testes are transversely elongated, placed almost one behind 
the other in ·the inter-caecal region. The anterior testis measures 0·07(1 
mm. in length and 0·12 mm. in breadth, while the posterior testis 0·09 
mm. in length and 0·12 mm. in breadth. The cirrus sac is an elongated 
structure measuring 0·240 mm. in length and 0·06 mm. in breadth at it• 
basal portion. It is placed obliquely in between the ovary and the oral 
sucker. It encloses the vesicula semlnalis which is bilobcd and full of 
sperms. The pars prostatice and the ejaculatory duct are present. ThQ 

. former is surrounded by the prostate gland cells. The cirrus is protrusible 
and without any spine. The genital pore is situated in the space between 
the anterior margin of the body and the oral sucker. 

The ovary JS almost spherical 0·075 X 0·075 in dimensions and is placed 
to the right of the median line close to the right intestinal caecum and the 
postero-lateral side of the ventr.al sucker in front of the anterior testis, 
From the postero-lateral border arises the oviduct. The llfehlis' gland. 
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complex is situated just in front of the anterior testis, while the recepta
culum seminis is placed behind the ovary. The uterus is full of eggs and 
is densely coiled in the post-testicular region. The coils are confined to 
the space between the body-wall andY-shaped excretory system. 

The vitellaria are compactly arranged along the lateral sides of the 
body. The vitelline glands on the right side extend for about 0·195 mm. 
while those of the left side for about 0·210 mm. They are at the level of 
forked intestinal caeca in front and at the level of the middle of the anterior 
testis behind. The eggs measure 0·032-0·036 x 0·012 mm. 

RELATIONSHIPS 

In having the oral sucker larger than the ventral sucker C. lliJiaticus 
n.sp., differs from G. le'noiri, G. vesicaudus, G. compactus, G. japonicU8 and 
G. robustus in which oral sucker is either smaller than or equal to the ventral 
sucker. In having the oral sucker larger than the ventral sucker, the new 
species resembles the remaining species, viz., 0. retusus, G. american'lt8, G. 
europaeus, G. amphiume, G. emydalis, G. brevicirrus, G. mehri, G. burrnanica 
G. minutum, G. thomsi, G. heteropneustus, G. indicus n.sp. and C. kurnarus 
n.sp. In the extent of the intestinal caeca it differs from all the species 
of the group in which oral sucker is larger than the ventral sucker except 
G. hetercpneustus and G. indicus with which it resembles closely. But the 
new species stands apart from G. heteropneustus in the position of the 
genital pore and the extent of vitellaria and from G. indicus in the absence 
of the oesophagus, the extent of vitellaria;;_ tandem and transversely elon
gated position of the testes. 

A key to the identification of all the valid'species of the genus Gepltalo
gonirnus Poirier (1886) based on the undermentioned characters ·has been 
prepared. 

(i) Size of suckers. 
(ii) Length of intestinal caeca. 
(iii) Position of genital pore. 
(iv) Extent of vitellaria. 
(v) Shape and arrangement of testes. 
(vi) Cirrus sac. 
(vii) Oesophagus. 

(''iii) Caudal vesicle. 
(ix) Vesicle in vas efferens. 

KEY TO THE SPEOIES OF THE GENUS GEPHALOGON/MUS POIRIER (1$86) 

Oral sucker larger than the ventral 
sucker A. 

Oral sucker smaller than the ventral 
sucker B. 

Oral sucker equal to the ventral 
sucker c. 
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A. Intestinal caeca ternilnate in the post-
testicular field l. 

Intestinal caeca ·not terminating in 
the post-testicular field but in the 
testicular field 2. 

I. Genital pore subterminal on the dor-
sal side of the oral sucker a. 

Genital pore not on the dorsal side of 
the oral sucker but in front of it b. 

a. Genital pore median ai. 

Genital pore not median, i.e., to the 
right side of median line aii. 

ai. Caudal vesicle and a small vesicle in 
each vas efferens present G. brevicirrus Ingles, 1932. 

Caudal vesicle and the vesicle in the 
vag efferens absent 

a.ii. Testes irregular, tandem in position . . 
Testes entire, placed obliquely 

b. Testes tandem in position 
Testes obliquely placed 

bi. Oesophagus present 
Oesophagus absent 

biii. Vitellaria extend from just behind 
the anterior end of the ventral 
sucker to the level of the posterior 
testis, on the left side, the follicles 
are more extensive; intestinal caeca 
extend nearly to the posterior ex
tremity of the body .. 

Vitellaria extend from the intestinal 
bifurcation to the level of the ends 
of the caeca; intestinal caeca ter· 
minating in the anterior portion 

0. americanu.s Stafford, 
1902. 

G. retusus Dujardin, 1845. 
G. f'<ropaeus Blaizot, 1910. 

b i. 
b ii. 

b iii. 
biv. 

G. amphiumae Chandler, 
1923. 

of the post-testicular space G. thomsi Dollfus, 1950. 

biv. Testes transversely elongated; vitel
line follicles extend from the level 
of ventral sucker to the mid-way 
between testes and the ends ofthe 
intestinal caeca 

Testes rounded; vitelline follicles 
extend from immediate anterior of 

G. emydali~ Moghe, 1930. 
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ventral sucker to a little behlnd 
the anterior margin of posterior 
testis 

bii. Body rounded; vitellaria confined to 

C. burmaniea 
1936. 

Chatterji, 

the pre-acetabular region C. minutum Mebra., 1937. 

Body not rounded but elongated; 
vitellaria both pre- and post-
acetabular b ii a. 

biia. Oesophagus absent; vitellaria ex
tend from near the intestinal bi. 
furcation to the hinder m<>rgin of 
the ovary. . C. mehri Pan de, 1932. 

Oesophagus present; vitellaria from 
half-way between the oral sucker 
and ventral sucker to about the 
middle of anterior testis C. kumaru&, n.sp. 

2. Testes obliquely placed; oesophagus 
present 2a. 

Testes -tandem in position, trans
versely elongated; oesphagus 
absent; vitellaria from the intesti
nal bifurcation to the middle of 
anterior testis 

2-a. Genital pore in front of the oral 
sucker; vitellaria extend from 
half-way between the oral and 
the ventral suckers up to the middle 

C. asiaticus, n.sp. 

of anterior testis 0. indicu.s, n.sp. 

Genital pore dorsal to the oral sucker; 
vitellaria few, from the middle of 
the ventral sucker to the hind 
region of the posterior testis 

B. Oesophagus present; testes ovoid, 
placed one behind the other; vitel
Jaria in the anterior half of the 
body, posterior to the ventml 

0. heterop1Ul1UJt1tB Gupta, 
1951. 

sucker C. lenoiri Poirier, 1886. 

Oesophagus absent; testes trans
versely elonga.ted, obliquely 
p!Med; vitellaria from half-way 
between the oral sucker and ven
tral sucker to a little behind the 



posterior border of the posterior 
testis 0. vesicandus Nickerson, 

C. Testes tandem in position 

Testes obliquely placed, rounded; 
vitellaria from a little in front of 
ventral sucker to the ends of the 
intestinal caeca 

C1• Anterior testis elliptical transversely 
or reniform: posterior testis ovoid 
laterally; cirrus sac extends a little 
bellinrl the ventral sucker; vitel. 
!aria on both sides in the middle 
region 

Testes transversely elongated. Cir
rus sac does not extend behind 
the ventra] sucker; vitellaria ex
tend from the level of the ventral 
sucker to the posterior edge of the 
poBWrior testis 

BIBLIOGRAPHY 

1912. 

c,. 

C. compactus Stunkard, 
1924. 

C. japonious Ogata, 1934. 

C. robttst.t<s Ca,ballero and 
Sokoloff, 1936. 

Bhalerao, G. D. (1936). Studio!'! on the Helminths of India. Trematoda II, III. 
J. Helminth., XIV, pp. 181-228. 

--- (1942). The genus Gephalogonimus in India and Burma. Proc. Ind. Acad. 
Sci., XV, No.4, Sec. B. 

Blnizot, L. (1910). Un Novenu Trematode Oephalogrmimus europaeus, parMite in
testinal de Rmta esculenta, L. Bull. Soc. Zool. France, XXXV, pp. 34---38. 

Caballero, E. a.nrl Sokoloff, D. (1936). Quinto. contribucion al concilnient.o do 1& 
parasitologic-a de la Rana mont.ezumae. Resumen: clave de la.s esper:iea del 
genera Oephalogonimus Y description do una nueva especies (Trematoda). 
Anal. Inst. Biol. Mexico., VII (1), pp. 119-154-. 

Chandler, A. C. (1923). Three now t,rematodes from .Amphiuma mwn..s-. Proc. U.S. 
Nat. Mw., LXIII, pp. 1-7. 

DoUfus, R. P. (Hl5Q). Tromn.tod~YS Reco1tes A us Congo Belge. Mttseum National 
d' Hisfoire 11afurelle. Paris. 

Dujardin, F. (1845). Histoire Nat.urello des Helminthes ou vers. intost.ina.ux (Paris, 
W·~· . 

Gupta, S. P. (HJ51). Studies on the trematode parasit.os of food fishes of U.P., a now 
trematode Oephalogom'mu.s heteropneusttl8, n.sp., from a fresh-water fish Hetero
pneuslus joss1'(1~'1. I-nd. J. Helm1'nth., III, No. I, pp. 13-~0. 

Ingles, L. G. (1932). Oephalogonimus brcvlcir1'US, a ne\v species of Trematode from 
the intestine of Rana aurora from California. Uni. Calif. Publ. Zool., XXXVII, 
pp. 203-210. 

Kossa.ek, ,~l. (1910). Neuo Distomen. Zbl. Bakt. (i) LVI, pp. 114-120. 
Lent, H. A.nd Freitas, J, F. T. De (194-0a). Estado-atual de tres espociea do genera 

'Cepha.logonimu.s' Poirier, 1886, (Trematoda). Mem. Inst. Osw. Cruz., xx_xv I 
pp. 515-24. 

83 



Linstow, 0. V. (1873). Ueber die Entwic1clung-sgeschichte des Distomum noaulo.mm 
Zcder. Anh. Naturge.sh, 39th year, I, pp. 1-7. 

Loosa, A. (1899). Weitere Beitrage zur Kenntniss der Trematoden-Fa.una AegPkms. 
Zool. Jb., Syst., XII, pp. 521-784. 

Luhe, M. (1899). Zur Kenntnis oinger Distomen. Zool. Anz., XXII, pp. 524-639, 
---- (1911). Die Susswasser fauna Deutsch lands, XVz'. 
MacCallum, G. A. (1921). Studies in Helminthology. Zoopatlwlogica N.Y.I· PP· 

140-284. 
Mebra, H. R. (1937). Certain new and already known distomes of the family Lepo· 

dermntidae Odhner (Trematoda) with a discussion on t.he classification <>f ·the 
family. Sonderahdruck aus Ze£tchrift fur parasiten Kunde, IX, Heft. 4. 

Moghe, M. A. (1930). A new species of trematode from an Indian tortoise. Ann. 
Mag. Na1. Hist. (10), VI, pp. 677-681. 

Nickerson, W. S. (1912). On Oephal.ogonimus vesicaudus, n.sp. Zool. Jb. Syst., 
XXXIII, pp. 249-256. 

Odhner, T. (1910). Nordafricanische Trematoden grosstenteiis vom weissen Nil. 
R'es. Swed. Zool. Exp. to Egypt and White Nile, 1901, No. 23A, pp. 1-170. 

Ogata, T. (1934). Note sur un nouveau trematode Cephalogonim'U8 japonicus parnsit.o 
int.estina.l de Ja tortue comestible I, Amyda Ja.ponica. Sc. Rep. ToktJO Bunrika. 
Daigaku., Section B, II (No. 30), pp. 45-53. 

Pande, B. P. (1932). On two new species of the genus Ccphalogon£mus Poirier, from 
froah-water tortoisos of Allahabad, with remarks on the family Cephalogonimi· 
dao Nicoll. BuU. Acad. Sci. Alla-habad, II, pp. 85-100. 

Poirier, M. J. (1886). Trematodes nouveau." au pou connlL'I. B-ull. Soc. ppilom. 
Paris, (7) t. X, pp. 20-40. 

Rudolphi, C. A. (1803). Neue Beobacht.ungen uber die Eingeweidewunner. Wie. 
demmann's Arch. Zool., III, 2, pp. 1-32. 

Sinha, .B. B. (1932). On the morphology and systematic position of Oephal.ogorlim'U8 
magnus, n.sp. (Trematoda.) from Trionyx gangPJ,icus. Ann. Ma.g. Nat-. JH8t., 
Ser. 10, X, pp. 419-428. 

---- \1~~4). t>n tfio morpfiology ani) sys'temat:w poS1tion o'i Oep)uitogo,ltmul:J 
magnus, n.sp. (Trematoda), from Trionyx f/(t.ngeticUB. (A correct-ion. Ann. 
"Mag. Nat. Hist., Ser. (10), X, pp. 419, 1932); Ann. Mag. Nat. Hist. (Ser· 10), 
XIII (75). 

Stafford, J. (1902). OephaJ.ogon.imm americanus (new species). Centralb. Bakt. 
und Parasit, Abth. I, XXXII, pp. 719-725. 

St.unka.rd, H. W. (1024). On some trematodes from Florida tw·tlos. Trans. flmer. 
ll1icr. Soe., XLIII, pp. 97-ll3. 

Whalton, A. C. (1938). The tremat.odes as parasites of Amphibin. List of paro·site!;l. 
OontrW. Biol. Lab. Knox College. LXI, pp. 64. 

84 



ON FIVE NEW TREMATODES OF THE GENUS ASTIOTREMA 
LOOSS, 1900, FRmi THE INTESTINE OF L!SSEMYS 
PUNC1'ATA PUNCTATA AND DISCUSSION ON THE 

SYNONYMITY OF TWO ALREADY KNOWN FORMS 

By N. K. Gur-u, M.Sc., PH.D., Lecturer in Zoology, Panjab University 
College, Hoshiarpur 

INTRODUCTION 

In this paper, five new trematodes, viz., Astiotrema nathi, A. h&hiar
purium, A. srivastavai, A. thapari and A. mattlmii have been described 
and their validity as new species to the science has been discussed. Two 
already known forms, namely, A. amydae Ogata (1938) and A. fooehowensis 
Tang (1941) have been considered synonymous with A. orientale Yamaguti 
(1937). 

The work was ca.rried out under the supervision of Dr: Vishwa Nath, 
in the department of Zoology, Panjab University College, Hoshiarpur. 
I am much indebted to Dr. H. D. Srivastava for his criticism and to Dewan 
Anand Kumar for his kind encouragement in this work. 

Genus Astiotrema Looss, 1900 

I..ooss in 1899 created the genus Astia for the species A. reniferurn 
(Distomum reniferum Looss, 1898) and A. impletum Looss, 1899. The 
former species was obtained by him in I 898 from the intestine of a turtle
Trionyx niloticar---and the latter in 1899 from the intestine of Tetredon 
fahaka. As the name Astia was found to be preoccupied, the same author, 
a year later, changed the name of the genus to Astiotrema. Stossich in 
1904 added another species to the genus-A. rnonticellii-from the intestine 
of Trop£donotu..s viperinus. The specimens on which the species \Vas based 
by Stossich h~d actually been collected by Montieelli (1891) who had 
wrongly referred them to Distomum siy711dum Dujardin (1845). Stossich 
(1904) also placed the parasite Di.stomum erinaceum Poirier (1886) under 
the genus Astiotrema. Odhner (l9ll) elaborated the description of the 
two species, namely, A. reniferum and. A. impletum and removed Distomum 
en:naceum from the genus A8t1~otrema. 

Ejsmont (1930) from Poland described A. emydis from the stomach 
and duodenum of Emys orbicularis. In 1931, Mehra gave the description 
of two species, viz., A. elongatwm from the intestine of 'l'rionyx gangetic1J.B 
and A. loossii from the intestine of Kachuga dhongoka. A year later, 

.. ,_ Harshey described A. gangetic'US from the intestine of Lissemys pundata 
punctala (Syn. Emyda granosa) at Allahabad. Thapar in 1933 gave the 
account of a new species A. indica from a tortoise Ohitra indica, and 
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Chatterji in the same year described A. spinosa from Ckm:as balraclms 
(Linnaeus, I 785). Bhalerao in 1936 found another new species to which 
he gave the name A. rami. lie also pointed out that the specimens which 
Odhner (1911) dealt with as A. reniferwm were actually not of A. renifmtm, 
but represented a new ·species to which he gave the name A. odhneri. 

Yamaguti in 1937 from japan obtained A. orientale from the intestine 
of Amyda japonica. From Irtdia again, Dayal in 1938 described A. dassia 
from the intestine of Clarias batrachus. In the same year from Polanfl, 
Modrzejewska redescribed A. emydis from Emys orbicularis. .Ogata in 
1938 from Japan gave the preliminary description of A. am.ydae and A. 
fukuii from the intestine of Am.yda m.aackii. His de.scription was without 
any illustration. Tang in 1941 !rom China added A. foochowen.,is from 
the intestine of a turtle Amyda tuberculata to the list of species of the genus. 

I have added five new species, namely, A. nathi, A. hoshiarpurium, A. 
srivasta.vai, A. thapa.ri and A. mattha.ii. 

SnrONYMITY OF SPECIES 

The species Ast·iotrema gangeticus Harshey (1932) has already been 
synonymized with A. loossii Mehra (1931) by Bhalerao (1936). The 
differences on the basis of which Harshey distinguishes A. gangef.icus from 
A. l.oossii ·a.re the presence of spines on the ventral surface, continuous 
vitelline foHicles, rounded .ovary and larger size of receptaculum seminis. 
Bhalerao (1036) points out that in his specimens of A. loossii the ovary and 
the receptaculum semirris are similar to that of A. gangeticus but the vi tel. 
laria are arranged in groups on one side, while on the other side they are 
contiguous except for a short distance towards the anterior side. He 
further points out that the presence of vitelline follicles in groups or other. 
wise is not a point of specific importance and the presence of spines on the 
ventral surface should not be taken as a character for separating the two 
species. Therefore, A. ga.-ngef.icu.s is regarded as a synonym of A. l.oossi( 

In discussing the validity of his new species A. amydae, Ogata (1938) 
points out that it resembles closely A. orienJ.ale but differs from it in the 
size of its eggs, I have compared both the species very carefully and I 
find that A. amydae is only a synonym of A. orienJ.ale. It resembles in the 
smaller size of the oral sucker as compared to the ventral sucker, in the 
shape of testes, the extensiort of intestinal caeca and the vitellaria. The 
minor difference in size of the eggs of the species should not be taken as of 
sufficient importance to warrant the sepa-ration of the two species. . I. 
therefore, rega~d A. arnJJdae as a syno~ym of A. orienJ.ale. . 

Tang in 1941 describes a new species A. foochowensis from the intestine 
of Amyda tuberculata in Foochow. From his discussion on the validity of 
A. foochoweusis, Tang does not seem to be aware of A. orientale Yamaguti, 
1937, 'l'lith which the former species resembles closely. A. joochowensi-11 
resembles A. orientale in the extent of intestinal caeca, the vitellaria, in 
having a smaller oral sucker and in the shape of the testes. Thus, in all 
essential features A. foochowensis and A. orientale are alike and should be 
regarded as synonymous. 
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Genus Astiotrema I,ooss; 1900 

DIAGNOSIS 

Plaglorchiidae Luhe, 1901, emend. Ward, 1917; Plagiorchlinae J,uhe, 
1901 emend. Pratt, 1902. Shape and size: elliptical or elongated, flattened 
dorso-ventrally with somewhat rounded anterior and posterior ends, size 
variable. Bodywall: spinous, spines more closely arranged in the anterior 
region. Suckers: oral sucker may be larger or smaller than, or equal to 
ventral sucker; ventral sucker in the first half of the body. Digestive 
system: prepharynx present or absent; pharynx always present; intestinal 
caeca terminate either at level with posterior testis or behind it or just in 
front of the posterior encl of the body. Reproductive system: testes round
ed, ovoid, entire, notched anteriorly or lobed, placed obliquely or tandem 
in position; cirrus sac conical, elongated with broad basal part extending 
up to the front or middle or posterior margin of ventral sucker or far behind 
it, anterior part is tubular curving round or overlapping partly the ventral 
sucker; vesicula seminaHs straight, thin-walled, confined basaily to cirrus 
sac; pars prostatica short; cirrus protrusible; ovary spherical or sub
spherical or kidney-shaped, or lobed or entire, pre-testicular, posterior to 
the ventral sucker, to the right if examined ventrally, left, if seen from 
dorsal side; receptaculum seminis always present; uterine coils form both 
descending and a.scending limbs passing between the testes; vitellaria 
arranged in groups or scattered along the lateral sides, the extent variable; 
genital pore median or slightly lateral to median line. Excretory system: 
Y-shaped. 

Host and Location . . 

Locality 
'l'ype Species 

Stomach and intestine of tortoises, snakes and 
fishes. 

India, Egypt, It.aly, Poland, Korea and Japan. 
Astiotrema. reniferum (Looss, 1898) Looss, 1900. 

Astiotrema nathi, n.sp. (Fig. l.) 

Host_. 
Location 
Locality 

Lissemy.') pundata punctata .. 
Intestine_ 
Hoshiarpur (India). 

Only two specimens of this species were obtained from the intestine 
of a tortoise, IA:ssernys punctata punctata, collected from one of the local 
ponds. 

The live worm is somewhat yellowish in appearance. The contracted 
worm is dorso-ventrally flexed. It is elliptical in shape with rounded 
anterior and posterior ends, the latter is broader than the former. Tbe 
worni measures 4·0S--.5·304 mm. in length and 0·85 mm. in maximum 
breadth across the middle region of the anterior testis. The body from 
the level of the oral sucker up to the anterior testis is studded with small 
spines. Some of these spines are directed sidewardly and others back
wardly. In the whole mounts these can be seen prominently on the lateral 
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Fm. I. Ventral view of Astiotrema nmhi, n.sp. 

O.s.--cirMIS sac; G.p.-genital pore; O.s.-oral sucker; Oes.-oosophagus; Ov.
ovary; Ph.-pharynx; R.s.-rooeptaculwn seminis; Sp.--spine; T1 .-anterior testis; 
T2.-posterior test.is; V.s.-ventral sucker; V.sem.-vesicula seminis; Vas.eff.-vas 
offerens; Vit-.-vitellaria. 

sides. They an> more closely arranged in the region of the oral sucker, 
but they b~come gradually sparse posteriorly. 

The oral sucker is at the anterior end and measures 0·225 mm. in 
breadth and 0·210 mm. in length. It is larger than the ventral sucker 
which measures 0·18 X 0·18 mm. The ventral sucker is situated at a dis
tance of 0·6.'5 mm. from the anterior end of the body. Just behind the 
oral sucker there is a short globular pharynx measuring 0·12x0·15 mm. 
There is no_ prepharynx. The oesophagus measuring 0·51-0-525 mm. in 
length and 0·045 mm. in width, is a long tubular structure arising from the 
base of the pharynx. At a distance of 0·195 mm. in front of the ventral 
sucker it forks into two intestinal caeca which run along the lateral sides 
of the body and terminate blindly in level with the hinder margin of the 
posterior testis. The right intestinal caecum is slightly shorter than the 
left. 

The male genital organs consist of two testes with irregular outlines 
and are placed obliquely in between the two intestinal caeca. The anterior 
testis measures 0·465-0·495 mm. in length anrl 0·345-0·375 mm. in maxi
mum breadth. It is slightly notched on its anterior side. The posterior 
testis measures 0·51-0·525 mm. in length and 0·39-0-465 mm. in breadth 
and is placed at a distance of 0-045-0·345 mm. from the anterior teRtia and 
0·969-l-394 mm. from the posterior end of the body. The two vasa 
efferentia, one from the notch of the anterior testis, the other from the 
anterior aspect of the posterior t.estis, ari'3e and unite to form a small vas 
deferens at the base of the cirrus sac. The cirrus sac is an elongated 
structure mea£uring 0·51-0-54 mm. in length and 0·225 mm. in maximum 
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breadth. It is median in position and extends posteriorly up to the level 
of the middle of the ovary. It encloses the vesicula seminalis, pars pro. 
statica, ejaculatory duct and the cirrus. The vesicula seminalis is large 
and fills the major portion of the cirrus sac. The pars prostatica is also 
an elongated structure surrounded by the prostate gland cells. It occupies 
the tubular region of the cirrus sac. The ejaculatory duct continues into 
the small cirrus. The male opening lies close to the female opening in the 
genital atrium in the space between the ventral sucker and the intestinal 
fork. 

The female genital organs consist of an ovary situated on the right 
side close to the right intestinal caecum. It is at a distance of 0·405-
0·6 mm. from the ventral sucker and measures 0·25-0·3 mm. in length and 
0·21-0·255 mm. in breadth. From its postero.lateral aspect arises the 
oviduct which, after a short course, receives the duct of the receptaculum 
seminis. The receptaculum seminis itself is like a thick u.shaped sac and 
is situated between the ovary and the anterior testis. The vitellaria are 
present in follicles along the lateral sides of the body. They are most.ly 
extra.caecal in position. The right vitellaria extends from the level of the 
anterior margin of the ovary or base of the cirrus sac to the posterior margin 
of the anterior testis, while the left vitellaria extends from the level of the 
middle of the cirrus sac to about the middle or posterior margin of the 
anterior testis. The vitelline follicles on both sides overlap one another 
and also cover a portion of the intestinal caeca. The two vitellme ducts 
unite mesially in front of the receptaculum seminis and form a yolk reser
voir, the duct from which opens into the ootype, which is a dilated part of 
the oviduct. and is surrounded by the Mehlis' gland cells. The 1\fehli•' 
gland complex is median in position. The uterus is full of eggs. It first 
proceeds towards the posterior side of the body, where it is so much coiled 
that it becomes difficult to make out the descending and ascending limbs. 
The metraterm runs along the male genital duct and opens into a shallow 
atrium situated in between the intestinal fork and the ventral sucker. 
The eggs measure 0·0238-0·034 x 0·0102-0·01 36 mm. 

RELATIONSHIPS 

In Astiotrema nathi, n.sp., the oral sucker is larger than the ventral 
sucker and in this respect it differs from all those species possessing larger 
ventral sucker, viz., A. loossii 1\fehra (1931), A. spinosa Cbatterji (1933) 
and A. orientale Yamaguti (1937) and also from species with suckers of the 
same size, i.e., A. indica Thapar (1933) and A. dassio_ Dayal (1938). The 
new species can be distinguished from the undermentioned species in which 
the oral sucker is larger than the ventral sucker by the position of the latter 
in A. montice/lii Stossich (1904), in equal sized testes and ovary in A. 
emydi8 Ejsmont (1930), m different extent of intestinal caeca and vitellaria 
in A. ekmgatum M:ehra (1931) and A. rami Bhalerao (1936). 

A. nathi can be separated from A. reniferum (Looss, 1899) by the 
shape of testes and extension of vitellaria in the latter. In the position 
of genital pore which is in front of intestinal fork and in the extension of 
vitellaria from the middle of oesophagus to the middle of anterior testis, 
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A. impletum (Looss, 1899) differs from the new species. A. nathi differs 
from A. odhneri (Odhner, 1911) Bhalerao (1936) in which the testes are 
lobed and from A. fuknii Ogata (1938) in the position of the testes. 

Astiotrema hoshiarpurlum, n.sp. (Fig. 2.) 

Host . . Lissemys punctata punctata. 
Location Intestine. 
Locality Hoshiarpur (India). 

Only two specimens of Astiotrema hoshiarpurium, n.sp. were got from 
the intestine of a tortoise caught from one of the streams at Hoshiarpur. 
The parasite ia elongated in shape with the anterior end more broadly 
rounded than the posterior end. In one of the specimens there is a slight 
protuberance at the anterior extremity. The body is 3·24-4·88 mm. in 

FIG. 2. Dorsal view of Astiot.rema hoshiarpurium, n. sp. 
G.p.-genital pore; Jnt.c.-intcstinal caocum; O.s,---oral sucker; Oes.--oesopha· 

gus; Ov.-ovary; Ph.-pharynx; R.s.-receptaculwn seminis; T 1 .-a.nterior testis; 
T 2.-post.erior testis; Ut.-uterus; V.s.-ventrn.l sucker; Vit.-vitella.ria.. 

length and 1·32-1·40 mm. in its maximum breadth round the region just 
in front of the anterior testis. The cuticle is covered with smaH spines 
arranged in transverse rows. The rows of spines are more closely set 
towards the anterior end as compared tc tho posterior end. They can be 
best seen in the living specimens. 

The subterminal oral sucker measures 0·238-0·255 mm. in length and 
0·204-0·289 rom. in breadth and is larger than the ventral sucker which 
mea£ures 0·204-0·238 mm. long and 0·187-0·255 mm. broad. The ventral 
sucker is situated at a distance of O·ll9-0·321 mm. from the intestinal 
fork. The prepha.rynx is absent. The globular pharynx measures 0·06S-
0·085x0·136-0·170 mm.· The small oesophagus forks at a distance of 
0·119-0·321 mm. from the ventra.! sucker intc two intestinal caeca which 
terminate a little behind the posterior testis. 



The two testes may be slightly or deeply notched on their anteriQr 
margins, and are placed obliquely in the inter-caecal region at 0-051-0-238 
mm. wide apart. The anterior testis measures 0·374-0·527 X 0-493-0·7{8 
mm. and the posterior testis 0·408-0·595 X 0·476-0·965 mm. The cirnls 
sac js la.rge and more or less semiluna.r, curving round the ventral sucker. 
It measures 0·561-0·935 mm. in length a.nd 0·153 rum. in its maximum 
breadth. 1t is situated to the right of the ventral sucker. The genitn] 
pore is just in front of the ventral sucker slightly to the left of the medi~n 
line. 

The ovary is almost spherical measuring 0·204-0·289 mm. long and 
0·238-0·323 rum. broad, placed in front of the testes to the right of the 
median line. The oviduct arises from its left lateral aspect. The Mehlis' 
gland complex is situated to the left of the ovary. The uterine coils pass 
between the two testes filling the post-testicular region. The metratenn 
overlaps the ventral sucker and opens into the genital atrium. The uterine 
coils are filled with ova which are 0·030-0·032 mm. in length and 0·008-
0·012 mm. in maximum breadth. 

The vitelline glands are confined to the lateral sides of the body cortJ.. 
mencing either at the level of the intestinal fork or half-way between it 
and the ventral sucker to the middle or posterior margin of the post;,riQr 
testis overJa,pping the intestinal caeca at some places. 

RELATIONSHJPS 

In having the oral sucker larger than the ventral sucker, Astiotrema 
.htts.bio:r.pl!.'Y'h!m'f D ...... op~1 rf' ... qp.ll) bles A~ impll'J.um,. A r J'f'YJ.J/t.rll ... W)- A r JYJD.niJ"ulHi, 
A. emydis, A. ekmgalum, A. odhneri, A. fukuii and A. nat/<1:, and diffets 
from A. loossii, A. spinosa n.nd A. orientale in which oral sucker is smalh~r 
than ventral sucker and from A. indica and A. da;;sia in which both the 
suckers are of the same size. 

The new species differs from A. impletum in the position of the genitol 
pore which lies in front of intestinal bifurcation in the latter and from 4. 
monhcellii in which the ventral sucker is cephalad to the intestinal bifurc,,. 
tion. A. ho.,hiarpurium can be separated from A. emydis in which the 
testes and ovary are of equal size and the vitelline follicles confluer1t 
medially anterior to the ventral sucker. and from A. odhneri, A. jukuii and 
A. rwlhi in the extent of intestinal caeca and of the vitellaria ancl in the 
shape of its testes. In the extent of int<>stinal caeca, the new speci"s 
resembles A. renijerum, A. elongatum and A. rami, but it stands apa:~:t 

from them in the shape of testes and the extent of vi tell aria. 

Host .. 
Location 
Locality 

Astiotrema srivastavai, n.sp. (Fig. 3.) 

Lissemys punctafa puncfato. 
Intestine. 
Hoshiarpur (India). 

A single s1ightly mature specimen of AsMotrema 8rivastavai was 
obtained from the intestine of a tortoise examined at Hoshiarpur. It is a 
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FIG. 3. Dorsal view of Astiotrema srivastava£, n.sp. 

G.s.---cirrus sac; G.p.-genita.l pore; lnt.c.~intestinal caecum; M.gl.~Mehlis' 
gland complex; O.s.---oral sucker; Oes.--oesophagus; Ov.-ovary; Ph.-phar.vnx; 
R.s.-rcceptaculum seminis; T1.-anterio'r testis; T2.-posterior testis; V.R.-v~ntral 
sucker; Vit.-Vitelluria. 

small elliptical worm measuring 1·64 mm. in length and 0·64 mm. in maxi
mum breadth across the region of intestinal fork. The cuticle is cot'ered 
with small backwardly directed spines. The subterminal oral sticker 
measuring 0·102 mm. in length and 0·153 mm. in breadth is smaller than 
the ventral sucker which measures 0·17x0·17 mm. and is situated at a 
distance of 0·153 mm. from the intestinal fork. The prepharynx is absent. 
The pharynx is globular, 0·06 X 0·112 mm. in dimensions. The oesop]}agus 
is 0·221 mm. long, bifurcating 0·153 mm. in front of the ventral sucker. 
The right intestinal caecum terminates in the first half and the left ill the 
the second half of the posterior testis but not extending beyond it. 

The two testes are present in the second half of the body. rheir 
anterior margins are notched. The anterior testis is 0·272 mm. long, 
0·357 mm. broad, while the posterior testis measures 0·255 mm. in length 
and 0·272 mm. in breadth. The cirrus sac is large, curved and extends 
along the left margin of the ventral sucker. Posteriorly it extends tiP to 
the antero-lateral margin of the ovary. The genita.\ pore is median just 
in front of the ventral sucker. 

The spherical ovary measuring 0·119xO·ll9 mm. is situated close to 
the right intestinal caecum in the anterior region of the second half of the 
body. The Mehlis' gland complex is placed to the left of the ovary .. The 
receptaculum seminis is small situated transversely behind the Mehlis' 
gland complex and inner half of the ovary. 
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The vitelline glands consist of small follicles confined to the lateral 

sides, extending from· the genital pore to the posterior margin of the 
anterior testis. Eggs are few and measure 0·024 X 0·008 mm. 

RELATIO"SHIPS 

The specimen described above differs from all the species of the genus 
Asf.iot.rema in which the oral sucker is either equal to or larger than the 
ventral sucker. Therefore, in respect of the size of the oral sucker as 
compared with that of the ventral sucker, it resembles A.loossii, A. spinosa 
and A. orientale. 

The extent of intestinal caeca, lobed condition of the test.es, kidney
shaped ovary, the extent of vitellaria, different size of its eggs separate 
A. wossii from the new species-A. 8rit•qstavai. In A. spinosa the 
intestinal caeca extend behind the posterior testis, the slightly lobed testes 
are tandem in position, the vitellaria extend from the posterior margin of 
the ventral sucker to the anterior or hinder margin of the posterior teatis 
and the size of the eggs, which distinguish it from the new species. The 
extent of vitellaria, the shape of testes and ovary in A. mentale separate 
it from the new species. 

Pending a study of fully mature forms, this parasite is assigned 
tentatively to a new species on account of the length of its intestinal caeca, 
the equatorial position of the ovary and the location of the !.estes in the 
posterior half of the body. 

Host .. 
Location 
Locality 

Astiotrema thapari, n.sp. (Fig. 4.) 

lfissemys pu.nclata pu.nctata. 
Intestine. 
Hoshiarpur (India). 

Only one specimen of this parasite was found in the intestine of a 
tortoise caught in a stream in Hoshiarpur. It is an elongated flat worm, 
with rounded anterior and posterior ends. It is 9 mm. long and 2·28 mm. 
broad just in front of the anterior testis. The cuticle is spinous, the spines 
being small. The niouth is subterminal or terminal and lies in the centre 
of the oral sucker, which measures 0·408 mm. in length and 0·425 mm. in 
breadth. Prepharynx is absent. The globular pharynx 0·238 X 0·289 
mm. in size, is next to the oral sucker. The oesophagus is small, bent in 
the whole mount probably due to the contraction. It is 0·473 mm. in 
length. It forks at a distance of 0·765 mm. in front of the ventral sucker 
into two intestinal caeca which terminate behind the posterior testis. The 
ventral sucker, measuring 0·408 x 0·425 mm., lies at a distance of 0·765 
mm. from the intestinal fork, and is equal to the oral sucker. 

The two testes are irregular in outline and are placed obliquely in the 
inter-caecal zone. The an'terior testis is 0·952 mm. long and 1·037 mm. 
broad, lying close to the left intestinal caecum. The posterior testis is 
slightly larger than the anterior testis and is separated by a distance of 
1·037 mm. from the latter. It is 1·071 mm. long and l-105 mm. broad 
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FIG, 4. Ventral ~ew of Aatiotrema thapari, n.sp. 

G.p.-genital pore;· Int.c.-intestinal caecum"; O.s.--oral sucker; Oes.--oesopha· 
gua; Ov.--ovary; Ph.-pharyn.x; R.s.-recepto.culum seminis; T1 .---anterior testis; 
T2.-posterior testis; Ut.-uterus; V . .f1.-ventra1 sucker; Vas.ej.-vas efferens; Vit.
vitellaria.. 

and lies near the right intestinal caecum. The vas efferens arises from the 
anterior pointed aspect of each testis. The cirrus sac is about 1·28 mm. 
long and 0-40 mm. in its maximum breadth. It is placed obliquely in 
between the ovary and the ventral sucker, extending from the level of the 
middle of the ovary up to slightly in front of the anterior margin of the 
ventral sucker. During its course it partly overlaps the ventral sucker. 
The genital pore lies just in front of the ventral sucker. 

The ovary is spherical measuring 0·544X0·595 mm. It is placed to 
the right of the median line close to the right inte9tinal caecum. The 
Mehlis' gland complex is to the left of the ovary. The receptaculum 
seminis, 0·765 X 0·357 mm. in size, lies behind the ovary. The vitellaria. 
consist of small follicles and are confined to the lateral sides extending 
from the level of half-way between the intestinal fork and ventral sucker 
to the middle of the posterior testis. Eggs measure 0·028...{)·032 X 0·008-
0·012mm. 

RELATIONSHIPS 

In Astiotrema thapari, n.sp., the oral sucker is equal to the ventral 
sncker. Therefore, it stands apart from all the species in which oral sucker 
is either larger or smaller than the ventral sucker. In the relation of oral 
sucker with the ventral sucker, the new species A. thapari resembles A. 
indica. and A. dassia, but it differs from them m the shape of testes, the 
ovary and in the extent of the vitellaria. In the new species the cirrus 
sac and the ovary are on -the same side. 
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Host .. 
l-ocation 
Locality 

Astiotrema matthaii n.sp. (Fig. 5.) 

Lissemys punctata punctata. 
Intestine. 
Hoshiarpur (India). 

The worm is elliptical with broader anterior end and narrower post<Jrior 
end. It measures 1·64 mm. in length and 0·84 mm. in maximum bre~dth, 
which is across the intestinal fork. The body is co>ered with minute 
backwardly directed spines. In the anterior region of the body these 
spines are prominent and are arranged closely, whereas in the posterior 
region they are absent. 

The mouth is subterminal in position, at the anterior end of the ]!ody. 
It is surrounded by the oral sucker which measures 0·172 mm. in length 

FIG. 5. Dorsal view of Astiotrema maUhaii, n.sp. 
O.s.-cirru.s si\C; G.p.-genital pore; O.s.-oral sucker; Ov.-ovary; ?h.

pharynx; R.s.-rcceptaculum aeminis; ,T1.-anterior testis; T2.-posterior testis; 
V.s.-ventra.l sucker; Vit.-Vitello.ria. 

and 0·228 mm. in breadth. The mouth opens into the pharynx which is 
globular and measures 0·052 X 0·108 mm., there being no prepharynx. 
The pharynx is followed by a small oesophagus which is 0·034 mm. long. 
The intestinal bifurcation lies in front of the ventral sucker. The two 
intestinal caeca run along the lateral sides of the body and terminate ~t the 
level of the posterior testis. The right intestinal caecum ends in level 
with the second half and the left in the first half of the posterior testis· 

The male genitalia consist of two testes, which a.re entire in their 
outlines and are placed obliquely in the inter-CS<Jcal region. Each testis 
is almost flat anteriorly and convex posteriorly. The anterior testis mea
sures 0·224 mm. in length and 0·38 mm. in breadth and lies close to the 
left intestinal caecum. The posterior testis measures 0·192xO·a83 mm. 
and lies close to the right intestinal caecum. The cirrus sac is an elon~ated 
structure measuring 0·469 mm. in length and 0·112 mm. in maxrnium 
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breadth and is placed transversely behind the ventral sucker. It curves 
round its right side to open at the genital pore which lies in between the 
intestinal bifurcation and the ventral sucker. The vesicula seminalis fills 
the three. fourths of the cirrus sac. The pars prostatica is small. 

The female genital organs consist of the ovary, which is transversely 
elongated and is placed right to the median line in front of the testes. It 
mea~ures 0·119 mm. in length and 0·204 mm. in breadth. The Mehlis' 
gland complex lies to the left of the ovary. The receptaculum seminis 
is like a small bag placed mesially at the equatorial line in front of the 
anterior testis. It is 0·128 mm. in length and 0·240 mm. in breadth. The 
terminal portion of the uterus lies on ihe opposite side of the ventral sucker 
round which the cirrus sac passes. The vitelline follicles are scattered 
along the lateral sides of the body. They extend from the level of the 
ventral sucker to the middle of the posterior testis. The eggs arc 0·020-
0·030 X 0·008 mm. in size. The species has been named after the late 
Dr. George Matthai, my old Professor at Government College, Lahore. 

RELATIONSHIPS 

In having a larger oral sucker as compared to the ventral sucker, the 
new species described above is different from those species in which the 
oral sucker is either equal to or smaller than the ventral sucker. Amongst 
the species with the oral sucker larger than the ventral sucker, the new 
species resembles A. odhneri, A. fukuii and A. 'fUithi in the extent of the 
intestinal caeca., the position of the genital pore and of the ventral sucker. 
Rut it differs from them in having testes of different shape, the transversely 
elongated ovary and the cirrus sac placed transversely behind the ventral 
sucker. It differs from A. fukuU in the position of the testes and from · 
A. nathi in having a smaller oesophagus and in the extent of the vitellaria. 

A key to the identification of all the valid species of the genus A•tio
trema J,ooss (1900) based on the undermentioned characters has been 
prepared. 
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I. Size of suckers. 
2. Position of ventral sucker. 
3. Length of oesophagus. 
4. Length of intestinal caeca. 
5. Position of genital pore. 
6. Shape and arrangement of testes. 
7. Cirrus sac. 
8. Shape of ovary. 
9. Extent of vitellaria. 

KEY TO THE SPECIES OF THE GENUS ASTIOTREMA J..OOSS, 1900 

Oral sucker larger than ventral 
sucker.. A. 

Oral sucker smaller than ventral 
sucker . . B. 

Oral sucker equal t,o ventral sucker C. 



A. Ventral sucker in front of intestinal 
bifurcation A. rru:mticellii Stossich, 1904. 

Ventral sucker behind the in-
testinal bifurcation l. 

l. Genital pore in front of the in
testinal bifurcation 

Genital pore behind the intestinal 

A. impletum (Looss, 1899) 
Looss, 1900. 

bifurcation 2. 

2. Intestinal caeca short, terminate 
at level of the caudal margin of 
posterior testis 3. 

Intestinal caeca longer, terminate 
behind the posterior testis 4. 

3. Testes with entire margins 

Testes lobed; vite!laria extending 
from the level of ventral sucker 
or cephalad to it up to the 
posterior margin of posterior 
testis 

3a. Testes tandem in position, spheri· 

3a. 

A. odhneri (Odhner, 1911) 
Bhalerao, 1936. 

cal or elliptical A. fulcuii Ogata, 1938. 

Testes obliquely placed 

3a1• Testes oval, anterior testis slightly 
notched on its anterior aspect; 
oesophagus long; ovary spheri· 
cal; vi tell aria extend from level 
of ovary or a little in front of it, 
but not reaching the ventral 
sucker, up to the posterior mar-

3a1• 

gin of anterior testis A. nathi, n.sp. 

Testes transversely elongated, 
oesophagus short; ovary also 
transversely elongated ; vitel
laria from the level of ventral 
sucker to the middle of posterior 
testis A. matthaii, n.sp. 

4. Vitelline follicles co;,_fluent medial-
ly to ventral sucker: testes and 
ovary of the same size A. emydi!l Ejsmont, 1930. 

Vitelline follicles not confluent 
medially; testes distinctly larger 
than ovary 4a. 

97 



98 

4a. Vitellaria extend cephalad from 
ventral sucker but not anterior 
to intestinal bifurcation 4a1. 

Vitellaria do not extend cephalad 
to ventral sucker . . 4a,. 

4a1. Testes with margins irregular. not 
deeply notched A. elongatum Mehra, 1931.. 

Testes deeply notched from an-
terior aspects only A. lwshiarpurium, n.sp. 

4,;. Testes spherical or irregular; cirrus 
sac and uterus on the opposite 
sides of the ventral sucker A. rami Bhalerao, 1936. 

Testes broader than long; cirrus 
sac and terminal portion of the 
uterus on one side of ventral 
sucker; ovary near the middle 
of body 

B. Intestinal caeca terminate behind 

A. reniferum (Looss, 1898) 
Looss, 1900. 

the posterior testis B1• 

Intestinal caeca terminate near the 
level of caudal margin of poste-
rior testis B2 . 

B1. Testes deeply lobed, ovary 
kidney-shaped; vitellaria extend 
to or beyond tbe posterior testis 

Testes rounded, margins smooth, 
ovary rounded; viteUaria extend 
from posterior margin of ventral 

A. loossii Mehra, 1931. 
Syn. A. gangeticus Har
shey, 1932. 

sucker to area between testes . . A. spinosa Chatterji, 1933. 

B2 . Testes with entire margins, vitel
laria extend from tbe level of 
ventral sucker or slightly behind 
it to near the ends of intestinal 
caeca .. 

Testes notched on their antericrr 
aspects, caudad in position; 
ovary near the equatorial line 
of the body; vitellaria extend 
from the level of genital pore to 
the hinder margin of anterior 
testis 

A.orientaleYamaguti; 1937. 
Syn. A. amydo£ Ogata, 
1938. A . .fooChouiensia 
Tang, 1941. 

A. sriva.stavai, n.sp. 



C. Testes tandem in position, slightly 
lobed on all sides; ovary oval; 
vitellaria extend from ventral 
sucker to the hinder margin of 
posterior testis A. dassia Dayal, 1938. 

Testes obliquely placed C1. 

C1• Testes lobed, wider than long; 
ovary with posterior margin 
deeply indented; vitellaria ex
tending from the level of ventral 
sucker to the anterior end of 
posterior testis A. indica Thapar, 1933. 

Testes not lobed, irregular in shaps, 
ovary spherical; vitel1aria ex
tending from the pre-acetabular 
region, i.e., between the intes
tinal bifurcation and ventral 
sucker to the middle of posterior 
testis A. tlwpari, n.sp. 
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TAXONOMIC VALUES OF CHROMOSOMES AND CYTOPLASMIC 
INCLUSIONS IN A DIGENETIC TREMATODF~ 

PHYLLODJSTOMUM SPATULA 

By OM PARKASH DRINGRA, Late Research Scholar, Department of Zoology, 
Panjab University, Ho8hiarpur 

INTRODUCTION 

Though the complicated life cycle of the digenetic trematodes has 
been engaging the attention of many workers, a comprehensive study of 
germ cells in the adults has for long been neglected. The first satisfactory 
account of the germ cells was given by Dingler (1910), but since then for 
about twenty years the workers have been interested in the maturation 
phenomena of the germ cells alone. The accounts of chromosomes have 
been meagre and accidental. During the last decade, however, develop
ment of the germ cells has been reported in a dozen species, and the 
chromosome number has been recorded in nearly 50 species. The-Re 
observations form a very small percentage of the total number of recorded 
species in this parasitic group of trematodes. Further cytological observa
tions are also required for establishing valid basis of relationship within 
the groups of Platyhelminthes, as has been stressed by White (1940), Jones 
(1945) and Britt (1947). 

The role of cytomorphological characters other than the chromosomes 
has not been stressed in establishing close relationship of the allied 
members. It may be stated that the cytological investigations in Pro
bolitrema californiense (Markell, 1943) and Gorgoderina mtenuata (Willey 
and Koulish, 1950), which belong to the same family Gorgoderidae, show 
some common characteristics in so far as the behaviour of cytoplasmic 
inclusions in the oocytes is concerned. In view of these existing cyto
logical resemblances in two different genera of the same family, it was felt 
that similar observations on some other genera of this family might well 
establish the cytological characteristics of this family. The hope was well 
realized. It was discovered that the spermatogonia in Phyllodistomum 
spatula also lie irregularly in patches along the peripheral border, and they 
are not easily distinguished from one another or the primordial germ cells, 
as reported in the other two genera. Similarly a large amount of food 
material appears and develops in the oocytes, as it does in the species of 
Probolitrema (Markell, 1943), and Gorgoderina (Willey and Koulish, 1950). 
These indicated trends of similar behaviour show how the characters 
described by Markell and Willey and Koulish can be considered as family 
characters. 

In the present account an attempt has also been made to describe tile 
process of spermatogenesis with special reference to the behaviour of tile 
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chromosomes and the cytoplasmic inclusions of the· oocytes, which have 
been interpreted ~s reserve food material. 

Flve specimens of the adult. PhyUorlistomum spatula were obtained 
from the urinary bladder of a freshwater fish, Ophiocephalus pundatus and 
fixed in Bouin 's fluid for 24 hours. Sections were cut 8 microns thick and 
were stained with 0-5% iron haematoxylin. 
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OBSERVATIONS 

The trematodes are characterized by the possession of a leaf-like body 
with a discoidal posterior region, sh:arply set off from th:e anterior stalk-like 
part by a groove. They range from 2·7 mm. to 4·0 mm. in length. There 
is a pair of testes lying almost symmetrically, and a single ovary, which is 
entire. Th:e testes lie just behind the ventral sucker, and the single ovary, 
which is postero-lateral to the ventral sucker, lies just in front of the left 
testis. The testes measure about 0·35 mm. in diameter, and the ovary 
nearly 0·25 mm. 

Chromosomes 

The chromosomes are highly pycnotic in the spermatogonial divisions. 
Full diploid number was seen only in a few gonia! metaphases. Out of the 
16 diploid chromosomes, there are four pairs of large chromosomes varying 
from 2·5 p. to 4·5 p. in length, and the other four pairs are small ones, not 
exceeding '1·5 p. each. The largest pair, which is ah:nost 4·5 /', has unequal 
arms with a submedian attachment constriction. The second in length 
is a straight one, about 3·5 I'· The third pair is J-shaped, nearly 2·5 p., 
and the fourth one, which also measures 2·5 I'· is V-shaped with a median 
attachment constriction. In meiosis I of the male germ cells, 8 haploid 
chromosomes were very oft.en seen. The same number was also seen in 
the meiosis II of the spermatocytes, In the oocyte divisions also the 
chromosome number has been determined. The cleavage divisions were, 
however, not observed. 

Spermatogenesis 

The gross morphology of the testes indicated that the primordiiLI germ 
cells together with the spermatogonia lie peripherally, and the spermato
·cytes together with the spermatids lie centrally. The primordial germ 
cells and the spermatogonia are seen to lie in irregularly scattered patches. 
Sometimes they are seen to extend towards the interior of the testes (Pl. I, 
Fig. l). These cells are very often closely packed together, and their 
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individual boundn.ries caunot be easily observed. Each cell has a 
characteristic nuoleolus. It is rather difficult to distinguish the spermato
gonia from the primordial germ cells. The primary, secondary and 
tertiary spermatogonia occur haphazardly "ithin the groups of such cells, 
and are not- easily distinguishable from each other eJ<cept when in meta
phase. The size of these cells varies from 6 p. to 8 p. in diameter. Judged 
from the mctaphru.e•, the pYim>wy speTillo,togoni" are the l>ngest. In the 
metaphase plate the chromosomes arc often clumped together, hut in one 
instance full diploid number (16) has been counted (Pl. I, Fig. 2). The 
spindle and the centrosomes are, however, seen in the side view (Pl. I, 
Fig. 3). The centrosomes may not be very often seen, as they are very 
minute. During anaphase the chromosomes split up into identiMl sets 
and are drawn towards the respective poles (Pl. I, Fig. 4). The secondary 
1\nd tertiary spermatogonia during metaphases hardly show any recogniz. 
able difference in size. Their chromosomes are also pycnotic, but appear 
slightly thicker. In a few instances of these cells the diploid number of 
chromosomes (16) has, however, been observed (Pl. I, Figs. 5 and 6). 

The tertiary spermatogonia on division result in the formation of a 
group of 8 cells, which enlarge to become the primary spermatocytes. 
The primary spermatocytes arc met with in any part of the lumen of the 
testis. They show distinct outlines of cell boundaries, and measure from 
lO p. to 12 r in diameter. The nucleus of the primary spermatocyte does 
not show any distinct nucleolus. An indistinct nucleolus may, however, 
be seen in a few cells (Pl. I, Fig. 7). The resting stage is organized into the 
leptotene threads, when long threads become visible, but their course is 
not easily determined (Pl." I, Fig. 8]. Tn the following zygotene stage the 
process of pairing starts and the chromosomes appear ·as double threads. 
During this stage the threads are seen to lie in different directions (Pl. I, 
]cig. 9). In the subsequent pachyt.ene stage the bivalent chromosomes ~tre 
seen to form loops with their ends directed towards one side (Pl. I, Fig. 10). 
This stage has, however, not been observed frequently. The bivalents 
then open out slightly, but are still held together at the chiasmata. They 
lose their orientation and thus form the ruplotenc stage (Pl. I, Fig. 11). 
The chrqmosomes still retain their woolly appearance. The condensation 
of the chromosomes continues and they spread out in the nucleus, thus 
reaching the diakinesis stage (Pl. I, Fig. 12). A little later the chromo
somes assume a smooth contour, and typical tetrads are seen (Pl. I, Fig. 
13). The mwlear wall then breaks down, and the end of prophase is 
reached, when the bivalent chromosomes a.re set free in the cytop]asm. 
By this time the chromosomes have condensed further and their tetrad 
natu.re is apparently lost to view. In the polar view of the metaphase 
plates the haploid number of chromosomes (8) is distinctly seen (Pl. I, 
Figs. 14 and 15). When the chromosomes are arranged on the spindle, 
they start segregating and moving towards the poles simultaneously. In 
the late anaphase stage, however, two chromatic bridges are often seen, 
which inrucate the late segregation of two tetrads (Pl. I, Fig. li\). 
Centrioles and spindles are occasionally met with at this stage. As the 
chromosomes reach the telophase stage, cytoplasmic cleavages appear and 
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gradually extend inward to form a cluster of 16 cell.:-the secondary 
sperm1>tocytes (Pl. I, Fig. 17). The chromatin mass of each cell is re
organized into a resting nucleus, which does not show any nucleolus. 

The secondary spermatocytes of a cluster undergo simultaneous 
division. On reaching the end of the prophase stage, the haploid chromo
somes (8) form the metaphase plate (PI. I, Fig. 18). These chromosomes 
are shorter than those seen in meiosis I. The chromosomes then divide 
simultaneously, and are drawn towards the poles (Pl. I, Fig. 19). At the 
telopha~e stage the division of the secondary spermatocyte cluster is 
effected in the manner of primary spermatocyte cluster (Pl. I, Fig. 20). 
As the division is completed a cluster of 32 cells, the spermatids, is formed, 
and this brings us to the end of tl1e meiotic behaviour of the chromosomes 
(Pl. I, Fig. 21 ). 

Sufficient stages have not been observed to make a critical analysis of 
the process of spermateleosis. The rounded nuclei of the spermatids 
become elongated and pointe.d towards the outer free border. The nuclei 
at this stage are seen to have a weak staining capacity (Pl. II, Fig. 22). 
The ripe sperms are thread-like, .and stain uniformly throughout their 
length (Pl. II, Fig. 23). 

Ooge'Ml!is 

The single ovary lies anterior to the left testis and measures about 
0·22 rom. in diameter. The oogonia occur close to the peripheral region 
and measure about 8 I' to 9 f' (Pl. II, Fig. 24). The division stages of the 
oogonia have not been found in any of the sections. 

The oocytes lie inner to the peripheral zone of the oogonia and occupy 
almost the entire ovary. They measure .about 15 f' to begin with, but 
attain a maximum size of 25 f'· The young oocytes soon begin to undergo 
nuclear changes. The resting stage is organized to form a leptotene stage, 
when their threads are visible (Pl. II, Fig. 25). During syna,psis, some of 
the threads appear thick (Pl. II, Fig. 26), and as the pairing is completed 
the chromosomal threads are orientated towards one side of the nucleus 
(Pl. II, Fig. 27). The nucleus then enters a diffuse stage, when it is 
apparently comparable with the presynaptic resting stage (Pl. II, ;Fig. 28). 
It can, however, be distinguished by the presence of a well.developed darkly 
staining nucleolus and the larger size of the oocyte itself. As the growth 
of the oocyte proceeds, one or two darkly staining masses appear in the 
cytoplasm (Pl. II, Fig. 2~). With the further growth of the oocyte, the 
cytoplasmic bodies also increase in size, and they unite to form one mass, 
·Which continues growing (Pl. II, Fig. 30). When the oocyte attains its 
maximum size, it leaves the ovary anrl enters the fertilization or the ovarian 
space. Here the vitelline cells are poured, and the sperms move.' A' 
single sperm enters the oocyte and lies in a coiled condition in the cyto
plasm. The cytoplasmic mass of the oocyte has by now attained its 
maximum size (Pl. II, Figs. Sl and 32). The vitelline cells, which are 
char:wterized by the presence of a large number of chromatic granules in 
their nuclei, are applied to the sides of the oocyte and secrete the shell 
membrane, which surrounds the ?ocyte. Some of the vitelline. cells are 
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stored inside the shell in the form of small granules, which nourish the egg 
at later stages of development. The activities of the oocyte to fonu the 
polar bodies are set in at this stage.. Thick threads appear from the diffuse 
stage of the oocyte nucleus, which are converted into a haploid numher of 
chromosomes (Pl. II, Fig. 33). The chromosomes very often appear as an 
agglutinated mass or masses and thus their number is not countable (l>J. II, 
Fig. 34). The sperm at this stage is seen to lie on one side of the configura. 
tion division. The cytoplasmic mass is also seen as a well.deve]oped 
structure. On division, the first polar body is formed as a chromatic mass, 
which is subsequently set off from the mother oocyte (Pl. II, Figs. 31; and 
36). The stages of t.he 2nd meiotic divisions have, however, not been 
tmced. In the two. celled stage-the cytoplasmic mass is still present as a 
rounded globular mass, lying freely in the nutritive material. The polar 
bodies seem to have been absorbed by now, as they are not seen (Pl. II, 
Fig. 37). In the three.ce\led stage the cytoplasmic mass is found to have 
degenerated (Pl. II, Fig. 38), and in the four·celled stage it completely 
disappears from view (Pl. II, Fig. 39). 

Some of the oocytes in the ovarian space have been observ~d to 
degenerate. The degeneration starts with the extrusion of chromatin 
granules from the nucleus, and gradually the size of the cell decreases. 
The nuclear membrane becomes indistinct and only the chromatic granules 
are visible in the cell, which ultimately are absorbed probably for nourish· 
ment (Pl. II, Figs. 40-43). 

DISCUSSION 

The observations on spermatogenesis suggest a great similarity ~f the 
general trends, as ha-,;"e been observed by a number of previous work~rs in 
t.he digenetic trematodes, regarding the organization of the germ cells. 
Three spermatogonial divisions and two subsequent meiotic divisions 
result in the formation of a cluster of 32 spermatids. Variations have, 
however, been reported in the present study, which can be describ<,d "" 
family characters. The spermatogonia occur irregularly along the peri
phery in patches. They are not distinguishable either from each other or 
from the primordial germ cells. The primordial germ cells and the sper. 
matogonia are characterized by the presence of one nucleolus each, and 
except for a slight difference of size show no cytomorphological character 
to differentiate them. The spermatogonia among themselves show no 
appreciable size differences and thus in the resting stage cannot be •-asily 
distinguished from each other. Markell (1943) in Prol>olitrema californie"Me 
and Willey and Kouli.sh (1950) in Gorgoderina attenuata also observed that 
the primordial germ cells are irregularly distributed in closely clumped 
groups and lie peripherally, and the spermatogonia, which are somewhat 
larger, appear among the primordial germ cells, but are not ~asily 

distinguishable from them. They further noticed that the priluary, 
secondary and tertiary spermatogonia are irregularly arranged and they 
cannot be easily distinguished from each other. The similar behaViour 
of the primordial germ cells and the spermatogonia in three different g"-nera 
of the family Gorgoikridae can be described as a characteristic of this family. 
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Another cytological feature common to Probolitre= californiense 
(Markell, 1943), Gorgoderiru1 attenwzta (Willey and Koulish, 1950) and 
Phyllodi~tomum spatula is the appearanc.e of large globular masses and 
their subsequent growth in the primary oocytes. i:t appea.rs very prob~tble 
that this character is at the family rank. Although such bodies have also 
been observed in some other trematodes, they are not so large as found 
in this family. Schuhmann (1905) and Schellenberg (19ll) in Fasciola 
hepatica and Anderson (1935) in ProteroW!tra observed granules in the 
oocytes and interpreted them as the degenerated oogonial cells, ingested by 
the normal oocytes. Pennypacker (1940) also observed small granules in 
the developing oocytes of a frog lung fluke, whose nature was not clear to 
him. I have observed similar bodies in another digenetic trematode, but 
they were not so large as found in Phyllodistomum spatula. 

The importance of cytomorphological characters, other thRn the 
chromosomes, in taxonomy have also been recorded in other groups of 
anhnals. Nath (1942) in his work on the sperm of Decapod Crust<tcen 
built up an evolutionary scheme of the sperm in that group baaed on the 
study of centrosomes, which coincides with the scheme of classification 
within that group evolved hy the taxonomist, who relies on the study of 
seemingly unimportant external characters. Similarly Nath and Gill 
(1949) reported the formation of a prominent mitochondrial ring in the 
spermatocytes of the scorpion, Butkus acutecarinatus, which behaves in 
exactly the same manner as in the scorpion CeJ!Irurus (Wilson, 1915), 
whereas in other species of scorpions, such as Palamnaeus (Nath, 1925), 
the mitochondrial spheres do not fuse to form a ring. Nath and Gill 
jlOinted out the varallelism between this cytological affinity of Buthu• and 
Centrurus and their close relationship as emphasized by the taxonm:nist, 
who had placed both these genera in the family Buthid<t.e. 

The behavionr of the reserve food material in the developing oocyt<l.S 
has thrown some light on their doubtful nature. Markell (1943) and Willey 
and Koulish (1950) noticed that in the ovary these bodies appear in the 
developing oocytes and develop for some time, but they start degenerating 
before the oocytes leave the ovary. They could not, therefore, positively 
consider them as reserve food material. In Phyllodistomum spatula the 
reserve food material has been found to develop within the ovary and to 
retain its full identity even when it has left the ovary or when the shell has 
been formed. It is ouly at the three-celled stage of the embryo that this 
mass starts degenerating. The present study points towards the con
clusion that the large globular mass is of the nature of reserve food material. 
It may not he easy to answer as to why these bodies start degener&ting 
within the ovary of Probolitrema and Gorgoderiru1, as reported by Markell 
(1943) and Willey and Koulish (1950) respectively, but it becomes quite 
evident from the present study that identical bodies, which appear in the 
oocytes of the three different genera of the family Gorgoderidae, are of the 
nature of reserve food material. The difference in their stage of degeneTa
tion may be a generic behaviour. 

The degeneration of some of the oocytes in the region of the ov,.rian 
space is not clear to me. Why should they degenerate in the ovarian 
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space, where the yolk globules are present, for nourishment, and not in th~ 
ovary, where they ean serve a better purpose for nourishment 1 Kathari. 
ner (1904) and Gille (1914) have reported the association of some nuclei 
with the fully developed oocytes, when it leaves the ovary. Gille regarded 
them as abortive oocytes, which disintegrate to nourish the chief oocytes, 
Such degenerating oocytes have not been observed in Phyllodistomur~t 

spatula. 
In the testes of PhyUodhtomum 8patnla nothing has been observed, 

which could be compared with the degenerating oocytes of Anderson (1935) 
and Willey ann Koulish (1950), or the globules of Dingler (1910) and Johl] 
(1953), or again the pycnotic cells of Chen (1937). The testes appear t<:> 
be nourished by the body fluids. 

The nuclear changes in prepa.ration of the meiosis of the male an<! 
female germ cells are very much like those described by Willey and KoulisQ. 
(1950), Willmott (1950) and Willey and Godman (1951). The character. 
istic condensation stage or synezesis of Pennypacker (1940) and Willey an<! 
C'>Odman (1951) has, however, not been observed, either in the spermato. 
cytes or oocytes of Phyl.lodistomum. The oocyte nucleus passes through a 
diffuse stage before the emergence of the tetrad.. 

The chromosome study has already been made in three species of the 
family Gorg<Xkriila£. Markell (1943) in Probolitrema californiense reported 
6 haploid chromosomes. Britt (1947) in Gorgoderina attenuata and Gorgo. 
dera ampli<;ava recorded 7 and 8 as the haploid numbers respectively. In 
Phyl.lodistomum spatula, which belongs to the same family, the haploid 
number of chromosomes is 8. This number falls within the recorded 
limits of this family. Though this number corresponds with the recorded 
number of the genus Gorgodera, the morphology of the chromosomes sho"' 
differences in the two genera. In Gorgodera amplicava there is only one 
pair .of long chromosomes, bnt in Phyllodistomwm spatula there are four 
pairs of long chromosomes. On the basis of chromosome morphology the 
genera a.re distinct. 

SumuRY 

I. The process of spermatogenesis in Phyllodistomum spat•1-la with 
special reference to the behaviour of the chromosomes has been described. 

2. Some stages of oogenesis have been reported and the history of the 
reserve food material in the oocytes is traced. Some well-developed 
oorytes have been seen to degenerate in the ovarian space. 

3. The haploid number (8) and the diploid number (16) has been 
counted, and the morphology of chromosomes has been described. 

4. The cytomorphological charactors-the behaviour of the pd. 
mordial germ cells and the spermatogonia, and the presence of large reserve 
food masses have been brought out as family characters of the family 
Gorgoderidae. 
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EXPLANATION OF PLATES 

PLATE I 

Primordial germ cells and spermatogonia along the wrtU of t.he testis. 
Spermatogonium, showing a. diploid number (16) of chromosomes in meta. 

phase. 
Spermatogonium, showing matapha.se chromosomes in side view. Spindles 

and centrosomes are also seen. 
Spermatogonium, showing chromosomes in anapha.se. 
Secondary spermatogonia in mata.phase. 
Tert-iary spermatogonia in metaphase. 
Primary spermatocytes in the resting stage. 
Primary spermatocyte, showing the leptotene stage. 
Primary spermatocyte, showing a. zygotene et.a.ge. 



Fm. 10. Primary spermatocyte, showing a. bouquet stage. 
FJGs. 11 and 12. Primacy sperma.tooytes, showing the diplotene stage. 
Fm. 13. Primary spermatocyte, showing the diakinesis stage. · 
Fms. 14 and 15. Primary spermatocytes in metaphase. 
Fro. 16. Dividing primary spermatocytes. 

, 17. Secondary spermatocytcs in the resting stage. 
, 18. Seconda.ry spermatocytes in metaphase. 
, 19. Secondary spermatooytes in anaphase. 

20. Dhriding secondary sperma.tocytes . 
., 21. Spermatida in the resting stage. 

PLATE II 

Fro. 22. Developing spermatids . 
.. 23. Mature sperms in the residual mass. 
, 24. Oogonium. 

25. Primary oocyte, showing tho leptotene threads. 
, 26. Primary oocyte, showing the zygotene stage. 
, 27. Primary oocyt-e, showing the pachytene stage . 
., 28. Primary oocyte, showing t.he diffuse stage. Tho reserve food material has 

also appeared. 
Fms. 29 and 30. Primary oooytes, showing the reserve food material fused to fonu 

a. single body. 
Fm. 31. Primary oocyte, showing s coiled spenn and the reserve food material in 

the cytoplasm. 
, 32. Primary oocyte, showing a condensed sperm and the Teserve food matorial. 

33. Primary oocyte in metaphase. Tho Rperm and tho reserve food material 
n.re lying away from t.he meiotic chromosomes of the oocyto. 

, 34-. Primary oocyte in division. The chromosomes are agglutinated. The 
sperm is lying quiescent and the reserve food material is prominent. 

Fms. 35 Bllld 36. Primary oocytes, showing the fonnation of the first polar body. 
Tho sperm is still a condensed mru;s and the reserve food material is 
unaffected. 

FIG. 37. Egg, showing a two-celled stage. Resorve food material is seen as a rounded 
mnss. 

38. Egg, showing a three-celled stage. Reserve food material is seen degenerat
ing. 

, 39. Egg, showing a. four-celled stage. Reserve food material has been con· 
sumed completely. 

Fws. 40 to 43. Primary oocytos, showing successive stages of degeneration in the 
ovarian spaces. 
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THE PHENOMENON OF COl\'TINUOUS FREEZING OF 
CAPILLARY-HELD WATER AT DECREASING TEMPERATURES 

By BALWANT Ru PuRI, LEKH RAJ SHARMA and M. L. LAK1IAN1'AL 

(Department of Chemistry, Panjab University OoUege, Hoshia.rpur) 

The authors reported recently (4) a dilatometric technique for deter
mining freezing points of water held in porous bodies and showed that the 
sorbed water does not freeze even at temperatures well below its normal 
freezing point and that the temperature at which freezing commences is a 
function of the vapour pressure of the adsorbent. It was also found during 
those investigations that the entire amount of the sorbed water does not 
freeze at one particular temperature. On the contrary, the freezing 
continues as the temperature is lowered. Foote and Saxton (1, 2) and 
Jones and Gartner (3) also deduced from similar measurements that water 
adsorbed on silica gel continues to freeze as the temperature is lowered 
and that even at -48' a certain portion remains unfrozen. This water 
was considered by them as 'bound' water. Robinson (5, 6, 7) carried out 
similar investigations and described the water which does not freeze at 
-20° as 'bound' water. 

It appears that the real reason for the continuous freezing is that 
water held up in a porouB body is actually contained in capillary pores of 
different radii and since according to the well-known laws of capillarity, 
as embodied in the Kelvin equation, the negative pressure to which a 
liquid is subject is related with the radius of curvature of the liquid meniscus, 
it follows that water condensed in c"pillary pores of decreasing radii will 
have decreasing vapour pressures and will consequently freeze at decreasing 
temperatures. It may not be correct to describe the adsorbed water as 
'bound' if it does not freeze at -20' or even at 7 48' as suggested by the 
previous workers, since it can be easily shown by calculations that water 
held up in capillary pores of r~dius < lO A will require much lower tem
peratures to freeze. 

Since each freezing temperature corresponds to a definite value of 
relative vapour pressure (pjp0 ) of the liquid, according to the well-known 
thermodynamic relationship, it follows that the amount of water that 
freezes between any temperature interval should be equal to the amount 
of water that is adsorbed by the porous body between the corresponding 
relative vapour pressure interval. The e>:planation offered in the above 
paragraph, for the anomalous behaviour of adsorbed water below its normal 
freezing point, therefore1 permits of experimental verification in a simple 
manner. The work described in this paper was undertaken with this 
objective in view. The apparatus and the technique employed was the 
same as described in the earlier work (4). 
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EXPERIMENTAL 

A sample of silica gel, prepared fresh in the laboratory by precipitation 
from sodium silicate solution of density 1·185 by the addition of an equi. 
valent amount of HOI, and a sample of bentonite were taken for these 
in''estigations. Their known weight.s were allowed to come to equilibrium 
with 97 per cent relative humidity and then placed in the dilatometer (4) 
and cooled to a temperature of about -50' in a bath of carbon dioxide 
snow mixed with alcohol. The temperature of the bath was allowed to 
rise gradually, thereafter, by radiation and the position of the ligroin 
meniscus was noted after about every 1' rise of temperature. The rate 
of rise of temperature was quite slow, the temperature rising by I' in about 
half an hour. 

On plotting the positions of the ligroin meniscus against the corres· 
ponding temperatures, the points were seen to fall on two curves with 
different slopes (Figs. I and 2) and the temperature, at which the abrupt 
change in the slope was noticed, was taken as the temperature at which 
the phase transformation from the solid to liquid state was just completed. 
Obviously, this would also give the temperature at which the capillary.belrl 
water would just commence to freeze, if gradnally cooled. This temper
ature is seen to be about 0·3' in each case as reqnired at 97 per cent humidity 
~). . 

TABLE 1 

Oampari8an of the amount of water that freezes within a certain temperature range and that 
which is adsorbed within the corresponding vapour pruwre range in the CG8e of 

Silioo gel. 
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0·25- 6·83 0·975-0·860 1·08 0·214 6·67 5·72 

0·25-12·62 0·975-0·756 l-64 0·333 10·39 9·56 

0·25-19·10 0·975-0·653 1-95 0·386 12·05 12-14 

0·25-26·42 0·975-0·557 2·30 0·455 14·20 13·77 

0·25-33·67 0·975-0·472 2·77 0·548 17-l2 15·75 

0·25-44Jo85 0·975-0·404 3·41 0·675 21·07 18-82 

• W is the actual weight of the substance used in the eXperiment. 
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TABLE 2 

Comparison of the amount of water that freezc.s 'f.I.Jithin a certain temperature range and tha 
which i8 adsorbed. wtthin the corresponding !lapour pre.s81lf'e range in tJw case of 

Bentonite. 

,; I 0 "--
.,~ 

~"ii 'll-"'-
~8.' H ~·~ ,c'~~ ~ 

·~ -::s1 •s ~$ . 

i r5 $ =-

"' 
~ :S.s~ "3· ~s~ lXI ~ 0 • 

"' 
0 0 'll8g<~ .... a ~ !l).S! ~ -".-,- ~!ll~ 0 

~!~..,. • e" • 0 ~-£~ ~:& . 8 J.o..o J.o f'! 

"' ~ ""t,..o 8' ...... * .~ 0 

~ ~d"'"' .... ~ ~ 
~ .... t>e 

$ ~2 ~ i'> 0 " .D''"' 0 ~ . . ~ "' ~~ ~ 0 ltl,....._ ~~~.o§X ~ ~ "·~ 
>~6 .... !l...c . ~ '(i~ll .... "' "' 0 ~"' l-, " ~o:lJ.o o 0 -+"' o 

0 " 0 . 

Jsa §~] ~ 6 §:H g.t ~ ~ ~ sP ~~ 'a~~ e.:: !Uo 0 <P ..... C) 

~- 8 
.~ 0 

.... _ 
~ p..~ > 

A 

0·25- 6·83 0·975-0·860 1-13 0·224 2-49 HI 

0·25-12·62 0·975-0·756 1-96 0·388 4·33 H3 

0·25-19-10 0·975-0·653 2·91 0·576 6·43 6·52 

0·25-26·42 0·975-0·557 3-87 0·766 8·55 8·23 

0·25-33·67 0·975-0·472 4·91 0·972 10·85 11·92 

0·25-40·85 0·975-0·404 5·98 H84 13·21 14·33 

• lV is the Rctual weight of the substance used in t·he experiment. 

If the curve obtained after the attainment of this temperature {curve II) 
is produced towards decreasing temperatures as shown in Figs. l and 2, it 
is seen that the relative displacement between the two curves increases 
as the temperature is lowered. This is obviously due to the progressive 
freezing of the capillary condensed moisture. The amount of water that 
freezes on cooling up to a particular temperature can be calculated from 
the magnitude of the displacement between the two curves at that 
temperature. These values at different temperatures are given in Tables 
l and 2 for the silica gel and bentonite respectively. The various steps 
In the calculations will be clear from these tables. The values of relative 
vapour pressure corresponding to these freezing temperatures (4, Table 2) 
are also given in the tables. The amount, of water a<borbed at the various 
vapour pressures, as obtained from the adsorption isotherms, are given in 
the last column of each table. 

It is seen that the amount of water that freezes at a particular tern· 
perature is almost the same as is held up in the micropores of the adsorbent 
at the corresponding relative vapour pressures. These results are fairly 
important In showing that the entire amount of moisture taken up by 
porous bodies at comparatively higher humidity intervals is held up by 
capillary forces and that the theory of poly-molecular layer cannot fit in 
under such conditions. 
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SUMMABY 

The continuous freezing of capillary condensed moisture in the case 
of porous bodies has been shown to be due to the existence of water in the 
micro-capillary pores of different radii. The amount of water that freezes 
within a particular temperature interval is almost equal to the amount 
that is adsorbed between the corresponding humidity interval as required 
from capillary considerations. 
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ON MEHRAOROHIS TIGRINARUM, A NEW SPECIES FRmi THE 
STOMACH OF RANA TIGRINA 

By N. K. GUPTA, M.So., Pa.D., Lecturer in Zoology, 
Panjab Unive.rsif.y OolU>.ge, Hoshiarpur 

bTRODUCTTON 

In this paper, a new trematode, namely, Mehraorohis tigrinarum 
belonging to the genus Mchraorohis Srivastava, 1933, has been described. 

Genus Mehraorchis Srivastava, 1933. 

The genus Mehraorchis was established by Srivastava in 1933 for a 
new digenetic trematode Mehraorchis 1·an.arum found in cysted condition 
in the body cavity of Rana oyanophlyctis at Sitapur. 

Bhalerao in 1936 recorded M. ranarum from the bile ducts and gall 
bladder of R. tigrina in Nagpur. In his pa.per he elucidated certain points 
in which his specimens differed from the original description given by 
Srivastava. 1933. 

I have obtained another species of the genus M ehraorchis from the 
stomach of Rarul tigrina at Hoshiarpur. With the establishment of a 
second species, the necessity arose for the revision of the characters of the 
genus which has been done. 

Mehraorchis tigrinarum, n.sp. 

Host: Rana tigriM. 
Looation : Stomach. 
LocaUty: Hosh'arpur. 

Many specimens of Rana tigri11a were dissected and examined from time 
to time for the collection of trematode parasites. Only once I got three 
specimens of Mehraorchis tigrinarum, n.sp., from the stomach of RaM 
tigrina. Two of them were cut in transverse and longitudinal serial sections 
and of the third a stained permanent preparation was made. 

Thfl live worm is somewhat ovoid (Fig. I). It is 5·08 mm. long and 
2·84 mm. broad at the region just behind the ventral sucker. The cuticle 
is spinous, the spines being very small and a few in number. The oral 
sucker, 0·33 =· long and 0·42 mm. broad, is either subterminal or terminal 
in position. It is smaller than the ventral sucker which measures 0·629-
0·4 76 =· and is placed at a distance of 1·56 mm. from the anterior end of 
the body. The prepharynx is present (Fig. 2). Its presence has been 
V6rified by cutting longitu<linal sections. In whole mounts it is not visible 
due to the contraction of the pharynx which overlaps the oral sucker. It 
is 0·034 mm. long and 0·0408 mm. broad. It is followed by the pharynx 
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Fto. 1. Ventral view of Mehraorch:M tigrinarnm, n.sp. 

G.p., genital pore; lnt.e., intestinal caecum; O.s. oral sucker; Ov., ovary; P.p., 
pa.rs prostatica; Ph., pharynx; Pr.g., prostate gla.nd; T1-o right testis; T2-1 left t~atis; 
Ut., uterus; V.s., ventral sucker; V.sem., vesicula. seminalis; Vit., vitellaria. 

whlch measures 0·240X0·255 mm., in whole mount and 0·1836X0·1462lilm 
in longitudinal sections. In whole mounts it is covered over by the vitellaria 
and a portion of the cirrus sac. The oesophagus bifurcates into two in
testinal caeca which run parallel to the lateral sides, ending blindly at a 
little distance in front of the posterior end of the body. 

Fm. 2. Longitudinal section showing the prepba.rynx, the pharynx, the testes, the 
ovary and the intestinal caeca.. 

Exc.c., excretory carl&); lnt.c., intestinal caecum; Q.Q., oral sucker; Oes., oesopha.gus; 
Ov., ovary; P.p., pars prostatica; P.ph., prepharynx; Ph., pharynx; T1., right t.Emtis; 
T2 ., left testis; Ut., uterus; Vit., vitellaria. 

The testes are confined to the anterior region, one on either side of the 
body. They arc oval or irregular in shape. The right testis measures 
Q-510··0·850 x0-357--0·595 mm., while the left 0·765-0·969x0·272-0·425mm. 
Vas efferens arises from the inner lateral side of each testis and both the 
vasa efferentia unite to form the vas deferens before penetrating into the 
cirrus sac. The vesicula seminalis is a U-shaped structure lying in the 
posterior region of the cirrus sac. The vesicula seminalis is continued 
further into pars prostatica which is an elongated structure surrounded by 
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the prostate gland cells. Each cell shows a distinct round nucleus. The 
cirrus sac 1·020 mm. long and 0·510 mm. broad, is well developed. It is 
broad in the middle, while the ends are bluntly pointed. The knob-shaped 
cirrus enclosing the ductus ejaculatorius opens into the genital atrium. 

The ovary, measurmg 0·391-0·663 mm. in length and 0·272-0·408 mm. 
in breadth, is irregular or kidney-shaped and is situated just behind the 
right testis partly overlapping the ventral sucker. The receptaculum 
seminis and Laurer's canal are present. The vitelline glands are restricted 
to the ventral surface under the intestinal caeca and the testes. They 
extend from the level of the base of'the pharynx up to the posterior margin 
of the ventral sucker. The vitelline ducts run posteriorly to open into the 
median yolk reservoir. The uterus is very much coiled, extending beyond 
the blind ends of the intestinal caeca. The ascending limb runs along 
the left lateral side of the body and then it runs to the right of the left 
testis and opens through the metraterm into the genital atrium. The eggs 
are numerous, small and operculated and measure 0·0204-0·034 X 0·0102-
0·0136 mm. The excretory system is Y-shaped, the stem being small as 
compared t<> the cornua. 

In the oral sucker (Fig. 3), next to the cuticle the circular muscles 
a.re present in small bands and over them are a few interior longitudinal 
muscle fibres. The exterior longitudinal muscles are very poorly developed 
and lie beneath the limiting membrane. The radial muscle fibres are in 
groups extending from the circular muscles to the limiting membrane. The 
sub-cuticular ceUs are ouly a few and scattered in the oral sucker. 

tnt. J. 

F1a. 3. Oral sucker, prepharynx and pharynx in a.longitudin.al section. 

A.l.e.m., anterior lateral circular muscles; Int.c.m., interior circular muscles; Int.
l.m., interior longitudinal muscles; O.s., oral sucker; P.ph., prepha.rynx; Ph., pharynx; 
R.m., radial muscles; S .cut.e., sub-cuticular cells. 

In the pharynx (Fig. 3) the interior circular muscle fibres are present 
in bands. There are also anterior lateral circular muscles present in bands. 
The radial muscles of the pharynx are many and thinner than those of the 
oral sucker. The sub-cuticular cells are lacking. 
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RELATIONSHIPS 

Mehraorchis tigrinarum, n.sp., differs from M. ranarum Srivastava 
(1933} in the smaller size of the oral sucker as compared to that of the 
ventral sucker and the uterine coils extending beyond the blind ends of the 
intestinal caeca. 

EMENDED DIAONOSIS OF THE GENUS Mehramchis SRIVASTAVA, 1933 

Pleurogenetina<l. Shape and size: ovoid and small. Cuticle: spinous. 
Suckers: small, oral smaller or larger than the ventral. Digestive system: 
prepharynx present; pharynx present.; oesophagus slender, moder.,tely 
long; int<lStinal caeca not coiled, reaching the posterior end of the body. 
Reproductive system: testes irregular in outline and situated in the anterior 
part of the body, one on each side in between the body-wall and oesophagus 
and intestinal caeca; cirrus sac muscular, partly in front of the left testis; 
ovary kidney-shaped or irregular in outline, to the right side, partly over
lapping the ventral sucker; vitelline glands restricted to the anterior region 
beneath the•oesophagus, intestinal caeca and testes, extending from near 
the middle of the cirrus sac to the level of the posterior margin of the ventral 
sucker, meeting anteriorly in the median line; Laurer's canal. and recept:tcu. 
lum seminis present; genjtal atrium deep, eversible, situated on the left 
body margin in level with the pharynx; uterus mainly post-ovarian extending 
beyond the blind ends of the intestinal caeca; metraterm present. Eggs 
numerous, small operculate. 

In an encysted condition in the body cavity or free in the stomach or 
bile ducts and gall-bladder of Amphibians. 

KEY TO THEl SPECIES OF THE GENUS Mehraorchis SRIVASTAVA, 1933 

l. Oral sucker larger than the ventral sucker; uterus 
not extending beyond the blind ends of the caeca. 

2. Oral sncker smaller than the ventral sucker; uterus 
extends beyond the blind ends of the caeca. 
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ON A NEW SPECIES OF THE GENUS OMMATOBREPHUS NICOLL, 
1914, FROM THE INTESTINE OF NATRIX PISOA.TOR IN 

LUDHIANA 

By N. K. GUPTA, M.So., PH.D., Lecturer in Zoology, 
Panjah University College, Hoshiarpur 

INTRODUCTION 

This p&per presents the description of Omm.atobrephu~ nicolli, a new 
species found in the small intestine of Natrix piaeator c&ught from Budha. 
N &Ia, a rivulet near Ludhiana. 

The worm is leaf-like, broad and rounded posteriorly and tapering 
anteriorly (Fig. 1). It measures 3·60 mm. in length and 1·76 mm. in 
breadth in the region behind the ventral sucker. The integument is 
without spines. The oral sucker lies at the anterior extremity of the worm 
and measures 0·238 X 0·255 mm. It is smaller than the ventral sucker 
which is 0·578 mm. in length and 0·561 mm. in breadth and is placed at a 
distance of 0·204 mm. posterior to the intestinal fork and at about one
third distance from the anterior end of the body. 

FIG. 1. Ventral view of OmmatobrephUB nioolli, n.sp. 

G.p., genital pore; lnt.c., intestinal caecum; O.s., oral sucker; Oea., oesophagus; Ov.~ 
ovary; Ph., pharynx; T., testis; V.s., ventral sucker; Vit., vitella.ria.. 

The prepharynx is very small and is visible only in the living condition 
of the worm. The pharynx is a muscular elongated structure, measuring 
0·153 mm. in length and 0·170 mm. in breadth. The oesophagus is moderately 
long measuring 0·340 mm. in length and 0·136 mm. in maximum breadth, 
which is just behind the pharynx. Tbe oesophagus bifurcates at a little 
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-distance in froqt of the ventral sucker into two intestinal caeca, which run 
along the lateral walls of the body, terminating near the posterior end. 
The right intestinal caecum is slightly shorter than the left and terminates 
at the level of the first quarter of the right testis, while the latter terminates 
at the middle of the left testis. 

The testes are lobulated, placed laterally partly in the inter-caecal 
region and partly behind the blind ends of the intestinal caeca near the 
posterior extrelllity of the body. They are longer than broad. The right 
testis is shorter in length and broader in width than the left testis .• 
Posteriorly both the testes converge towards the median plane of the body. 
·The right testis measures 0·680 mm. in length and 0·459 mm. in breadth. 
"The left testis is 0·883 mm. in length and 0·272 mm. in width. The two 
testes are separated from each other by a fold of uterus and the receptaculum 
seminis. The v-asa efferentia are long slender ducts, each arises from alruost 
the anterior a~pect of each testis. The cirrus sac is oval and lies in the 
space between the intestinal bifurcation and the ventral sucker, and 
measures 0·2-21 X 0·272 mm. in size. The vesicula seminalis fills the e11tire 
space of the cirrus sac except the little anterior portion which lodges the 
pars prostatica and the ductus ejaculatorius. 

The ovary is transversely elongated and measures 0·102 X 0·136 lnm. 
in dimensions. It lies to the left of the body in front of the left testis. It 
is very much smaller than tbe testes. The oviduct arises from its right 
border. It is then surrounded by the Mchlis' glands which lie to the right 
-of the ovary. The oviduct receives the duct of the receptaculum seminis 
·which is a looped structure, one loop overlapping the other. The vitellaria 
are larernl and mostly extra-caecal: A few of them ov-erl&p tire caeca. 
They extend frQm the level of the posterior end of the ventral sucker to the 
level of anteriot border or one-fourth of the testes or a little in front of the 
blind ends of the caeca. The uterus harbours a large number of eggs. The 
uterine coils are confmed to the region behind the ventral sucker and in 
between the intestinal caeca. The genital pore lies ventral to the intestinal 
bifurcation. The ova are operculated and measure 0·068-{)·080 X0·028-
0·048mm. 

RELATIONSHIPS 

The genus Ommatolrrephus Nicoll (1914) comprises two species and one 
variety, viz., Ommatobrephw; singularis Nicoll (1914), Ommatobrephus 
lobatum Mehra (1928) and Ommatolrrephus lobatum var. 1UJ:iii Mehra (1928). 
The new specie~, Omrnatobrephus nicoUi, resembles Ommatobrephu.s singularis 
in the position of genital pore, but differs from it in the greater length of 
the intestinal caeca, lobed testes and in the extension of the vitel\~,ria. 

With regard to the lobed condition of the testes, the new species resembles 
Om171Jltobrephus lobatum and Ommatobrephw lobatum var. najii, but it 
stands apart from them in the more cephalad position of the genital ]lore, 
i.e., ventral to intestinal bifurcation and the greater length of the intestinal 
caeca and the vitellaria. The new species has been named after Dr. William 
Nicoll who erected the genus. 
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KEY TO THE SPECIES 

OF THE 

GENUS 0MMATOBREPHUS NICOLL, 1914. 

I. Intestinal caeca extending to the anterior region 
of the second half of the body, i.e., much in 
front of the testes; testes oval and entire ; 
genital pore ventral to the intestinal bifurca
tion; vitellaria from the level of the middle of 
the body to in front of the testes or much 
behind the intestinal caeca OmmaJobrephus 

II. Intestinal caeca reaching the posterior region of 
the second half of the body, but stop slightly 
in front or in the level of the anterior border of 
the testes or at the middle ofthe testes; testes 
lo hed; genital pore in between the intestinal 
bifurcation and ventral sucker; vitellaria ex
tending up to the blind ends of the intestinal 
caeca or little beyond them 

ill. Intestinal caeca terminate in the testicular zone; 
testes lobed; genital pore ventral to intestinal 
bifurcation; vitellaria stop a little in front of 

singularis Nicoll, 
1914. 

Ommatobrephus 
lobaium Mehra, 
1928. 

the blind ends of the intestinal caeca Ommaiobrephu.s 
nicoUi, n.sp. 
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ON A IDJW SPECIES OF THE GENUS GANEO KLEIN, 1905, 
FROM THE INTESTINE OF RANA CYANOPHLYCTIS 

By N. K. GurTA, M.&l., PH.D., Lect1trer in Zoology, 
Panjab University College, Hoshiarpur 

lNTRODUCTIO>r 

The new species Ganeo panjabensis found aloug with other digenetic 
trematodes from the intestine of Rana cyanophlyctis has been described 
here. A key to all the species known is also given. The work was carried 
out in the Department of Zoology, Panjab University College, Hosbiarpur. 

Genus Ganeo Klein, 1905. 

The Genus Ganeo Klein (1905) comprises uine species up to now. Klein 
in 1905 obtained a new distome from the intestine of Rana hexadactyla from 
Madras, to which he assigned the name Ganeo glotwides under a new genus 
Ganeo and placed it provisionally in the sub-family plcurogenetinae Looss 
(1899). Skrjo-bin in 1922 got a new v"riety G. glottoides v:>r. africama in 
the collection made by Prof. Dogie! and Sokolov in British East Africa. 
Four years later, Bhalerao (1926) reported the type species G. glottoides 
Klein (1905) from Rana tigrina, a common frog of India.. ll'!ehra and Negi 
in 1928 recorded another new species, na.mely, G. tigrinum., and a new 
variety, G. glottoides var. madrMeMis. Bhalerao (1936) reported G. korkei 
which he had collected from Rana tigri·na at Nagpur in 1928. Srivasta.va 
(1933) added two more species to the genus, namely, G. ga.•tricus and G. 
attenuatum, the former species from the stomach and the latter from the 
intestine of Rana cyanophlyctis at Sitapur (India). 

Pando in 1937 reported the eighth species, G. knmaonensis from the 
intestine of Rana cyanop/zlyctis in the Kumaon hills. In 1950, Kaw des
cribed the ninth species, G. srinagarensis from Rana cyanophlyctis in 
Kashmir. The author has added another species, i.e., G. panjabensis, 
n.sp., from Rana cyanophlyctis at Hoshiarpur. 

Genus Ganeo Klein, I 905. 

DIAGNOSIS 

Lecithodendriidae Odhner, 1910; Pleurogenetinae J.ooss, 1899. Shape: 
moderately elongated, elliptical, oval or oblong. Cuticle: partly or wholly 
spinous. Suckers: ventral is placed at the margin of anterior or middle 
third of the body length. Digestive system: oesophagus short or moderately 
long; intestinal caeca extending about or beyond three-fifths of body length 
but never touelllng the posterior extremity. Reproductive system: testes 
in the posterior part of the anterior third or half of the body, obliquely 
placed behind each other or opposite, one on each side of the median line; 
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ovary post-testicular; vitellaria confined to lateral sides beneath the 
intestinal caeca, the extent variable; pseudocirrus sac present or ab~ent; 
uterus trausversely coiled in the posterior region of the body; genital pore 
on left lateral side of the anterior region of the body at level of the oesophagus 
or the intestinal fork. Excretory system: bladder U- or V-shaped, with or 
without a short median stem, excretory pore terminal or subterminal. 

Parasitic in the intestine of Amphibians. 
Locality: India, British EaBt Mrica. 
Type species: G. glottoides Klein, 1905. 

Ganeo panjabensis, n.sp .. 

ll'w. 1. Ventrttl view of Ganeo panj'abe:nsi8, n.sp. 

E.p., excretory pore; G.p., genital poro; Int.c., intestinal caecum; M.gl.~ Mehlis' gland 
complex; O.s., oral sucker; Oes., oesophagus; Ov., ovary; P.p., pars prostatica; 
P.ph., prephar.)'IlX; Ph., pharynx; Pr.(J., prostate glands; R.s., recept.nctllum 
seminis; T 1, test-is (first); T 2, testis (second); Ut., uterus; V.s., ventral sucker; 
V.sem., vesicula seminaJis; Y:d., yolk duct. 

Host: Rana oyarwphlyctis. 
Location : Intestine. 
Locality: Hoshiarpur {India). 

Only one specimen of Gdneo pa,njabensi~, n.sp., was found along with 
other digenetic trematodes from the intestine of Rana cyarwphlyctis. The 
body is dorsa-ventrally flattened with broad round posterior end and tapering 
anterior end. The living specimen shows marked power of contraction 
and expausion. The body measures 1·89 mm. in length and 0·78 mm. in 
maximum breadth which is at the level of the testicular region. The body 
around the pharynx and partly around the oesophagus is surrounded by 
closely arranged spines, the pointed ends of which are directed towttrds 
the posterior end. Behind this region of the body, the number of spines 
goes on decreasing up to post-testicular region beyond which the spines 
disappear altogether. 
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The oral sucker is subterminal, placed at the anterior end. It measures 
0-075 mm. in length and 0-12 mm. in breadth. The ventral sucker measuring 
O·l35X0·135 mm., is situated at a distance of 0·87 mm. from the anterior 
end. It is larger than the oral sucker. The mouth is placed at the bottom 
of the oral sucker and leads posteriorly into a small prepharynx, which in 
turn is· followed by a pear-shaped pharynx measuring 0·04-5 mm. in length 
and 0·09 mm. in breadth. The oesophaguB is moderately long, 0·3 mm. in 
length and 0·0~ mm. in width. At a distance of 0·465 mm. from the 
anterior end it forks into two intestinal caeca which gradually diverge to 
run parallel along the lateral sides of the body, terminating at a distance 
of 0·465 mm. from the posterior end. 

The two testes are almost spherical, the anterior one 0·18XO·l95 mill. 

in size, is placed just posterior to the intestinal fork in the median line. 
The posterior testis measuring 0·195x0·195 mm. is placed obliquely at a 
distance of 0·03 mm. from the anterior testis, in front of the ovary and 
partly covering the right intestinal caecum. The vesicula seminalis is 
swollen and coiled like a hook, lying to the left of the posterior testis in 
front of the ventral sucker. Its distal end partly covers the left intestinal 
caecum. The pars prostatica is a long narrow duct measuring 0·285 nun. 
in length and is surrounded by a large number of prostate gland cells. The 
pars prostatica is followed by a short ejaculatory duct which opens into the 
genital atrium. 

The ovary is almost a rounded structure measuring 0·135 X 0·135 nun. 
in size and is placed just behind the posterior testis in between the right 
intestinal caecum and the ventral sucker. From its postero-lateral side is 
given off an oviduct which soon receives the duct of tJ.e receptacu1um 
seminis. The latter is like a cucumber in shape, lying behind the ovary 
and the ventral sucker. The two vitelline ducts, one from each side of 
vitellaria, open into a small median yolk reservoir lying just behind the 
ventr:tl sucker. The ootype is surrounded by the Mehlis' glands. The 
vitellaria lie ventral to the intestinal caeca extending from the level of the 
posterior border of the receptaculum seminis to the terminal ends of the 
intestinal caeca. The uterus is much coiled, containing eggs .at different 
stages of development. The uterine coils are confined to the space between 
the two intestinal caeca, behind the blind ends of which they expand 
transversely reaching the forked excretory bladder. The terminal pa.rt of 
the uterus is not clearly visible in the specimen. The deep genital atrium 
lies on the left body margin at a distance of 0·375 mm. from the anterior 
end. The eggs measure 0·0238-D·034 mm. in length and 0·0068-0·0102 mm. 
in breadth, The excretory bladder is U-shaped and opens through a very 
small wide duct into the excretory pore situated subterminally on the 
ventral surface a little in front of the posterior end of the body. 

RELATIONSHIPS 

Ganeo panjahensis, n.sp., differs from all the species of the genus in 
the more caudad position of the vitellaria which beginning from a point 
markedly behind the Mehlis' gland-complex extend up to the blind ends of 
the intestinal caeca. In the other species, the vitellaria begin more 
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anteriorly at the level of the posterior testis or ovary and terminate far in 
front of the ends of the caeca. It differs further from G. glottoides 
Klein (1905), G. glottoides var. madra8ensis Mehra and Negi (1928) and 
G. glottoide.s var. a.fricana Skrjabin (1922) in the size of ventral sucker as 
compared to the oral sucker, in the absence of pseudoeirrus sac. It also 
differs from G. attenuatum Srivastava (1933) in which the ventral sucker 
is equal to the oral sucker and the excretory bladder is V-shaped. 

KEY TO THE SPEOIES OF THE GENUS GANEO KLEIN, 1905. 

Ventral sucker smaller than oral sucker ................................. A 
Ventral sucker equal to oral sucker. . .. .. . .. .. . . . . . . . . . . . . . . . . . . . . . . . B 
Ventral sucker larger than oral sucker . . . .. . . .. . . .. .. . . . . . . . . . .. . . . . C 

A. Pseudocirrus sa<> straight or slightly curved; 
oesophagus long; intestinal caeca to 3/5ths 
body length 

Pseudocirrus sac strongly curved; oesophagus 
small; left intestinal caecum reach !ths body 
length, the right reaches the posterior end of 
the body .. 

B. Pseudocirrus sac present; metraterm absent; 
excretory bladder U-shaped 

Pseudocirrus sac absent; metraterm present; 
excretory bladder V-shaped 

G. glottaides Klein, 
1905. 

G. glottoides var. 
madrase1UJis Mehra 
and Negi, 1928. 

G. glottoidcs var. 
ajricana Skrjahin, 
1922. 

G. aUenuaturn 

Srivastva, 1933. 

C. Intestinal caeca extending beyond vitellaria C 1. 
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Intestinal caeca not extending beyond vitellaria G. panjahensi8, 

C l. Excretory bladder V -shaped 

Excretory bladder U-shaped 

C 2. Excretory pore ventral 

Excretory pore subterminal 

C 3. Excretory bladder without a median stem 

Excretory pore with a median stem 

C 4. Testes placed obliquely 

Testes side by side (one on each side) 

n.sp. 

G. korkei Bhalerao, 
1936. 
c 2. 

G. kumaonen...~is 
Pande, 1937. 
03. 

G. gastn:c'1!t8 
Srivastava, 1933. 
04. 

G. tigrinum. 
Mehra and Negi, 
1928. 
G. srinagaren.sis 
Kaw, 1950. 
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ON TWO NEW SPECIES OF TREMATODE PARASITES FROM 
BIRDS IN HOSHIARPUR 

By N. K. GUPTA, M.Sc., Pn.D. and B. K. DHILLON, M.Sc., 
Departmc·m of Zoology, Panjab Univerlrity College, Hoshiarpur 

INTBODUOTION 
• 

Trematode parasites are quite eommon in birds. In 1951-52, a large 
collection of trematodes was made from different birds in Hoshiarpur. 
Out of this collection we have found two new forms, viz., Gardiocephalus 
halcyonis and Parastrigea duboisi belonging to the family Strigeidae Railliet 
(1919). The former species was obtained from the intestine of HaJcyon 
smyrnenais smy-rnenlris (Kingfisher) and the latter from the gut. of Pseudogyps 
bengale:nsis (Vulture) and Aquila rapax vimhiana (Eagle). The· other 
trematodes collected have also been arranged here hostwise. 

This work was carried out in the zoological laboratory of the Panjab 
University College, Hoshiarpur. We are very thankful to Dr. Vishwa 
Nath who very kindly provided the laboratory facilities. 

Family Strigeidre Railliet, 1919. 

(l) Subfamily Cotylurim Dubois, 1936. 
Genus Cardlocephalus Szidat, 1928. 

Cardiocephalus halcyonls, n.sp. (Fig. 1). 

The specimens of Oardiocephalus halcyonis, n.sp. were collected 
from the intestine of Halcyon smyrneW3is smyrrwnais (Kingfisher) shot at 
Hoshiarpur. 

The live worm is transparent and somewhat whitish in appearance. 
The body is elongated and divided into two anterior and posterior regions 
by a very conspicuous constriction. It is 1·206-1·9497 mm. long and 
0·2412-{1·4824 mm. broad. The anterior segment is pyriform with the 
apex directed anteriorly. It is much smaller than the posterior segment 
~>nd mrosures 0·2412-{1·402 X 0·2412-{1·4824 mm. The posterior segment 
is subcylindrical and measures 1·005-1·5678X0·3216-0·5628 mm. 

The suckers arc feebly developed. The oral sucker is subterminal, 
transYersely elongated and measures 0·0451-0·0533 X0·0861-0·0902 mm. 
It is larger than the ventral sucker which is also transversely elongated 
and measures 0·0328-0·041 x 0·0369-0·0615 'mm. The holdfast organ is 
not very conspicuous and lies behind the ventral sucker. 

The muscular pharynx is elongated and measures 0·0287-0·0451 X 
0·0287-0·0492 mm. It is followed by a short oesophagns which is 0·0287-
0·065 mm. in length. The oesophagus bifurcates into two intestinal caeca 
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FIG. I. Cardiocepltalu.s halcyon-is, n.sp. 

Ace.-Acetabulum; E.-Egg; G.p.-Genita.l pore; H.o.-Holdfast organ; I.e.
Intestinal caecum; O.s,---'-Ornlsucker; Oes.--Oesophague; Ov.-Ovary; Ph.-Pharynx; 
T.-Testis; Vit.-Vitellaria. 

which are smooth and their blind ends terminate near the posterior end of 
the body. 

The testes are two in num her and lie one behind the other in the 
posterior segment of the body. The anterior testis is subpentagonal and 
is slightly towards the right of the median line. It measures 0·252--{)·294 X 

0·252--{)·364 mm. The posterior testis is subtriangular with its left lateral 
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border coinciding with the left lateral wall of the body. It measures 0·28-
0·35x0·266-0·392 mm. The vesicula seminalis is present behind the 
posterior testis towards the right side of the median line. 

The ovary is oval or rounded in shape and lies in the pre-testicular 
region. It measures 0·084-0·l4x0·098-0·154 mm. The genital pore lies 
a little in front of the posterior extremity of the body. The· vitellaria are 
confined only to the posterior region. They cover all the spaces between 
the organs and the bodywall but towards the sides they are densely dis
tributed. The vitelline follicles are of medium size. The eggs are small, 
oval and thin shelled, 0·0964 X 0·0533 rum. in size. 

RELATIONSHil'S 

The genus Oardiocephalus Szidat (1928) comprises the species 0. 
brandMii Szidat (1928), 0. hilli (Johnston, 1904) Szidat, 1928, 0. longicollis 
(Rudolphi, 1819) Szidat, 1928, 0. musculosus (Johnston, 1904) Szidat, 
1928, and 0. physalis (Lutz, 1926) Dubois, 1937. 

The new species 0. halcyonia differs from 0. brandesii in having smaller 
ratio between the lengths of anterior and posterior segments, different 
shape and position of the testes and the ovary, and from 0. hilli in which 
there is a marked extra constriction in the post-testicular region, in the 
extent of vitellaria and in possessing the region of the copulatory purse 
larger than the breadth of the anterior segment. In the shape and size 
of the segments and in the position and shape of genital organs, the new 
species stands apart from 0. longicollis. 

The new species 0. halcyonis also deviates from 0. physalis and 0. 
musculosus in which the hinder region of the second segment bulges 
laterally. 

SPEClFIO DIAGNOSIS 

Shape and size: Body elongated, divided into anterior and posterior 
segments by a prominent constriction; anterior segment pyriform, smaller 
than posterior, 0·2412-0·402 X 0·2412-0·4824 mm.; posterior segment 
much longer than the anterior, subcylindrical, l·005-1·5678x0·3216-
0·5628 mm. Colour: White and transparent. Suckers: Om.! larger than 
ventral, transversely elongated, subterminal, 0·0451-0·0533 X 0·0861-0·0902 
mm.; ventral also transversely elongated, 0·0328-0·041 X 0·0369-0·0615 
mm.; holdfast organ inconspicuous. Gut: Pharynx smaller than oral 
sucker, slightly elongated, 0·0287-0·0451 x 0·0287-0·0492 mm.; oesophagus 
short, 0·0287-0·065 rum. long; intestinal caeca smooth, reach almost the 
posterior end of the body. Genital systems: Male: testes two, post-ovarian, 
anterior testis su bpentagonal, slightly towards the right of median line, 
0·252-0·294X0·252-0·364 mm.; posterior testis subtriangnlar, 0·28-0·35X 
0·266-0·392 mm.; vesicula semina lis present. Female: ovary oval or 
rounded, pretesticular, 0·084-0·14 x 0·098-0·154 mm.; genital pore a little 
in front of posterior end of the body; vitellaria confined to the posterior 
segment. Eggs: oval small and thin shelled, 0·0964x0·0533 mm. in size. 
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(2) Subfamily Strigeinre Railliet, 1919. 

Genus Parastrigea Szidat, 1928. 

Parastrigea dubois!, n.sp. (Fig. 2). 

'. 

FIG. 2. Parast-rigea d.uboisi, n.sp. 

Act.-Aceta.bulum; Ad.gl.-Adhesive gland; G.a.-Genital atrium; i.e.-Intesti
nal caecum; L.e.-Lateral expansion;- M.gl.-Mehlls' gland; 0.&.-0ral sucker; Ov.
Ovary; Ph.-Pharynx; T.-Testis; Ut.-Uterns; Vit.-Vitellaria. 

About a half dozen worms of this new species were collected from the 
intestines of Psewlogyps beil.galensis (Vulture) and Aquila rapax mrulhiana 
(Eagle) shot at HosiMrpur. 

The worm is elongated, having anterior and posterior segments. It 
measures 1·5276-3·2964 mm. in length and 0·644-1·3668 mm. in breadth. 
The anterior segment is somewhat globular, the posterior barrel-shaped 
and is much longer than the anterior one. Its breadth varies from 0·4824--
1·0452 mm. In _the anterior segment there are present two medium sized 
lateral expansions in which are also confined the vitelline follicles. 

The oral sucker is rounded, subterminal and measures O·l025-0·182x 
0·0861-0·21 mm. It is smaller than the ·ventral sucker which is trans
versely elongated and measures O·l476-0·28x0·154--0·308 mm. The 
adhesive-gland is trough-shaped. In some specimens it is elliptical in 
shape. It measures O·l54-0·257X0·266-0·616 mm. It lies at the base 
of the anteridr segment-close to the union of the two segments. 
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The pharynx is partially overlapped by the oral sucker. It is 
spherical and varies 0·0615-1H4x0·0433-0·14 rom. The oesophagus is 
short and measures 0·0328 rom. in length. The intestinal caeca are smooth 
and lie dorsally to the testes. Their blind ends terminate a little anterior 
to the genital atrium. 

The two testes are lobed and elongated transversely. They are post. 
ovarian and lie one behind the other. The lobes are very conspicuous on 
the lateral margins of each testis. The anterior testis measures 0·42 X 
0·686 rom., while the posterior 0·42 X 0·588 rom. 

The ovary lies in the anterior part of the second segment of the body, 
i.e. a little behind the body constriction. Its shape varies from oval to 
oblong with a conspicuous notch at its posterior border. It measures 
0·154-0·196x0·2S-0·462 mm, The Mehlis' gland complex is a small 
structure and lies in between the two testes. The uterus is convoluted 
and opens into the genital atrium. The vitellaria are present in both the 
anterior and the posterior segments of the body. They extend anteriorly 
up to the level of the posterior border of the pharynx. Along the lateral 
sides of the body, they are densely distributed as compared to the middle 
region. They are also present in the lateral expansions of the anterior 
segment. In the posterior segment they extend up to the level of the 
middle of the ovary. The vitelline glands are conspicuously absent in the 
entire post-ovarian region. 

RELATIONSRlPS 

There are three species, namely, Parastrigea cincta (Brandes, 1888) 
'il7.1&.t, lW1'6, P. imermed.m 1'u'o,ngui, lW.\'1, anu P. rowala 'il7.i&.t, 1\\'1'6, 
known to the genus Parastrigea. The new species P. dubrnsi differs from 
all the three already known forms in the shape of the anterior segment, 
testes and adhesive organ, the size of the lateral expansions and the dis
tribution of the vitellaria. 

The species has been named after the name of Dr. George Dubois 
whose work on strigeid worms is well !mown. 

SPECIFIC DIAGNOSIS 

Shape and size: Body elongated, divided into anterior and posterior 
segments, 1·527(hl·2964 mm. long and 0·644--1·3668 mm. broad; the 
anterior segment somewhat globular, the posterior barrel-shaped. The 
former is longer than the posterior and 0·4824--1·0452 mm. in breadth 
with two medium sized lateral expansions. Suckers: oral rounded, sub· 
terminal, smaller than ventral, 0·1025-0·182x0·0861-0·21 mm.; ventral 
sucker transversely elongated, well developed, 0·1476-0·28x0·154-0·308 
rom.; adhesive gland trough-shaped, oval or elliptical, 0·154--0·257 X 
0·266-0·616 mm., lies at the posterior part of the anterior half and close 
to the union of two segments. Gut: prepharynx, slightly overlapped by 
the oral sucker, spherical, 0·0615-0·14 x 0·0433-0·14 mm.; oesophagus short, 
0·0328 mm. long; intestinal caeca smooth reaching a little in front of the 
genital atrium. Genital systems: Male: testes two, lobed, transversely 
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elongated, post-ovarian, lie one behind the other; anterior testis 0·42 x 
0·686 mm.; posterior testis 0·42 X 0·588 mm. Female: ovary lies a little 
behind the body constriction, oval or oblong sometimes. with a conspi
cuous notch at its posterior border, O·l54-0·l96x0·28--0·462 rom.; Mehlis' 
gland complex inter-testicular, small; uterus convoluted, opens into the 
genital atrium; vitellaria present in both anterior and posterior segments, 
in the anterior they occupy the whole post-pharyngeal region, in the 
posterior they are confined up to the middle of ovary. 

TREMATODE PARASITES RECORDED FROM BI.&ns IN HOSHIARPUR 

Name of Host. 

TriruJa kypoleucos (Sand piper) 

Lobivanellus ·indic!t8 indicus (Lap
,.fug). 

Ardeola grayii (Paddy bird) 

Aslur badius dusBumieri (Hawk) 

Falco jugger (Luggar falcon) 

Name of Parasite. 

Oyclocoelum mehrii Khan, 1935. 

HMmelolrephus nebularium Khan, 
1935. 

Paramonoslomum eloruJatum Yama
guti, 1934. 

NeodiploBiomum lylense Patwar
dhan, 1935. 

Neodiploslomum pseudoatlenualum 
(Dubois, 1928) Duboie, 1932. 

N eodiploBiomum sp. 

( EchinochMmus megavitdlus La!, 
. -1 1939. 

( Slrigea falconis Verma, 1936. 

EchinochMmus bagulai Verma, 1935. 
Strigea falcon is eaglesa Verma, 1936. 
N eodiplostomum pseudoaUenualum 

(Dubois, 1928) Dubois, 1932. 
N eodiploBiomum lucidun• La Rue 

and Bosma, 1927. 
NeodiploBtomum sp. 

EchinochMmus bagulai Verma, 
1935. 

ParMtrigea duboisi, n.sp. 
Slrigea' globocephala VeTDl&, 1936. 

Pseudogyps beruJalensis (Vulture) . . Neodiplostomum lucidum La Rue 
and Bosma, 1927. 

Aquila rapax vindhiana (Eagle) 

Egretta garzetta garzelta (Egiet) 

Halcyon smyrnensis smyrnensis 
(Kingfisher). 
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Neodiploslomum sp. 

{ 
Parastrigea duboisi, n.sp. 

· • Strigea globocephala Verma, 1936. 

Slrigea falconis eaglesa Verma, 1936. 

Oardiocephalus halcyonis, n.sp. 



Name of Host. Name of Parasite. 

[

BolboplwrWl orienJ.alis Vidyartbi, 
. . 1938. 

A!aria robWJta Verma, 193&. 
Sterna aurantia (Tern) .. 

N eodiplostomum sp. 
' 

Sarcogyps calvWJ (King Vulture) 
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ON ENCYCLOMETRA VITELLATA, A NEW SPECIES FROM 
WATER-SNAKE, NATRIX PISCATOR 

By N. K. GUPTA, M.Sc., PH.D., Lecturer in Zoology, Panjab University 
College, Hoshiarpur 

Two specimens of Natrix piseator collected from Bmlha NaJa, an arm 
of Sutlej river at Ludhiana.,. were examined for helminths. They were 
found to harbour many specimens of Encyclometra vitellata, n.sp. The 
worm (Fig. I) is flat, elongated with round anterior end and gradually 
tapering posterior end. The body is smooth without any spines. The 
oral sucker is smaller than the ventral sucker. It is placed subterminally 
at the anterior end and measures 0·646-{)·714 mm. in length and 0·680-
0·765 mm. in breadth. Histologically, the oral sucker consists of interior 
circular, exterior circular and radial muscles. There are also 2-3 bands of 
circular muscles at the posterior end as an indication of posterior sphincter 
muscles. The ventral sucker measures 0·918-l·ll8 mm. in. length and 
0·935-1·156 mm. in breadth. It is composed of anterior external circular, 
anterior internal circular, posteri9r external circular and posterior internal 
circular muscles. There are also present in it exterior and interior longi
tudinal and radial muscles. 

The prepharynx is quite distinct. The phttrynx is also quite pro
minent a.nd measures 0·323-0·425 mm. long and 0·340-0·493 mm. broad. 
Instead of interior circular muscles, it possesses interior longitudinal 
muscles. The o~sophagus is very small and is surrounded by ·oesophageal 
gland cells. Intestinal caeca are lateral in position, terminating a little in 
front of the posterior end of the body. The right cs-ecum is always smaller 
than the left. The intestinal bifurcation lies at a distance of 0·527-1·020 
mm. in front of the ventra.! sucker. 

The testes are oval or subspherical, placed one behind the other in 
· the median line behind the ventral sucker and much in front of the posterior 
end of the body. The anterior testis lies at about the middle of the body 
and measures 0·289-0·498 mm. in length and 0·255-0-476 mm. in breadth. 
The posterior testis is just behind the anterior testis but lies in tbe second 
half of the body. It is 0·340-0·544 mm. long and 0·340-0·476 mm. broad. 
The cirrus sac lies transversely in front and slightly to the left of the ventral 
sucker and measures 0·629-0·731 mm. in length and 0·221-0·238 mm. in 
breadth. The vesicula seminalis is a coiled structure and lies at the base 
of the cirrus sac. The pars prostatica is an enlongated tubular structure 
covered hy the prostate gland cells. The ejaculatory duct is long and 
coiled before it opens at the genital pore which is situated to the left of the 
ventral sucker and just close to the left intestinal caecum. 

The ovary is transversely or obliquely elongated and lies just behind 
the ventral sucker either in the median line or to the right of it. It 
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Flg. I 

Fxo. 1. Ventral view of Eneyclometra vitallat«. n.sp. 

JC.p.-ExcretQry pore; Exc.ces.-Excretory vesic1e; G.p.-GenitaJ pore; Int.c.
Intestinal caecum.; M.gl.-Meblis' gland complex; O.s.-Oral sucker; Ov.-Ovary; 
.P.ph.-Prepharynx:; Ph.-Phsrynx; T 1 .-Anterior teatis; T 2.-Posterior teetis; 
V.s.-Ventral sucker; trit.-Vitella.ria; Y.d.-Yolk duct. 
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measures 0·238--0·357 mm. in length and 0•255-0·391 mm. in breadth. The 
distance between the ovary a.nd the anterior testis ls almost equal to the 
distance between the la.tter and the posterior testis. The Mehlis' gland
complex lies close behind the ovary a.nd to the left of it·. The oviduct 
emerges from the left margin of the ovary and it is joined by the tubular 
receptaculum seminis and the duct of the yolk reservoir. The Laurer's 
canal is present. 

The uterine coils are inter-caecal running along the inner sides of the 
intestinal caeca, leaving space in the middle where the excretory vesicle 
runs up to the posterior border of the ova.ry. The vitelline glands are 
extra-caecal, extending either from the level of the ovary or slightly behind 
it to a little in front of the posterior end of the body. The main vitelline 
ducts proceed anteriorly where they give off two transverse vitelline ducts 
which open into the yolk reservoir. An interesting feature noticed in this 
species 1s the union of two vitellaria. by another transverse vitelline duct 
at the posterior end of the body. 

The eggs measure 0·060--0·088 mm. in length and 0·028--0·040 mm. in 
maximum breadth. 

The excretory vesicle is Y-shaped, the two latera.! cornua. are short. 

RELATIONSHIPS 

The new species Encyclometra vitellata differs from E. cawlata (Polonio, 
1859), E. japonica Yoshida and Ozaki' (1929), E. micr(Yfchis Yamaguti 
(1933) and E. asymmetrica Wallace (1936) in having an additional trans
verse vitelline duct lying in the posterior region of the body. 
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ON PLEUROGENES (TELOGONELLA) SAWANENSIS, N.SP., 
PARASITIC IN THE INTESTINE OF RANA OYANOPIILYCTIS 

WITH A DISCUSSION ON THE SYSTEMATIC POSITION OF 
THE GENUS PLEUROGENES LOOSS, 1896 

By N. K. GUPTA, M.So., Pn.D., Lectu.rer in Zoology, Panjab University 
College, H oshiarpur 

Genus P1eurogenes Looss, 1896 

Rudolphi in 1819 described Distoma elavigerum from the intestine of 
Anurans, which was subsequently described by V. Linstow in 1888 as 
Dist. negletum. Olsson (1876) described Dist. medians from the intestine 
of Anurans. Sonsino (1894.) described Dist. tacapense parasitic in the in
testine ofreptile-Chamaelea basiliscus, which was changed to Dist. tacapensis 
by Looss two years later. The genus Pleurogenes was created by Looss 
in 1896 with Dist. clavigerum as its type species. In 1898, Looss named 
Dist. tacapense as Pleurogenes tener and a year later transferred it to the 
genus Prosotocus Looss (1899). He also pointed out the synonymity of 
Dist. negletum with Dist. elavi.gerum and Dist. tacapense with Dis!. medians. 

A distome parasitic in frogs in America was described in 1900 as Dist. 
arcanum and Dist. medians by Nickerson and Stafford respectively. Lube 
(1901) described Pleurogenes gastroporus from the intestine of RaT/a cyano
phlyctis in India. Stafford in 1904 created the genus Loxogen€8 for Dist. 
arcanum Nickerson (1900) on account of the position of its genital pore 
midway between the left intestinal caecum and the body margin. Klein 
(1905) assigned Prosotoeus tener Looss (1899) to the genus pleurogenes. He 
also described a new species, Pleurogenes sphericus from the intestine of 
Rana he:ca.dadyla and Dist. arcanum Nickerson (1900) found encysted in 
the liver, pyloric region and around the neck of the urinary bladder of 
some representatives of the family Ranidae, Johnston in 1912 described 
Pleurogenes freyeineti and P.solUJJ, n.spp., parasitic in the intestine of llyla 
freycineti and H. aurea respectively. 

Travassos in 1921 split up the genus Pleurogenes into two genera 
Pleurogenes and Pleurogenoide.s. The former genus comprised the species 
in which intestinal caeca extend beyond the ventral sucker and the latter 
genus those having short caeca., never extending beyond the centre of the 
ventral sucker. Ozaki in 1926 added auother new species Pleurogenes 
lobatus, from the bile duct of Japanese frogs-Polypedates buergeri. In 
the same year Isaitschikow described Pleurogenes intermedius. Mehra and 
Ncgi in 1928 described Pleurogenes gastroporus var. equaJis, n.var. The 
joint authors referred the species Loxogenes a.rcanum to the genus Pleurogenes. 
They divided the genus Pleurogenes into two subgenera, Pleurogenes (Pleura
genes), Pleurogenes (Telogonella) on the basis of the length of the intestinal 
caeca. and the position of the genital pore. They separated under the 
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subgenus P. (Pleuroge'Ms) those species in which the intestinal caeca reach 
near middle of body about the level of ventral sucker, and the genital pore 
lies in front of the intestinal bifurcation near the oral sucker. The subgenus 
P. (Telogonella) comprised the species having.Jonger intestinal caeca extend
ing much behind the ventral sucker and reaching about the last quarter of 
the body and the genital opening at level with or behind intestinal bi
furcation about midway between the pharynx and the ventral sucker. 

Tubangui in 1928 recorded a new species, P. taylori, from the intestine 
of R. viUegera in philippine and maintained the genus Loxogenru for Pleuro
genru arcanum. Fuhrmann (1928) also maintained the genus Loxogenru. 
Travassos in 1930 described P. stromi, n.sp., from the intestine of R. e8culenta 
and maintained his genera Pleurogenru and Pleurogenaide8 as valid. He 
reaffirmed this view in a subsequent paper the following year. Africa (1930) 
recorded P. loossi from Rana esculenta. 

Piguleswsky in 1931 described P. minus parasitic in the intestine of 
pike-Esox ludos. Krull in 1933 retained the genus Loxogrme8 and added 
to it another new species, Loxogenru biwlor. Srivastava in 1934 suppressed 
the genera Loxogrmru and Pleurogerwidru and retained the Pleurogenru and 
its two subgenera (Pleurogenes) and (TelogoMlla). He described two lllore 
new species, Pleurogenru orientalis and Pleurogenru sitapuri from R. cyano
phlyctis. Yamaguti (1936) got another new species, P. japonicus from 
Rana nigromaculata. Pande (1937) gave the account of Pleurogenru pabdai, 
n.sp., from a fish-Oallichrous pabda. Bhalerao (1936) dropped the variety 
Pleurogenes gastroporus var. equalis Mehra and Negi (1928). 

Kaw in 1943 maintained the genera Pleurogtme8 Looss (1896) emend. 
Tr~ v"s.ws (192)), Pkur()(j'enoid& Tmmssos (1921), LfXC()(I8WJS Kroll ()933) 
emend. Kaw (1943) and added a new genus, Pleurolobatus for P. lobatus 
Ozaki (1926). He described one new species, Pleurogenoidru bufonis, from 
the intestine of a toad-Bufo viridis. He removed the species Loxogenes 
arcamtm (Nickerson, 1900) Stafford (1904) from the genus Eoxogenru IU-ull 
(1933) to the genus Pleurogenoide.s. In the genus Loxogenes emend. E:aw 
(1943) he included Loxogenru bicolor Krull (1933). 

Kaw in 1945 formed another new genus Loxogenoide8 for Loxogenru 
bicolor as the type species. Loxogenru arcanum (Nickerson, 1900) Stafford 
(1904) was removed from the genus Loxogenes and was put under the genus 
Pleurogenoide.s. Under the international rules of zoological nomenclature 
he could not do so, therefore, he created a new genus Loxogenoides for the 
reception of Loxogenru bicolor Krull (1933). 

Pleurogenes (Telogonella) sawanensis, n.sp. (Fig. 1.) 

Host: Rana cyanophlycUs. 
Location: Intestine. 
Locality: Hoshlarpur (India). 

Only two specimens of Pleurogenru (Telogonella) sawanensis, n.sp., were 
fonnd in the intestine of Rana cyanophlyctis dissected in Zoological Labora
tory of the Panjab University College, Hoshiarpur. The body .. is ovoid, 
0·54-0·64 mm. long and 0·39-0·42 mm. broad across the region bet'Veen 
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? Eg. 

FIG. 1. Ventral view of Pleurogenes (Telogonella) aawanensiB, n.sp. 

Eg.-Egg.; C.s.-Cirrus sac; O.p.-Gonital pore; Int.c.-Intestinal caecum; 
O.s.-Oral socker; Ov.-Ovary; Ph.-Pharynx; T1 .-Right testis; T2.-Left testia; 
V.s.-VentraJ sucker; V.Sern.-Vesico.la. sem.:inalis; Vit.-Vitella.ria. 

the ovary and the testes. The cuticle of the body is beset with small 
backwardly directed spines. The suckers are broader than long. The 
oral sucker, measuring 0·1292-0·136 mm. in length, 0·153-0·156 m'm. in 
breadth, is situated ventrally close to the anterior end of the body. The 
ventral sucker, measuring 0·1064-0·ll9x0·1292-0·1428 mm., is situated 
at a distance of 0·27-0·3 mm. from the anterior extremity of the body. A 
little portion of the ventral sucker is in the first half and the major portion 
in the second half of the body. 

The oral sucker is followed I:>y a short pharynx which measures 0·0476--
0·0612 X 0·0646-0·068 mm. Oesophagus is absent. From the base of the 
pharynx arise the two intestinal caeca which first diverge towards the lateral 
sides, then proceed posteriorly terminating slightly behind the ventral 
sucker. During their course, each intestinal oaccum shows two dilatations, 
one near the bifurcation of the c~>eca, the other at the blind end. 

The testes are placed one on each side of the median line, at the junction 
of middle and posterior thirds of the body and postero·lateral to the ventral 
sucker. The right testis is globular, measuring 0·1088-0·1292 mm. in length 
and 0·0952-0·1292 mm. in breadth. The left testis O·ll9-0·l326x0·0952-
0·ll9 mm. in dimensions. The cirrus pouch extends from the genital pore 
to the front of the ventral sucker, with its termin!ll part partially overlapping 
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it. It is a curved structure, measuring 0·15 mm. in length and 0·06 mm. in 
maximum ·breadth. Its basal portion contains coiled vesicula seminalis, 
while its anterior part contains the pars prostatica surrounded by the 
prostate gland cells and the ejaculatory duct. The cirru,s is quite conspi
cuous and it opens into the genital atrium which in turn opens on the left 
body margin at the level of the oral sucker. 

The ovary is almost .spherical, 0·051:4!·0646X0·0578-{)·0646 mm. in 
size, lies at tbe junction of first and second halves of the body, to the right 
of the median line, close to the right intestinal caecum and the antero
lateral border of the ventral sucker. The coils of the uterus are a few, 
lying behind and in between the testes. The vitellaria lie scattered ex
tending from behind the oral sucker to the level of the middle of the ovary. 
The eggs measure 0·017:-D·024x0·0068-0·0102 mm. in size. 

The excretory pore is on the ventral side, the excretory bla.dder is 
V-shaped, the cornua extending up to the antero-lateral sides of the testes. 

RELATIONSHIPS. 

On account of its intestinal caeca extending behind the ventral sucker, 
the new species belongs to the subgenus, Pleurogenes (TelogoneUa). This 
subgenus comprises P. claviger (Rudolphi, 1819), P. intermedius Isaitschikow 
(1926), P. lobatus Ozaki (1926), P. loossi Mrica (1930), P. bicolor (Krull; 
1933) and P. orientalis Srivastava (1934). 

In P. (Teloganella) sawanensis, n.sp., the main stem of the excretory 
bladder is much smaller than the cornua. In this character it resembles all 
the other species of the subgenus except P. bicolor in which the main stem 
of the excretory bladder is much longer than the cornua. The new species 
stands apart from P. lobatus, in which the gonads are lobulated, from 
P. loossi in which the testes are obliquely situated one behind the other and 
P. claviger and P. orientalis in which the testes arc symmetrically situated 
one op each side behind the termination of the intestinal caeca. It further 
differs from P. orientalis in the position of the ovary and the extension of 
the cirrus sae. The new species also differs from P. intermedius in the 
position of the testes and the genital pore which in the latter lies inwards 
tb the body margin. 

DiscussiON ON THE SYsTEMATIC PosiTION 

OF THE 

GENUS PLEUROGENES Looss, 1896. 

Looss in 1896 established the genus Pleurogenea. Stafford in 1904 
created the genus Loxogenea for Distomum arcanum Nickerson (1900) on 
account of the position of the genital opening which lies on the ventral 
surface midway between the left intestinal caecum and the body margin. 
As suggested by Stafford (1904), Travassos in 1921 created a new genus 
Pleurbgenoides for those species of the genus Pleurogenes in which intestinal 
caeca are short and never extend behind the ventral sucker. The genus 
Pleurogenes was retained by him for Pleurogenes claviger. Mehra and Negi 
'(1928) dropped the genera Loxogenes and Pleurogenoides and split up the 
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genus Pleurogenes into two subg~nera, P. (Pleurogenes) and P. (Telogonella), 
on the basis of the length of the intestinal caeca and position of the genital 
pore. In the former subgenus the intestinal ea.eea. reach near the middle 
of body about the level of ventral sucker and the genital opening lies in 
front of the intestinal bifurcation near the ora.! sucker. In the latter the 
intestinal caeca. extend much behind the ventral sucker, reaching about the 
last quarter of body length and the genitsl opening lies at level with or be
hind the intestinal bifurcation, about midway between the pharynx and 
the ventml sucker. Srivastsva (1934) followed Mehra and Negi (1928) in 
maintaining the two subgenera. Travassos in 1930 and 1931 maintained 
the two genera, Pleurogenes and Pleurogenoides. Kaw (1943) created a new 
genus Pleurolobatus for Pleurogenes lobatus Ozaki (1926). He also. emended 
the genus Loxogenes and removed its type species L. arcanum (Nickerson, 
1900) Stsfford ( 1904) to the genus Pleurogenoides and instead placed L. 
bicolor Krull (1933) as its only tepresentative. Two years after, the same 
author suppressed the genus Loxogenes and proposed a new genus Loxo
genoides for L. bicolor. 

The genus Loxogenoides has been suppressed by Mehra and Negi (1928) 
and Srivastsva (1934). Tubangni (1928), Fuhrmann (1928), Krull (1933) 
and Macy (1936) are in favour of retaining this genus. Kaw (1945) changed 
the genus Loxogenes to Loxogenoides. This genus was created by Stsfford 
on account of the different position of the genitsl pore. But there are 
species such as P. spherious and P. intermedius in which the genitsl pore 
lies far inwards to the left body margin. In Dist. arcanum Nickerson (1900) 
for which this genus was created, the position of the genital pore is disput
able. Stsfford (1904) points out its presence on the dorsal surface behind 
the pharynx. Osborn (1912) describes its presence near the intestinal 
fork. Since the genital pore also lies far inwards in some other species, 
it is necessary to drop the genera Loxogenes and Loxogenoides Kaw (1945). 

The genus Pleurogenoides, as we have already stated, was created by 
Travassos (1921) for those species in which the intestinal caeca never extend 
behind the ventral sucker. Srivastava (1934) points out that the two 
genera, Pleurogenes and Pleurogenoides could be accepted only so long as 
the generic differences between them are of absolute value and the inter· 
mediate forms connecting them do not exist. The two genera.--Pleurogenes 
and Pleurogenoide.s-are now ()Onnected by intermediate forms, such as 
P. intermedius, P. lobatus, P. OTientalis and P. sawanensis, n.sp. It, there· 
fore, becomes necessary to drop the genus Pleurogerwides. The genus 
Pleurolobatus, based only on the lobed character of its gonads, is also un
tenable, for it resembles in all its other characters the genus Pleurogenes. 
The lobed nature of the gonads can at best be regarded as of specific value 
in classification. 

The classification adopted by Mehra. a.nd Negi (192S) is a convenient 
arrangement and has been adopted. 
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MICROPHOTOGRAPHS DEMONSTRATING THE VACUOME, GOLGI• 
BODIES, MITOCHONDRIA AND NUCLEOLAR EXTRUSIONS 

IN THE FRESH EGGS OF FROG AS STUDIED UNDER 
THE PHASE CONTRAST MICROSCOPE 

By VrsHWA NATH a.nd SunARSHAN KUlllAR MALHOTRA, Department of 
Zoology, Panjal:J Unive1sity Colle{Je, Hoshiarpur 

lNTBODUOTION 

In 1931 No.th published a paper demonstrating the Va,euome and the 
Golgi apparatus as independent cytopla.smic components in the fresh eggs 
of the frog. ffis conclusions ma.y be summarized as follows:-

In Rana tigrina small vacuoles with watery contents appear through
out the cytopla~m when the oocyte measures about ·3 mm. The vacuoles 
are stainable with neutral red and cannot be blackened with Da Fano or 
Kolatchev, however heavy the impregnations. In the course of oogenesis 
the vacuoles grow enormously in l:!ize, the biggest vacuole measuring as 
much as ·02 mm. At the same time their contents grow denser and they 
look slate-coloured. They can now be seen in fresh oocytes even without 
the aid of neutral red. These vacuole~, however, do not condense the 
albuminous yolk within their interior, contrary to what happens in the 
fish Ophiocephalus. The albuminous yolk arises directly from the mito
chondrial granules, which form a characteristic ring at the periphery of the 
cytoplasm. In the earliest oocytes the mitochondrial granules .-re arranged 
in a circum-nuclear fashion, but ultimately they are uniformly dispersed 
throughout the cytoplasm. The Golgi elements can be seen in the 
fresh egg-cells from the earliest to the most advanced stages. In the 
undifferentiated germ cells and in the earliest ooeytes they are in the form 
of dark-greyish refractile granules. In later st..ges m.-ny of them grow 
into tiny vesicle:!, each vesicle showing a dark~greyish cortex and a less 
refractile medulla. In the earliest ooeytes they are juxt..-nuclear. The 
Golgi elements are intensely blackened with Da Fa.no and K,;'latehev, and 
they cannot be stained in neutral red. 

When the oocyte measures about 1·2 mm. many of the Golgi elements 
form the fatty yolk, sminable with Sud>'n ITI and Scharlach R (Nath, 
1932). 

In the present paper we have recorded our observations on the living 
oocytes of Rana tigrina, as examined and microphotographed under the 
Phase Contrast 'Microscope. We are publishing here five such micro
photographs, giving an excellent demonstration of the Golgi elements, mito
chondria. and watery vacuoles as independent cytoplasmic cell~components. 

We have observed nucleolar extrusions in Ra.na tigrina and R. 
Cyarwphlyctis, whleh have not been recorded by any previous worker. 
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One of us (S. K. M.) has gon~ over the whole oogenesis of the frog, 
employing all the methods pre,;ously employed by Nath (1931, 1932). 
In addition Sudan IV (B.D.H.) and Scharlach R (Rubrum Scarlatinum, 
B.P.C ... B.D.H.) were employed for struning the fatty yolk. We have 
confirmed in every detail the conclusions of Nath (1931 and 1932). 

• It i~ our very pleasant duty to thank Mr. H. S. Vasisht, Demonstrator 
in Zoology, for preparing the microphotographs. 

0nSERVATIONS 

Plate I, figure I represents a part of the peripheral region of a living 
oocyte of Ra?Ut tigri?Ut, measuring 0·45 rum. in diameter. The mitochon
drial granules (M) have formed the characteristic ring at the periphery, 
and give rise directly to the albuminous yolk. The Golgi granules (G) can 
be clearly seen in the general cytoplasm, but here and there they have 
collected to form irregular masses, rods or crescents; which are al1 artefacts. 
Tbe. Golgi elements shine as highly refractile and jet-black granules in 
sharp contrast with the much smaller and greyish mitoch.ondria.; forming 
the background. The watery vacuoles, which are small at this stage, 
have mostly coalesced, forming whitish irregular patches. 

Plate I, figure 2 is a microphotograph of a part of the general 
cytoplasm of "n oocyte, measuring 0·456 mm. in diameter. Here the 
watery >"acuoles, the small greyish mitochondria forming the background, 
and the refractile Golgi grn,nules, many of which are aggregated in small 
groups, can be very clearly seen side by side. Plate I, figure 3 is a micro
photograph of a part of the cytoplasm of a bigger oocyte (0-6 mm. 
in diameter). It will be noticed that the watery vacuoles have grown in 
size, and appear as the most prominent cell-components. 

Nath (1931) examined the oocytes of Rana tigrirza at Lahore (now in 
Pakistan) during the winter months of hibernation. He did not examine 
oocytes after the month of March. One of us (S. K. M.) prepared Bonin's 
preparations of the oocytes of R. tigri?Ut at Hoshiarpur, collected during 
the months of _<!prii and May, and did not observe any nucleolar activity 
in the form of nucleolar extrusions. But oocytes of frogs collected in the 
month of .June showed nucleolar extrusions (Pl. I, fig. 4). This is a micro
photograph ,of a Jiving oocyte, measuring 0·12 mm. in diameter. The 
nuclear membrane is out of focus and a large number of nucleoli can be 
seen jn the nucleus .. Some of these nucleoli seem to be extnxded into the 
cytoplasm, where they quickly disappear. They rapidly lose their rounded 
form, and, becoming granular, completely break down and di&-.ppear. 
Small Golgi granules can :>lso be seen in the background. We have not 
noticed nucleolar extrusions in oocyte.<; measuring less than about 0·12 
mm., b•lt they are met with in slightly older oocytes (Pl. I, fig. 5). They 
completely disappear long before the yolk-forming mitochondrial ring is 
established at tl1e periphery of the oocyte. 

In figure 6, Plate II, is represented a section of an oocyte of R. tigrina, 
fixed in Bouin's fluid and stained with iron haematoxylin, showing a few 
nucleolar extrusions. 
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In figure 7, Plate II, is represented a part of an oocyte of Rana c.yano· 
phlyctis, as seen under the Phase Contrast. There is a fairly large number 
of nucleolar extrusions, which look exactly like the nucleoli, a large number 
of Golgi vesicles, and a background of small greyish mitochondrial granules. 

DISCUSSION 

The oocytes of Rana tigrina seem to be an ideal material for the 
demonstration of the watery vacuoles (vacuome), Golgi bodies and mito· 
chondria side by side in the living cell. It also seems to be a very 
favourable material for demonstrating the origin of albuminous yolk bodies 
directly from the mitochondrial granrdes. 

Nath (1931), who examined oocytes of R. tigrina at Lahore during the 
winter months of hibernation, did not observe any nucleolar activit.y. 
One of us (S. K. M.) also did not observe any nucleolar activity in the 
oocytes of R. tigrina collected in the months of April and l\fay. But 
prominent nucleolar extrusions have been observed a.nd described by us in 
the oocytes of R. tigrina collected in the month of June. It would thus 
appear that there is a. season"'] nudeola,r activity in the oocytes of Rana 
tigrina. 

In R. cyanophlyctis, which is a much smaller species with a warty 
skin, however, nucleolar activity has been observed even in the month of 
April. This earlier nucleolar activity on the part of this species of frog 
seems to be closely related to the fa,ct stated by Nath (1931) that in R. 
eya11.ophlyctis the eggs 'ripen' earlier than in R. tigrina. 

It must, however, be repeated that in both the species of frog des· 
cribed here the nucleolar extrusions disappear completely and quickly, 
without ma.king any visible contribution to yolk-formation. 

SUMMARY 

I. The living oocytes of Rana tigrina. have been studied under the 
Phase Contrast Microscope and microphotographed. 

2. Watery, neutra.l red-staining, vacuoles (vacuome), argentophilic 
and osmiophilic Golgi elements, not stainable with neutral red, and mito
chondrial granules have been demonstrated side by side in the living 
oocytcs of R. tigrina as independent cell.components. 

3. There is a seasonal nucleolar activity in the oocytes of R. tigrina. 
Throughout the period of winter hibernation and during the following 
months of April and May, no nucleolar extrusions have been observed, 
but oocytcs of frogs collcctccl in the month of June showed prominent 
nucleoli, which had been extruded into the cytoplasm. The extrusions 
however, quickly disappear and do not make any visible contribution to 
yolk. formation. 

4. The albuminous yolk bodies arise directly from the mitochondria, 
which form a characteristic ring at the periphery of the oocyte. 

5. In the oocytes of R. cyaMphlyctis nucleolar extrusions have been 
detected even in the month of April. 
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:~XPLANATION OF PI~ATES 

All o:he figures of PIXte I a.re microphotographs of the oocytes of Rana tigrirw., 
as studied under t.he Phase Contrast. Leitz Dia.lu.....: Phase Contrast .1\Iicroscope with 
X 10 Periplanatic Eye-piece and 40 : 1 objective (Apochromatic dry syst-em), giving a 
magnification of 500 times, and Leica. Camera were used. 

Plate II, figure 6 is a. part of a section of an oocyte of R. tigrina, mOO.suring 0·224 
mm. x 0·196 mm., fixed in Bouin's fluid and stained wiU1 iron haematoxylin. 

Plate II, figure 7 is a part of a living oocyte of R. cyanophlyctis, measuring 0•24 
mm. in diameter, studied under the Phase Contra.st, and drawn free hand. 

LETTERING 

G-Golgi body; M-Mitochondrin.; N-Nucleus; N.E.-Nucleola.r extrusions; 
NU-Nucleolus. 

LITERATURE CITED 
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AN EXAl\HNATION OF THE YOLK-NUCLEUS OF THE SPIDER 
PLEXIPPUS PAYKULLI UNDER THE PHASE COJ\'TRAST 

MICROSCOPE 

By VrSHWA NAffi mul RAJINDAR M. DHAWAN, Department of 
Zoology, Punjab University Go!lege, Hoohiarp11r 

I~TRODUCTION 

Sukh Dyal and Nath (1933) published a paper on the nature of the 
'Yolk-nucleus' of spiders, with particular reference to the yolk-nucleus of 
Plexippus paykul!i. In addition to the routine la.boratory methods of 
fixation and staining employed by them, they examined in detail living 
oocytes of this spider. Their conclusions may be summarized as follows. 

In the oogonium t.he mitochondria and the Golgi elements exist in the 
form of a juxtn,-nuclear mass. With the growth of the oogonium this 
juxta-nuclear mass begins to spread out in the cytoplasm. Both these 
cell elements can be easily observed intra vitam under an ordinary micro
scope. The mitochondria appear as greyish granules and the Golgi elements 
as more refractile and perfectly spherical bodies. Throughout oogenesis 
the mitochondria remain as small granules, but some of the Golgi spheres 
grow slightly in size. 

Immediately after the mitochondria and the Golgi elements have 
uniformly dispersed in the cytoplasm and the nucleus has become slightl~
ex-centric, the characteristic yolk-nucleus puts in its appearance. The 
yolk-nucleus was neYer observed by the authors in oocytes measuring 
0·08 mm. or less. In living oocytes studied in a drop of normal saline 
the yolk-nucleus appears as a spherical capsule which, of all the cell
components, stands out most prominently in the cytoplasm. The cortex 
of the capsule is made of concentrically arranged threads, and the medul
lary region cont.,ins da.rk-greyish, refmetile, spherical bodies. The former 
are the mitochondria.! threads which, according to the authors, are formed 
by a concentric alignment of mitochondrial granules, and the latter are the 
Golgi spheres. Some Golgi bodies also exist a1ong the mitochondrial 
fibres. According to the authors the yolk-nucleus is a structure of re
markable solidity, so much so that it retains its spherical form even after 
the ~gg is ruptured, and it may even drop out in the process of section~ 
cutting. 

'fhe authors also demonstrated Go1gi and mitochondrial elements in 
the form of granules distributed uniformly throughout the cytoplasm. 
Album~nous yolk granules appear for the first time at the periphery of the 
oocyte. They arise de novo in the cytoplasm \\ithout any visible associa
tion either with the mitochondria or the Golgi clements. Gradually they 
grow in size and invade the interior of the celL Sukh Dyal and Nath did 
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not examine advanced oocytes, so that they did not describe any fatty 
yolk. 

In this paper we have recorded our observations on this materi11l as 
examined under the Phase Contrast, and we are also publishing a micro
photngraph of the yolk-nucleus. One of us (R. M. D.) has also used all 
the fixatives previously employed by Sukb Dyal and Vishwa Nath (1!)33); 
and we are glad to confirm all the conclusions arrived at by these authors. 
Sudan IV has also been employed by us on this material. 

It is our very pleasant duty to thank Mr. H. S. Vasisht, Demonstrator 
in Zoology, for preparing the microphotographs. 

OBSERVATIONS 

Text-figures l and 2 and figures 3 to 7, Plate I, have been drawn free 
hand, and they are of living oocytes as examined under the Phase Contrast 
microscope. The si1.e of each oocyte has been recorded. 

TEXT·FIO. 1. 

Young oogonium measuring 0·012mm. in dlameter. 

Text-fig. I represents what we consider as the youngest oogonium. 
There is a juxta-nuclear mass, consisting of greyish mitochondrial granules 
in which are embedded a few slightly refractile Golgi !,'fannies. These 
latter shine as jet-black granules, bigger than the mit-ochondrial granules. 
The rest of the cytoplasm is absolutely free from granulation of any type, 
and appears as a hyaline jacket .for the nucleus. There is no nucleolus. 
Text-fig. 2 represents a slightly grown up oogoninm in which a rounded 
nucleolus has appeared in the nucleus, but the juxta-nuclear mass of rrtito
·Chondrjal and Golgi elements ls still intact. 

N 

TEXT-FIG, 2. 

A bigger oogonium, measuring 0·0.'32 mm. in diame~er . 

. Pla.te I, fig. I represents a young oocyte in which nurse-cells are seen 
attached to one pole and the juxta-nuclear mass has divided into two p!l-rts, 
lying opposite each other. The nucleolus has grown and has become 
irregular in outline. In the nurse-cells a. few Golgi elements can be seen 
as highly refractile granules, but there are no traces of mitochondria. 
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The characteristic yolk-nucleus appears for the first time when the 
oocyte measures about 0·082 mm. in diameter (Pl. I, fig. 2). By this time 
all the mitochondrial and Golgi granules of the juxta-nuclear mass of the 
oogonium have spread out uniformly throughout the cytoplasm. The 
Golgi granules seem to have grown in size by this time. The yolk-nucleus 
appears as a tightly-packed capsule, consisting of concentrically arranged 
cortical mitochondrial fibres and medullary Golgi granules. The latter 
shine as highly refractile, jet-black granules in sharp contrast with the 
greyish mitochondrial fibres. Gradually the yolk-nucleus grows in size, 
and the medullary Golgi bodies also grow appreciably (Pl. I, figs. 3 to 6). 

In Plate I, fig."7 is represented an oocyte, measuring 0·31 rom. The 
yolk-nucleus has grown in size, but remains intact showing no indication 
of fragmentation. Its medullary Golgi bodies have, however, grown 
appreciably in size. The mitochondrial granules and the Golgi bodies of 
the general cytoplasm remain uniformly dispersed, and have not appre
ciably grown in size. Bnt the albuminous yolk bodies, which appear de 
novo for the first time at the periphery of the oocyte, have grown in size 
and are invading the interior of the oocyte. 

Plate II, fig. 8 is a microphotograph of the yolk-nucleus, as seen under 
the Phase Contra.st. Although the cortical and concentrically arranged 
mitochondrial fibres do not appear in the microphotograph, their character
istic concentric arrangement is betrayed by the concentrically arranged 
Golgi bodies along their course, espeQially on the right side of the photo
graph. The medullary Golgi bodies are out of focus and are appearing in 
the form of white spheres. The background of the general cytoplasm 
is represented by the very small and greyish mitochondrial granules. 
Against this background the bigger and more refractile Golgi bodies stand 
out prominently, also dispersed throughout the cytoplasm. Nevertheless, 
at several places the Golgi granules aggregate and form rods and s:rnall 
irregular masses, which must be interpreted as artefacts. Such a rod can 
be seen very clearly at X in the microphotograph as having been formed 
by the alignment of the Golgi granules. 

TEXT-FIG. 3 

Crushed oontentB of an advanced oocyte stained in Scharlach R or Sudan IV. 
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Scharla.ch R (Rubrum Scarlatinum B.P.C., B.D.H.) and Sudan IV 
(B.D.H.) have been employrd to ascertain if the Golgi bodies contain any 
fat. It may be stated very. definitely that the Golgi bodies of Plexippus 
paykuUi are not stainable with these fat dyes till a very late stage in 
oogenesis. In Text-fig. 3 are represented diagrammatically the contents of 
a crushed oocyte of an advanced age stained with Scarlach R or Sudan IV. 
At A. Y arc the albuminous yolk bodies. and at F. Y are the fatty yolk 
spheres, which have ariseri directly from the Golgi bodies. The fatty 
yolk spheres appear red, and the albuminous yolk spheres do not st.l-in at 
all with these fat dyes. 

SUMMARY 

I. The oocytes of Plexippu• paykulli have been studied under the 
Phase Contrast microscope, and the characteristic 'Yolk-nucleus' has 
been photographed. 

2.· A juxta-nuclear mass of greyish mitochondrial granules and 
bigger, highly refractile Golgi bodies can be very clearly seen in the earliest 
oogonium. 

3. This juxta-nuclear mass fragments and spreads out throughout 
the cytoplasm till the mitochondrial granules and the Golgi bodies are 
dispersed uniformly. 

4. The mitochondrial granules remain unchanged throughout oogene
sis, the albuminous yolk appearing~ novo at the periphery of advanced 
oocytes. But in still more advanced oocytes the Golgi bodies become 
fatty inasmuch as they begin to stain brilliantly with Scharlach R and 
Sudan IV, and thus give rise directly to the fatty yolk. 

5. The essential form of the Golgi bodies is granular or spherical, but 
due to artificial alignment or aggregation Golgi rods and irregular Golgi 
bodies may be formed. 

6. Golgi bodies can be very clearly seen a.nd photographed in the 
nurse~cells also. 

7. The characteristic yolk-nucleus of Plexippu,s paykulli appears for 
the first time when the oocyte measures about 0·082 mm. in diameter. It 
appears as a tightly-packed capsule, consisting of concentrically arranged 
mitochondrial fibres and medullary Golgi granules. The latter shine as 
highly refractile, jet-bla-ck granules in sharp contrast with the greyish 
mitochondrial fibres. The Golgi bodies also exist along the course of 
mitochondrial fibres. Gradually the yolk-uucleus grows in size, and so do 
its Golgi bod1es. The yolk-nucleus seems to remain intact for a very long 
time in oogenesis, but itlrultimate fate is still unknown. 

EXPLANATION OF FIGURES 

All figures ha.ve boon drawn free hand, but the measurement of the living cells 
have been given in every caae. Leitz Dialux Phase Contrast ,microscope with x 10 
Periplanatic Eye-piece and 40 : 1 objective (Apochromatic dry system) giving a 
ma.gnifica.tjon of 500 times was used. The microphotograph in Plate II, was taken 
with Leica Camera, a-nd tho photograph was enlarged about six times. 
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LETTERINO 

A.Y-Aibnminous yolk; F.Y-Fatt~y yolk; G-Golgi body; M-Mitochondria-; 
N-NucJeus; N.O-Xurso-ceUR; Y.N-Yolk-nuclous; X-Golgi rod. 

PLATE I 

Fro. I. 
2 • 
3. 

.. 
An oocyte mea.auring 0·054 m.m. in diameter. 
An oocyte measuring 0·082 mm. in diameter. 
An oocyte measuring 0·095 mm. in diameter. 

.. .. .. .. 

4. An oocyte measuring 0·12 mm. in diameter . 
1j, An oocyte measuring 0·20 mm. in diameter . 
6, An oocyte measuring 0·25 mm. in diameter . 
7. An oocyte measuring 0·31 mm. in diameter . 
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SPERMATOGENESIS OF A DIGENETIC TREMATODE, 
GYOLOCOELUM BIVESICULATU.~f 

By OM PARKASH D!!INGitA, Late Panjab University Re8earch Scholar, 
Department of Zool<>gy, H oshiarpur. 

fNTRODUO'l'ION 

There are some fundamental, controversial issues in the literature of 
the few cytological investiga,tions of the adult digenetic trematodes. Ma.ny 
have regarded the sperm only a nuclear structUie. Woodhead (1931) 
reported it partly cytopla,smic, and Dhingra (1954) observed a bifls,gella.tc 
sperm in lsoparorchis enrytremu.m. 

The cytology of the adult flukes is also dmwing the attention of many 
workers because of· certain peculiar structures reported occasionally in the 
testes and the ovaries. Dingler (1910) and .John (1953) have reported 
some globules, present at the periphery of the testis in the form of clusters 
of variable size \1nd fot·m, or sc:tttered singly \1mongst the primordial germ 
cells. Another peculiarity has been reported by •rarkell (1943) and John 
(1953) in the form of ball-like structures met with in the peripheml region 
of the testis, but sometimes in the lumen. Markell (1943) has considered 
them as vaeuohted cells, while John (1953) regarded them a,s pycnotic 
primordial spermatogonia. Chen (1937) observed some masses of small 
cells with sca,nty but granular cytopl.,sm and clear nuclei. These he 
regarded a,s degenerating spermatogonia. Anderson (1935) described 
nuclear degeneration or pycnosis of the spermatoeytes and oocytes. 
Willey and Koulish (!950) repo~ted similar pycnosis of the germ cells, 
which they compared "·ith the degenerating oocytes of Anderson (1935). 
Still another abnormality is the occurrence of the ooeytes in the testis, as 
reported by Anderson (1935). • 

The role and significance of these struetUieS is highly problematical. 
Dingler (1910) ·attributed a nutritive function to the globules he found in 
his material. Anderson (1935), Chen (1937) and others, who reported a 
mass of pycnotic or degenerating cells in the testis, also a.ssigned a nutritive . 
role to these cells. 

The author in this paper has described the spermatogenesis of a 
digenetic trematode, Cyclocoelum biveaiculatum. The specimens were 
obtained from the air sacs of a Red-billed Blue Magpie-Urocissa erythretr
hyncha Boddaert. Several specimens were obtained on a single occasion 
from a male bird, in .July, 1951, at Kulu (Punjab, I). The testes were 
fixed in Bouin 's fluid for 24 hours and even longer. Sections were cut 
8-14 p. thick. 
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0BSIIRVATIONS 

There are two rounded testes measuring from 0·65 mm. to 1·0 mm. in 
diameter and lying one behind the other between the intestinal caecae in 
the posterior part of the body. The anterior testis is not in line with the 
posterior, but is deflected to the right or left of the median line. The 
posterior testis lies in the median plane in the intestinal loop. There is a 
single ovary, which lies between the two testes. It is also rounded and 
measures from 0·2 mm. to 0·3 mm. in diameter. 

Each testis is comparable to a hollow ball, filled with the maturing 
germ cells. The germ cells lie free in the testis cavity. There is hardly 
any zoning of the different stages of the germ cells, except that the pri
mordial germ cells and the spermatogonia are generally to be found in the 
peripheral region. The spermatocytes, spermatids and the mature sperms 
may be present in any region. 

Spermatogonia 

The primordial germ cells and the spermatogonia, which are often 
found along the testicular wall, occur in the form of irregular patches of 
varying forms and sizes. At places there are no such cells. The pri
mordial germ cells occur close to the testicular wall, but may also be present 
anywhere in the patch. Very often the outlines of these cells are difficult 
to make out, and there are no definite criteria for distinguishing them 
from the primary spermatogonia. The nuclei of the primordial germ cells 
are generally in the resting stage, and hardly show any chromatin except 
for one or two prominent nucleoli (PJ. I, fig. 1). 

The primary spermatogonia, which measure from 12-14 p in diameter, 
occur singly amongst the primordial and other spermatogonial cells. They 
are the largest of all the cells to be found in the testis, except the primary 
spermatocytes. The nuclei of these cells are often in the resting stage 
with a very prominent nucleolus. Sometimes, however, t~o nucleoli are 
seen. The cytoplasm shows a centrosomal granule lying close to the 
nucleus (Pl. I, fig. 2). The stages between the resting and metaphase 
stages have not been traced, as they seem to be rare. In the metaphase 
the diploid number of chromosomes (20) has been counted (Pl. I, fig. 3). 
The centrosomes and the spindle are sometimes seen in the side view (Pl. I, 
fig. 4). The chromosomes split and the daughter halves move towards the 
opposite poles (Pl. I, fig. 5). The cytoplasmic cleavage then follows, which 
leads to the formation of two cells remaining in close association. 

These twin cells, which are nearly of the same size and form, are the 
secondary spermatogonia. Each measures about 10-ll p in diameter. 
Like the primary spermatogonia the secondary spermatogonia are also 
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often seen In the resting stage and their nuclei have one or two nucleoli 
each. In the cytoplasm a centrosome is often seen (Pl. I, fig. 6). As the 
twin secondary spermatogonia divide simultaneously, they are easily 
recognised from the primary spermatogonium in mitosis. During meta. 
phase the diploid number is countable only in some of the cells, as the 
chromosomes are often overlapping (Pl. I, fig. 7). The chromosomes then 
split simultaneously in both the cells, and the cytoplasmic cleavages "rc 
also simultaneous. This results in the formation of a group of four cells-· 
the terti&ry spermatogonia. 

The terti&ry sperma.togonia., which may be recognised as a group of 
four cells, a.re found mixed up with the primary aud secondary spermato. 
gonia. In size they are smaller than the primary and secondary 
spermatogonia, and measure each 8·9 ~ in diameter. As these cells e-re 
also very often in the resting stage, their nuclei do not reveal any structwe 
save for the presence of some lightly stained chromatic granules and one 
or two prominent nucleoli. The cytoplasm very often contains a centro· 
some, lying close to each nucleus (Pl. I, fig. 8). The four cells undergo 
simultaneous nuclear division, and then reach the metaphase qnickly 
(Pl. I, fig. 9). The small size of the cells and the chromosomes, coupled 
with the overcrowding of t.he latter, makes the chromosome count very 
difficult. The chromosomes are, however, seen in the same state in all the 
four cells. Wheu the telophase stage is reached, the cytoplasmic cleavages 
set in (Pl. I, fig. 10). The division results in theoformation of a cluster of 
eight cells, which grow to form the primary spermatocytes. 

8permatocytes 

The clusters of the primary spermatocytes, which consist of eight cells 
each, are found in any region of the lumen of the testis. Individually 
these cells are the largest to be found in the sequence of sperm formation. 
Each spermatocyte measures from 12 f' to 17 f'· In the resting stage the 
nucleus is seen to have some chromatic granules and a nucleolus (Pl. I, 
fig. ll). The nuclear contents are activated for the meiotic behaviour of 
the chromosomes, and they are first organised to form the leptotene threads 
(Pl. I, fig. 12). In the subsequent zygotene stage the pairing of the 
homologous chromosomal threads sets in, but, as this process is very quick, 
it is rather difficult to trace the associates of the paired threads (Pl. I, 
fig. 13). The threads then euter the pachytene stagfj, when their open ends 
are oriented towards the nucleolus, and the looped condition now becomes 
evident. The number of the loops is rather difficul~ to determine, but they 
are never more than the haploid number of the chromosomes (Pl. I, fig. 14), 
In the forthcoming diplotene stage, the loops contract and become shorter. 
At first there appears a fused mass due to the shortening and overlapping 
of the loops, but soon the loops are spread out in the whole of the nucleus 
as distinct homologous pairs. Chiasmata are rather pronounced (Pl. I, 
fig. 15). At this stage, which may be called the diakinesis, ten biva\ents 
can be counted. The bivalents then become thicker and shorter, and now 
stain uniformly. A centrosome is seen lying close to the nuclear wall. 
The centrosomal granule soon divides and the two resultant ~annles move 
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apart and nltimately come to lie just opposite each other (Pl. I, figs. 16 and 
17). When the nuclear wall breaks down, the bivalent chromosomes are 
seen to lie on the spindle. In the metaphase plate, they are easily counted 
as ten thick and heavily stained rods or granules (Pl. I, fig. 18). The 
centrioles and the spindle can be observed in the side view (Pl. I, fig. 19). 
The homologous chromosomes then separate at the metaphase stage, and a 
diploid number of chromosomes can be counted (Pl. I, fig. 20).. The result
ing chromosomes are, however, small and short. The homologous sets 
then move apart towards the opposite poles. At the anaphase also the 
sets sometimes display a haploid number (Pl. I, fig. 21). When the telo
phase st.l;},ge is reached the chromosomes are fused: and thus on~ thick mass 
near each pole is seen. The eentrosmnes are, however, not visible at this 
stage (Pl. II, fig. 22). When the segregation of homologous chromosomes 
in the cluster is completed, the cytoplasmic cleavages put in their appear
ance. A depression starts from the outer side of each dividing cell and 
gradually extends inward towards the centre of the cluster. iJ'his results 
in the formation of a cluster of 16 cells-the secondary spermatocytes. 

The cells of the secondary spermatocyte cluster measure each from 
9 1, to 10 p in diameter. Soon after formation, their n~]clei are reorganized 
into a resting stage. A centrosomal granule at this stage becomes visible 
(Pl. II, fig. 23). After a brief resting stage thick chromatic granules appear 
and tlte chromosomes are formed from these granules. The nuclear wall 
then disappears and the.,aploid number of chromosomes is spread on the 
metaphase plate (Pl. II, fig. 24). The chromosomes are short and thin as 
compared to the correspondil!g stage of the primary spermatocytes. In 
the side view the centrosomes and spindle become visible (Pl. II, fig. 25). 
The chromosomes split at the metaphase stage, and often two haploid sets 
of chromosomes are seen (Pl. U, fig. 26). The daughter chromosomes then 
move apart towards the poles. When the telophase stage is reached, 
there is a single compact chromatic mass near each pole (Pl. II, fig. 27). 
The centrosomes at this stage are not seen. Probably they are masked 
by the chromatic masses. Following the chromosomal divisions, there is 
a gradual ingrowing from the outer free borders of the cells in the clnster. 
This results in cytoplasmic division, and a resultant cluster of 32 cell_s, the 
spermatids, is formed. 

Spermateleosis 

In. general appeara~ce the spermatid clusters look like the secondary 
spermatocyte clusters, < cept for the larger number of cells and their 
smaller size. Eaali spe atid measures about 7-!J p in diameter. When 
the spermatid nuclei star~reorganizing the centrosome in each spermatid 
becomes visible (Pl. II, fi . 28). In a little more advanced stage a space 
appears around each spe1 atid nucleus, and a centrosome is seen lying 
close to this space (Pl. II, g. 29). Gradually the centrosome in each cell 
comes to lie at the base "f the nucleus (Pl. JI, fig. 30). The spermatid 
nuclei then become elone;{ted and appear ovate with the pointed end to- ( 
wards the outer free b~~er, where a centrosomal granule is distinctly 
seen.· The nuclei, how1~er, show a weak staining reaction (Pl. II, figs. 31 
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and 32). Subsequently the spermatid nuclei become basiphilic, and as the 
nuclei become longer and thinner, they stain more and more intensely. 
A flagellum appears to arise from the centrosome (Pl. II, fig. 33), but as 
development proceeds the nucleus seems to pass insensibly into the axial 
filament. In the development process of the spermatid nuclei, the latter 
show coiling within the cytoplasm (Pl. II, fig. 34). When the sperms 
become mature, they leave the spermatid rosette and come to lie outside 
as spindle-shaped structures with the anterior half slightly thicker than 
the posterior. The sperms are generally seen in bundles. The evacuated 
spermatid rosettes look globular, and they are seen nearly in all the sections 
(Pl. II, fig. 35). The number of such globules is much larger in the mature 
worms. 

A number of unusual structures have been noted in the present 
investigation. Very often at the periphery of the testis .are observed 
certain _small granules of different sizes, occurring either singly or in groups 
·(Pl. II, fig. 36). They stain intensely with iron haematoxylin. They are 
also seen to extend towards the centre of the testis, but these latter are 
smaller than those seen at the periphery. Sometimes these granules are 
seen to lie amongst the spermatogonia. 

Olear, faintly stained big globules of different sizes have been observed 
in the peripheral region. Occasionally such globules a.re seen in the in
terior of the testis. They are also fonnd in the nourishing mass of the 
oocytes, met with in the testis (Pl. II, fig. 37). 

Sometimes the spermatogonia fail to undergo proper mitotic divisions 
and are seen to exhibit a polyaster condition, or the chromosomes may be 
found scattered in the whole of the cytoplaBm (Pl. ill, figs. 3S-40). 
Occasionally the spermatogonia either in the peripheral region or in the 
testis cavity are seen degenerating. Such cells are characterized by the 
presence of a big chromatic mass with a clear space around them (Pl. III, 
figs. 41-43). 

Very often the testis shows fully developed oocytes and a nourishing 
mass associated with them. The formation of these structures can be 
traced from the patches of spermatogonial and primordial gorm cells lying 
in the peripheral region. There first appear a few nuclei, which look like 
the yolk-cell nuclei amongst the primordial and the spermatogonial cells, 
lying close to the testicular wall (Pl. III, fig. 44). Later the germ cells 
seem to be concerned with the formation of deeply staining globules, which 
start appearing in such a mass of cells (Pl. III, figs. 45-46). The whole 
mass at this stage or even earlier breaks its contact with the testicular 
wall and becomes free to move in the lumen of the testis. Formation of 
the deeply staining globules continues and the normal mode of multiplica
tion of germ cells is also exhibited. Somo of the sperma.togonia reach 
the spermatocyte-typed stage but not beyond that (Pl. III, fig. 47). The 
growth of the spermatocyte-typed cells continues and they reach the size 
of a fully grown oocyte, measuring 28 ? in diameter (Pl. III, fig. 48). These 
oocytes are generally seen in a post synaptic diffuse stage. The formation 
of the globules from the germ cells continues and very often these globules 
encircle the yolk cell nuclei, and the whole mass appears to be formed of 
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big cells (Pl. IV, fig. 49). Degeneration of tbe oocyte. and the nourishing 
mMs follows, and ultimately the globules, the yolk cell nuclei and the 
spermatogonia disappear. The degeneration of the oocyte. starU! with 
the appearance of chromatic globules inside their nuclei and small granules 
in the cytoplasm (Pl. IV, fig. 50). The degeneration of tho nourishing 
mMs and oocyte. goes on simultaneously (Pl. IV, fig. 51). The oocytes 
very often leave the nourishing mass, and lie free in the testis cavity. The 
degenerated nourishing mass is also seen occasionally in the testis cavity 
(Pl. IV, fig. 52). Further degeneration of the oocyte. in the testis caYity 
leads to its gradual decrease in size with the chromatic mMs lying scattered 
in the cytoplasm (Pl. IV, figs. 53-57). 

Chromos&me~J 

The chromosome number as determined from meiosis I and meiosis II 
is 10 haploid, and the diploid number as determined from the mitotic 
figures is 20. The mitotic chromosomes are very often .crowded and their 
critical study is rather difficult. 

The largest pair of chromosomes is .J -shaped and measures about 
3·0 /-1 in length. In the meiotic stages it appears rod like. The second 
pair which measures 2·5 /-1 in length is straight. The third and the fourth 
pairs are again straight and they measure nearly 2 ~ each. The rest of the 
chromosomes are quite short, hardly exceeding I f'· 

DISOUSSION 

It is concluded that the process of spermatogenesis is essentially 
similar to that described in other digenetic trematodes. The outliues of 
the cells in each type of cluster remain distinct, "" also reported by 
Anderson (1935), John (1953) and Dhingra (1954). The prophase stages 
of the spermatccytes run in conformity with the general plan outliued by 
Willmott (1950), Willey and Godman (1951), John (1953) and Dhingra 
(1954). Syndesis or the contraction figure which, according to Penny
packer ( 1940) and Willey and Godman ( 1951) occurs before the pachytene 
stage, hM not been observed, and it appears that such a stage is not 
essential for all the trematodes. 

The most important point, which can be emphasized in this com
munication, is the presence of a single centrosomal granule in the 
spermatid, which takes up its position at the base of the spermatid nucleus 
and forms the entire tail of the sperm along with the axial filament. The 
centrosome in the spermatid of the digenetic trematodes has not been 
reported before except in Isoparorchis e?trytremum (Dhingra, 1954) where 
the centrosome also comes to lie at the base of the spermatid nucleus and 
gives off two flagella. In a dioecious form, Schistosoma japonicum, how
ever, Severingbaus (1927) has reported a centrosome dividing in the 
spermatid. 

It seems difficult to point out the biological significance of the 
abnormal structures reported in the testicular material, but it looks eYident 
from their degenerating behaviour that they contribute in the 'nourishment 
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of the testes. The small globules soon in the peripheml region resemble 
those described by Dingler (1910) in Dierocoelimn lanceolatum and John 
(1953) in Fasciola. hepali<XJ. Such globules are seen to lie close to the peri
pheral wall and also to extend in the interior of the testis. From their 
gradual decrease in size as they extend towards the interior of the testis. 
it is pre.sumed that they arc consumed for nourishment. They might · 
possibly be some protein products because they are not affected even by 
long fixation in Bouin's. fluid. Dingler (1910) also attributed a. nutritive 
function to them, but ,John (1953) failed to produce any evidence in favour 
of Dingler's contention. 

The big globules which a.-. .._en at the p<~riphllry "mi occmion..Uy in 
the interior of the testis are comparable with those described by Markell 
(1943) and John (1953), but there is no evidence to show that they are the 
products of large vacuolated cells as Markell considers them or the pycnotic 
primordial spermatogonia as John puts them. They a.re, however, shown 
to decrease gradually in size, which both John and Markell have failed to 
record. 

The degeneration of certain cells in the peripheral region due to 
abnormal chromosomal divisions has not been reported before. Anderson 
(1935), Chen (1937), and Willey and Koulish (1950) reported pycnosis, 
which is cha-racterized by the extreme condensation of the chromatic mass. 
Such a degeneration is also reported in tho present investigation. 

Tho formation and the degeneration of the oocytes in the testis has 
never been described in such It detail previously. Anderson (1935) in the 
testis of Proterometra macrostoma observed oocytes, which he believed were 
formed from the detached spermatocytes. The nourishing mass seen 
associated with the developing oocytes bas never been reported before. 

SUMMARY 

L The behaviour of the nucleus during the spermatogenesis of 
Oycl<Moelwm bivetJicularum has been described. The chromosome number 
is 10 haploid and 20 diploid, 

2. The history of the centrioles has been traced and their morpho
logical role in the ripe sperms is discussed. 

3. The sperm is both nuclear and cytoplasmic. 
4. The unusual structures met with in the testes include small 

globules which stain darkly; bigger globules which stain lightly; oocytes 
with nourishing mass; cells wWch fail to undergo proper division; and the 
pycnotic ce11s. The nature, origin, and fate of some of these abnormalities 
are also described. 
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ABBREVIATIONS 

A.G.-Small globules; C.-Centrosome; CH.G.-Chromatic granules; N.
Nncleus; Ooc,--Oocyte; Py.Sp.-Pycnotic primordial spennatogonium; Sp.-f~per: 

m!ltogonium; Y.O.N.-Yolk cell nucleus. 

EXPLANATION OF PLATES 

PLATE I 

Fm. 1. Primordial spermatogonia. 
Z. Primary -spennatogonium in the resting stage, showing a centrosomal 

granule. 
3. Primary spermatogonium in metaphBSe. showing a full diploid number (20) 

of chromosomes. 
<1·. Primary spcrmat,ogonium in metaphase, showing oentrioles at. each end of 

spindle. 
· :l. Primary spermatogonium in tolopho.se with the chromosomes cluri-tpcd. 
6. Secondary spenna-OOgonia in a. group of t.wo cells. A cent.rosomnl granule 

in each cell is seen . 
. '7, ·SecOndary spermatogonia in metaphase, showing nearly t.he diploid number 

(20) of chromosomes. · 
8. A group of four tertiary gpcl'ID.atogonia in the resting stage. A cent.ro~OlJH\l 

granu1e in each cell is dist.inct .. 
9. Tertiary spermatogonia in metaphase, showing full diploid number (20) of 

chromosomes in two of these cells. 
10. Three of t-ho four t-ertiary spermatogonia in a.naphase stages. 

.. 11. Three of the eight primary f'IPOl"Illat.ocytes in the -resting st.age . 
... }2. Four of t-he eight primary spennat.ocytes, showing t.he leptotene thre.ad~ . 
., . J 3. Four of t.he elght primary spermat.ocytes, show.ing t.he zygotene sta~e. 
,. 14. Primary Rpormatocyte, showing the bouquet. stage. 
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Fw. 15. 

" 16. 

" 17. 

" 18. 

H 19. 

" 20. 

Primary spermatocytes, ahowing.th~ diakinesis stage. 
Primary spermatocytes, showing the tetrads. In (a) 'there is a single centro· 

somal granule, but in (b) it has divided int-o two granules. 
Primary sporma.tocyt.os, showing the t.at·rads. The two centrosoma.l gra.nul()S 

have come to lie opposite each other. 
Primary spermatocyte in metaphase, showing a haploid number (10) of 

chromosomes. 
PrimarY spermatocytes in metaphase, showing tho spindles and centrosomes. 

In one cell the centrosome at the pole has divided into two. 
Primary spermatocytes in polar view, showing t·ho separation of the biva.lerlt 

chromosomes. 
,. 21. Primary spermatocytes in anaphase. The haploid number (10) is soen in 

some of these seta. 

FIG. 22. 

.. 23. 

.. 24. 

'' 25. 

" 26. 

.. 27. 

.. 28. 

.. 2~. 

30. 

.. 31. 

32. 
.. 33. 

" 34. 
" 35. 
" 36. 
" 37. 

PLATE II 

Primary spermatocytes in t-elophase. The chromosomes are clumped and 
the cytoplasmic cleavages have appeared in some ceUs. 

Part of a. rosette of secondQl'y spermatocytes. The chromat-in in each 
nucleus baa loosened and tL cent.rosome in each cell is seen. 

Secondary sponnstocyt.es in meta.phnso, showing the haploid number of 
chromosomes. 

Secondary spennatocytes in metaphase, showing the spindles and t.}le 
centrosomos at tho poles of tho spindle. 

Secondary spormatocytes in anaphase. Spindles and centrosomos aro soon 
in some of the cells. 

Secondary spermatocytos in telophase. The chromosomes havo clumpOd 
and the cytoplasmic cleavages have appeared in some cells. 

A part of the spermatid rosett-e, showing the condensed chromatin and the 
centrosomal granule in ench cell. 

A. part· of the spermatid rosette, showing the nuc)ei with the chromatin in t)1e 

centro. A centrosomal granule near each nucleus is seen. 
Spennatids, showing the nuclei reorganized and the centrosomal gram.tle 

lying at the base of each spermatid nucleus. 
Spermatids, showing weakly stained ovate nuclei with a centrosomal gramtle 

Rot t.he tip of oach spermat.id nucleus. 
Spermat,ids, showing the nuclei pulling out. of the eyt-opla-Bm. 
Spermat.ids, showing strongly basiphilic nuclei and the cent.rosomes from 

where the flagella are given off. 
Spermatid rosette, showing almost mature sperms. 
Residual cytoplABmic mass. 
Small globules as Seen near tho periphery. 
Some of the pycnotic primordial spermat-ogonia from t·he peripheral region. 

PLATE III 

FIGS. 38-40. Spern1a.t.ogonia in which normal mit.otic divisions have failed. 
Fms. 41-43. Pycnotic spermat.ogonial cells. 
Fm. 44. A patch of spermat.ogonial cells along the wall of the testis in which a yolk 

cell nucleus has formed. 
FIGs. 45-46. A patch of spermo..t.ogonial cells in which the chromatic granules ha,•e 

formed and are being formed. 
FIG. 4'7. A small patch of sperma.togqnial cella with chromatic granules o.nd a. young 

oocyte. 
, 48. Well-developed oocytes sssocia.ted with a mass of cells and granules. 
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PLATE IV 

Fro. 49. Two fully developed oocytea in the post-synaptic diffuse stage associated 
with some spermatogonia, yolk cell nuclei and the chromatic granules . 

. , 50. Degenerating oocyte sunounded by the nourishing mass. 

.. 51. A little more advanced stage of degeneration of t-he oocyte. The D011rishing 
mass h88 dwindled. 

, 52. Remnants of the nourial:ring mSBS. 
Fios. 53-57. Stages in the degeneration of the oocytos found free in the testis cavity. 
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FISH SPERMATOGENESIS WITH PARTICUI.AR REFERENCE TO 
THE FATE OF THE CYTOPLASMIC INCLUSIONS 

III. SPERMATOGENESIR oF AcTINOPTERYGII (CYPRINODONTIDAE) 

By HEM SAGAR VASISHT, Department of Zoology, Panjah University, 
Hoshiarpur 

INTRODUCTION 

In two previous papers of this series (Vasisht, 1953 and 1954) I hav-e 
published my findings on the spermatogenesis of twelve Elasmobranch 
species (Hypo· and Pleurotremata), with particular reference to the fate of 
the Golgi bodies and mitochondria. It has been found that in all the 
twelve ElMmobranchs the acrosome is directly formed from the Goli;i 
body or bodies, and the mitochondria form the sheath of the middle-piece. 

In this, the third paper of the series, the spermatogenesis of thrM 
Teleost fishes of sub-family Pceciliinre of the family Cyprinodontid"' has 
been worked out. The study of these fishes has once again confirmed my 
conclusions arrived at in the two previous papers. 

On reviewing the previous literature on Teleost fishes, it is noted that 
all workers have figured sperms without showing the acrosome. Ballowitz 
(I895) in 8a[mo and O[upea, Retzius (1905) in a pike f!Jsox, Duesherg (HI IS) 
in Fundu!us, Turner in a perch, and Essenberg (1923) in Xiphophmus 
kelkrii have figured no acrosome. 

Vaupel (1929) was the first worker who demonstrated the presence of 
Golgi bodies and the mitochondria in Lehistes reticulatus. During sperma. 
teleosis the mitochondria arrange themselves behind the nuclens and the 
Golgi bodies are sloughed off _without forming the acrosome. Con. 
sequently, the sperm of this fish is also said to have no acrosome. La!l 
(1945), in his preliminary communication to the 'Indian Science Congr"""' 
on the sperm formation of seven Teleostean fishes once again confirmed 
the observations of the previous workers, i.e., he found no acrosome. 

I am thankful to Dr. H. G. Kewalramni, Curator, Taraporewala 
Aquarium, Bombay, for the supply of live fishes free of cost. I am also 
obliged to Dr. Vishwa Nath for suggesting this problem and for helping me 
to prepare the manuscript for the press. 

MATERIAL AND TEOHNIQUE 

The spermatogenesis of three Teleosts has been worked out in this 
paper. They all belong to the sub-family pceciliinro of the family 
Cyprinodontidre of the class Actinopterygii. The names of these fishes are: 
(I) Lebistes reticulatus, (2) Xiphoplwrus hellerii, and (3) Gambu,sia wrayi. 

The testes ru:e two small oval creamish structures, lying in the dorsa.! 
wall of the body cavity below the swim bladder, just anterior to the cloacal 

169 



opening. They are partly fused, and are covered by a delicate membrane. 
The two vasa deferentia from the testes open into the urinogenital sinus. 

Immediately after the testes were dissected .out, they were put in 
normal saline, cut into small pieces, and were transferred to capsules con
taining different fixatives. The testicular material wae maiuly fixed in 
Flemming-without-acetic acid, Champy and Bonin. The material was 
fixed in F. W.a. and Champy for 24 .hours and was washed in running water 
for the same period. Sections were cut 5 ~ thick. Smears were also pre. 
pared for the study of sperms. The sections and smears were stained with 
0·5% iron hoomatoxylin. 

The testicular material of Gambusia wrayi was also studied fresh under 
the Phase Contrast Microscope. 

OBSERVATIONS 

As the process of spermatogenesis in the three Teleost species dealt 
with in this paper is more or less similar, it has been considered best to 
give a comparative account of these three species. 

Spermatogonia 

The speriiJ.atogonia in all the three fishes studied are small rounded 
cells with vesicular nuclei. The nucleus is large and central, with a thin 
layer of cytoplaem surrounding it. It contains chromatin granules, chro
matin threads and a distinct darkly-stained nucleolus (Pl. I, Figs. 1, 2 and 
18; and Pl. II, Fig. 35). In the majority of the spermatogonia the cyto. 
plasm does not reveal any gTa.nules {Pl. I, Fig. l ; and Pl. II, Fig. 35), hut in 
a few of them there can be observed some dust-like granules. These are 
the mitochondria. In addition to these granular mitochondria there can 
be seen occasionally one or two comparatively bigger and more refringent 
granules, which are the Golgi elements (Pl. I, Figs. 2 and 18). 

Primary spe'l"malocyte 

The primary spermatocyte is the ·largest cell in the testis. The 
excentric. nucleus is vesicular and contains a prominent nucleolus in 
addition to the chromatin threads and granules. As the spermatocyte 
grows the juxta-nuclear mitochondria grow in size from the dust-like 
granules to appreciably bigger granules (Pl. I, Figs. 3, 4 and 19; and Pl. II, 
Figs. 36 and 37). The Golgi bodies are big darkly-staining granules 
scattered either amongst the mitochondrial mass or outside it. They are, 
however, fewer in number as compared to the mitochondria. 

Secondary speT'ITUIJ,ocyte 

The secondary spermatooytes are smaller than the primary, but are 
bigger than the spermatogonia (Pl. I, Figs. 5 and 20; and Pl. II, Fig. 38). 
T:bey can be eaaily distinguished from the spermatogonia by their excentric 
nucleus, larger mitochondria and Golgi bodies, and an increase in the 
volume of the cytoplasm. In Gamhusia wrayi one also notices Golgi 
crescents and .vesicles in addition to the Golgi granules (Pl. II, Fig. 38). 
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In spite of my best efforts I have not been able to find any useful 
division stage. 

Spermatekosis 

The earliest spermatid has a vesicular excentric nucleus with a few 
chromatin granules and threads. The mitochondria are small granular 
structures, lying on one side of the nucleus. Amongst the granular mito. 
chondria are also met with a few Golgi bodies, which are comparatively 
bigger and more refringent (Pl. I, Figs. 6 and 21; and Pl. II, Figs. 39 and 
40). At a little later stage the nucleus starts showing condensation till 
ultimately it takes up a homogeneously dark stain. 

In the spermatid of all the three Teleosts one of the Golgi granules 
moves towards the nucleus. This granule may now be termecl as the 
pro-acrosome, as it is the fore-runner of the future acrosome. The pro
acrosome ultimately takes its position at the anterior end of the nucleus 
(Pl. I, Figs. 9 to 12; and Pl. IT, Figs. 26, 27, 43 and 44). The first step in 
the transformation of the pro.acrosome into the acrosome is the appearance 
of a very lightly staining triangular area, the pro.acrosomal granule, now 
reduced in size, lying at the apex of the triangle (Pl. I, Figs. 13 to 15; and 
Pl. II, Figs. 28 to 31, 45 and 46). Gradually the pro.acrosomal granule 
completely vanishes from the apex (Pl. I, Figs. 16 and 17; Pl. II, Figs. 32 
to 34, 47 and 48). The acrosome which stains very feebly lies at the anterior 
end of the sperm head. 

Simultaneously when the pro·acrosome is being transformed into an 
acrosome the mitochondria become more concentrated around the axial 
filament (Pl. I, Figs. S to ll, 24 and 25; and Pl. II, Figs. 26, 42 and 43). 
These now fuse to form a homogeneous mass, the mitochondrial nebenkern 
in the region of the middle· piece (Pl. I, Figs. 12 to 14; and Pl. II, Figs. 27, 
28 and 44 to 47). The mitochondrial nebenkern soon loses its staining 
capaeity, and forms a sheath of the axial illament in the region of the 
middle· piece (Pl. I, Figs. 15 to 17; and Pl. II, Figs. 32 to 34 and 48). 

The behaviour of the centrioles is not very clear, as the spermatids are 
of a very small size. But from the study of these three species it seems 
tha.t there appears a small illament between two granular centrosomes 
(Pl. I, Fig. 23; !>nd Pl. II, Fig. 40). Due to the growth of this intra,.cellul!>r 
fila,ment one of the centrosomes is carried near the base of the nucleus a,nd 
the other towards the cell wall. These are the proximal and distal centro. 
somes respectively. From the distal centrosome is given out an extra
cellular axial filament, which forms the end.piece of the sperm (Pl. I, Figs. 8 
to 17,24 and 25; and Pl. II, Figs. 26 to 34 and 42 to 48). Sometimes in 
all the three species the proximal centriole becomes rod.shaped and can be 
seen lying on the nucleus (Pl. I, Fig. 17; and Pl. II, Figs. 29 and 33). 

As the nucleus begins to elongate the cytoplasm starts attenuating, so 
much so that it cannot be made out round the nucleus and existe in the 
form of a thin sheath in the region of the middle· piece. In all these three 
species of fish the sperma,tid nucleus remains in a spherical condition for a 
1ong time (Pl. I, Figs. 10 to 14, 23 and 24; aud Pl. II, Figs. 26 to 28 and 
43). It condenses into a bean.shaped structure at a very late stage in 
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spermateleosis (Pl. I, Figs. 16 to 17 and 25; and Pl. II, Figs. 29 to 34 and 
44 to 48). 

As is clear from the figures and from the account of the acrosome 
formation only one Golgi body becomes the pro-acrosome. The rest are 
sloughed off along with the blebs of residual cytoplasm (Pl. II, Fig. 32). 

The ripe sperm of these fishes has a bean-shaped nucleus, having a 
small conical acrosome in front, middle.piece behind and a naked axial 
filament forming the tail (Pl. I, Figs. 16 and .l7; and Pl. II, Figs. 33, 34 
and 48). 

DISCUSSION 

The main conclusions of my investigations on the spermatogenesis 
of the three species of Teleost fishes, which form the subject matter of this 
paper, are (l) that the teleostean sperm ha~ a. small acrosome which is 
formed by the direct transformation of a Golgi body, the pro-acro~ome, and 
(2) that there is well-defined middle-piece in the sperm, which is limited by 
the proximal centrosome in front and by the distal centrosome behind, 
the mitochondria forming a sheath of the axial filament in this region. 
The axial filament of the middle-piece is prolonged posteriorly into the 
end-piece of tho sperm which is devoid of any cytoplasmic or mitochondrial 
sheath . 

.As will be clear from the accounts of the earlier workers on Teleosts 
they did not describe any acrosome in the sperm of these fishes. Nor did 
any one, except Jean Vaupel (1929) and Lall (1945), make oven a mention 
of the Golgi bodies. Since Lall has not published a detailed account of 
his paper, it remains for me to discuss the paper of Vaupel (1929) only, 
who worked out in detail the spermatogenesis of Lebistes reticulatusl one of 
the three species investigated by me. But unfortunately ,Jean Vaupel's 
technique was defective so far as the stndy of Golgi bodies and mitochon
dria was concerned. All the fixatives employed by her contained acetic 
acid except osmic vapour fixation. Apart from this there are only a few 
Golgi granules present in the spermatid of Lebiste.s reticulat?M, which com
pletely escaped her notice. She described the Golgi apparatus in the 
spermatocyte as 'a cap-shaped reddish mass of denser consistency than 
the remainder of the cytoplasm', which ultimately is sloughed off during 
spermateleosis. Likewise the mitochondria in her figures are greatly 
distorted by the fixatives nsed by her, although she has figured them 
correctly in the middle-piece of the maturing sperm. In view of the faulty 
technlque used by Vaupel it is impossi~le to accept her finding that there 
is no acrosome in the sperm of Lebi.•te.s reticulatus. My findings on 
Lebiste8 reticulatus, Xiplwplwrus hellerii and 'Gam:busia wrayi, run counter 
to those of Vaupel's, so far as the acrosome is concerned. The Teleosts are 
no exception to the general plan of the acrosome formation in spermateleo
sis. It becomes qnite clear from my observations that there is a definite 
acrosome in the sperm of these fishes. In all the three species under 
investigation I have observed a small acrosome in the living sperm even 
under an ordinary microscope and in the case of Gambusia wrayi this has 
been further confirmed by the study of fresh testicular material under 
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PhMe Contrast Microscope. Under this microscope the ,.crosome is seen 
e.s e. very conspicuous conical structure in front of the nucleus of the sperm. 
But in fixed preparations the tiny acrosome is liable to collapse, and keep
ing in view the fact that tbe acrosome always stains poorly, it has 
completely escaped the notice of all the previous workers. 

Finally, it may be repeated that in all the three Teleost species studied 
by me the acrosome is formed directly from a Golgi body. 

SUMl\lARY 

1. In this paper the spermatogenesis of three Teleosts, viz., L<biste8 
reticul.atus, Xiplwphoru8 hellerii and Gambusia wrayi, has been worked out 
with particular reference to the fate of the Go1gi bodies and the mito
chondria. 

2. A thorough study of the cytoplasmic inclusions iu the sperma
togonia, spermatocytes and in the spermateleosis has been made. 

3. The earliest spermatid has an excentrically placed nucleus, a few 
granular Golgi elements, and a large number of mitochondrial granules. 

4. Dnring spermateleosis one of the Golgi bodies advances towards 
the nucleus and is called the pro-acrosome. This pro-acrosome is directly 
transformed into an acrosome. 

5. The· granular mitochondria fuse to form the mitochondrial 
nebenkern, which in turn gives rise to the sheath of the middle-piece. 

6. The ripe sperm has " bean-shaped nucleus with a short conical 
acrosome in front, a middle-piece and a long tail behind. 
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EXPLANATION OF LETrERING IN THE 'PLATES 

A.-Acrosome; A1.-Pro-acroeome; A.f.-Axial fllament; C.-Centrosome; 
C 1 .-Proximal cent,rosome; 0 2 .-Distal centrosome; 0 .G.-Chromatin grfLilules; 
G.-Golgi body; M.-.Mitochondria; .M.p.-Middle-piece; M.n.-Mitochondrial 
nebenkern; N.-Nucleus; N 1 .-Nucleolus; R.C.-Residual cytoplasm. 

EXPLANATION OF FIGURES AND J>uTES 

All figures have been drawn with Camera Lucida at table level with Beck 10 X 
eyepiece and oi1 immel'Sion objective. All figures (except :Pl. I, Figa. 15 to 17 and 25; 
and Pl. II, Figs. 29 to 34 and 46 to 48 which are drawn from smears) have been drawn 
from sectioned materiR-1 fixed in Flemming-without-ncetic ncid followed by 0·5% 
iron hrematoxylin. 

PLATE I 

FIGs. 1-17. Lebist<s retiwlatVf 

FIG. l. Earliest :opemlatogonium. 

Fws. 
Fro. 

2. Late spermatogonium showing the mitQchoncbia and the Golgi body. 
3 8lld 4. Primary spermatocytes. 
5. Secondary spermatocyte. 
fL Early sperm.A.t.id. 
7, Spermatid with a condensed nucleus. 
B. Spermatid showing the appearance of axial filf'LD'Ient. 

FIGs, 9 to 11. Spermatids each Bhowin~ the pro-acroson:::.e and the mitochondrial 
concentration round the axial filament. 

Fro. 12. The mitochondria have fused to form the mitochondrial.nebenkern. 
F'rGs. 13 to 15. Thfl pro-acro3omes have start.E'd transfonning into a('rosomes. 
}·m. 16. Ear1y sperm. 

FIG. 

17. Mature _sperm. 

JR. 
l fl. 

20. 
21. 
22. 
23. 
24. 
25. 

FIGs. 18-25. Xiphophorus heUerii 

Spermatogonium showing the granular mitochondria and the Golgi body •. 
Primary spermatocyte showing the excentric nucleue., ju::d.a-nucJenr 

granular mitochondria and a few Golgi granules. 
Secondary spermatocyte. 
Earliest spArmatid. 
Spermatid showing the condensed nucleus and ()ther cytopla.smic inclusions. 
Spermatid with two centrosomes and a small £lament in between them. 
The axial filament has come out of the celJ. 
The proximal centrosome is c!early seen on the nucleus. The mitochondria 

are seen round the axial filament. 

PLATE II 

FIGS. 26-34. Xiphophorus helkrii 

FIG. 26. Spermatid showing t-he pro-acrosome. 
27. Spermatid \rlth the mitochondrial nebenkern. 

Flo~. 28 to 30. Pro-acro~ome has sta-rted transfonning ill.to an acrosome. 
31 and 32. Not-e the Golgi remnant. in the region of the middle-piece and t.he 

bleb of residual cytoplasm. 
, 33 ana ."H. Mature sperms. 
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Fms. 35-48. Gamhusia wrayi 

Fm. 35. Spermatogonium. 
Fias. 36 and 37. Primary spermatocytes showing the exoentric nuclei, juxta-nuclear 

mitoohondril\ and the Golgi granules. Also note the nucleoli. 
Fxo. 38. Secondary spermatocyte showing the crescent-shaped, vesicular e.nd 

granular Golgi bodies in addition to the other cell components. 

,. 

39. Earliest spermatid. 
40. Spermatid showing two centroaomes, intra-ce1lula.r a"!tial filament, mit.o

chondria and the Golgi bodies. 
41. Note thf3 pro-acrosome. 
42. Note the axial fil.a.ment in the spennatid. 
43. The spermatid has elongated and the mitochondria are arranged round 

the axial filament. 
44. Mitochondria have fused to form the mitochondrial nebenkern. 

Fms. 45 and 46. Pro-acrowme has started transfonning into an acrosome. 
FIG. 47. The elongated spermatid showing the mitochondrial nebenkern, the Oolgi 

remnant and the distal centrosome. 
48. Fully ripe sperm with an oval nucleus having a. conioa.li\Crosoma in front. 

middle-piece behind and tho ta.il. • 
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A PRELIMINARY NOTE ON SOME BIRDS OF THE 
HOSHIARPUR DISTRICT, PA.J."UAB (I) 

By G. P. SHARJIIA and B. S. LAMBA 1 

(Department of Zoology, Panjrib University College, Hoshiarpur) 

The bird fauna of many districts of the Panjab (I) has been, to some 
extent, recorded by a number of workers. Of these Whistler occupies the 
most prominent position as he has described the birds of the various places 
which he happened to visit in connection with his duties as an officer in 
the Indian Police, viz. Hissar (1915), Dalhousie (1916), Ambala (1918a 
and b), Ludhiana (1919a), Fagoo (l919b), Simla (1920 and 1928) and Kulu 
(1926). Jones (1919a) had already given a long list of the birds found in 
the Simla Hills and in the same year (l919b) he also published further notes 
on the birds of the Ambala district. Similarly Basil-F..dwardes (1926) 
added some notes on the birds uncommon in, or unrecorded from the Simla 
Hills. Betbam (1916) described a few birds breeding at Ferozepore and 
Hingston (1921) published a list of the birds collected from the Dhauladhar 
Range in the immediate vicinity of Dharmsala. Currie (1916), while 
describing the birds nesting on the Kaisapur Jhil and at 'Malikpur in the 
Gurdaspur district, also mentions about one or two birds from Hoshiarpur. 
Excepting Currie none of the above stated workers seems to have paid any 
attention to the study of the avi-fauna of the district Hoshiarpur. Since 
1948, when the Department of Zoology of the Panjah University was 
established at Hoshiarpur, the need for such a study began to be felt acutely 
and the present work was, therefore, started in October, 1951. Although 
the 'summer visitors' had left by that time, yet the 'residents' and the 
'winter visitors' were qnite encouraging to start with. The lack of a 
miniature rifle to shoot the small birds and the general scarcity of cartridges 
(nos. 8-10) in the market were the main difficulties encountered. 

The district Hoshiarpur, being situated at the foot of the Shiwalik 
Hllls, provides quite a large variety of habitat for the birds. Considerable 
areas of Una, Ga.rhshankar and Hoshiarpur tehsil8 comprise a dry hilly 
country with scrub jungle, light forests and dense undergrowth, thus 
providing an ideal habitat for t-he order Gallinro (game birds). The river 
Beas which flows through a part of the tehBil Dasuya and a few permanent 
and semi-permanent 'Chos' (smt11l streamlets) of the district are inhabited 
by the birds belonging t<> the orders Charadriiformes and Anseres (water 
birds). The plains of the district are rich in birds belonging to the orders 
Passeres (crows, shrikes, bulbuls and babblers, etc.), Coraeiiformes (barbets, 
parrots, cuckoos and wood-peckers, etc.), Aecipitres (birds of prey) and 
Columb., (pigeons and doves). The abundance of fruit trees and insect life, 

1 Now working at the Virus Research Centre, Poona. 
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due to healthy climatic conditions, attract a number of 'summer and 
winter visitors'. 

The birds were collected mainly :from Garhshankar and its vicinity, 
Gagret, Hoshiarpur and its vicinity, Mnkcrian and Bankbandi. The 
collection includes forty-three families belonging to the above-mentioned 
seven orders. In all ninety-four sub-species of birds have been collected. 

As the description of the birds in our collection agrees (except for very 
minor variations in measurements and shades) with that given by Stuart 
Baker (1922, 1924, 1926, 1927, 1928 and 1929) it has been considered best 
to adopt the same numbers and nomenclature as used by him. We have 
added only the local name of the bird, wherever known, and the locality 
from which it has been collected. 

l. (I) Corvus corax laurencei (Ghogar Kan, Pahari Kan).-It arrives in 
the plains of this district in winter, the earliest date of observa
tion being the middle of October, when a solitary pair was 
seen near the Bhangi Cho. Most of the flocks were seen in 
the months of December and ,January. These birds, however, 
became scarce from April onwards. A solitary pair was 
noted near the Railway station, Hoshiarpur, as late as the 
last week of May and one of them was shot which turned out 
to be a male. 

2. (5) Corvus cororwitks levaillanti (Jungli Kan).-It is a permanent 
resident of the hilly areas of this district. In the plains it is 
not very common during summer, although they are found 
in considerable numbers in winter. They do not, however, 
disappear totally in summer. A single bird was observed 
nea.r the kitchen of the college hostel in company with house 
crows as late as the end of May. It did not observe the 
natural shyness of the race and came frequently in the 
verandah of the kitchen to collect bits of bread, etc. 

3. (I I) Corvu$ splendens splendens (Kan).-The house crow is a strictly 
resident bird and it breeds in June and ,Tuly. 

4. (26) Dendrocitm rufa rufa.-It is also a strictly resident species and is 
actively making nests in April, May and June. 

5. (53) Parus major ka.,chmirien.sis.-It is mainly an arboreal form but 
also visits bushes and scrub jungle. A number of them was 
noticed at Bharwain, Gagret and Bankhandi, but could not 
find any in the plains. They appear to be very methodical 
in hunting insects. 

6. (110) Sitta castaneiven!ris castaneiventds.-This bird is purely arboreal 
in habit and is found in all the well-wooded parts of the 
district. It was first observed in the middle of December. In 
April it was very common and a pair of them was shot. 

7. (185) Turamdes !erricolor sindianus.-This bird is very common 
throughout the district. Its breeding season commences in 
June and July after the monsoons. The nest which is made 
in some tree or thick bush is a fairly deep cup of grass stems 
and roots which are put together rather loosely. 
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8. (192) Argya caudn.ta caudata.-It is again a very common bird of the 
district. 

9. (195) Argya malcolmi.-Very common throughout the district. 
10. (404) MolpastM hmmorrhou.s intermedius (Bulbul).-This bird is fouiid 

in large numbers throughout the district. The breediiig 
season lasts from February to August. The nest which is in 
the form of a neat cup is made up of dry grass stems, fine 
twigs and shoots. It is lined with fine roots and hair inter· 
mingled with dry leaves. 

11. (405) Molpastes /.ew;ogenys leucogenys (Bulbul).-This bird shows a 
local movement in the district. In the months of March, 
April, May, June, July and August it leaves the plains and 
goes uphill while in the winter months, i.e., from September to 
February, it is very common in the plains. Its breeding 
season also lasts from March to August. The nest of this 
bird is in the form of a well-constructed cup which is light and 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 
20. 

21. 

22. 

23 .. 

24. 

fragile, to look at, but is quite strong otherwise. 
(495) Saxicola torquata indica.-It is a common bird of the district 

a,ud breeds from April to July. The nest which is cup
shaped is made up of coarse grass and fine twigs, eto. 

(506) (Enanthe picata.-This bird also is quite common throughout the 
district. 

(507) (Enanthe capistrata.-It is a very rare bird. Only one specimen 
was seen in a bush near the Model Town, Hoshiarpur. 

(531) PlwJniC?tr1UJ ochrurus phmniwroides.-This bird is very com
monly met with in the gardens and groves of the distdct 
during winter. 

(535) Rhyrwornis f,;liginosa fuliginosa.-This bird is a winter visitor 
to the plains of the district. It is purely a water bird and is 
found near about the streams in the hills. 

(557) Saxicoloides fulicata cambaiensis.-It is one of the common 
garden birds and is found throughout the district. 

(558) Copsychus saularis saularis.-It is also a very. common garden 
bird of the district. 

(700) Rhipidura aureola aureola.-It is comparatively a rare hird. 
(706) Lanius excubitor lal!tora.-This bird is very common at the foot 

of the hills. Two specimens were shot-one from Birumpur 
and the other from Garhshankar. 

(710) Lanius vittatus.-This bird is common throughout the district. 
One specimen was shot near the Model Town, Hoshiarpur. 

(714) Lanius schach erythronotus.-This bird is also available through
out the district and is abundant near the foot of the hills. 
One specimen was shot at Khanpur. 

(731) Tephrodornis pondiceriana pallida.-This bird is abundant in 
the semi jungle areas at the foot of the hills. Three specimens 
were shot from Birumpur and Chak Sadho, 

(745) Pericrocotu.s peregrinus peregrinus.-This bird is commonly met 
with in the gardens, groves and thickets of the district. 'l'he 
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only pair shot from Khanpur was, however, too badly damaged 
for purposes of preservation. 

25. (766) Dicru.rus ma<:rocercus ma<:rocercus (Kalchiri).-It is one of the 
most familiar birds and is found throughout the district. 

26. (767) Dicr·urus ma<:rocercus albirictu.s (Kalchiri).-Two specimens which 
were, to look at, just like the last bird were shot at Garhshankar 
and Khanpur. A closer observation, however, showed that 
their underwing coverts, long upper tail coverts and the 
feathers from the lower breast to the under tail coverts were 
all edged with white to a variable degree. Such characters, 
according to Ali (1935), are shown by the young first year 
birda of both the Indian races of Dicruru.s macrocercus, namely 
aJhirictus (Northern India) and penin.sularis (Southern India). 
It, therefore, appears to us that these two specimens are the 
young first year birds of Dicruru.s macrocerc1M albirictu.s. The 
last bird also should be classified, according to Ali (1935), as 
DicrunM macrocerc-u.s albiridu.s. 

27. (813) Ortlwlomu$ sutoriu.s sutorius.-This bird is again very common 
. throughout the district. It is usually found in the gardens 

and also in the open cultivation. Three specimens were shot 
from Khanpur, Sajna and the Model Town, Hoshiarpur but, 
on account of their small size, they were too badly damaged 
for purposes of preservation. Orthotomu..'J 8Utori'IJ.,8 sutoriu.s is, 
however, the Ceylonese race, according to Ali (1946), the 
Indian race being guzerata. 

28. (953) Oriolu.s oriolus kundoo.-This bird is commonly met with during 
the maugo season. A single male was shot from near the 
Railway level crossing, Hoshiarpur. 

29. (974) Sturnus vulflaris p,rphyronotus (Tillar, Kala-tiliar).-This bird 
is very common in winter when it is on its migratory trip to 
this district. 

30. (996) Acridotheres tristis tristis (Myna, Lali, Sha.rakh).-Very common 
throughout the district. 

31. (998) Acridotheres ginginianu.s (Lali, Myna, Sharakh).--Common 
throughout the district. One typical specimen was shot from 
near the Model Town, Hoshia.rpur. Three more specimens in 
which the legs and feet were orange yellow in colour instead 
of pale yellow were also shot out of a small flock of about 20 
to 30 hirda feeding in a field on the bank of the cho near 
Sajna. 

32. (1008) Pwceu.s philippinu.s (Baya, Bijra).-A common bird of the 
district. Two males were sho~ne from Garhshankar and 
the other from Khanpur. 

33. (1036) Amandova amandova.-This bird was quite abundant in the 
months of November and December along the cho banks 'and 
conld be easily identified by its striking colour. A pair of 
them was shot near Khanpur. Both of these birda were, 
however, very much damaged for skinning purposes. No 
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nests were observed. According to Stuart Baker (1926) this 
bird is not available in the Pa.njab. 

34. (1096) Passer domesticus indicus (Chiri).-It is the most common bird 
of the district. 

35. (1157) Hiruudo smithii jilifera.-This bird is commonly met with near 
the permanent ponds and the river Beas. It was seldom seen 
sitting. No nests or colonies were observed. 

36. (1166) Motaci/la. alba dukhunensis (Balkatara).-This bird is found 
throughout the district and is abundant near water. One pair 
was shot from the Model Town, Hoshiarpur. 

37. (1174) Motacilla cinerea caspica (Balkatara).-This bird is exclusively 
a bird of the small streams. 

38. (1215) Alaudo gulgula gulgula (chiri).-This bird is found throughout 
the district and is abundant on cultivated lands. A single 
specimen was shot near the Bhangi cho but it could not be 
preserved due to the damage done to its feat.hers. According 

.,: to Whistler (1949), however, the pale bird of the Pan jab and 
the United Provinces is A. g. punja.ubi. 

39. (1248) Zosterops palpebrosaelwe-si.-This bird is ag~>in found throughout 
the district and is abundant in small groves, gardens and 
thickets. One m:>le was shot at Khanpur. 

40. (1278) Leptacoma asiatica asiatica (Kali piddi).-This bird is common 
throughout the district in Spring when the flowers are in 
plenty. Two males were shot>-one from Jehan Khelan and 
the other from the Model Town, Hoshiarpnr. It is one of 
the summer visitors to this district arriving in April and 
departing early in September. 

41. (1375) Leiopicus mahratteMiB blanfordi (Tarkhan, Kath Khora).
This bird is found in gardens and wooded country-side, 
generally along the foot of the hills (Shiwaliks). A solitary 
male was shot from J ehan Khelan and a pair from Khanpur. 

42. (1394) BrachypUrnus benghaleMiB benghalensis (Tarkhan, Kath
khora).-This bird is found throughout the district and is very 
common in groves and ga.rdens. About five specimens were 
shot from the various places. 

43. ' (1430) Thereiceryx zeylanicus caniceps.-It is also found throughout 
the district, in gardens and cultivation. 

44. (1447) Xantlwlrema luP.macephala. lutea.-This bird is in abundance in 
this district from the month of April to September. A pair 
of them was shot from Kbanpnr and a single male from near 
the Model Town, Hoshiarpnr. According to Stuart Baker 
(1927), however, this bird is said to be rare in the Panjab. 45., (1457). Hierococcyx sparveroides.-This bird is also available in 
abundance in this district during the summer months (i.e. 
from April to September). It was observed for the first time 
late in March. A few birds were shot from Khanpnr and Jehan 
Khelan. Stuart Baker (1927), however, does not mention 
the Pan jab State under the distribution of this bird. 
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46. (1475) Ewiynamis soolopaceU8 scolopaceUB (Koel).-It is a very common 
bird and is found throughout the district in mango season. 
It is one of the summer visitors arriving in the end of March 
and leaving in the end of September. Two birde were shot 
from near the Model Town, Hoshiarpur. 

47. (1487) Ta=cua lesclwnaulii sirkee.-This bird inhabits jungles and 
comparatively calm thickets and groves. Two specimens 
were shot from Birumpur and Khanpur. 

48. (1490) CentropU. sinen.si8 8inen.sis.-This bird is abundant throughout 
the district in open cultivation. 

49. (1497) Psittacu/n. eupatria nepolens,:s (Ra tota).-Found practically 
throughout the district wherever there are numerous large 
trees. Some of the specimens were collected from Sajna, 
Birumpur, Khanpur and the Model Town, Hoshiarpur. 

50. (1500) Psittacula krameri manilkn.sis (Katha tota). Most abundant 
and well-known bird. Several specimens were shot at Birum
pur, .Tehan Khelan and Hoshiarpur. According to Ali (1946), 
however, man.:llen.si~ is the S. India-Ceylon race while tho N. 
India-Assam-Burma race is borealis. 

51. (1517) Coracias benghal.en.sis benghal.en.si., (Nil-Kanth, Garud).-This 
is a common bird of the district. Specimens were shot from 
Birumpur, Khanpur and Jehan Khelan, 

52. (1523) Merops oriemalis oriemalis.-This bird is found throughout the 
district. Specimens were shot from Dhaggam, Garhshankar, 
the Model Town, Hoshiarpur and the Bhangi cho near 
Hoshiarpur _ 

53. (1531) Ceryle rwiis leuoomelanu.ra (Machhi-khora).-It is very com
monly met with throughout the district, along the water 
tracts and water collections. Specimens were shot from the 
ponde near Hoshiarpur, Garhshankar and Khanpur. 

54. (1535) Alc.edo atthis pallasii (Nikka Maehhi-khora).-This bird is found 
in considerable numbers along the river-side areas of Mukerian 
and Bala chaur. It is a.Jso seen occasionally near the village 
ponds or permanent chos. A single male was shot in Kh!>npur 
Cho. 

55. (1550) Halcyon smyrnen.sis smyrnensis (Machhi-khora).-Very common 
throughout the district along the permanent water tracts and 
near the temporary ponde. Many specimens were shot from 
the various places. 

56. (1575) Loplwceros birostris (Dhan chiri).-This bird is also commonly 
met with throughout the district. One specimen was shot 
from the Cemetery Garden, Hoshiarpur. According to Stuart 
Baker (1927) and Ali (1946), however, this bird is not found 
in the Panjah. 

57. (1579) Upupa epops epops (Hud-hud).-This bird is abundant through
out the district in winter when it is on a migratory trip to the 
Panjab. Two males were shot from Garhshankar and a single 
female from the Model Town, Hoshiarpur. 
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58. (1581) Upupa epops orientalis (Hud-hud).-It is a resident bird, 
abundantly found throughout the district. 

59. (1596) MicropUil affi.nis affinis (Ababil).-It is a very common bird of 
the district. 

60. (1625) OaprimulgWl inilicWl inilicUil.-This bird is found along the foot 
of the Shiwalik !tills. Only one specimen was collected from 
the Nara Rest House. 

61. (1684) Athene brama indica (ulu, chugad).-Very common throughout 
the district. Specimens were shot from Bassi Ghulam Hussain, 
Jehan Khelan, the Model Town, Hoshiarpur and Garhshankar. 

62. (1704) Panilion ha.liaetus haliartUil (Machhli mar).--Only one specimen 
(male) was seen and shot from Sajna cho--a swampy area, in 
winter. 

63. (1706) Sarcogyp8 calVltS (Raj-gidh).-Very common throughout the 
district. One male was shot from near the Railway station, 
Hoshiarpur. 

64. (1713) Pseud<Jgyps bengaleusis (Gidh).-This bird is also very commonly 
met with throughout the district. One male was shot from 
Hoshiarpur and a female from Shah-Nur-Jamal. According 
to Stuart Baker (1928), however, this bird is comparatively 
rare in the Panjab. 

65. (1714) Neophron percnopterUil percnopterWl (Chitta Gidh, Sufed 
Gidh).-Very common throughout the district. Specimens 
were shot from the Bhangi cho, Hoshiarpur. 

66. (1721) Falco jugger (Laggar).-A single male was shot from Garh
shankar. 

67. (1740) Oerchneis tinnuncul11s tinnunculUil.-Very common throughout 
the district in winter. Specimens were shot from ,J ehan 
Khelan, Khanpur and Baukhandi. 

68. (1749) Aquila rapax vinilhiana (Wokab, Ookaab).-Only one specimen 
(male) was shot from Birumpur. 

69. (1774) Butastur tee.<Ja (Baz.)-Very common throughout the district. 
Specimens were shot from Garhshankar, Padrana and Hoshiar
pur. 

70. (1787) MilVUil migraus govinila (ill, cheel).-This is again a very 
common bird of the district. Specimens were shot from 
Garhshankar and the Model Town, Hoshlarpur. 

71. (1803) Astur badiWl dUilsumieri (Shikra).-Thls bird is also very 
common throughout the district. Specimem were shot from 
Garhshankar, the Model Town, Hoshiarpur, Khanpur and the 

'\ Bhangi cho, Hoshlarpur. 
72. (1856) Columba livia intermedia (Kabutar, Jungli Kabutttr, Gola 

Kabutar).-Abundantly found throughout the district. 
Specimens were shot from Garhshankar, Birumpur and 
Khanpur. 

73. (1873) Streptapelia ohineruJis surateusis (Chitur-mitri ghughi, chitkabri
fakhta).-This bird is not very common in thls district. 
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A few birds were observed near Bassi Ghulam Hussain and 
single bird was seen near the Model Town, Hoshiarpur. 

74. (1877) Btreptopelia senegale>UJis cambaien.sis (Chhoti ghughi).-Very 
common bird of the district. Specimens were shot from 
J ehan Khelan, Sajna, Garhshankar and the Model Town, 
Hoshiarpur. 

75. (1879) Btreptopelia decaocto decaocto (Ghughi, Fakhta).-This is the 
commonest dove of the district. Specimens were shot from 
Mukerian, Hoshiarpur and Birumpur. 

76. (1881) Gilnopopelia tra1Ujuebarica tra1UJuebari&X (Gervi Ghughi).-This 
bird is not so common as the two preceding birds, i.e. the 
brown dove and the ring-dove but is still found in considerable 
numbers throughout the district. One male was shot from 
Khanpur. 

77. (1897) Pavo cristatus (Mor, Boder 9 ).-Very abundant in the hill-side 
areas of Garhshankar, Hoshiarpur, Una, Mukerian and Bala 
chaur. Specimens were shot from Bankhandi and Garh
shankar. 

78. (1903) Gallus bankiva murghi (Jnngli murgha, Ban murgha, Ban 
Kukkar a'; Jungli murghi,Banmurghi,BanKukri 9 ).-Very 
common in the jungles of Shiwaliks. 

79. (1918) Gennreus hamiltonii (Kolsa).-This bird is also found in the 
Shiwalik forests. 

80. (1950) Coturnix coturnix coturnix (Batera).-This bird is abundant in 
winter in the cereal crops and the bushes of the se:ui-jungle 
areas of the district. Specimens were shot from Bankhandi. 

81. (l976) Francolinus francolinus asice (Kala tittar).~This bird is very 
common at the foot of the hills, in high grasses and also up to 
small elevations, in bush jungles and tall grasses. Specimens 
were shot at Bankhandi. 

82. (1984) Francolin?ls pondicerianu.s intsrpositu,s (Tittar).-Very common 
throughout the district. 

83. (2047) Bu.rhinus mdicnemus indicus (Karbanak).-This bird is found 
on the sandy tracts of the dry chos throughout the district. 
A single male was shot from the chohal cho. 

84. (2052) C?lrsorius coromandelicus.~Only once in the month of December 
a few birds of this species were observed running in the freshly 
ploughed fields. One of these birds was shot and this turned 
out to be a male. 

85. (2080) Bterna aurantia.-This bird is found throughout the district 
along the water tracts, permanent and semi-permanent ponds. 
Three specimens were shot from the pond near the Railway 
level crossing, Hoshiarpur. 

86. (2!14) Charadrius dubius curonicus.-Only once in the month of 
January a few birds were noticed in the Khanpur cho and shot. 

87. (2125) Lobivanellus indicus indicus (Tatteeri).-This bird is very 
common throughout the district. 
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88. 

89. 

90. 

91. 

92. 

93_1 

94. 

(2145) Tringa hypoleu~os (chaha).-It is found throughout the district 
along the water tracts and near the permanent and semi
permanent ponds. Specimens were shot from Garhshankar, 
Sajna and Mukerian. 

(2218) Ardea cinerea rectirostris.-This is purely a water bird and is 
found in the permanent ponds and water ducts of the district. 
Two specimens were shot from the pond near the Railway level 
crossing, Hoshiarpur. 

(2222) Egretta alba alha (Bara Bagla).-This bird is found near water, 
running water tracts or permanent ponde. One specimen was 
shot from Mukerian. 

(2225) Egretta garzetta garzetta (Bagla, Chitta Bagla).-Found near 
running water or permanent ponds throughout the district. 

(2226) Bubulcus ibis coromarul71_, (Badami Bagla).-Very common 
throughout the district, feeding in fields ncar the grazing 
cattle. 

(2229) Ardeola grayii (Bagla).-Very commonly found throughout the 
district. It is essentially a water bird. 

(2271) Nettion crecca crecca (Murghabi, Jal-Knkarri).-Very common 
at Nanga!, Mukerian and BaJa chaur. A few stragglers often 
visit the permanent ponds. One specimen was shot from 
Khanpur pond. 
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SPERMATOGENESIS OF A DIGENETIC TREMATODE 
COTYLOPHORON ELONGATUM 

By OM PARKASH DHINGRA, Late Panjab University Re.aearch Scholar, 
Depa.rtment of Zoology, Hoshiarpur 

!NTRODUOTION 

The review of the literature on the spermatogenesis of the adult digenetic 
trematodes suggests that the cytological investigations are inconclusive in 
many respects. Cytoplasmic structures have been completely investigated 
only in one instance of Isoparorchis eurytremum (Dhingra, 1%4<.).' The 
existing information on the composition of the sperm is, however, con
flicting. Most of the workers have considered the sperm as only a nuclear 
pcoduct, but Woodhead (1931) and Dhingra (1954a) have reported that a 
part of the sperm is cytoplasmic. 

In view of the conflicting opinions with regard to the nature of the 
ripe sperm and the urgent necessity of the chromosome study together 
with cytoplasmic components in this group of digenetic trematodes, I 
undertook the present investigation on the spermatogenesis of Ootylophoron 
elongatum. 

Ootylophoron elongatum is found in the stomach of sheep. The material 
was collected from the slaughter house at Hoshia.rpur during the months 
of March and April, !953. The testes were taken out and directly put into 
the fixatives like Bouin's fluid, Allen's modification B-15, Carnoy (6 : 3 : 1), 
Flemming-without-acetic, and Champy. Serial sections were cut 6-12 
microns thick and were mostly stained with 0·5% Iron Haematoxylin. 
Carnoy's fixed ma.teria\ was stained with Aceto-carmine. Smears were 
made in Bonin's, F.W.A. and Carnoy's fluids. Smears proved more helpful 
than the sections. 

All drawings were made with the help of a Camera Iucida. Observa
tions were made with !/12th oil immersion objective and X 10 ocular. 

ACKNOWLEDGMENTS 

I am greatly thankful to Dr. Vishwa Nath, Professor and the Head of 
the Zoology Department, Panjab University, for his kind guidance, valuable 
suggestions and the corrections he made in the manuscript of this paper. 
My thanks are also due to Dr. H. R. Mehra, Professor and the Head of the 
Zoology Department, Allahabad University, who very kindly identified the 
trematodes for me. 

0BSERV ATIONS 

There a.re two testes lying antero-posteriorly in the middle region 
between the two intestinal caeca. The testes are slightly lobed. The 
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wall of each testis is formed of fibrous tissue. In the testis-cavity the germ 
cells lie in & somewhat unorganized manner. The primordial germ cells 
and the spermatogonia are, however, often found near the periphery, but 
they do not form any definite lining all around. In the mature specimens, 
which have chiefly been used in the present investigation, such cells are 
very few and they may just be seen in small patches near the periphery. 
In the immature specimens the primordial germ cells are more in abundance. 

Primordia! germ ceUs 

The primordial germ cells, which lie in the peripheral region, are seen 
to occur in patches. These cells are quite small and their diameter ranges 
from 3·0 p. to 6·0 p. Very often the nuclear outlines are difficult to mark 
out from the cell membranes. These cells are often seen in the resting 
stage with one or two small nucleoli (Pl. I, fig. I). In the F.W.A. fixed 
material, however, the cytoplasm shows some mitochondrial granules, 
lying in the juxta-nuclear region (Pl. I, fig. 2). These cells undergo muiti
plicative divisions, but the prophase reorganizing stages of the chromosomes 
are rather difficult to trace. In a few instances mitotic. divisions l1ave 
been observed, but the chromosomes are so much clumped together that 
the full diploid number (16) has not been detormined (Pl. I, fig. 3). 

Spermatogonia 

An unknown number of divisions of the primordial germ cell le&ds to 
the formation of the primary spermatogonia, which measure about 8·0 p. to 
ll·5 p in diameter. Invariably such cells are seen to have two nucleoli, 
but a. morphological difference between the primordial germ cells and the 
primary spermatogonia is rather difficult to establish. The la.rgest in
dividual cells lying away from the patches of primordial germ cells have 
been regarded as the primary spermatogonia (Pl. I, fig. 4). A mass of 
mitochondrial granules has been observed in the cytoplasm (Pl. I, fig. 5). 
In the metaphase plate the chromosomes are seen to lie distinctly, and the 
full diploid number (16) is countable (Pl. I, fig. 6). The mitochondrial 
granules are, however, not well demonstrated during division stages. 

On division the two resultant secondary spermatogonia] nuclei start 
reorganizing in the original undivided cytoplasmic mass (Pl. I, fig. 7). 
When the two nuclei are reorganized a mass of mitochondrial granules, 
corresponding to each daughter cell, becomes visible (Pl. I, fig. 8). The 
secondary 1spermatogonia show some further grow~h and attain a diameter 
of 10 p.. The mitochondrial mass by now is partly dispersed in the cytoplasm 
and partly condensed to form a small stained mass (Pl. I, fig. 9). Cyto
plasmic cleavage then sets in, but it is not complete inasmuch as the two 
secondary spermatogonia retain a cytoplasmic connection (Pl. I, fig. 10). 
Very often these cells are seen to have a single nucleolus, Jn the following 
mitosis early prophase stages a.ro difficult to trace, but occasionally chro
matin threads are seen (Pl. I, fig. 11). Following this the chromosomes are 
dispersed in the cytoplasm and, during metaphase, full diploid number (16) 
is easily counted. The two cells again show a closer connection (Pl. I, 
fig. 12), a.nd may sometimes show a common investing cytoplasm. The 
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chromosomeS of the two secondary spermatogonia divide together and 
reach the telophase stage (Pl. I, fig. 13). 

The four daughter nuclei remain enclosed in a common cytoplttsm 
(Pl. I, fig. 14}. Cytoplasmic demarcations then follow. At this stage each 
of these four tertiary spermatogonia measures about 4 I" in diameter and 
shows two nucleoli. The mitochondria are seen in the F.W.A. fixed material 
(Pl. I, fig. 15). A further growth in the tertiary spermatogonia is noticed, 
and each cell attains a diameter of 8 p (Pl. I, fig. 16}. Like the secondary 
spermatogonia, the tertiary spermatogonia are also very close together 
during mitotic divisions, and ma.y occasionally show a common investing 
cytoplasmic sheath. As the division of the four tertiary spermatogonia 
is simultaneous, the metaphase chromosomes of all the tertiary spermato
gonia can be seen in the same cluster. The chromosomes are often count
able, and· the full diploid number (16) can be determined in all the four 
tertiary spermatogonia (PL I, fig. 17). As the divisions proceed a. resultant 
cluster of 8 cells with distinct outlines and united to each other at a point 
are seen (Pl. I, fig. 18). 

Spermatocyte" 

The primary spermatocyte clusters consist of 8 cells each and are 
united te each other at a point. Individually these cells are the largest to 
be seen in the sequence of spermatogenesis. The spermatocytes measure 
each from 9·0 f' to 12·5 I" in diameter, and their nuclei a,re 5·5 f' to 9·5 f' in 
diameter. With the onset of meiosis, the resting stage is organized into the 
leptotene threads, which ate seen sco,ttered in the whole of the nucleus 
(Pl. I, fig. 19). The individual ends of the threads, however, cannot be 
seen. In the subsequent zygotene stage the threads are thicker and deeply 
stained. Sometimes a few pairing threads can be followed for some distance 
(Pl. I, fig. 20). The process of polariza.tion is then completed and the 
threads are seen directed towards the nucleolus (Pl. I, fig. 21). The number 
of loops is ra.ther difficult to determine due to their overlapping, but they 
are not seen to exceed the haploid number (8) of chromosomes. After 
this pachytene stage, in which the chromosomal bands appear thicker 
than the leptotene threads, the loops lose their orientation and start 
spreading out in the nucleus (Pl. I, fig. 22). At places the members of a 
homologous pair are seen separated, but at certain points they are held 
together. The chromosomes show further condensation and their contours 
become smooth. This then leads to a typical diakinesis stage, when thick 
tetrads become visible in the nucleus (Pl. I, figs. 23, 24 and 25). The 
tetrads condense further and appear thicker (Pl. I, fig. 26). The nuclear 
wall then breaks down and the haploid number (8) of chromosomes comes 
to lie in the cytoplasm. In the polar view of the metaphase plate, this 
number is easily determined (Pl. I, figs. 27 and 28). The chromosomes are 
then aligned on the spindle, and a small transversely elongated centrosomal 
granule is seen at either end of the spindle· (Pl. I, fig. 29). At each end the 
centrosomal granule divides · (PL I, figs .. 30 and 31 ). The homologous 
chromosomes then separate and pass to the poles (Pl. I, fig. 32). 
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Except for the centrosomes, which are occasionally met with, the 
mitochondria are the only cytoplasmic inc!uilions, which have been observed 
in the present investigation. In the newly formed cluster of the primary 
spermatocytes, where the spermatocytes measure each only 9 p in diameter, 
the mitochondria are seen as a mass of lightly-stained granules, lying in the 
usual juxta-nuclear position (Pl. I, fig. 33). A part of this mass becomes 
deeply-stained and appears in one or two irregular masses. The remaining 
granules are scattered in the cytoplasm (Pl. I, figs. 34 and 35). As the 
cells grow, the well-stained mass also increases and tends to remain close to 
the nucleus (Pl. II, fig. 36). With the onset of the meiotic activities of the 
chromosomes, the well-stained mitochondrial mass becomes more deeply 
stained and lies often on or close to the nucleus. A few mitochondrial 
granules, however, remain dispersed in the cytoplasm (Pl. II, fig. 37). The 
close proximity of the stained mass to t11e nucleus continues even during 
the diplotene and the diakinesis stages (Pl. II, figs. 38 and 39). As the 
nuclear wall breaks down and the chromosomes are liberated in the cyto
plasm, the deeply staining mitochondrial mass is seen to lie away from the 
metaphase chromosomes (Pl. II, fig. 40). Soon the intensity of the mito
chondrial mass fades away and instead of a single mass there appear t\VO 
to four lightly stained ni'asses (Pl. II, figs. 41, 42 and 43). This probably 
has been effected by the division of that mass. Small mitochondrial 
granules, however, remain dispersed in the cytoplasm. 

On the simultaneous completion of the first meiotic division in the 
8 cells of the primary spermatocyte cluster, the daughter nuclei are re. 
org.•mzed before cytopla8mic cle.ov .. ges aet ill. Ill each of tbe myu}tant 
secondary spermatocyte, there is seen a small, hut well-stained mitochondrial 
mass and some dispersed mitochondrial granules (Pl. II, fig. 44). Cyto
plasmic divisions then follow and a cluster of 16 cells is formed (Pl. II, 
fig. 45). In this newly formed secondary spermatocyte cluster the nuclei 
are faintly stained and show no nucleoli in them. The nuclei, lwwever, 
increase in size and attain a diameter of 4·5 J.l· In preparation for the 2nd 
meiotic division, the nuclei of the secondary spermatocytes undergo re
organization, and there appear condensed chromatic structures, corres
ponding to the chromosomes (Pl. II, fig. 46). The mitochondria are, 
however, seen scattered uniformly in the whole of the cytoplasm. In the 
ensuing stage, the chromosomes appear in the metaphase as rods or granules. 
The individual cells of the cluster may not, however, exhibit exactly 
identical phases (Pl. II, fig. 47). In certain metaphase II stages, the 
chromosomes appear very much like those of metaphase I, but are much 
smaller (Pl. II, fig. 48). Centrosomes and spindles are sometimes met with 
(Pl. II, fig. 49). As the chromosomes divide and the telophase stage is 
reached, a chromatic mass at each pole is formed (Pl. II, fig. 50). The 
daughter nuclei arc then reorganized, but the cytoplasmic cleavages do not 
set in for some time. At this stage the mitochondria are seen scattered in 
the whole of the cytoplasm, and a centrosomal granule becomes evident in 
close relation with each nucleus (PL III, fig. 51). The spermatid nuclei 
increase in size and the cytoplasmic cleavages are effected. A spe.rmatid 
cluster of 32 cells is thus formed (PL III, fig. 52). 
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SpermateletJsis 

The individual celle of the 32-spermatid cluster show distinct outlines 
towards the outer free side. Tho spermatid nuclei are weakly stained and 
show no nucleoli. Soon they come to lie close to the cell wall towards the 
outer free boundaries of the spermatids. A centrosomal granule in each 
is seen between the nucleus and the cell membrane, but the mitochondrial 
granules remain scattered in tho cytoplasm. The spermatid nucleus then 
begins to elongate. At first the rounded nucleus becomes ovoid with the 
pointed end towards the free border and the controsomal granule lying 
between the nucleus and the cell boundary. The oxyphilic nature of the 
nucleus becomes more pronounced (Pl. III, fig. 53). Subsequently the 
nucleus becomes more elongated (Pl. III, figs. 5i and 55). In a little more 
advanced stage the nucleus becomes basiphilic, but no other appreciable 
change is noticed (Pl. III, fig. 56). As the nucleus becomes more and more 
elongated, it protrudes slightly towards the free border. The centrosomal 
granule at this stage is seen to lie at the base of the nucleus and a small 
but broad lightly stained flagellum becomes visible (Pl. III, fig. 57). The 
nuclear elongation continues and with this the flagellum is also seen to 
elongate. The mitochondria, however, remain scattered in the cytoplasm 
(Pl. III, figs. 58 and 59). On further elongation the nucleus becomes curved 
or somewhat coiled in the cytoplasmic mass of the spermatid cluster (Pl. III, 
fig. 60). Towards the close of development the spermatid nucleus straightens 
up and starts protruding out of the cytoplasmic mass. The flagellum at 
the same time shows further elongation (Pl. III, fig. 61). When the sperm 
is about to mature the flagellum becomes deeply-stained, and a distinct 
centrosomal granule cannot be made out. The whole structure appears 
spindle-shaped with both the ends pointed (Pl. III, fig. 62). The 32 sperms, 
which develop together in the common cytoplasmic mass of the spermatid 
cluster, wriggle out and leave behind a mas.ive residual mas.. The mature 
sperm as set free in the testis cavity appears spindle-shaped with both 
ends pointed. The anterior half, which is formed from the nucleus, is, 
however, thicker than the posterior half, which constitutes the flagellum 
(Pl. III, fig. 63). The residual cytoplasmic mass on being evacuated by 
the sperms assumes a globular appearance. The mass is loaded with the 
mitochondrial granules, which have been left behind. Such globules are 
often seen in the testis cavity (PL III, fig. 64). 

Ohromosomea 

It has been shown above that the haploid number of chromosomes is 8 
and the diploid 16. The mitotic chromosomes were studied from the meta
phase plates of tho primary, secondary and tertiary spermatogonia, while 
the meiotic chromosomes were studied from the metaphase plates of primary 
and secondary spennatocytes. Generally speaking, the chromosomes are 
well-spaced, but sometimes they are too crowded for a critical study. The 
number of chromosomes has been found to be constant in a number of 
specimens of this species. 
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In Figure 65, Plate III, the mitotic chromo$omes have been grouped 
in pairs according to their length; and in Fignro 66, Plate III, are arranged 
the meiotic chromosomes according to their length as met with in the 
diakinesis and metaphases. 

The longest pair of chromosomes is nearly 3 ~- The second pa.ir, which 
is also long, measures about 2·5 ~- The third pair is J-shaped "~th a sub
median construction, and each measures 2 p.. The fonrth and fifth pairs 
are respectively 1·75 and 1·5 p. in length. The rest of three pairs are quite 
small and measure each from I p. to 1·25 p. in length. 

DISCUSSION 

In the presence of three spermatogonial and two meiotic divisions ,v·ith 
the formation of clusters, the sequence of stages in the spermatogenesis of 
Gotylophoron elongatu.m resemble many other forms. But unlike other 
forms, the nuclear reorganizations of the newly formed daughter cells in 
this species precede cytoplasmic divisions, and thus for sometime the 
daughter cells remain in a common investing membrane. 

The most significant point worthy of note in the present investigation 
is the absence of the Golgi material. The presence of the Gclgi body in 
Isoparorchis e11rytremu.m (Dhingra, 1954a) up to the spermateleosis stages, 
where it gradua.Jly degenerates, and its absence in Gotylophoron elongat11m 
ja an example of its degeneration in different species at varying stages of 
spermatogenesis. Natb (1932, 1937 and 1942), working on the non
flagellate sperms of the Decapod Crustacea, has also shown the degeneration 
of the Golgi material at varying stages of spermatogenesis. 

Regarding the mitochondria it has been observed that they exist as a 
pale juxta-nuclear mass during the resting stages, but at the time of nuclear 
activity some of the mitochondria are condensed to form a deeply-stained 
mass. This behaviour is particularly well pronounced during the meiotic 
activities of the primary spermatocytes, when a deeply stained mitochondrial 
mass is seen in close relation "ith the nucleus. Gradually the mitochondrial 
mass disappears from view. During spermateleosis the mitochondria remain 
scattered in the cytoplasm and are left behind in the residual mass mtbout 
forming any sperm component. In Isopa.rorchi~ eurytremum. (Dhingra, 
1954a) where the Golgi material is present, the mitochondria are not seen 
to have condensed in a thick mass at any stage. The casting out of the 
mitcbondria mtbout forming any sperm component has also been observed 
by Dingler (1910) in Dicrocoeliu.m lanceolat.1/m. and Dhingra (1954a) in 
Isoparorchis eurytremum. Observations in other groups of .animaJs a.s made 
by Sharma (1950) in Plexipp118 paykulli, Nath and Bhat-ia (1953) in Depisma 
donwJtica, and Nath and R-ishi (1953) in Sym.petmm hypomelas also point 
towards the conclusion that the mitochondrial material as such is not 
always an essential component of the ripe sperm. 

Another important conclusion of this investigation is that the sperm 
consists of a nucleus, a centrosome and a flagellum, the entire cytoplasmic 
mass having been cast off. This confirms my previous observations on 
Isoparorchis eu.rytremum (1954a) and Cyclocoelum biveaicu.latum (1954b). ·I 
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am unable to agree with Anderson (1935), Rees (1939), Markell (1943) and 
Willmott (1950), who have all regarded the sperm as a nuclear structure 
a.Jone. 

My observations on the residual cytoplasmic masses are in accord with 
those of Dingler (1910), Anderson (1935) R<>es (1939), Willey and Godman 
(1951) and Dhingra (1954a, b), who have all described them as globular masses 
formed on the evacuation of the sperms from the spermatid rosette. Markell 
(1943), however, stated that as the sperms of Probolitrcma mature the 
cytiDplasmic mass in which they are embedded becomes more and more 
broken down. The disintegration of the cytoplasm seems to be a constant 
feature of sperm formation in the group. Criticizing those who described 
residual cytoplasmic globules, Markell stated: 'It is difficult to understand 
.how this cytoplasm could after liberating the sperm, round up to form the 
spherical, compact residual cytoplasmic masses'. According to him the 
residual cytoplasmic masses may just be vacuolated cells, which appear in 
the peripheral region as seen in Probolitremo. To me the interpretation of 
Markell (1943) appears doubtful. How are we going to account for the 
abundant mitochondrial granules seen in the globular masses! The 
vacuolated cells of Markell are some peculiar structures, which appear in 
some forms and are distinct from the residual cytoplasmic bodies. 

The chromosome investigations have been made in four genera and 
five species of the family Paramphistomidae. In Zygoootyle lunata Willey 
and Godman (1951) counted 7 haploid and 14 diploid chromosomes. In 
Giga.ntoootyle bathycotyle as reported by Willmott (1950a), there are 6 haploid 
and 12 diploid, and in Paramphiswmum hiberniae and P. Sootiae (Willmott, 
1950b) there are 6-8 and 8 haploid chromosomes respectively. In Ootylo
phoron elongatum also there are 8 haploid and 16 diploid chromosomes. On 
the basis of chromosome number and their morphology the genus Zygocotyle 
appears distinct from the three other genera. The chromosomes of the 
genus Giganwcotyle look like those of Paramphiswmu.m and Cotyloplwron, 
but their number is less. Unfortunately Willmott (1950b) has not given 
a satisfactory account of the chromosomes in the two species of Param
phistomum, and thus it is difficult to compare the chromosomes of the genus 
Cotylophoron with those of Paramphiswmum, which show a much closer 
relation both in their number and form. 

SUMMARY 

1. Spermatogenesis in Cotylophoron elongatum has been described in 
' detail. The haploid number of chromosomes is 8 and the diploid 16. 

2. The mitochondria are present at all the stages up to late sperma
teleosis, when they are all sloughed off along with the entire cytoplasm. 
They. are, hmyever, more significant during meiotic activity. when they 
condense to form a. well-stained mass. 

3. The Golgi material has not been observed at any stage during 
spermatogenesis. 

4. The centrosomes have been seen both at meiosis I and meiosis II. 
In the spermatid a centrosomal granule is seen at the base of spermatid 
from where the flagellum arises. 
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5. The entire sperm consiste of a nucleus, a centrosome and a flagellum. 
6. The cast.off cytoplasmic mass occnrs in the form of globules in the 

lumen of the testis, loaded with mitochondria. 
7. On the basis of chromosomes number the three genera Zygorotyle, 

Gigantocotyle and Paramphistomum in which the chromosomes number have 
been recorded for a few species appear distinct. The chromosome number 
of Cotylophoron, however, corresponds with that of Paramphistomum. 
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Abbr~viations :

C-Controsome; 
N-N-ocleus. 

EXPLANATION OF FIGURES 

CH--Chromosomes; F-Fla.gellum; 

PLATE I 

M-1\liWchondria; 

FIG. 1. A group of primordial germ cells. Bouin's and Iron Haematoxylin. 
Fxo. 2. A group of primordial germ cells, showing the mitochondria (smear). F .W .A. 

and Iron Haomatoxylin. 
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FIG. 3. Primordial germ cell in metaphase. Bouin 'sand Iron Haematoxylin. 
FIG. 4. Young primary spermatogonium, showing t.wo nucleoli. Bouin's and Iron 

Hacmatoxylin. 
Fw. 5. Full grown primary spermatogonium, showing mitochondrial granules in tho 

cytoplasm and two nucleoli in the nucleus (Smear). F.W.A. and Iron 
Haematoxylin. 

Fm. 6. Primary spermatogonium in metaphase, showing the diploid number (16)' of 
chromosomes. Bouin'R and Iron Baematoxylin. 

Fw. 7. Primary spermatogonium at late telophase. Bonin's and Iron Haema.toxylin. 
FIG. 8. Newly formed secondary spermatogonia invested in a common cytoplasmic 

sheath, showing mitochondrial granules (Smear). F.W.A. and Iron 
Haematoxylin. 

Fro. 9. Young secondary spermatogonia, still enclosed in a common cytoplasmic 
sheat.h. The mitochondria are partly condensed and part.Iy dispersed 
(Smear). F.,V.A. and Iron Haomatoxylin. 

Fw. 10. Fully developed secondary spermatogonia distinctly marked off. Each 
nucleus contains one nucleolus (Smear). Bouin 's and Iron Baem.a· 
t.oxylin. , 

FIG. 11. Secondary spermatogonia., showing t.he chromosomes in prophase (Smear). 
Bouin 's and Iron Haemat.oxylin. 

FIG. 12. Secondary spermatogonia in metaphase (Smear). F:W.A. o.nd Iron Hac:ma. 
toxylin. 

Fro. 13. Secondary spermatogonia. in telophase. F.\V.A. and Iron Haematoxylin, 
Fro. 14. Newly formed tert.iary Rpermatogonia invested in a common cyt.oplaamic 

sheath. Bouin's and Iron Haemat.oxylin. 
Fro. 15. Young tertiary spermatogonia, showing t.ho mitochondria (Smear). F.W.A. 

and Iron Haemat.oxylin. 
Fm. 16. Fully developed tertiary spermatogonia, occurring in a group of four. Each 

nucleus has two nucleoJi (Smear). Bouin's and Iron Hacmatoxylin. 
FIG. 17. A group of four tertiary spermatogonia in metaphase (Smear). F.W.A. and 

Iron Ha.ematoxylin. 
FIG. 18. A cluster of eight. primary spermatocytes (Smear). F.W.A. and l:ron 

Haematoxylin. 
FIG. ·19. Primary spermatocyte, showing leptotene threads (Smear). Bouin's and 

Iron Baematoxylin. 
Fm. 20. Primary spermatocyte, showing zygotene At.age (Smear). Bouin's and tron 

Haernatoxy]in. 
FIG. 21. Primary Apormatocyte, showing a bouquet stage (Smear). Bouin's and 

Iron Haematoxylin. 
Fxo. 22. Primary apennatocyt.e; showing a diplotene stage (Smear). Bollin's and 

Iron Hacmatoxylin. 
Fms. 23-26. Primary spermntocytes, showing diakinesis stages (Smear). Carn0 y's 

and Aceta-carmine. 
FIGs. 27 and 28. Primary spermatocytes, in metaphase. Bouin 's and Iron HMma

toxylin. 
Fms. 29-31. Primary spermatocytes in metaphMe, showing the division of the 

centrosomes at the PQies. Bouin's and Iron Hnematoxylin. 
FIG. 32. Primary spermatocyte at. t.eJophaso. Bou.in 'sand Iron Haematoxylin. 
Fm. 33. Young primary spermatocyte, showing a juxt.a-nuclear mMs of mitochont:Jrial 

granules (Smear). F,W.A. and Iron Haematoxylin. 
Fzos. 34 and 35. Primary sperrnatocytes, showing the mitochondria, partly conde~sed 
. and partly dispersed (Smear). F.W.A. and Iron Haems.toxylin. 

PLATE II 

Fms. 36-39. Primary sporma.tocyt.cs, showing tho condensed mit-ochondrial Inass 
gradually increasing with the progressing prophase of the nucleus (Sm~:~ar). 
F ,,V .A. and Iron Haematoxylin. 
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FIG. 40. Primary spennat.ocytes at metaphase, showing the condensed mitocho~dria 
mass lying away from the chromosomes (Smear). F.W.A. and Iron 
Haematoxylin. 

FIGs. 41-43. Primary spennatocytes at metaphase, showing the mitochondrial :iJ18Rs 

divided. The st.aining intensit·y of this mass has decreased (Smear). 
F.W.A. and Iron Hnomatoxy1in. 

FIG. 44. A cluster of newly fonned secondary spermatocytcs, showing 10 of 16 t::ell8. 
The nuclei have reorganized themselves befo-re the cytoplasmic c1eav~gcs. 
Mitochondria are partly condensed and partly dispersed {Smear). F."\V.A. 
and Iron Haemat.oxyJin. 

FIG. 45. A part of the secondary spermatocyte cluster, showing the cytoplasmic 
cleavages in progress (Smear). F."\V.A. and Iron Haemnt.oxylin. 

FIG. 46. A part of the secondary spermatocyte cluster, showing the chromosomes 
condensing in the nuclei. TllC mitochondria are spread out, in the 
cytoplasm (Smea.r). :F."\V.A. and Iron Raemat.oxylin. 

FIG. 4 7. A cluster of secondary spenuatocytcs, showing the chromosomes at n1eta. 
phMes and anaphase!'~ (Smear). F.'W.A. a.ud Iron Haemato:xyHn. 

FIG. 48. Secondary spermat.ocyt.c at metaphase showing a haploid number (8) of 
chromosomes. Bouin's o.nd Iron Ra.ematoxylin. 

Fro. 49. Secondary spermnt.ocyt.c at metaphase, showing t.he spindle and t.he cen
trioles. Bonin's and Iron Haematoxylin. 

Fw. 50. A part of tho clust.er of secondary spermatocytes showing the telopha.<~e 

stages. Bouin's and Iron Haematoxy1in. 

PLATE III 

FrG. 51. A part of the newly formed cluster of spermatids, showing the nuc]fl;i re
organized before the cytoplasmic cleavages set in. A centrosOmal 
granule is seen lying close to each nucleus and the mitochondrill are 
~"?N~<i o~t <%-moo~o;:\. 1f :W .#-,.. \\.~<! l~o\\ R~·~·w.omY.:~\\.n.. 

Fro. 52. A part of the clust.er of spennatids, showing the· nuclei coming close to t·he 
cell boundary and the centrosomal granules lying between the cell 
membranes and the spennat.id nuclei (Smear). F.W.A. and Iron 
Haemntoxylin. 

FIG. 53. A pa.rt of the spennatid cluster, showing the nuclei ovoid in fol'Il). A 
cont.rosomal granule is seen lying at the baso of each nucleus and the 
mitochondria are spread out. {Smear). F .\V .A. and Iron Ho.ematoxylin. 

FIGs. 54, 55. Developing spermat.ids, showing t.he nuclei elongated, mitochondriA. 
spread out and a. centrosomnl granule at t.ho ba.se of each spenne.tid 
nucleus (Smear). 1"."\V.A. and Iron Haematoxylin. 

FIG. 56, Developing spermat.ids, showing the nuclei turned basophilic (SJllear), 
F.\V.A. and Iron Hsematoxylin. 

FIG. 57. Developing spennatids, showing a flagellum arising in each spermnt.id fr(lm 
the centrosome (Smea-r). F.W.A. and Iron Haematoxylin. 

Fros. 58~61. Developing apermatirls, showing the nuclei anrl the flt~gella elong11tin,r. 
The mi_tochondria remain scattered (Smear). F .W .A. nnd Il'(ln Haemn.· 
t.oxylin. 

FIG. ~2. A -part of the aperma.tid <!.luster, showing the mat.uring Rperma (Stttettr). 
F.'\V.A. and Iron Hftemntoxylin. 

Fro. 63. Mature sperms (Smea-r}. F."\V.A. and Iron Hae:rnatoxylin. 
FIG. 64. Residunl cytoplasmic mass, showing t.he mitochondria (Smear). F.W.A. 

Iton Haematoxylin. 
Fro. 65. Mit.otic chromosomes, grouped according to their length. 
Fw. 66. (a, b, c and d) Meiotic chromosomes arranged according to their length as 

met with in diakinesis and ~n meiotic metaphase. 
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SPERMATOGENESIS OF A DIGENETIC TREMATODE 
GASTROTHYLAX GRUMENIFER 

By OM PARKASH DHINGRA, LaJ.e Panjab University Research Scholar, 
Department of Zoology, H oshiarpur. 

INTRODUCTION 

PTevious to my investigations on lsoparorchis eurytremum (l954a), 
Gyclocoelum bivesicnlatum (l954b) and Gotylophoron elongatum (1955), the 
main interest of the cytologists in the study of adult digenetic trematodes 
was centred round the chromosome investigations alone. My studies 
have served to open the field of cytoplasmic inclusions in the germ cells. 
The Golgi bodies and the mitochondria have been traced through many 
stages in Isoparorchis eurytreinum.. They, however, form no sperm com. 
ponent. The Golgi bodies are lost during the process of spermateleosis, 
and the mitochondria are left behind in the residual cytoplasmic mass. In 
Gotylophoron elongatu.m the mitochondria alone are present and they are 
left behind in the residual mass. A centrosomal granule in the spermatids 
has been observed for the ·first time and the· flagellum is seen to arise .from 
it. The sperm, which was held by many .as a nuclear product alone, has 
bee,";, shown both as nuclear and cytoplasmic (centrosome and flagellum). 

The present paper records my observations on the cytoplasmic struc. 
tures and their role in sperm formation in Gastrothylax crumenifer. The 
chromosome study has also been made. The degenerating cells, as reported 
by Anderson (193.'1), Chen (1937), and Willey and Koulish (1950), and the 
oocytes, as reported by Anderson (1935) in Proterometra and Dhingra 
(1954b) in Gyclocoelum in the testis, have also been recorded. 

Gastrothylax crumenifer is found in the stomach of the sheep. The 
material was collected from a slaughter house at Hoshiarpur in the month 
of May, 1953. The testes were taken out with the help of fine forceps and 
were directly put into Bonin's fluid and Flemming.without.acotic. Serial 
sechons were cut 6-10 p. in thickness and were stained with iron.haema. 
toxylin. 

All drawings were made with the help of Camera Iucida. Observations 
were made with !/12th oil immersion objective and X 10 Ocular. 
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OBSERVATIONS 

There are two testes lying side by side close to the acetabulum. The 
wall of each testis is rather thick and is formed of fibrous tissue. The germ 
cells lie free in the testis cavity and occur in an unorganized manner. The 
primordial germ cells and the sperma:togonia are, however, seen close to the 
testicular wall. 

The primordial germ cells, as they develop from the testis wall, relll"in 
enclosed in a common cytoplasmic mass and undergo many nuclear divisions 
(Pl. I, fig. I). Gradually these cells become detached from the common 
mass and come to lie near the testis wall. The cellular outlines of these 
cells are rather indistinct and they measure each from 4 to 6 p. in diameter. 

Sperma.wgonia 

After repeated divisions the primordial gerlll cells develop into the 
primary spermatogonia, which occur "long the testis wall, scattered amongst 
secondary and tertiary spermatogonia. The primary spermatogonia measure 
each about 7-9 p. in diameter with their nuclei 6-8 p. each in diameter. 
The nuclei contain each one or two nucleoli in them (Pl. I, fig. 2). In the 
F.W.A. fixed material, the mitochondrial mass is seen lying on one side of 
the nucleus in the cytoplasm (Pl. I, fig. 3). At the beginning of nuclear 
actiYity, the chromatin undergoes necessary reorganization and forms 
chromosomal threads (Pl. I, fig. 4). Ultimately the chromosomes are 
formed and they get aligned on the equator. The spindle and the centro
somes also become visible (Pl. I, fig. 5). In the polar view of the metaphase 
plate full diploid number (14) is seen (Pl. I, figs. 6 and 7). In the anaphase 
stage, the chromosomes in some of these cells remain distinct in each set 
(Pl. I, fig. 8). On reaching the telophase, however, only a compact chro
matic mass is seen at each pole (Pl. I, fig. 9). Occasionally the prilllary 
spermatogonial cells were seen to attain a diameter of 9 to II p. each (Pl. I, 
fig. 10), and in one case only these large cells were seen to divide (Pl. I, 
fig. ll). The chromosomes in each anaphase set were clearly visible and 
they were almost identical with those of the normal spermatogonia. 

When a primary spermatogonium divides, the two resultant cells, the 
secondary spermatogonia, remain together. Invariably they are seen to 
have ouly one nucleolus each (Pl. I, fig. 12). In the cytoplasm the mito
chondrial mass is seen lying on one side of the nucleus (Pl. I, fig. 13). As in 
the primary spermatogonia, the most common prophase stage is that when 
chromosomal threads are ·seen scattered in the nucleus (Pl. I, fig. 14). On 
the breaking down of the nuclear wall, the chromosomes come to lie on the 
equator, and in the polar view the full diploid number (14) becomes evident 
(Pl. I, fig. 15). As the chromosomes divide and reach tho telophase stage, 
a compact chromatic mass is seen at each pole (Pl. I, fig. 16). 

As the division of the secondary spermatogonia is completed, a cluster 
of four cells, the tertiary spermatogonia, is formed. The four cells remain 
together and are smaller than the primary and secondary spermatogonia. 
Each cell measures 4-6 p. in diameter. The nucleus in each is seen to have 
two nucleoli (Pl. I, fig. 17). The mitochondria in the cytoplasm occupy 
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the same juxta-nuclear position as seen in the primary and secondary 
spermatogonia (Pl. I, fig. 18). In the metaphase the chromosomes are 
often clumped together and their count is not easy (Pl. I, fig. 19). The groups 
of four tertiary cells show almost simultaneous divisions, and at the telo
phase stage a chromatic mass is seen near each pole of each cell (Pl. I, fig. 20). 

Spe·rmatocyW! 

The tertiary spermatogonia on division result in the formation of a 
cluster of eight cells, which grow to form the primary spermatocyte cluster. 
Each primary spermatocyte measures from 10 to 141' in diameter and its 
nucleus from 6 to 8 I'· The mitochondria in the young spermatocyte are 
·seen in the form of a deeply stained juxta-nuclear mass (Pl. I, fig. 21). As 
the spormatooytes grow, the mitochondria become lightly stained, and 
appear as a cloudy mass (Pl. I, fig. 22). The mitochondrial mass then 
spreads out in the whole of the cytoplasm (Pl. I, fig. 23). The small mito
chonctfial granules then coalesce and become deeply stained (Pl. I, figs. 24 
and 25). When the primary spermatocytes divide th'e mitochondria get 
arranged near the periphery (Pl. I, fig. 26). 

The prophase activities of the nuclei lead to the formation of the 
diakinesis stages, when seven tetrads are seen held together at J!Oints 
(Pl. J, fig. 27). As further condensation of the tetrads is continued, the 
nuclear wall breaks down and the tetrads (7 in number) lie freely in the 
cytoplasm (Pl. I, fig. 28). In the lateral view of the metaphase plates the 
spindle and the centrosomes are also seen (Pl. I, fig. 29). When the 
division of the chromoSomes is effected, chromatic masses are quickly 
formed, which move on the spindle and reach the teloph!tse stage (Pl. I, 
figs. 30 and 31). · 

The simultaneous divisions in the primary spermatocyte cluster lead 
to the formation of a cluster of 16 cells, the secondary spermatocyte cluster. 
In the young secondary spermatocytes the nuclei are lightly stained and 
show no nucleoli in them. In the cytoplasm the mitochondrial mass is 
scattered on one side, and a oontrosomal granule is visible close to the 
nucleus (Pl. II, fig. 32). With the onset of the nuclear activity, the chro
mosomal threads mako their appearance (Pl. II, 'fig. 33), and at the end of 
the prophase, when the nuclear wall breaks down, the chromosomes come to. 
lie in the cytoplasm. The mitochondria at this stage are scattered near the 
periphery (Pl. II, fig. 34). The metaphase chromosomes are quite distinct 
(Pl. II, fig. 35). In the side view of the metaphase plate the spindles and the 
centrosomes are clearly seen (Pl. JI, fig. 3~). As the division proceeds, 
the chromosomes are drawn towards the poles, and on reaching the 
telophase stage they form a compact mass near ea?h pole (Pl. II, fig. 37). 

Spermateleosis 

The secondary spermatocyte clusters divide to form: clusters of 32 cells, 
the spermatid clusters. In the newly formed sperm'atids the nuclei are 
lightly stained. The mitochondria are seen as a condensed mass, lying on 
one aide of the nucleus; and a oontrosomal· granule in each spermatid is 
visible at the base of the nucleus towards the outer free side ·(Pl. II, fig. 38). 
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The mit<>chondrial mass then breaks up into smaller granules, and the 
nuclei start picking up some stain (Pl. II, figs. 39 and 40). The spermatid 
nuclei then elongate. At first they become ovate with the pointed ends to
wards the outer free border, where a centrosomal granule at the base of each 
nucleus can be easily detected. The mitochondria, however, remain scattered 
in the cytoplasm as well-stained granules (Pl. II, fig. 41). As development 
proceeds the nuclei become slightly more elongated (Pl. II, figs. 42-44). 'the 
spermatid nuclei elongate more and more and they become pointed even 
towards the anterior side. The mitochondria, however, remain scattered 
in the cytoplasm (Pl. II, figs. 45 and 46). The staining capacity of the 
spermatid nuclei then starts changing. The change is, however, grad1.1al. 
First of all the anterior half of the spermatid nucleus becomes deeply stained, 
and gradually the basiphilic nature extends downwards (Pl. II, figs. 47, 48 
and 49). The flagellum during all these stages remains oxyphilic, but 
subsequently this also stains deeply (Pl. II, fig. 50). The ripe sperms, when 
they come out of the spermatid rosette, appear spindle-shaped vlith the 
anterior half thicker than the posterior (Pl. II, fig. 51). The residual cyto. 
plasmic mass, which is left behind on the evacuation of the sperms from the 
spermatid rosette, looks globular and is loaded with the mitochondrial 
granules. (Pl. II, fig. 52.) 

Ohromosome/3 

As already pointed out, there are 7 haploid and 14 diploid chromosm:ues. 
In figure 53 are arranged the mitotic chromosomes according to their length. 
The longest pair of chromosomes, which is 4·5 f' in length, is J-shaped. The 
second pair of chromosomes, which is V-shaped, is 4 p in length. The third 
pair has a median constriction, and measures 3·5 f'· The fourth pair is 
3·5 JL• and is slightly curved. The rest of chromosomes appear rod-like, 
measuring I to 2 f' in length. 

In figure 54 are arranged the meiotic chromosomes as they appear in 
the late prophaae. 

Irregularities 

Occasionally in the testis, near its periphery, are seen some cells with 
their chromatin condensed into a deeply stained mass. These are probo,bly 
the degenerating spermatogonia (Pl. II, fig. 55). A few nuclei are also 
seen, which do not appear to be those of the male germ cells (Pl. II, fig. 56). 
In addition to these some fully developed oocytes have been obse!'vcd 
(Pl. II, fig. 57). 

DISCUSSION 

An important point brought out in the present investigation is the 
presence of a centrosomal granule in the spermatid from where the flagellum 
arises. Though the tail has been described as cytoplasmic by Woodhead 
(1!131), anly Dhingra, in Isopararckis eurytremum (l954a), Dydocoetum 
bivesiculatum (1954b) and Ootylophoron elongatum (1955) has referred to the 
presence of a centrosomal granule in the spermatids. In the composi.tion 
of the sperm enters a nucleus, a centrosome and a :flagellum. Ande:rson 

14 



(1935), Rees (1939), Markell (1943) and Willmott (1950) have, however, 
regarded the sperm as a purely nuclear product. 

The presence of the mitochondrial mass in the spermatogonial cells is 
in acco•dance with my obserYations in Isoparorchis wrytremum (1954a.). 
In the spermatocytes the mitochondrial mass is seen on one side of the 
nucleus and, as the cell grows, it spreads out in the cytoplasm. As they 
do so, the mitochondria coalesce to form deeply stained granules. During 
meiosis 1

1 
however, the mitochondria again become amorphous and remain 

so in meiosis II, which follows. In the spermatids tho mitochondria again 
condense into a small well-stained mass, which breaks up into two or three 
granules. The mitochondrial granules remain as such, till ultimately they 
are left:. behind in the residual cytoplasmic mass. These changes in the 
staining reactions of the mitochondria have also been reported by me in 
Ootylophorrm ekm.gatum (1955). It may be noted that the mitochondria 
condense into deeply-staining bodies in Ootylophoron elongatum (Dhingr&, 
1955) and Gastrothylax alone, where the Golgi material is absent and not in 
Isoparbrchis eurytremum (Dhingra, 1954a), where the Golgi material is 
present. 

The significance of the degenerating spermatogonia is not very clear 
to me. They probably contribute to the nourishment of the testis. 
Anderson (1935) reported that the most usual stage in development, during 
which degeneration or pycnosis occurs, is that of the primary spermatocytes, 
but he maintained that it is possible that there may be a relationship 
between these cells and the oocytes, which appear in the testis. Willey 
and Koulish (1950) in the testis of Gorgodernia attenuata reported groups 
of cells similar to the degenerating oocytes of Anderson. Chen (1931) also 
observed what she regarded as the degenerating spermatogonia in the 
testis. 

Regarding the presence of oocytes in tho testis of Gastrothylax crumenifer 
I cannot say more than that a few of them have been seen. Anderson 
(1935) in the testis of Proterometra macrostoma observed oocytcs, which be 
belie>ed were formed from the detached spermatocytes. Dhingra (1954b) 
in Gycloeoelum bivesicula.tum traced the form,.tion "nd the degeneration 
of the oocytes in the testis and observed nourishing masses associated with 
the oocytcs, which had never been reported before. 

SuM!IURY 

I. The process of spermatogenesis in Gastrothylax crumenifer has been 
worked out. The haploid number of chromosomes is 7 and the diploid 14. 

2. The mitochondria, which are present in all the earlier stages of 
spermatogenesis, are left behind in the residual cytoplasmic mass without 
forming any sperm component. 

3. A centrosomal granule is present in the spermatids and from it 
arises the flagellum. 

4. The sperm consists of an elongated nucleus, a centrosome and a. 
) flagellum (axial filament). 

5. Peculiar structures in the testis include the degenerating sperma· 
togonia, some unidentified nuclei and the oocytes. 
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EXPLANATION OF PLATES 

A bhreviations: 

C--centrosome; F-flagellwn; M-mitochondria; N-nucleus. 

PLATE I 

Fw. 1. Primordial genn cells, showing their relation with t.he t-esticular wa11 and 
their' cysted' condition. 

FIG. 2. Primary spermatogonium, showing two nucleoli. 
FIG. 3. Primary spermatogonium, showing a single nucleolus n.nd the mitochor1drin. 
Fw. 4. Primary spermatogonium in prophase. 
FIG. 5. Primary spermat-ogonium in metaphase, showing t.he chromosomes, spindle 

and the centrosomes. 
li,rns. 6 and 7. Primary spermatogonia in metaphase. showing t-he full diploid number 

(14) of chromosomes. 
FIG. 8. Primary spermatogonium in anaphase, showir1g the dip"loid numher (14) of 

chromosomes in each set. 
Fm. 9. 
F1G.l0. 
FIG. 11. 
FIG. 12. 
F'ro. 13. 
FIG. 14. 
·P'w. 15. 

F'm. 16. 
FIG.17. 
Fm. 18. 
FIG. 19. 

FIG, 20. 
F'w. 21. 
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Primary spermatogonium in telophase. 
An unusually large primary spermatogonium. 
An unusually largo primary spermatogonium in anapha.se. 
Secondary spermatogonia, showing a single riucleolus in each. 
Secondary spermatogonia, showing the mitochondria in t.he cytopla.sm. 
Secondary spermatogonia in pro_phMe. 
Secondary spermatogonia in metaphase, showing the diploid number {14) of 

chromosomes. 
Secondary spermatogonia, showing t.he telophase. 
Tertiary sperma-togonia. in a cluster of four cells. Each cell has t.wo nucleoli. 
Tert.iory spermatogonia, showing t.he mitochondria in each cell. 
Three of the four tertiary spermatogonia .in metaphase, FJhowing t.he chromo

somes rather overlapping. 
Three of the four tertiary spermatogonia in telophase. 
Four of the eight, primary spermat.ocytes, showing t.he condenFJeci mito

chondria. 



Flo. 22. 

FIG. 23. 

Flo. 24. 

FIG. 25. 

FIG. 26. 

FIG. 27. 
Fm. 28. 
FIG. 29. 

A primary spermatocyte, showing the mitochondria having formed the 
amorphous mass. 

A primary spermatocyte, showing t,ho mitochondria spread out in the wh(>le 
of cytoplasm. 

A primary spermatocyte, showing t.he mitochondria coalescing into deeply 
stained granules. 

A primary spermatocyte, showing the mitochondria as deeply stained 
granules. 

Four of the eight primary spcrmatocytes in metaphase, showing t.he mito· 
chondria occurring peripherally. 

A primary spermatocyte, showing diakineAia. 
Four of the eight primary spermatocytes in metaphase, showing 7 tetrads. 
A primary spermatocyte in metaphase, showing 7 tetrads, spindle atld 

cent.rosomes. 
FIG. 30. A primary spermatocyte in· anaphase. Spindle and centrosomes are also 

seen, 
Fm. 31. A primary spermatocyte in telophase. 

PLATE II 

Fio. 32. Four of the sixteen secondary spennstocytes, showing lighUy stained nuclei 
without any nucleoli, a cent.rosomal granule in each and the mitochondria 
spread on one side of each nucleus. 

Fw. 33. Five of t.he sixteen secondary spermatocytes, showing prophase. 
F10. 34, Seven of the sixteen secondary spermatocytes in metaphase, showing the 

chromosomes and the mitochondria. 
FIG. 35. Five of the sixteen secondary spermat.oeytcs in metaphase, showing the 

haploid number (i) of chromosomes of meiosis II. 
FIG. 36. Secondary spennatoeyt.es in metaphase, showing the chromosomes, spindle 

and the centrosomes. 
FIG. 3i. SiX of the sixteen secondary sverma.t.oeytcs in teloyha.se. 
Flo. 38. Si:x of the 32 spermatids, showing 11. condensed mitochondrial mass in each 

and a centrosomal granule at f.he base of each nucleus. 
Fms. 39 and 40. Sperm~tids, showing the mitochondria broken up into granules and 

the nuclei slightly baaiphilic. 
Fro. 41. Sperma.tida, showing the nuclei slightly elongated with a controsomal gramdo 

at. the tip of oach nucleus: The mitochondrial granules are condensed. 
FIG. 42. Spermatids, showing the nuclei slightly more elongated. 
Fm. 43. Spermatids, showing a flagellum arising from each centrosome. 
FIGS. «-46. Spermatids, showing the successive stages of development. with t~e 

flagellum gradually lengthenjng out.. 
Fms. 47-49. Spermat.ids, showing n furt.her chango in the intensity of the nuclei. 
Fm. 50. Spennatids, showing the nuclei tapering into flagella. 
FIG. 51. Ripe spcriilB. 
FIG. 52. Residual cytoplasmic mass loaded with t.he mitochondrial bodies. 
FIG. 63. Mitotic chromosomes arranged according to t.hcir lengt.h. 
Fm. 54. Meiotic chromosomes as they appear in diakinesis. 
FIG. 55. Degenerating spermatogonia, ahowing the nuclei, condensed to fonn ehro· 

matic masses. 
Fl:G. 56. An unidentified nucleus in t.he testis cavity. 
Fl:G. 57. A well-developed oocyte from the testis cavity. 
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GAMETOGENESIS, FERTILIZATION AND CLEAVAGE IN 
ASYMPHYWDORA SP. 

By OM PARKASH DHINGRA, Late Panjab University Researoh Scholar, 
Department of Zoology, H oshiarpur 

INTRODUCTION 

It wa,s considered necessary to investigate the processes of gameto· 
genesis and fertilization in Asymphylodora sp. * on account of its remarkable 
sperm, which has a globular form. On the contrary, the sperm in all the 
trematode forms studied so far ha,s been described as spindJe.shaped or 
thread ·like. 

The reserve food material which is met with in the cytopla,sm of the 
trematode oocytes, as described by Markell (1943), Willey and Koulish 
(1950) and Dhingra (19Mb), has been interpreted differently by many 
pre,;ous workers. Schuhmann (1905) and Schellenberg (19ll) in Fasciola 
hepatica and Anderson (1935) in Proterometra observed globules and inter· 
prewd them "" the degenerated oogonial cells, ingested by the normal 
oocytes. Pennypacker (1940) observed small granules in the developing 
oocyl<>s of a frog lung fluke, whose nature wa,s not clear to him. 

The pola.r bodies, which on their formation are set free into the nutritive 
material, have been described by Markell (1943) and Dhingra (1954a) ·to 
take away a little of the cytoplasm with them, but Jones et al. (1945) 
described the absence of the cytoplasm around the polar bodies, and Willey 
and Koulish (1950) were uncertain. Willey and Godman (1951), however, 
stated that the polar bodies on their formation leave behind most or all the 
cyroplasm. 

The male and female pronuclei, which attain the same size, have been 
described by Hallrin (1902), Anderson (1935), Chen (1937), Rees (1939), 
Markell (1943), Willmott (1950), Willey and Godman (1951) and Dhingra 
(1954a) in the resting stage prior to karyogamy, but Jones et al. (1945) 
described them in the prophase with no resting stage. Willey and Koulish 
(1950), however, described both the conditions. Some have described a 
direct fusion of the two pronuclei; others have described the formation of 
fusion nucleus from the chromosomes of tho two pronuclei; and still others 
have reported a direct cleavage from the two pronuclei. 

The early segregation of the germ cells in the egg cleavage, a,s suggested 
by Isb.ii (1934) and Chen (1937), and supported by Rees (1939), Willey and 
Konlish (1950) and Dhingra (1954a), has been questioned by Willey and 

• Prof. H. R. Mchra. of the Allahabad University~ who kindly examined my slides. 
writes in a. persona] communication that the species is a new one and should bo 
described: 
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Godman (1951). The illustrations of Jones et al. (1945) also appear to be 
against such a belief. 

Ten specimens were fixed in Bouin 's fluid. Sections were cut at 
10-12 I' and were stained with 0·5% iron haematoxylin. 
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OBSERVATIONS 

Specimens of the trematode, Asymphylodora sp., range from 0·8 mm. 
to 1·0 mm. in length. There is a single testis lying towards the posterior 
side. A single ovary lies anterior to the testis in close contact with it. 
The testis and the ovary are enclosed in thin tunics. I was able to secure 
a large number of metaphase plates of the mitotic divisions in the testis, 
ovary and the subcutaneous cells. The somatic cells proved quite satis
factory for determining the diploid number. A few excellent segmentation 
stages were also met with, which were useful in the study of the morphology 
of the chromosomes. The diploid number of this species was found to be 
18. This count was obtained from segmenting eggs, metaphase plates of 
subcutaneous tissue and spermatogouial and oogouial mitoses. The study 
of the distinctive morphology of the chromosome pairs in the metaphase 
plates of subcutaneous and sperrnatogouial cells was somewhat hazardous, 
but their number and the forrn appear to be the same. 

As seen in the first cleavage there are two pairs of metacentrie chro
mosomes about 4·0 lA in length, one pair of small metacentric chromosomes 
about 3·0 ,.., and the rest are straight rod-like chromosomes ranging from 
1·0 I' to 2·0 I' in length. 

Primordial germ cells and Spermatogonia 

The testicular wall is not well demonstrated. The germ cells show 
some orientation in the testis. The primordial germ cells and the sperma
togouia' lie close to the testicular wall, while the sperrnatocytes and the 
spermatids are more towards the centre. The primordial g~rm cells, whi~ 
are. seen adhering to the testicular wall, are not plentiful in the mature 
specimens. Immature worms were, however, ·not obtained for the !3tudy. 
Tho primordial germ cells measure each about 6 I'· These cells consist 
mainly of nuclei. They are ovoid with the nucleus having two nt1cleoii 
(PL I, fig. I). The earliest spermatogonia are the largest cells in the w,hole 
of germ line except for the primary spermatocytes. They measuro each 
about 10 f.< in diameter. In shape they are rounded with distinct cell 
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membranes. The nncleus ·contains one or two nucleoli (Pl. I, fig. 2). In· 
spite of the small size of the chromosomes 18 diploid chromosomes can be 
counted in the polar view of spermatogonial. metaphases (Pl. I, fig. 3). 
In .the side view of the equatorial plate the chromosomes are overlapping 
tPI. I, fig. 4). As the chromosomes move towards the poles, it is not possible 
to distinguish them. At the poles they are seen as compact masses, one on 
either side (Pl. I, fig. 5). They are then reorganized to form the resting 
nuclei of the seconda-ry spermatogonia. 

The secondary spermatogonia remain connected, and each nucleus has 
generally two nucleoli (Pl. I, fig. 6). A full grown secondary spermato· 
gonium measures about 7 ·5 p. in diameter and is spherical in shape .. In the 
metapbases of these cells, the chromosomes are rather clumped together 
and thus the count could not be made definitely in these cells (Pl. I, fig. 7). 
The secondary spermatogonia on division form a cluster of four cells, the 
tertiary spermatogonia, which remain connected with each other at a point. 

Each tertiary spermatogonium has one nucleolus in the nucleus. In 
form they are oval, and the nucleus in each is often excentrically placed. 
A full grown spermatogonium measures about 5·5 p (Pl. I, fig. 8). Metaphase 
plates of these cells were very few and I could not count the full diploid. 
number. As a rule the chromosomes are short and condeused (Pl. I, fig. 9). 
When the daughter chromosom~s segregate, a mass of chromatin is seen at. 
each pole (Pl. I, fig. 10). Furrows appear on one side of each cell and 
divide them to fo~m a cluster of 8 cells, the primary spermatocytes, which 
remain connected with each .other. Centrosomes are rarely seen in the 
8permatogonial divisions, but the spindles are often met with. 

8pennalocytes 

Each primary spermatocyte measures about ll p._in diameter and its 
nucleus about 7 p (Pl. I, fig. ll ). Sometimes the primary spermatocytes 
show a centrosomal granule near the nucleus (Pl. I, fig. 12). The chromatin 
of the nucleus does not pick up the stain at thi9 stage, but gradually the 
chromosome threads become more distinct and the leptotene stage is 
reached (Pl. I, fig. 13). The process of pairing then begins, but it is rather 
difficult to follow the course of the threads. In certain cells, however, it is 
noticed that the threads shorten and they stain more deeply. The number 
of Visible threads is also reduced. In this stage, which may be called the 
zygotene, the threads are not polarized (Pl. I, fig. 14). Later on definite 
loops appear to form the pachytene stsge. Tho ends of the bivalents: 
soem to lie at one side of the nucleus (Pl. I, fig. 15). It was difficult to make 
a .definite count of the loops due to their overlapping and crossing over. 
At-any rate the nu.mbcr of loops was. not found to be more than the haploid 
number of 9. The contraction of the pairs continues, and during this 
phase of diplotene . the pairs open out slightly but are held together at 
chiasmata. At this stage the bivalents lose their orientation, and they 
are seen scattered iD the nucleus (Pl. I, fig. 16). With the end of diakinesis, 
~he nuclear membrane disappears and the chromosomes are liberated into 
the cytoplasm (Pl. I, fig. 17). In the polar view of tbe equatorial plate 
!i·bh;alent chromosomes are very easily made out (Pl. I, figs. 17 and 18). 
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Centrosomes are not very frequently seen, but in some cases they are 
evident. In one cell two small granules were seen at each pole of the 
sp t.dle (Pl. I, fig. 19). The bivalent chromosomes, lying at the equator, 
segregate and are then drawn towards the poles. At the telophase stage 
the identity of the chromosomes cannot be made out (Pl. I, fig. 20). As a 
compact mass of chromosomes is formed at each pole, a cleavage furrow 
starts from one side in each cell of the cluster (Pl. I, fig. 21). The furrows 
deepen more and more, and the cells of primary spermatocyte cluster; which 
show simultaneous divisions, form a 16-celled secondary spermatocyte 
cluster (Pl. I, fig. 22). 

Soon after the formation of the secondary spermatocytes, the nuclei 
undergo reorganization, but an interkinetic resting stage is not met with. 
At the 2nd meiotic division a haploid number of chromosomes can be made 
out in the metaphMe plates, but it is difficult to determine the details of 
the individual chromosomes due to their small size (Pl. I, fig. 23). At the 
anaphMe stage, when the chromosomes divide and are drawn out towards 
the poles, the groups do not reveal the same number as seen at the meta
phase stages (Pl. I, fig. 24). This is due to clumping together of some of 
the chromosomes. When the telophase stage is reached, the division of 
the secondary spermatocytes is completed. This results in the formation 
of a cluster of 32 cells, the spermatids (Pl. I, fig. 25). 

Spermateleosis 

In the spermatid cluster, the outlines of the spermatids can be made 
out, but their inner boundaries are rather indistinct. The spermatid 
nucleus is at first rounded and very much oxyphilic (Pl. I, fig. 26). It then 
becomes pointed towards the outer free border of the cell, but still looks 
faint (Pl. II, figs. 27 and 28). The nucleus then loses its ovoid form and 
becomes somewhat irregular with a reticular appearance (Pl. II, figs. 29 
and 30). The nucleus becomes more and more basiphilic and stains deeply 
(Pl. II, fig. 31). The mature sperms appear globular in shape (Pl. II, 
fig. 32). 

Ooge~s, Fertilization and Cleavage 

A single ovary lies anterior to the testis in close contact with it. The 
ovary contains the oogonia and the primary oocytes. The oogonia are 
peripheral, while the oocytes are contra!. The oocytes, when fully developed, 
come out of the ovary from one side. 

The oogonia are quite small and measure about 9-10 p. each in diameter. 
They are generally packed together in the peripheral region of the ovary 
and are often in a resting stage. The oogonia have very little of cytoplasm, 
but their nuclei contain one or two prominent nucleoli (Pl. II, fig. 33). 
The nucleus then ·undergoes some necessary changes, and at the end of 
prophase the nuclear wall breaks down and the chromosomes are set as the 
equatorial plate. In the metaphases, which are not commonly mot with in 
my prepamtions, the diploid number cannot be easily counted (Pl. II, 
fig. 34). The chromosomes then divide equationally and move towards 
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the respective poles (Pl. IT, figs. 35 and 36). Before the oogonium divides, 
it elongates slightly (Pl. II, fig. 37). 

Oocytta 

The young primary oocytes are found inner to the peripheral zone of 
the oogonia. The oocytes measure each about 11 p. to 13 p. in diameter. 
Ail they grow, they are pushed forward to one side, from where the oviduct 
arises. The young oocytes are well packed together, but the older ones 
lie loose 

As the oocytes grow, two or three darkly staining bodies appear in the 
cytoplasm, which sometimes coalesce (PI II, figs. 38 and 39). At first 
these bodies are quite small, but as the growth of the oocytes proceeds 
these bodies also become bigger. 

The nuclear changes in the primary oocyte are concurrent with its 
growth. At first a faint network of chromatin is seen within the nucleus 
(Pl. II, fig. 40). It then becomes coarse and stains well. The threads at 
this stage appear thicker (Pl. II, fig. 41). Later the threads are seen 
polarized with their ends turned towards the nucleolns (Pl. II, fig. 42). 
The process of synapsis is probably completed at this stage. Following 
this the nucleus enters into a diffuse stage, when it stains very faintly 
(Pl. II, figs. 43, 44 and 45). The oocyte then becomes elongated and is 
ready to leave the ovary. The haematoxy!in.staining bodies in the cyto. 
plasm are present at this stage (Pl. II, fig. 46). 

On leaving the ovary, the oocyte enters the oviduct, where a sperm 
enters the oocyte. A shell is then secreted round the oocyte (Pl. II, fig. 47). 
The oocyte nucleus is once again activated, and thick darkly staining 
threads begin to appear in it. Ail the condensation of the chromatin is 
going on, the haematoxyJin.staining bodies in the cytoplasm start 
decreasing in size (Pl. II, figs. 48, 49 and 50). Further decrease of these 
bodies is continued, and they completely disappear before the nuclear wall 
of the oocyte breaks down (Pl. II, figs. 51 and 52). Ail the nuclear wall 
disappears, 9 wel!.stained bivalent chromosomes are released in the cyto. 
plasm. The sperm, which is a deeply staining body, keeps away from the 
oocyte chromosomes (Pl. II, figs. 53 and 54). The meiotic chromosomes 
resemble those of the primary spermatocytes. The chromosomes then 
segregate, and the first polar body is cut off from the oocyte with a little of 
cytoplasm. 

The oocyte soon undergoes the second meiotic division. The chromo
somes of the second meiotic division are very small. The sperm, which 
was till n_ow a deeply-staining rounded body, lying quiescent in the cyto
plasm of the oocyte, becomes reticular and irregular in outline (Pl. II, 
fig. 55; and Pl. III, fig. 56). Division of the chromosomes in meiosis II 
then follows, but the individual chromosomes in each set are not distinguish
able (Pl. III, figs. 57 and 58). Meanwhile the lst polar body liberated into 
the nutritive material elongates and divides into two. For some time the 
two bodies remain associated together, but one of these two bodies is 
separated and absorbed in the nutritive material (Pl. III, figs. 59-62). 
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"When meiosis II. is COl,llpleted, the second polar body is also cut olf. from 
the mother oocyte. It also carries a lit~le of cytoplasm and is found dose 
to the first polar body (Pl. III, fig. 63). 

The male and female pronuclei then undergo reorganization. At 
first they are seen as compact masses (Pl. III, fig. 64), but soon the nuclear 
'membranes appear. The chromatin appears granular and· stains faintly. 
The ·nucleoli are not seen at this stage (Pl. III, fig. 65). The male pro: 
nuclims is at first smaller than the female, but soon the two are seen to be 
<if the same size. The chromatin of the two pronuclei now stains I!lOre 
lightly, and a nucleolus appears within each pronucleus (Pl. III, fig. 66). 
At this stage a Centrosome is also seen lying between the two pronuclei. 
The two pronuclei, which grow to 7 I' each, show a little decrease in size·, 
and the centrosomal granule divides into two (Pl. III, fig. 67). The fusion 
of the two pronuclei then starts. At first the two faintly stained nuclei, 
each with a s!llall nucleolus, are enclosed in a common sheath (Pl. III, 
fig. 68). The two pronuclei then fuse to form one well-stained nucleus 
having two nucleoli (Pl. III, fig. 69). The zygote at this stage measures 
about 14 p. in diameter. 

After undergoing some necessary changes the nuclear wall of the 
fertilized ovum breaks. down and the diploid chromosomes are set free. 
These chromosomes are the best ·for the diploid count (18) and morpho
logical study (Pl. III, fig. 70). The metaphase chromosomes then undergo 
equational di,ision. In the anaphase, where a faint spindle has· been 
observed, the chromosomes look very small (Pl. III, figs. 7l and 72). At 
the telophase stage the chromosomes form compact irregular masses, one 
at each pole (Pl. III, fig. 73 and Pl. IV, fig. H). The egg cleavage then 
follows and results in the formation of a two-celled embryo, in which one 
cell is bigger than the other (Pl. IV, fig. 75). The smaller cell with two 
distinct nucleoli remains quiescent. It has often been called •the. 'prop<tga
tory cell'. The second cleavage affects only the bigger cell. In the meta
phase stage of t-he bigger cell a full diploid number is seen (Pl. IV, fig. 76). 
Division of the bigger cell, which results in the formation of the three
.celled stage, has been followed. This division is also unequal (Pl. IV, 
figs. 77, 78 and 79). In a three-celled stage the propagatory cell is one of 
the two smaller cells, which is recognized by tho presence of two distinct 
nucleoli. In the three-celled embryo, the bigger cell again divides (Pl. IV, 
fig. 80), and results in the formation of a four-celled stage in which there are 
two small cells, one propagatory cell of medium size with two distinct 
nucleoli, and a bigger cell (Pl. IV, fig. 81). In the embryo of a 4-celled 
stage one of the two smaller cells divides (Pl. IV, fig. 82), but in the sub
sequent stage the bigger cell divides (Pl. IV, figs. 83 and 84). At the 7-
or 8-cell stage the propagatory cell, which had remained undivided, appears 
to be the biggest cell in the embryo (Pl. IV, fig. 85). On further division 
. the stem cells become smaller and smaller, but the propagatory cell retains 
·the same size, as it does not seem to divide at all (Pl. IV, figs. 86 .to 88). 
As the division of the embryonic cells is continued the outlines of the cells 
become more and more indistinct, so much so that they appear only as 

. nuclear masses embedded in a common matrix (Pl. ·IV, fig. 89). 
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DISCUSSION 

.It is evident from the above account that the sperm is globular instee,d 
of the usual spindle-shaped or thread-like form reported by all the previous 
workers. Some additional ~upport for the presence of such a form is 
provided by the fact that it looks globular even in the seminal vesicle or 
on its penetration in the primary oocyte. The globular form of the sperm 
is unique in the digenetic trematodes. 

My observations on the haematoxylin-staining bodies, which appe&r, 
grow and then degenerate iu the cytoplasm of the primary oocytes, are in 
agreement with those of Markell (1943), Willey and Koulish (1950) aJld 
Dhingra (1954b). My conclusions support my previous observations in 
Phylkdistomum spatula (1954b) regarding the nourishing function of these 
bodies. The haematoxylin-staining masses in the present form develop 
for some time till the oocyte attains its maximum size, and then start 
degenerating whml the oocyte is about to leave the ovary. The degeneration 
is continued within the egg shell. Markell (1943) and Willey and Koulish 
(1950) obser-ved the degeneration within the ovary. Dhingra (1954b) recorded 
the degeneration to start in the three-celled stage. The variation il) the 
stage of degener&tion might well be regarded as a generic behaviour. There 
is, however, no reason. to believe that the globules of Schuhmann (1905) 
and Schellenberg (19ll) in Fasciola hepatica and Anderson (1935) in Pro
terometra in the oocytes could be the degenerated ingested oogonial ce!ls. 
The small globules observed by Pennypacker (1940) in PneumonoMes 
similiplexus similarly could not be considered as nuclear products. 

My observations on the presence of cytoplasm around the polar nuclei 
are in accord with those of Markell (1943) in Probolitrema californiense and 
Dhingra (1954a) in Isoparorchis eurytremum, and differ f~om those of Jones 
et al. (1945), who described the absence of any cytoplasm around the polar 
nuclei. Willey and Koulish (1950), however, failed to decide the issue, and 
Willey and Godman (1951) stated that the polar bodies on their formation 
leave behind most or all the cytoplasm. The first ·polar body elongates 
and divides, as also observed by me in Isoparorchis eurytremum (l954a). 
Jones et al. (1945), however, stated that the first polar body elongates but· 
does not divide. 

The male and female pronuclei are in the resting stage prior to_ thoir 
fusion, and both attain the same size. Halkin (1902), Anderson (1.935), 
Chen (1937), IWes (1939), Markell (1943), Willmott (1950), Willey and 
Godman (1951) have found a similar condition, but Jones et al. (1945) denied 
the resting state and described the two pronuclei in prophase. Willey . . 
and Koulish (1950), however, <)ascribed both the conditions. . 
! Karyogamy is effected by the direct fusion of the two pronuclei. The 
zygote nucleus is characterized by the presence of two nucleoli, and the 
pronuclei have one each. Chen (1937), and Willmott (1950) also m:>de 
similar observations. Jones et al. (1945) and Willey and Godman \l95i), 
however, described- the absence of the initial resting stage in the zygote 
nucleus; but Markell (1943) and Willey and. Koulish (1950) could not 
establish any criteria for distinguishing the zygote. nucleus. 
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It i~ possible to conclude on the evidence furnished in the present 
investig,.tion that the germ cell is segregated at the first cleavage stage, 
as reported by Ishii (1934) and Chen (1937). The first cleavage division 
is unequal and results in the formation of a small 'propagatory cell' and a 
bigger 'ectodermal cell' of Ishii and Chen. In a number of subsequent 
divisions the small cell remains unaffected. Rees (1939), who observed 
the clea-vage only up to a three-celled stage, reported the first division as 
unequal and the second affecting the bigger cell alone. Willey and 
Godman (1941) in Zygocotyle lunata, Willey and :Koulish (1950) in Gorgo· 
derina attenuata, Willmott (1950) in Gigantocotyle bathycotyle and Dhingra 
(1954a) in Isoparorchis eurytremum from their studies on the early cleavage 
stages concluded similarly. Jones et al. (1945) in MacravMtibulum kepner; 
bas, however, drawn a two-celled stage with equal nuclei; and Willey and 
Godman (I 951) in Zygocotyle lunata reported that subsequent to the second 
division the evidence in support of early segregation of the germ cells iS 
unconvincing. 

SUMMARY 

l. The processes of spermatogenesis, maturation of the ovum, karyo. 
gamy and early cleavages have been worked out i!l detail in Asymphylodora 
sp. 

2. The haploid number of chromosomes is 9 and the diploid 18. The 
chromosomes have been counted in mitotic and meiotic divisions of germ 
cells and the cleavage divisions of the egg. 

3. The sperm is globular contrary to the usual thread-like or spindle. 
shaped form reported in many trematodes. 

4. The centrosomes and spindles are met with. A centrosomal 
granule of the first cleavage division is cleafly eeen, when tho male and 
female pronuclei lie close together. 

5. Some reserve food material appears ill the cytoplasm of the 
primary oocyte when it is still in the ovary, but it disappears when the 
oocyte leaves the ovary. 

1>. Th<'> "'"'l" ""d '""'"'k i''""""\"\ .,"' "'"' lint, "' \J.M/'l,'W. 'lim, w~t 
later they are of the same size. They enter into a resting stage before 
actual fusion. The male and female pronuclei fuse to form a fusion nucleus 
which is chamcterized by the presence of two nucleoli. 

7. The 'propagatory cell' is formed in the first egg cleavage division 
and remains undivided. 

8. The polar bodies are seen extruded from the mother oocyte with a 
little of cytoplasm. The first polar body when formed is seen to enlarge 
and then divide. 
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EXPLANATION OF FIGURES 

A.bbreviatiom :-

Pb-Polar body; Pb1-First polar body; Pb2~Socond polar body; Pr-Pro
pagatory cell; rf-Reserve food material; Sp-Sperm; SH-Shell. 

FIG. I. .. 2 . 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
II. 

.. 12 . 
13. 

.. 14 • 

Primordial germ cell. 
Primary spermatogoniutn. 

PLATE I 

Metaphase of primary spermatogonium (Polar view). 
Metaphase of primary spermatogonium (Side view). 
Telophase of primacy spermatogonium. 
Secondary spermatogonia, in a. group of two. 
Secondary spermatogonia in metaphase. 
A group of four tertiary spermatogonia. 
A group of four tertiary spermatogonia in metaphase. 
Dividing tertiary spermatogonia. 
Section through a cluster of primary sperma.tocytes, showing 5 of the 8 

cells in a resting atng(). 
Primary spermatocyte, showing a centrosomal granule in tho cytoplasil:l, 
Primary spermatocyte, t3howing a leptotene stage. 
Primary apormatocyt.e, ~:~bowing a zygotene stage. 
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Fro. 16. Primary spermatocyte, showing a pachytene stage. · 
~' 16. Four cells of a primary spermatocyte eluster; showing the diakinesis stage. 

FIGs. 17 and 18. Primary sp_orma.tocytes in metaphase, showing a haploid nm:nber 
of 9 chromosomes. 

F.ra. 19. Primary spermatocyte in metaphase, showing the divided centrosomes at 
the poles. 

, 20. Telophase of primary spermatocyte. 
, 21. A dividing cJuater of primary sper:matocytes. 

" 
" 

,. 

22. A section through a cluster of secondary spennatocytes, showing 10 of the 
16 cells. 

23. Seoond£\ry sperma.tocyW$ in metaphase. 
24. Soconda.ry spermatocytes, showing meta.phases and a.napha.ses. 
25. A section ~hrough a cluster of newly formed spermatids, showing 19 of the 

32 cells. 
26. Spermatids in resting stage. 

Pu.TE II 

FIGs. 27-31. Successive stages in the development of the sporm. 
FJG. 32. Ripe spei"IM. 

33. Oogonium. 
34. Two oogonia. in roe~pha.se. 

Fms. 35 and 36. Early and late to!opha.~es of the oogonillm. 
Fto. 3'7. Oogonium slightly elongat-ed before dividing. 

38. Primary oocyt-o in a re>.~ting stag~, showing a darkly-stained mo.ss (Reserve 
food material}, which ha.s appeared in the cytoplasln. 

39. Primary oocyte still in a resting stage with a. slight.Iy bigger stained ma.ss. 
40. Primary oocyt-e in leptotene, showing a little more incren.se in the size of 

the darkly-stained :rna.ss. 
,. 41. Primary oocyt-e in zygotene with a slightly moro increased stained moos in 

the cytop)a.srn. 
,. 42. Primary oocyte, showing a bouquet stage and a well-developed cy-toplasmic 

stained mass. 
Fws. 43, 44 and 45. Successive stages of the diffuse stage in the prima.ry oocyte. 

The chromatin is very faintly stained and the nucleolus is indistinct. 
FIG. 46. Primary oocyte, slightly elongated before leaving the ovary. Cy-topln.smic 

bodies nr~ also present. 
4 7. Egg. enclosing t,he primary oocyte with a sperm and the cytoplasmic :mass 

. in t.he cytoplasm. · 
Fws. 48 and 49. Eggs, showing the condensation of chromatin and decrea-se in size 

of the cytoplB.S:rnic ma.ss. 
,. 50 and 51. Eggs, Bhowing n. further condensation of the chromatin and a still 

furt.her decrease in the size of the cyt.opla.smic masses. 
Fro. 52. Egg, showing the primary oocyte with complote disappoarance of the 

cytoplasmic mMs, before the nuclear wall breaks down. 
Fros. S3 and 54. Eggs, showing primary oocytos in met.a.phaso and the sperms lying 

quiescent as well-stained bodies. 
FIG. 55. Egg, showing t.he chromosomes of meiosis Il1 o. reticular sperm and t-ho 

Firat polar body. 

PLATE II! 

FIG. 56. Egg, showing the haploid chromosomes (9} of meiosis II, a reticular sperm 
e.nd the first polar body. 
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57.. Egg, showing_ the chromosomes of :meiosis II on the' equatorial plate, a 
reticular sperm and the first po1ar body. 

58. Egg, showing tho division of the :meiosis II chromosomes, a. reticular sperm 
and the .first.polar body. 



Fm. 69. Egg, showing the dividing chromosomes of maiosis II, a. reticular. sporm 
and an elongted first polar body. 

,.60~ .Egg, showing the dividing chromosomes of meiosis II, a reticular sperm 
·, ~ and the dividing. first polar body . 

. 6L :Egg, showing tho dividing chromosomes of meiosis II at the equator, a 
sperm and the di~ided fust polar body. 

62. Egg, showing the chromatic mass of the o':um, a reticular sperm, ne~Jy. 
formed second polar body and the first polar body. 

Fms. 63 and 64. Eggs, showing the ovum with its chromatic mass, the sperm fl.nd 
the two polar bodies enclosed in a little of cytoplasm. 

FIG. 65. Egg, showing the Ovum with a smaller male pronuclotL~ and the bigger 
female! Pronucleus. Only one polar body is seen. 

66. Egg, showing the OVl,lffi with male and female pronuclei of equal size, a 
cent.rosomal granule between the pronuclei and two polar bodies. 

67. :Egg, showing the rria.le and female pronuclei of equal size, divided centro· 
somo and two polar bodies. 

68. Egg, showing the male and female pronuclei enclosed in a common sheath 
a.nd one polar body. 

69. Egg, sh(lwing an ovum with a fusion nucleus, characterized by two nuclE:loli, 
1 and two polar bodies. 

70. Egg, showing the diploid {18) chromosomes of the fusion nucleus at mQta.· 
phase. No polar body is seen in this section of the egg. 

71. Egg, showing the dividing chromosomes at tho equator and two polar 
bodies. 

72. Egg, showing the chromosomes of the first cleavage at anaph8Se and two 
polar bodies. 

73. Egg, showing the chromosomes of the first cleavage at telophase and two 
polar bodies. 

PLATE IV 

FTQ. 74. Egg, showing the chrDinosomes of the Brst c1oo.vsge at te1opblJ88 and two 
polar bodies. 

, 75. Egg, shttwing a two-celled stage. One is smaller than the other. 
76. Egg, showing a two-coUed stage, with the bigger cell in metaphase. 
77. Egg, Rh()wing a two-celled st.age with the bigger cell at telophase. 
78. Egg, showing a two-celled stage with the bigger cell about to divide. 
79. Egg, showing a three-celled stage wit.h the bigger cell having divided 

unequally. 
80. Egg, showing a three-celled stage, with' the bigger cell at metaphase. 
81. Egg, showing a four-ceiied· stage. There are two small celJs, one :pro

pagat.ory and one bigger. 
, 82. Egg, showing a four-celled stage with one of the smaller cells at metaphase. 

Fms. 83,84 and 815. Eggs, showing 0, 6, and 7-celled stages of the embryos with the 
prop4gatory ceH still not having divided. 

,, 86 and 87. Eggs, showing advanced stages of development with the propaga
tory cell still of the original size. 

88 and· 89. Eggs, showing furthor advanced stages of development. The 
propagat.ory cell is still distinguishable. 
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PARTITIONS IN GENERAL 

By HANSRAJ GUPTA, Panjah University College, Hoshiarpur 

§ l. The general problem in partitions is that of expressing an integer 
n > 0 as a sum of a number of other specified positive integers, with or 
without restriction. Here, we consider the part~tions of n into integers 

(A) 
where there is no restriction as to the number of times any summand is 
used. 

Without loss of generality, we can assume that 

a.,.<as, O<r<s<m. (1) 

The generating function giving P ,(n), the number of partitions of n 
into numbers of set (A), is 

f.(x) = {(1-x)(1-x'1)(1-x"2) •.. (1-x'•)} -J; Jxl < l. (2) 

In fact, P.(n) is the coefficient of x' in the expansion off,(x). We take 

P ,(0) = l, P .,( -j) = 0 for j > 0. (3) 

In this paper, I prove that 

(
n+m) , (n+ E a,) 

m <. P.,(nl,I!
1
a, < ;;' . 

The ease of partitions into primes has been considered in some detail 
in the latter half of the paper. 

§ 2. Denoting the number of partitions of n into the summands ae, al> 
<12, ••• , a, of set (A) by P,(n), we have 

P,(n) = P,_ 1(n)+P,(n-a,). (4) 

This follows readily from the fact that P,_ 1(n) denotes the number of those 
partitions of n which employ a0 , av a2, ... , a,._ 1 as summands, while 
P..(n-a,) gives the number of those partitions of n in which a, occurs at 
least once. 

Moreover, 

P,(n) > P,(n-1) > P,(n-2) > ... , > P,(O) = 1, (5) 

beeause adding unity to each of the P ,(t) partitions of t, we get partitions 
of (t+1), but these are in general not all the partitions of (!+1) into the 
first r members of set (A). Replacing n by n, n-1, n-2, ... , n-a.+ 1, ... 
in succession in (4}, we obtain on addition 

n 
P,(n)+P,(n-1)+P,(n-2)+ ... +P,(n-a,+1) = E P,_ 1(j). (6) 

j=O 

31 



§ 3. Proof of the inequality. 

Since P0(n) = l for n > 0, 

P1(n) = P0(n)+P0(n-ai)+Po(n-2al)+ ... +Po(n- [~]a•) 

= [n+a1 ]. 
a.l 

Let us assume that for 0 < k < r-1, 

(
'j+a,) < P,(j) ll a,< (H/3,) 

k I= I k 

where "'• and {3, are functions of a's alone. 
Then, in view of (5) and _(6), we have 

and 

n 
a.]',(n) > I: P,_ 1(j). 

i=O 

n 

a.J',(n-a,+I) < I: P,_ 1(j). 
j=O 

Hence if a'!'- I < r as shall be seen to be the case, 

, n (j+a, ')' (n+"•-1 +I) P,(n) II a,> I: = , 
t=-I i=O \ r-1 r 

so that, we can take 

rxr = <X,.- 1+ lor 11.,. = r since cx 1 =I. 

• • (H/3,_ 1 ) (n+/3,_ 1+1) 
P,(n-a,+l) II a,< I: < , 

t=l J=O r-1 , r 
that is, 

so that, we can take 
• 

/3, = a,+/3,_1 or {3, = E a, beeause fl1 = a1 • 
l=l 

Thus (7) holds form > k > 0, with 

§ 4. THEOREM. 

Proof. We have 

k 

"• = k and /3, = I: a1 • 
1=1 

If rf3. = o(n), then 

(
n+r) , P,(n)- II a,-1. 

' r '= 1 

(7) 

(8) 

(9) 

. • (10) 

(ll) 

(n+/3,)/(n+r) = n+/3;. n+/3,-1 .... n+/3,-r+l. . . (JZ) 
r r n+r n+r-1 n+l 

32 



The value of the right side of (12), lies between 

(l+ fl,-r)' and (t+ ,Be:)'. 
n+r , n 

Let n = rqfl,, then the right side of (12), lies between 

that is, between 

But 

1-~ 
exp c+ i) and exp m . 

fl, 

fl 
r(r+ 1) 

,>-2-. 

Hence, if rfl, = o(n), then 

and the result follows. 

§ 5. In case, a1, a2, ag, ... , am are the primes 2, 3, 5, 7, ... , Pm the 
method of partial fractions, which I have emtJloyed in the case of ordinary 
partitions too 1 , is particularly useful. 

Thus, let 

4> (x) = { (1-x) (1-x•) (1-x') (1-x') ... (1-x'')} _, ll p., lxl < 1; 
, j = 1 J 

where p, is the rth prime with p 1 = 2. 
Then, 

{1-(1-y)''} ¢,(1-y) = P,· 4>,_ 1(1-y), 0 < y < 2. . . (13) 

Suppose 
"' y•+1 ¢,(1-y) = :E .p,(n)y', 

n=O 

then 

t (-I )i -1 (p') yi-1 . E .p,(t)y' = p, . l: .p,_,(t)y' . 
1=1 j t=O t=O 

.. (14) 

Equating the coefficients of y' on the two sides, we get 

. . (15) 
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or 

where 
Thus 

,P,(t)-1/Jo(t) = E J! (p,-l) .p,(t-1)-i (p,-l) ,P1(t-2) 
•~1( I 2 

.p,(O) = l, 

' 

+,,, + (-l)P; (p,-1) 1/J;(t-p,+l)} 
p, p;-I 

.Po(O) = l, .Po(t) = 0 for It I> 0. 

.p,(l) =! E (p;-1), 
i::: 1 

r i r 
,P,(2) = t E { (p;-1) E (p;-1) }-i E (p1-I)(p;-2), 

i=l j.:=l i=l 

and so on. 
We can now write 

(16) 

.p,(O) .p,(l) </>,(2) .p,(r) 
</>,(x) = (1-x)'+l + (1-x)' + (l-x)'-1 +,,. + (1-x) +R,(x) (17) 

where R,(x) is the sum of the partial fractions corresponding to the factors 
J P· 
-x 

1 
in the denominator of </>,(x) ; I < j < r. 

I-x 
The coefficient O,(n) of x" inf,(x)-R,(x) is 

, (n+r-t) 
': • .p,(t) r-t , ' . (18) 

l P· 
§ 6. The partial fraction corresponding to -x 

1 
in the denominator 

I-x 
of </>,(x) can he computed as follows. 

of 

Suppose the partial fraction corresponding to I-xPJ in the denominator 
I-x 

I 

(i-a/1) (l-x) (l-x'') (l-x'2) ... (1-x'') 

(where the q's are primes different from pi' not necessarily in any particuln.r 
order), is 

p,(x) 

[-.,Pi 

where p,(x) is a polynomial in x of degree (p1-I) with rational coefficients 
and p,(l) = 0. 
Then, to find the value of P, H(x), we notice that P,.,(x) shall have to he 
such that the numerator of 

p,(x) 

(I-xPJ) (l-x'>+1) 

is divisible by (1-xPJ) and p>+1(1) = 0. 
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We proceed to show that these conditions determine P,n (x) uniquely in 
terms of p,(x). 

Let p,(x) = eo+o,x+o,x•+ ... +o,._,:>t;-
1 

' 
and p,+l(x) = b0 +b1x+b2x•+ ... +bP;_,:>!r

1
• 

If we write 
o1 = c, and b1 = b,, when i = k (mod P;l ; 

and 
q,+l a-t (modp1), 0< t<p1; 

then the first condition requires that 

bo-bt = Oo· 

bt-b2t = Ct~ 

bCP;-111-bt;.t = °CP;-111" 

The second condition requires that 

b0 +b1 +b2 + ... +bet;-II = 0, 

or what is the same thing 

b0 +b,+b2,+ ... +bct;- 11, = 0 ... 

Solving equations (19) with (20), we get 

P/'0 = (p1-l)<Jo+ (p1 -2)~,+(p1 -3)~,.+ · .. +~et;-21< ; 
and the other b's are given by 

etc. 

b1 = b0-o0, ) 

b.,= b,-c,, ) .. 

(19) 

. . (20) 

(21) 

(22) 

If o, be the numerically greatest of o's, then from (21) and (22), it followa 
that none of the b'a is numerically greater than 

(23) 

Now 
1 A. B. Po(x) 

-~,---- = __ ,_ + -'- + ---
(1-xPi) (1-x) (1-x)• (1-x) (1-:>li) 

where A. and B. are certain constants depending on p., and 
1 J 1 1 

1 
Po(x) = 2P; {(p1-1)+(p1-3)x+(p1-5)x2+ ... +(-p1+1)xPr 1

}. 

Thus, none of the coefficients in p
0
(x) is numerically greater than t. Hence, 

none of the coefficients in p,.(x) corresponding to (1-xPj) in the denominator 
of <f,,(x) is numerically greater than 

1 < 1)'-' n' -2 P;- p,. 
,. i= 1 

(24) 
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The contribution L,(n) of R,(x) to the coefficient of x' in the expansion of 
</>,(x), therefore, does not, in absolute value exeeed 

which is 

Hence 

l , p' 
< 2-;TI PI·-'· •= 1 r 

because p, = O(r log r). 

§ 7. The order of ,P,(t). 

We have 

1/J,(O) = I, 

' 1/J,(I) = t E (p1- I)= O(r' log r), 
i=l 

Assuming that 1/J,(t-l) = O(r'log r)'- 1
, 

we have from (16), 

' ' (p,-1) 
I/J,(I)-I/J0(t) = .E !(p1-l),P1(t-1)- E Jr I/J1(t-2) 

1=1 1=1 2 . 

(25) 

(26) 

, ( (p;-1) (-l)P; ) 
+ E 1l .p.(I-3)- ... +--I/J1(t-p1+l)f 

I= 1 \ 3 PI J 

= O(r'log r)'+O(r21-l(log r)')+O(r21-l(Jog r)'+l) 

= O(r' log r)'. 

In estimating the last sum, we make use of the fact that the number of 
terms in the bracket is (p1-3), and 

the j.th term in the bracket =.O((r log r)i+2(r' log r)t-i-2) 

_ ((r' log r)') _ ((r• log r)') -0 -0 . 
r3 r2 log r 

Thus 1/J,(t) = O(r• log r)', t > 1. (27) 

Moreover 
. r• 

1/J,(l) > 3, r > 1. (28) 

§ 8. The coefficient O,(n) of x' in </>,(x) -R,(x) has been shown to be 

If n > kr'(log r) 2, k > 0, 
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.and \Ve write 

(
n+r) (n+r-1) 

O,(n) = r + ,_
1 

{,P,(1)+B}. 

then the (t-l)th term in B 

_ (n+r-t) ·j(n+r-l) - .p,(t) 
r-t r-1 

(r-1) (r-2) ... (r-t+l) .p,(t) 
= .,.-( n-+0'-r--~J )-'.;.( n_+_::.c_r-:...:.,;2)c:._._ . ....:. (,c.n_:+.!_r?:C-:.':t +~1) 

\ r' ( ( r"(log r)' ) 
= 0 l n' (r2 log r)' j = 0 k'r•'(log r)"' 

_ o( 1 ) 
- k1(log r)' 

Hence 

I B I = 0 J E (! 1
1 

I'} = 0 ((-l 
1 

1.) = o(l) = o(,P,(l)) 
\. •.~ 2 c og r og r 

so that 

(n+r) (n+r-1) { (n+r-1)} 
O,(n) = ' r +,P,(I) r-1 +o .p,(l) r-1 

(
n+r) 

= r +D+o(D). 

Finally, since ,P,(l) > ~· 

k'- 1(r log r)2' 
= 3(1og r)• 

Therefore, 

L,(n) = 0 ( (r ;~~ ;)'') = o(D). 

Hence Q,(n)-· the number of partitions of n into I and the first r primes, 

='the coefficient of x" in </>,(x) /,~1 P1, 

= { O,(n)+L,(n)} /,~1 p 1 , 

((n+r) (n+r-l)t/ ' 
=' l r + f.J>,(I)+o(.j>,(I))J r-1 j ,!:,PI . • (29) 

for n > kr•(log r)•, k > 0. 
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§ 9. It may be remarked that the method described in § 5-§ 8, would 
be applicable to any set of integers I, a" a,, ... , a~ every two of which are 
prime to each other. 

In the end, I offer my thanks to Dr. R. P. Bam bah for his suggestions 
and help in the preparation of this paper, 
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OOGENESIS OF THE TOAD, BUFO STOMATICUS LUTKEN, 
WITH OBSERVATIONS UNDER THE PHASE CONTRAST 

MICROSCOPE 

By VrSHWA NATH and S. K. MALHOTRA, Department of Zook>gy, 
Panjab University College, Jloshiarpur 

ABSTRACT 

Tho oocytes of the toad, Bufo stomaticM Lut,ken, have been studi.od by employing 
tho modern cytological techniques. The living oocytes have been extensively studied 
under tho phase contrast microscope, and microphotographed. Tho mitochondria 
form a peripheral ring, in which the albuminous yolk granules appear for the first 
time. The Colgi bodies, which are essentially granular, begin to stain with Sudan IV 
when the oocyte measures 0·35 nun. in diameter, and give rise directly to fatty yolk 
spherules. The Golgi bodies are osmiophilic and argentophilic, and they are not 
stainable with neutral rod. The watery, neutml red stainable vacuome appears for· 
the first time as minute vo.cuoles in oocytes mee.suring 0·06 mm. in diamQter. They 
slightly :incron.se in si7..e, but do not condense any yolk in their inWrior. Tho nucleolar 
e:x:tnlSions, which begin to be extruded into the cytoplasm in very young oocyte.s,. 
disappear without making any visible contribution to yolk-formation. 

INTRODUCTION 

In a recent paper Nath and Malhotra (1954) published microphoto· 
graphs demonstrating the VMJuomo, Golgi bodies, mitochondria and 
nucleolar extrusions in the fresh eggs of the frog, Rana tigri.na, as studied 
under the phase contrast microscope. Earlier Nath (1931) had demon
strated the vacuome, the Golgi bodies and the mitochondria as independent 
cytoplasmic components in the fresh eggs of the frog, as studied under the 
ordinary microscope. But Nath (1931) did not discover any nucleolar 
extrusions in the eggs of the frogs, which had been all collected during 
winter hibernation up to the following spring month of March only. Nath 
and )1alhotra (1954) also did not find any nucleolar extrusions in the eggs 
of the frogs collected during the months of April and May; but oocytes of 
frogs collected in the month of June showed prominent nucleoli, which are 
extruded in the cytoplasm. The extrusions, however, quickly disappear 
aml do not make any visible contribution to yolk-formation. 

But in the toad, Bufo stomaticus Lutken, which forms the subject 
ma.tter of the present investigation, nucleolar extrusions have been seen 
in the oocytos of toads collected from the months of March to September. 
Even a t-oad collected during the month of November, which is the hiber
nating month, showed nucleolar extrusions in its oocytes. As in tho frog, 
the nucleolar extrusions disappear without making any visible contribu
tion to yolk-formation. 

The toads studied were all collected from Hoshiarpur and were 
identified as Bufo stomaticuJJ Lutken by the Zoological Survey of India, 
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Calcutta, to whom our thanks are due. Our thanks are also due to Mr. 
H. S. Vasisht for taking the microphotographs. 

TECHNIQUE 

The fresh oocytes of the toad have been very extensively studied 
under the phase contrast microscope, and microphotograpbed. The 
living oocytes have also been studied under the ordinary microscope. 
Some of the oocytes were also osmicated for short periods and studied 
fresh in normal saline. 

Neutral red was used intra vitally and supra vitally for the demonstra
tion of the vacuome. Intrantam injections of the dye were given into 
the body cavity of the toad, and the animals dissected after about two 
hours to study the oocytes. 

Champy fixed preparations were studied, stained with 0·5% iron
baematoxylin. 

Kolatchev, Aoyama and Da Fn,no techniques were also employed. 
Silver nitrate preparations were also toned in 0·2% gold chloride. 

The oocytes stained with Sudan IV or Scharlach R were studied in 
glycerine. 

Bouin 's iron-haematoxylin preparations were used as control, and for 
the study of nucleolar extrusions. 

OBSERVATIONS 

Golgi Bodies and Fatty Yolk.-The youngest oocyte has a prominent 
circum-nuclear ring of mitochondria-l granules, in which, as a rule, no Golgi 
bodies can be seen in our Kolatcbev and Champy preparations (Pl. VIII, 
fig. 41 and Pl. V, fig. 24). In slightly older oocytes, however, when the 
mitochondrial ring has moved away from the nuclear membrane, pro
minent Golgi bodies can be seen in the mitochondrial ring. In fresh 
osmicated preparations, the Golgi bodies appear as vesicles with an osmio
philic cortex and an osmiophobic medulla (Pl. II, fig. 7). In Champy 
iron-haemotoxylin and Aoyama preparations, however, the Golgi bodies 
appear as granules, not revealing any duplex structure (Pl. V, figs. 25 and 
26 and Pl. XI, fig. 56). In still older oocytes the mitochondrial-Golgi 
ring moves to the periphery of the cell (Pl. II, fig. 8 and Pl. V, fig. 2i). 
The mitochondrial-Golgi ring now hegins to break up (Pl. V, fig. 28), and 
this stage may sometimes be followed by a stage when the Golgi bodies 
and the mitochondria take up a juxta-nuclear position (Pl. X, fig. 49). 
Figure 4, Plate I, represents a living oocyte as studied under an ordinary 
microscope. The Golgi bodies can be seen with the utmost ease as dark 
refractile granules. Gradually the Golgi bodies begin to disperse in the 
cytopla£m till they are uniformly spread out (Pl. II, fig. 9; Pl. V, figs. 29 
to 32; Pl. IX, fig. 43; and Pl. X, figs. 51 to 53). 

When young oocytes are treatoo with Sudan IV (Kay and Whitehead), 
and mounted in glycerine, it is noticed that there is nothing in the cells, 
which is stained. But when the oocyte hegins to measure about 0·35 mm. 
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in diameter, the Golgi bodies begin to stain with Sudan IV. With the 
growth of the oocyte some of the Golgi bodies also grow in size, and 
ultimately form the fatty yolk. All Golgi bodies, small and large in siz~, 
stain with Sudan JV (Pl. XI, figs. 58 to 60). 

In preparations of older oocytes stained with Sudan IV, there is no 
way to distinguish the fatty yolk from the Golgi body, a.s both stain red in 
this stain. But v;hen Ko\atchcv pmparatiom of oocytes me&suring abo>\t 
l mm. or more in diameter are decolourized in turpentine, it can be seen a.t 
once that, although morphologically alike, the Golgi body and the fattY 
yolk spherule differ radically in chemical composition. The larger fatty 
yoik spherules are completely decolourized in turpentine, but the Golgi 
bodies resist the decolourizing action of turpentine. The completely 
decolourized fatty yolk spherules appear as clear vacuoles. It is, therefore, 
n:>t unreasonable to suppose that the Golgi·body, which is made up largely 
of lipoids, directly grows into a fatty yolk spherule containing free fat. 

Similarly in Champy unstained preparations the Golgi bodies and tbe 
fatty yolk are st&ined black alike with osmic acid, but the fatty yolk is 
soon decolourized ·with turpentine, leaving behind clear vacuoles. 

In Da Fano or Aoyama preparations the fatty yolk appears a.s cle<tr 
vacuoles, but the Golgi bodies are jet-black. The Golgi bodies are not 
stainable with neutral red. 

Mitochondria and Albuminous Yolk.-The mitochondria of the toad 
can be best studied in Champy slides stained with 0·5% iron-haematoxy!itl. 
In all snch preparations the mitochondria appear as grey or blue black 
granules. 

lu the youngest oocyte (PLY, fig. 24), the mitochondria a)l)lear in tbe 
form of a circum-nuclear ring, consisting of greyish fine granules. 
Gradually the mitochondrial ring tears itself off from the nucloor . 
membrane, and takes its position at the periphery of the oocyte (Pl. V, 
figs. 25 to 27). With the growth of the oocyte the peripheral mitochon· 
drial ring breaks up into numerous islands, which may be connected with 
each other by strands, consisting of mitochondrial granules (Pl. V, figs. 
28 to 32). 

Ultimately the mitochondria are uniformly spread out in the cyto
pla.sm, but when the oocyte measures about 0·28 mm. in diameter some of 
the mitochondria form a prominent ring at the periphery of the oocyte 
(Pl. II, figs. 9 and 10). 

The albuminous yolk granules appear for the first time in this peri
pheral mitochondrial ring and never in other regions of the oocyte (Pl. Ill, 
fig. 14 and Pl. VI, fig. 33). We are convinced that the mitochondri&l 
granules are directly transformed into the albuminous yolk granules. 
Gradually the albuminous yolk granules at the periphery begin to move 
inwards (Pl. VI, figs. 34 and 35) till they are more or less uniformly spread 
out in the entire cytoplasm (Pl. VI, fig. 36). In very advanced oocytes 
the albuminous yolk bodies have grown into large discs (Pl. VII, figs. 37 
to 39). 

Nucleolar Extrusions.-The nucleolar extrusions can be best studied 
in Bonin's preparations stained with 0·5% iron-haematoxylin (Pl. IV, 
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figs. 17 to 23). Sooner or later the extrusions disappear completely from 
view without making any visible contribution to the formation of the 
albuminous yolk. 

We have never seen any nuclear irregularity in the living oocytes 
studied under the ordinary or the phase contrast microscopes, but in fixed 
preparations the nuclea.r membrane is very irregular and may show pro
minent lobes (Pl. IV, figs. 22 and 23). We are, therefore, convinced tbat 
nuclear irregularity is an artifact, produced by the action of fixatives, as 
explained by Chubb (1906) in the oocyte of Ant<don and by Nath et al. 
(1944) in teleostean fishes. 

Vamwme.-When the oocyte measures about 0·06 mm. in diameter 
small but very clear vacuoles appe,~r throughout the cytoplasm of the 
oocyte. These vacuoles can be very clea-rly studied in the living cells 
under the phase contrast microscope (Pl. I, figs. 1 to 3). The contents of 
these vacuoles seem to be watery and their reaction acidic, as they are 
stained brilliantly red with neutral red (Pl. II, figs. 10 to 13). The vacuoles 
slightly grow in size, but they remain unchanged! and no coagulum, wha.t
soever, appears in them at any stage (Pl. I, fig. 5). 

Observations under the Pha.se Contra.st.-It is possible to see and 
examine all the cytoplasmic inclusions described above with the utmost 
ease under the phase contrast microscope. Figures 64 to 66, Plato XII, 
represent comparatively young oocytes, hut they show Golgi bodies, 
nucleolar extrusions and mitochondria very clearly. The mitochondria 
are seen in the form of small grey-ish granules. The Golgi elements are 
seen in the form of small, highly refractile and dark granules. At places 
two or three Golgi granules may unite together to form a bigger aggregate, 
but the component granules can always be seen separately in such an 
aggregate. The nucleolar extrusions are always much bigger than the 
Golgi elements, and even tho Golgi aggregates. Besides they are much 
less refractile and less dark :1s compared with the Golgi granules, so that 
there can never be any confusion bebveen these two t:ypes of cell inclusions. 
In Figure 65, Plate XII, very small vacuoles also can be very clearly seen 
in the upper region of the microphotograph. 

Figure 71, Plate XII, is a microphotograph of four young oocytes. In 
two of them a nuclear lobe containing a nucleolus, ready to be expelled into 
the cytoplasm, can be very clearly seen. Nucleolar extrusions lying in 
the cytoplasm of these oocytes can also be clearly seen. 

Figures 67 to 70, Plato XII, represent parts of oocytes photographed 
while being examined under the phase contrast. The va.cuolcs have come 
np vory nicely in tbese four photographs, especially in the photographs 
68 to 70. In these photographs the Golgi bodie.s, the vacuoles and the 
nucleolar extrusions can be seen side by side very clearly, the mitochon
drial granules forming the background. 

Figures 61 to 63, Plate XII, are photographs of still older oocytes. 
These photographs were taken with a view to bring the peripheral 
mitochondrial ring into prominence. This ring can be very clearly seen in 
these photographs. 
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DrsoussroN 

To sum up: The Golgi bodies and tho mitochondria form a prominent 
circum-nuclear ring in young oocytes. · This ring soon tears itself away 
from the nuclear membrane and migrates to tbe periphery of the oocytes. 
It then breaks up into fragments till ultimately tbe Golgi bodies and the 
mitochondria are uniformly spread out in the cytoplasm of the oocyte. 
In the courso of oogenesis, when the oocyte measures about l mm. in 
diameter, many of tho Golgi granules grow into fatty yolk spherules. 
Some of the mitochondria, on tho contrary, form a prominent peripheral 
ring and directly grow into albuminous yolk bodies. 

We a.re convinced, as a result of our studies under the phase contrast, 
that the essential form of the Golgi body is granular or spherical. We 
have never seen Golgi crescents in the living material. We must, there· 
fore, consider the Golgi crescents figured in our Da Fano preparations 
(Pl. X, figs. 52 and 53) as art.ifads. In Figure 53, Plate X, some Golgi 
' rods' haye also been shown. These again are artifacts due to tho aggrega· 
tions of Golgi granules. We have seen these Golgi aggregations under the 
phaso co~trast also. 

The nucleolar extrusions in the oocytes of the toad are prominent, 
but soon they completely disappear from view without making any visible 
contribution to yolk-formation. These conclusions are identical with 
those arrived at by the present authors (1954) in Rana tigrina. 

In comparatively young oocytes watery vacuoles, stainable with 
neutral red, put in their appearance. Some of these grow in size, but they 
never show any coagulum inside them and continue to remain as watery 
vacuoles. 

Nath (1931 and 1932), working on the fresh material examined under 
the ordinary microscope, demonstrated the vacuome, the Golgi bodies, 
and the mitochondrial granules as independent cytoplasmic inclusions in 
the oocytes of Rana tigrina. Nath described the Golgi bodies as osmio· 
philic and argentophilic granules, not stainable "~th neutral red. He also 
showed th&t the albuminous yolk is formed directly from the mitochondrial 
granules, as the fatty yolk spherules are formed directly from the Golgi 
bodies. 

Our conclusions in the toad are exactly identical with the above
mentioned conclusions of Nath, except that tho vacuoles of the toad are 
much smaller than those of Rana tigrina. 

Nath (1931) did not observe any nucleolar extrusions in the specimens 
of Rana #grina collected from Lahore during the hibernation period only, 
but Nath amd Malhotra (1954) have described nucleolar extrusions in Rana 
tigrina collected from Hoshiarpur during summer. As in Rana tigrina the 
nucleolar extrusions of the toad disappear without making any visible 
contribution to yolk-formation. 

EXPLANATION O:F PLATES 

All figurfls except figs. 1 to 3 and figs. 61 to 7I were drawn with the Camera lucid& 
at the table level. Diameter of an oocyte is generally givon at the bottom of each 
figure. 
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PLATE I (Figs. 1 to 5) 

All the figures of the plate a.re of fresh oocytes. 

FIGs. I and 2, Young oocytes as studied under the phase contrast microscope and 
drawn free hand. 

FIG. 3. A portion of an oocyte studied under the phase contra.st. Some of tho 
vacuoles a.ro seen having come in contact accidentaliy with the nucleo· 
Jar extrusions. Free hand. 

" 

FIG. 
FIGS. 

FIG. 

4. A young oocyte showing a juxta-nuclear mass of OQ!gi bodies and mito
chondria. X 380. 

5. Fresh ruptured contents of a 'ripe' oocyte. X 380. 

PLAO'E II (Figs. 6 to 13) 

6. Undifferentiated germinal epit.heliumosmicated for a. short period. x 1000. 
7 and 8. Young oocytes osmicated for short periods. X 380. 
9. A portion of an oocyte showing vacuoles, Golgi vesicles and mitochondria. 

Osmica.ted. X 380. 
Fws. 10 to 13. Contents of oocytes stained with neutral red showing prominent 

vacuoles, Golgi vesicles and mitochondria. X 380. 

PLATE III (Figs. 14 to 16) 

Bouin's iron-haenwlQ:r.ylin pnpa'I'QHons 

FIG. 14. A portion of a.n oocyte showing the first formed albuminous yolk gl'nnules 
embedded in the mitochondrial ring at the periphery. X 380. 

15, A magnified view of the peripheral portion of an oocyte showing the origin 
of albuminous yolk granules from the mitochondria. x 1000. 

16. A portion of a comparatively older oocyte showing the inward migration 
of the albuminous yolk granules. x 380. 

PLATE IV (Figs. 17 to 23) 

Bouin 'e iron-haematoxylin preparations 

Fms.17 to 20. Young oocytes showing nucleolar extrusions only. x 1000. 
FIG. 21. A young oocyte showing prominent nucleolar extrusions. X 380. 

22. An oocyte showing a few nucleolar extrusions, and independent radial 
pockets (caused by tho action of the fixative) of the nuclear membrane 
in a cross-section. X 180. 

23. A portion of an oocyte showing irregular nuclear membrane and nucleolar 
extrusions. X 380. 

PLATE V (Figs. 24 to 32) 

Ohamp?J iron-haematoxylin preparations 

FIG. 24. The youngest oocyte with a circum-nuclear mitochondrial ring. x 1000. 
FIGs. 25 to 27. Young oocytes showing the movement of the circum-nuclear ring of 

mitochondria to the periphery of the cell. X 380. 
, 28 to 32. Oocytes showing the dispersal of the Golgi elements and the mito

chondria. Magn. Figs. 28 to 30- X 380; Figs. 29 a.nd 32- ><1000; 
and Fig. 3l-x2o0. 
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Pr.ATE VI (Figs. 33 to 36) 

Ghampy iron-haematoxylin preparations 

FIG. 33. An oldtlr oocyte showing the first appearance of albuminous yolk granules 
in t.he peripheral mitochondrial ring. x 380. 

F!Gs. 34 and 35. Portions of oocyt-es showing tho inward migration of albuminous 
yolk granules. Golgi bodies and vacuoles arc also seen. x 1000. 

FIG. 36. A port-ion of an oocyte showing t.he uniformly dispersed albuminous yolk 
grnnules. X 380, 

PLATE VII (Figs. 37 to 39) 

Cluunpy !:ron-haem.atoxylin preparations 

FIG. 37. A portion of an almost mature oocyte showing t,he increase in size of the 
albuminous yolk bodies. Golgi bodies and mitochondria are all'!o 
seen. X 1000. 

FIGs. 38 and 39. Contents of 'ripe' oocytes showing the formation of fatty yolk. 
X 1000. 

PLATE VIII (Figs. 40 to 42) 

Kolatch.ev prepaf"ations 

·FIG. 40. Undifferentiated germinAl opit,helium showing the Golgi granules. X 1000. 
4 L. The yoWlgest oocytos showing circum-nucloa.r rings of mitochondrial 

granule~. x 1000. 
42. A port-ion of an oocyt.e showing tho Golgi bodies, inward migration of 

albuminous yolk granules and a few vacuoles, X 780. 

PLATE IX (Figs. 43 to 47) 

Kolat.chev preparation8 

FIO. 4:l. A portion of an e&rly oocyt.e showing the Golgi bodies, the peripheral 
uggregat.ions of mitochondria and vacuoles at the periphery. X 1000. 

•Fws. 44 and 4-5. Contents of older oocyt.es showing heavy and opt·imum impregna
t-ions respectively. X 1000. 

Fw. 46. A portion of a 'ripe' oocyte sho,ving the formation of fatty yolk. x 1000. 
47. A port-ion of a 'ripe' oocyte treated with turpentine for ft fortnight .. 

X 1000. 

PLATE X (Figs. 48 to 54) 

Da Fano preparations 

FH;. 411:). Undifferentiated germina.J epithelium showing the Golgi granules. Toned, 
X 1000. 

4lll. A young oocyte showing the dispersal of Golgi bodies and mitochondria 
from a juxta-nuclear position. Toned. x 380. 

fiO. A yonng oocyto showing t.he spreading of t.he Golgi bodies and mitochon
dria. Toned. X 380. 

51. An en.r1y oocyt-e showing <Mlgi bodies, islands of mitochondrial granules 
and vacuoles. Toned. x 380. 

Fms. 52 and 53. Portions of early oocytes showing the mitochondria. Golgi bodies 
and vacuoles. Toned. X 1000. 

Fto. 54. Contents of an older qocyte. Untoned. X 1000. 
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PLATE XI (Figs. 55 to 60) 

Fra. 55. Contents of a Do. Fan.o toned 'ripe' oocyte. 'l'he fatty yolk vactwles have 
been crushed. X 1000. 

56. A young oocyte showing the movement of the circum-nuclear ring of 
.mitochondria and QQlgi bodies towards the periphery. Aoyaroa~ 

untonod. X 1000. 
57. Same as figure 55. Aoyama, untonod. X 1000. 
58. Contents of an oocyte (measuring 0·35 rnm.} in which tho Golgi bodies rue 

stained with Sudan IV. x380. 
59. A Portion of an older oocyte stained with Sudan IV showing the inore&se

in size of the Golgi bodies. X 380. 
60. Ruptured contents of a 'ripe' oocyte stained with Sudan IV. X 380. 

PLATE XII (Figs. 61 to 7!) 

All the figures of the plate are microphotographs of fresh oocytes a.s studied under 
the phase contrast microscope. Leitz Dialux phase contrast microscope with x 10. 
Peripla.netio Eye-piece and 40 : 1 objective (Apochromatic dry syRtem), giving a 
magniflcation of 500 times, and Leioa. Camera. were used. 

FIGS. 61 to 63. Portions of oooytes showing peripheral yo]k.fonning ring of mito· 
chondria. About ·3 mm. 

64 to 66. Portions of a.n oocyte under different foci showing nucleolar extru
sions, Golgi bodies, vacuoles and mitochondria. 0·12 m.m. 

67 to 70. Peripheral portions of oocytes showing nucleolar extrusions, Oolgi 
bodies, vacuoles, and mitochondria. 0· 204 mm. 

Fw. 71. Young oocytes showing nucleolar extrusions. 

LETTERING 

A.Y-Albuminou~ yolk; Opb-Chromophobic substance of the Golgi element; 
FE-Folliculsr epithelitun; F.Y-Fatty yolk; G-Golgi element; M-Mitochon· 
dria; N-Nucleua; NU-Nucleolus; N.E-Nuclcolar extrusions; V-Vacuoles; 
F.M-Vitellino membrane. 
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STUDIES ON INSECT SPERMATOGENESIS 
No. III. ORTHOPTERA 

SPERMATOGENESIS OF 0HROTOG<JNUS TRACHYPTERUS (BLANCH) 
WITH OBSERVATIONS UNDER T.HE PHASE CONTRAST MICROSCOPE 

By SuKHDEv RAJ BAwA 

(Depa.rtment of Zoology, Panjab University, Hoshiarpur) 

ABSTRACT 

In the spermatogonium of Ohrotogonus traohypterus (Blanch) there is 
no differentiation between the Golgi and mitochondrial elements. In the 
primary spermatocyte, discrete Golgi granules can be seen embedded in 
the juxta-nuclear mass of mitochondrial granules. During growth of the 
spermatocyte, the Golgi granules grow into deeply-staining spheres and 
the mitochondria tend to clump together. The seconda.ry spermatocyte 
is definitely smaller than the primary. During late telophase II, the spindle 
fibres and the mid-body granules have been seen in the living testicular 
material under the phase contrast microscope. In the spermatid, the 
mitochondria fuse to form a nebenkern, a,nd the tsil-shea.th is formed by 
the attenuating nebenkern. The acrosome is formed under the influence 
of the Golgi material. The tw'O centrioles in the later process of sperma
teleosis elongate at the base of the sperm head, and finally form the middle
piece of the sperm. 

INTRODUCTION 

Bowen (1922), working on Oeuthophi!us (a tettigonid), described the 
origin of the acrosome and also traced its later development during late 
spermateleosis. But he did not study the behaviour of the Golgi and the 
mitochondrial elements in the spermatocyte and in the early stsges of 
spermateleosis. Regarding the origin of the acrosome in the Acridiidae 
(Rhomaleum and Di~sosteria) Bowen states: 'It seems probable, however, 
that from each one (Golgi body) is differentiated its small proportionate 
sha.re, and by the deposition of many such parts the acrosome is gradually 
built up'. 

Later Chang-Chun Wu (1946) published his paper on the origin of the 
acrosome and behaviour of the nebenkern in Die.stra.m.mena sp. 

Recently Nath and Bhimber (1953), making use of the phase contrast 
microscope, gave an exhaustive account of the process of sperm-formation 
in Acheta damesticus Linn. (rhyUus domesticus). In this communication, 
they have emphasized that the real form of the Golgi body is either granular 
or vesicular. 
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Earlier Payne {1916) published a paper on the spermatogenesis of 
GryUolalpa b(lfealis and G. vulgaris. 

In the present paper, thlrd in the series, I have studied the behaviour 
of the Golgi and mitochondrial elements during the process of sperm
formation in Ultrotogonus traehypteru./1 {Acridiidae). 

The spindle fibres, till recently considered as coagulation effects due 
to fixation, have actually been observed in a number of fresh dividing cells 
studied under the pha~e contrast microscope {Nath, Bawa and Bhimber, 
1954). Moreover, in Chrotogonu./1 trachypterus the condensation of the 
spermatid nucleus is unusually simple inasmuch as it continues to stain 
lightly till in the final stages of spermateleosis it begins to stain deeply, 
without shov.ing the usual chromophilic cortex and chromophobic medulla 
and their subsequent reversal. Another unusual feature of the sperma. 
teleosis in the species under discussion is the complete absence of the' central 
substance', which usually appears in the attenuating nebenkern of insects. 

A thorough study of the fresh testicular material of Chroi<Jgonus tra
chypterus has been made under the phase contrast microscope. 

The investigations recorded in this paper were carried out in the 
Department of Zoology, Panjab University, Hoshiarpur, Panjab {I). I am 
deeply indebted to Dr. Vishwa Nath, Professor of Zoology, Panjab Uni· 
versity, who helped me in preparing the manuscript of this paper. I wish 
to thank Miss B. K. Dhillon and Brij Gupta for their general assistance. 

MATERIAL AND METHODS 

The grasshoppers, Chrotogonus trachypterus, were collected in large 
numbers from the grassy lawns adjoining the University Zoological Labora
tory. The males can be distinguished easily from tho females by the 
absence of the ovipositor. 

The testicular material was fixed in Flemming-without-acetic acid; 
and twenty-four hours fixation in this fluid gave the best results. The 
material Wall washed in running wster for the same period so as to remove 
all traces of chromic acid. Subsequently, it wall subjected to the ordinary 
process of dehydration and clearing, and embedded in paraffin wax. 
Sections were cut 6 p. thick and stained in 0·5% iron-haematoxylin. Bouin 's 
flnid was used as control. 

0BSERV ATIONS 

Spermatogonia.-Testicular material of Chrotogonus trachypterus was 
examined in the living condition under the phase contrast. The number of 
spermatogonia varies from two to sixteen in each cyst. Each spermato
gonium reveals a juxta-nuclear mass of very fine, highly refractive, dark 
granules of almost equal size. At present there is no differentiation between 
the mitochondrial and Golgi elements. In the nuclens a few chromatin 
granules in addition to a prominent nucleolus can be made out (Pl. III, 
Fig. 35). 

In preparations fixed in F.W.A. and stained with iron-haematoxylin 
also there is no differentiation between the mitochondria and Golgi elements. 
there being ouly one type of granules which stain greyish {Pl. I, Fig. I). 
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Primary Spennatocyle!J.-The primary spermatocytes are definitely 
larger cells than the spermatogonia (Pl. ·I, Fig. 2), The cytoplasmic granules 
of the spermatogonium· are now differentiated into two ·distinct kinds of 
granules : (1) the mitochondrial granules, which are numerous and stain 
deeply with haematoxylin and (2) larger, more deeply-staining Golgi 
granules, which are embedded in the juxta-nuclear mass of mitochondria. 
Throughout the growth period of the primary spermatocyte, the Golgi 
bodies also grow in size and appear as homogeneously staining spheres 
(Pl. I, Figs. 3 to 6). The mitochondrial granules now show a distinct 
tendency to align themselves (Pl. I, Fig. 4). Later the mitochondrial 
granules tend to clump together (Pl. I, Figs. 5 and 6). The clumping of the 
mitochondrial elements proceeds still further, so much so that ouly one or 
two compact masses are visible just before the meiotic divisions begin 
(Pl. I, Fig. 7). 

A polar view of metaphase I is shown in Pl. I, Fig. 8. A V -shaped 
chromosome can be distinguished from the rest. This most probably is 
the sex-chromosome. During the first meiotic divisions, well-defined 
spindles can be seen (Pl. I, Figs. 9 to 11). The spindle appears as a fibrillar 
and fusiform structure with a sharply-staining centriole at each pole (Pl. l, 
Fig. 9). The Golgi bodies, which are lost to view in early meiotic stages, 
reappear during the late telophase I. At this stage, they generally appear 
as spheres, revealing a duplex structure with a chromophilic cortex and a 
chromophobic medulla. Both the mitochondria and the Golgi bodies are 
seen to be distributed more or Jess evenly to the two daughter secondary 
spermatocytes. The movement of the daughter nuclei to one side of the 
spindle (telokinesis) is well marked at this stage. Prominent deeply
staining mid-body granules appear at the equator of the spindie (Pl. l, 
Figs. 10 and ll). 

A large number of living primary spermatocytes were thoroughly 
studied under the phase contrast. The Golgi bodies were always visible 
as spheres; and varicms stages of clumping together of the mitochondrial 
elements wore observed and microphotographed (Pl. Ill, Figs. 36 and 37 ; and 
Pl. IV, Fig. 50). 

Sooondary Spermatocyte;J.-Each resting secondary spermatocyte is 
smaller than the primary. In Pl. I, Fig. 12 is drawn a newly-formed 
secondary spermatocyte, showing spindle remains, mitochondria collected 
ne:>r the nucleus, and a few Golgi spheres distributed 1\t random in the 
cytoplasm. A little later, the spindle fibres disappear from view and the 
mitochondria tend to aggregate on one side of the nucleus. The nucleus 
always revea,ls a, sex-chromosome and a nucleolus of irregular shape (Pl. l, 
Fig. 13). 

In late anaphase II the mitochondrial threads place themselves parallel 
to the spindle and are out across by the cleavage furrow (Pl. I, Figs.14 and 15; 
and Pl. IV, Fig. 51). 

A living secondary spermatocyte, in early telophase stage, was micro
photographed. Here the chromosomes have reached the poles and the 
mitochondria can be seen on one side of the spindle (Pl. IV, Fig. 51). In 
fresh testicular material studied under phase contrast, during the late 
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telophase II, beautiful spindle fibres, mid-body granules, mitochondrial 
threads, and the Golgi spheres have bean observed (Pl. III, Figs. 38 to 40), 

Spermateleosis.-The mitochondrial elements of the early spertnatid 
progressively fuse together (Pl. I, Figs. 16 and 17), and finally form a 
deeply-staining, compact nebenkern (Pl. I, Figs. 18 and 19). Strange as it 
would appear, in the fixed preparations, the mitochondrial nebenkern does 
not reveal any differentiation whatsoever throughout the proooss of sperma
teleosis. 

But in the fresh testicular material studied under phase contrast, the 
mitochondrial nebenkern, which is seen as a homogeneous structure in the 
beginning (Pl. III, Fig. 41), shows differentiation into an outer transparent 
light area and an inner highly refractile dark core (Pl. IV, Fig. 52). Very 
often a few strands traversing the light area of the nebenkern can be sean 
(Pl. III, Fig. 42). Soon the transverse strands disappear from view (Pl. III, 
Fig. 43). Later on, the emergence of a fine thread-like axial filament from 
the basal portion of the nucleus initiates the division of the mitochondrial 
nebenkern inlio two halves (Pl. III, Fig. 44). 

Reverting to the fixed preparations, the two halves of the elongating 
mitochondrial nebenkern are very often found to enclose a little space in 
between (Pl. I, Figs. 20 to 22). A little later, this spaoo is obliterated 
altogether, and the nebenkern, which now appears as a single band at this 
stage, lengthens out progressively (Pl. II, Figs. 23 to 27). A few bleb-like 
swellings appear along the length of the attenuating nebenkern, while the 
intermediate portions between the blebs get much thinned out (Pl. II, 
Fig. 28). Finally, the bleb-like swellings disappear completely (Pl. II, 
Figs. 29 to 33). The' central substance' granules appearing in the chromo
phobic area of tho mitochondrial nebenkern, described earlier by Chang
Chun Wu (1946) and Nath and Bhimber (1953) in other species of Orthop
tera, are conspicuous by their absence in Chrotogon?M trachypterw;. Series of 
fine bleb-like swellings along the entire length of the sperm-tail have been 
observed in the fresh material under phase contrast (Pl. III, Figs. 45 to 49). 

The Golgi bodies in the early stages of spermateleosis generally appear 
as spheres very similar to those of the secondary spermatocytes (Pl. I, 
Figs. 16 to 19). When the spermatid elongates, a few Golgi bodies seem to 
come near each other in the anterior region of the cell in close contact with 
the nuclear membrane (Pl. I, Fig. 21), but they do not happen to fuse to 
form a single acroblast. A little later, a small granule makes its appearance 
in close vicinity of the multiple acroblast (Pl. I, Fig. 22). This is the 
acrosomal granule. Later on, the acrosomal granule grows in size; and the 
Golgi bodies (multiple acroblast) are sloughed off (Pl. II, Figs. 23 and 24). 
The acrosome keeps moving round the nucleus (Pl. II, Figs. 25 to 28) till it 
gets transformed into a small deeply-staining triangle, lying at the tip of 
the nucleus (Pl. II, Figs. 29 and 30). Very soon, however, when the nucleus 
starts elongating, the boundary between the acrosome and the nucleus is 
obliterated altogether (Pl. II, Figs. 31 to 34). 

But in the living testicular material under phase contrast, the acrosome 
can always be sean as a highly refractile structure lying at the apex of the 
maturing sperm head. Various stages of acrosome transformation from a 
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granule to a spine-like structure in the mature sperm have also been studied 
in the fresh material (Pl. III, Figs. 45 to 49). · 

Lastly, a brief mention of the nuclear changes and the centriole may be 
made. The nucleus in the early stages of spermateleosis stains uniformly, 
except that a few deeply-staining chromatin granules can be soon in its 
interior (Pl. I, Figs. 16 to 22; and Pl. II, Figs. 23 to 27). As the nucleus 
draws out into a thick spindle, the chromatin granules disappear completely 
(Pl. II, Figs. 31 to 33). During spermateleosis, the centriole to begin with 
is seen as a prominent deeply-staining structure in close contact with tho 
nucleus (PL I, Figs. 21 and 22; and Pl. II, Figs. 23 to 29). Later on, the 
centriole gets divided up into two separate parts (Pl. II, Fig. 30). Sub
sequently, the two centrioles increase in size and finally lengthen out at the. 
base of the nucleus to form the so-called 'middle-piece' of the sperm (Pl. II, 
Figs. 31 to 34). 

DISCUSSION 

Golgi mattria! and the Acrosome.-Throughout the process of sperm, 
formation in Ghrotogonus trachypterus Golgi bodies appear as spheres. Thi% 
has been fully confirmed by my studies of the living material under th<1 
phase contrast, and is in harmony with the observations of Nath an<t 
Bhimber (1953) on the living testicular material of Acheta domesti<JUB Linn. 
(Gry!!us domesticus). 

During early spermateleosis in Ghrotogonus trachypttrus, a deeply, 
staining acrosomal granule appears amongst three or four Golgi bodie~ 
stuck to the anterior face of the spermatid nucleus. There is, no doubt, that 
the acrosome is formed under the influence of the Golgi bodies; but th~ 
small size of the acrosome, together with the manner in which the ·aolgl 
bodies closely invest it, renders observations on the details of its formatiol\ 
difficult. 

Chang-Chun Wu (1946), working on Diestrammena sp., also describes "' 
few discrete, spherical acroblasts (his Golgi bodies), amongst which ar1 

acrosomal granule puts in an appearance. He ascribes the origin of tiH1 

acrosomal granule to the activity of the chromophobic parts of the Golgi 
bodies. The acrosome, in his opinion, further reveals differentiation int<> 
two portions of chromatic substance, which finally fuse to form the front 
piece of the sperm. 

Nath and Bhimber (1953), on the other hand, describe an 'acroblast' 
with an acrosomal granule lodged in its interior. Later on, the acrosoma1 
granule is seen deposited on the nucleus. The acrosoma.l granule furthet 
gets differentiated into a triangle, which reveals' a deeply-staining shelf or1 

which the base of the triangle rests, and a deeply-staining small granul~ 
perched at the apex of the triangle'. The differentiation in the acrosom~ 
is completely obliterated in the mature sperm. 

Mitoehondria.-Chang-Chun Wu (1946) described in Diestrammena sp. 
thread-like mitochondria forming~ a typical insect nebenkern. In his 
opinion, the taiJ,sheath of the sperm is formed by the 'central substance' 
granules, which appesr in the chromophobic cavity of the nebenkern. 
Similar observations were made by Nath and Rhimber (1953) on Achet'> 
domesticus Linn. (Gry!!u.s domesticus). In the grasshopper, Ghrotogonu8 
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trachypterus also the tail-sheath is formed by the mitochondrial nebenkern, 
but there is no 'central substance'. 

Nucleus and Centriole.-Aithough Chang-Chun Wu (1946) has not 
described the process of condensation of the spermatid nucleus, reference 
to· his figures 17 to 21 would show a clear demarcation of the nucleus into 
an outer deeply-staining area enclosing a more or less clear area. Later on, 
however, the differentiation of the nucleus into two areas disappears com
pletely. There is only one centriole to begin with, but as the sperm nucleus 
has drawn out into a long spindle, it has been shown to divide into two 
rod-like structures, which finally fuse together to form the middle-piece of 
the sperm. 

Natb and Bhimber (1953) also describe a division of the spermatid 
nucleus into an outer deeply-staining cortex and an inner lightly-staining 
medulla. A little later, a small deeply-staining portion of the nucleus is 
completely cut off from the lightly-staining portion and ultimately de
generates. The centriole in their opinion remains a single granule through
out spermateleosis, and the mature sperm is lacking in a middle-piece. 

On the contra.ry, in Chrotogonus trachypterus, the spermatid nucleus 
does not reveal any demarcation into a deeply-staining cortex, and a feebly
staining medulla. From the beginning of its formation it stains homo
geneously, but it shows a few chromatin granules in its interior in early 
stages of spermateleosis. As the nucleus starts elongating these granules 
disappear. A similar process of nuclear condensation has been described 
by me in an earlier communication on Hemiptera (Bawa, 1953). I am, 
however, in full accord with Chang-Chun Wu as regards the centrosomal 
origin of the middle-piece. 
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EXPLANATION OF LETTERING IN THE PLATES 

A-Acrosome; A.J-Axial filament; A.Ch-Sex Chromosome; A.g-Acrosomal 
granule; C-Centriole; Ch-Chromosome; G-Golgi body; M-Mitocho.1:1dria; 
M.b-Mid-body; M.n-Mitoohondrial nebenkern; N-Nucleus; · N1-Nucleolus; 
S.f-.,Spindle fibres. 
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EXPLANATION OF THE PLATES 

All the figures of plates, I and· IT, have been dre.wn with ca.mera.lucida. at the table 
levol with lOx eye piece and oil immersion objective, giving approximately a magni~ 
fica.tiort of 1, 700 times. Unless otherwise mentioned all figures have been selected 
from sectioned material fixed in Flemming~without-acet.ic ooid. 

All the figures of plate III are from the living material studied under the pho.se 
contrMt microscope. 

Figures 50 to 52 (Plate IV) are microphotographs of tho fresh test.ieular material 
studied under phase contrMt microscope. 

PLATE I 

Fm. ]. Spermat.ogonium showing juxta-nuclear mass of cytoplasmic granules. 
FIG. 2. Resting primary spermatocyte showing deeply-st.aining Golgi granules and 

lightly~staining mitochondria. 
FIG. 3. Primary apermatooyW showing leptotene nucleus, granular mitochondria 

and a few Golgi spheres. 
Fw. 4. Primary spermatocyte showing the aligrunent of mitochondria and a few 

=Golgi sphere$. 
FIGs. 5 and 6. Primary spennatooytes showing the clumping w·gether of tho 

mitochondr1a. 
Fm. 7. Primary spennatocyte showing the formation of tetrads and two roito. 

chondrial masses in the cytoplasm. 
Fm. 8. Polar view metaphase I. 
FIG. 9. Side view metaphase I showing two deeply-staining centrioles at ee.eh"pole 

of the fibrillar spindle (Bouin). 
FIGs. 10 and 11. Late telophases II showing deeply-staining mitochondria, 

spindle fibres and a. few Golgi spheres. Mid-body granules can be seen at the 
equator of the spindle. 

FIG. J2. NewJy formed socondary spermatocyte. 
FIG. 13. Secondary spermatocyte showing aggregated mitochondria and . Golgi 

spheres. 
Fms. 14 and 16. Early telophase II. 

- Fms. 16 and 17. Early spermatid!! showing a few Golgi spheres and progressive 
fusion of t-ho mitochondria. 

Fms. 18 and 19. Spenna.tid showing nncleus and deeply-staining mitochondrial 
nebenkern. 

Flo. ~0. Spermatid showing up the mitochondrial nebenkern divided into two halves 
and a prominent centriole (Bonin). 

FIG. f:l. Spermatid showing multiple acroblast (Qolgi bodies) in the vicinity of the 
nucleus towards the nnt.erior region of t.he cell. The mitochondrial nebenkern 

, iB seen in the form of two elongated bands, 
Fm. 22. Spermatid showing the appearance of the a.orosomal granule amongst the 

1 multiple acroblast. 

PLATE II 

FIGs. 23 to 27. Spermstids showing the progressive thinning out of tho mitochondrial 
nebenkern and the movement of the acrosoma.l granule round the nucleus. 

FIG. 28. Late spennat.id Rhowing the formation of tail vesicles or blebs. 
F.10. 29. Late spermatid showing the acrosome at the apex of the nucleus. The 

centriole shows sign of duality. 
F1o. 30. Late spermatid showing deeply-staining acrosome and two prominent 

centrioles at the base of the nucleus. 
Fws. 31 to 33. Very late spermatida showing progressive stages of elongation of the 

nucleus. 
FIG. 114. A nea.dy mature sperm: showing deeply-staining sperm nueloue and two 

elongat.ed rod-like centrioles forming the ~<H~alled middle-piace. 



PLATE III (Phase Contr .. t) 

FIG. 36. A cyat containing four spermatogonia, 
Fm. 36. Primary spermatocyte showing Golgi spheres and the alignment of the 

mitochondrial granules. 
FIG. 37. Primary spermatocyte showing clumping together of t.he mitochondria and 

a few Golgi spheres revealing duplex structure. 
FIGs. 38 and 39. Telophase II showing fibrillar spindle, mid-body granules and the 

mitochondria. are seen at the apex of the spindle. A few Golgi spheres can 
also be seen. 

FIG. 40. Late telophase 11 showing the bending of the fibrillar spindle. 
FIG. 41. Early spermatid showing homogeneously staining mitochondrial nebenkern. 
Fras. 42 to 44. Spermatids showing progressive stages in the differentiation of the 

mitochondrial nebenkern. 
FIGs. 45 to 48. Late spermatids showing gradual elongation of t-he nucleus. A few 

bleb-like swellings can be seen on the tail region. 
FtG. 49. An immature sperm showing oorosome and two centrioles at the base of the 

nucleus, 

PLATE IV (Microphotographs) 

FIG. 50. Primary spenna.tooyte showing a juxta-nuclear mass of mitochondria. A 
single Golgi granule can also be soan. 

Fxa. 51. Telophase II. The chromosomes have reached the poles of the spindle and 
the mitochondrial threads are seen on one side. 

FIG. 52. Spermatid showing a nucleus and mitochondrial nebenkern; the latter 
reveals a clear outer area. and a dark inner core. 
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OOGENESIS OF THE WALL-SPIDER, CROSSOPRIZA LYON! 
(BLAOKWALL), AS STUDIED UNDER THE PHASE 

CONTRAST MICROSCOPE 

By VISHWA NATH and RAJINDAB M. DHAWAN 

(Department of Zoology, Panjah University, Hoshi<trpur, India) 

ABSTRACT 

In this paper the Golgi elements, the mitochondria and the nucleola-r 
extrusions in the oocytes of Grossopriza lyoni (Blackwall) have been ex
amined in the living condition under the phase contrast microscope and 
photographed. The routine laboratory technique of fixing and staining · 
has also been employed. The Golgi element is either a granule or a vesicle 
with a chromophilic cortex and a chromophobic medulla. The nucleolar 
extrusions disappear completely long before albuminous yolk puts in its 
appearance. This yolk seems to arise independently in the cytoplasm. 
The Golgi vesicles give rise to the fatty yolk spherules. 

INTRODUOTION 

Nath I (1928) published a paper on the Oogenesis of the Spider, Ctoaso
priZ<J lyrrni (Biackwall). In very young oocytes, Nath demonstrated a 
juxts-nuclear ring of mitochondrial granules and Golgi vacuoles. With 
the growth of the oocyte the juxta-nuclear mass becomes circumnuclear. 
Later it fragments into small masses; and ultimately the mitochondrial 
granules and the Golgi vacuoles are dispersed uniformly throughout the 
cytoplasm. 

Nath studied both these cytoplasmic inclusions in fresh cover-slip 
preparations, either treated with 2% osmic acid from lO minutes to half 
an hom, or with neutral red. Although neutral red does not stain the 
Golgi elements it improves their visibility, as 'they are embedded in the 
mitochondrial mass which appears reddish and structureless on account of 
the precipitation of the stain in the spaces between the mitochondrial 
elements, which are granular ... ' 

Nath obtained very satisfactory results when fresh· cover-slip prepara
tions of oocytes treated with 2% osmic acid were studied. With this 
technique Nath showed that the Golgi vesicles grow into the fatty yolk 
bodies. 

These conclusions were confirmed by the study of Mann-Kopsch pre
parations. Each Golgi element, unless over-impregnated, was shown to be 
a vesicle mt.h a chromophilic cortex and a chromophobic medulla. The 
mitochondrial granules remain uniformly dispersed throughout oogenesis, 

1 Quart. Jcmm. Miw. Sci., 72. 



and do not grow to form the albuminous yolk. Nor did Nath describe any 
nucleolar extrusions-the albuminous yolk arising independently in the 
cytopl""m. 

In the present paper we have fully confirmed the conclusions of Nath 
by our studies of the living oocytes under the phase contrast microscope, 
but we have discovered that in the specimens of the wall-spider ( Crossopriza 
lyoni (Biackwall) collected from Hoshlarpur, whlch is situated at a distance 
of about llO miles from Lahore, there is marked nucleolar activity in tho 
oocyte. The nucleolus throws out nucleolar buds in the cytoplasm; but 
these nucleolar extrusions soon disappear, the albuminous yolk arising from 
the cytoplasm as claimed by Nath. 

With regard to the technique we have examined living oocytes under 
the phase contr""t microscope, and have microphotographed them. We 
have also examined fresh cover-slip preparations of oocytes treated for a 
short period with 2% osmic acid. Again we have used neutral red and 

· Sudan IV (Kay and Whltehead). In addition sections of fixed material 
were cut and examined. Kolatchev's long osmica-tion and Aoyama's silver 
nitrate methods were used. The material was also fixed in Champy's fluid 
and stained with ·5% iron.haematoxylin. Bonin's fluid, followed by ·5% 
iron-haematoxylin, was used as control. 

It is a pleasure for us to thank Dr. H. S. V""isht for taking photographs 
under the phase contrast microscope. 

0BSERV ATIONS 

Plate I, figure I, is a photograph of a living young oocyte, as studied 
under the ph""e contrast microscope. The nucleus is surrounded by a 
circumnuclear ring of mitochondria and Golgi elements. Each Golgl 
element is in the form of a hlghly refractile, dark granule, and the mito
chondria are in the form of much smaller, much leas refractile, and greyish 
granules. In plate I, figure 2, the oocyte has grown in size, and both the 
Golgi elements and tho mitochondria can be made out in the circum-nuclear 
ring. Plate I, figure 3 is a microphotograph of a part of a much older 
oocyte. Both the Golgi granules and mitochondria are now uniformly 
dispersed. In plate I, figure 4, a number of nucleoli can be detected in the 
nucleus, and both the Golgi granules and the mitochondria can also be 
clearly made out. Lastly, figure 5, plate I, illustrates very satisfactorily 
the extrusions of nucleolar buds in the cytopl..,m. 

In text-figure I three living oocytes as studied under the phase contrast 
microscope have been drawn. The Golgi vesicles and the mitochondrial 
granules can be very clearly seen. 

In fresh cover-slip preparations treated with 2% osmic acid the Golgi 
elements are slightly tinged and may appear as darkened granules (Text
figure 2, A and B), or as vesicles with osmiophilic rims and osmiophobic 
cores (Text.figure 2, G). In text-figure 3, A and B, some of the Golgi 
elements have grown in size and have become more fatty inasmuch as they 
are blackened with osmic acid much more rapidly than the original Golgi 
vesicles. These are the fatty yolk spherules. 
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We have also studied cover-slip preparations stained with Sudan IV 
(Kay and Whitehead). In text-figure 4, A and B, the Golgi elements do 
itot stain with Sudan IV, but in text-figure 4, 0, which represents an older 
oocyte, many Golgi vesicles have grown into fatty yolk spherules, which 
stain brilliantly with Sudan IV. 

TEXT-FIG. 4. 

In preparations fixed with ::Souin's fluid and stained with •5% iron
haematoxylin the Golgi elements and the mitochondria are completely 
washed out, but the nucleolar extrusions can be demonstrated very satis
factorily (Text-fig. 5, A, B and.O). 
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In Kolatchev unstained preparations of material osmicated for 5 days 
the Golgi elements appear as jet-black granules, distributed uniformly 
throughout the cytoplasm. The mitochondrial granules, which are much 
smaller, more numerous, and brownish in appearance form an excellent 
ba,ckground for the Golgi bodies (Text-fig. 6). In Champy preparations 

'""7---G. 

~~~'+----l't. 

TEXT-FIG. 6. 

stained with iron-haematoxylin the Golgi elements are intensely stained 
and the mitochondria are greyish in appearance (Text-fig. 7). 

No 
TExT-FIG. 7. 
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LETTERING 

F.Y.-Fatty yolk; G.V.-Golgi vesicle; G.--Golgi granule; M.-Mitochondria; 
N.-Nucleus; N.E.-Nucleolar extrusion; NU-Nucleolus; V.-Vacuole. 

ExPLANATION OF PLATE I 

All photographs in this plate are of living cells under phase contrast. 

FlG 1. Microphotograph of youngest oocyte, showing circumnuclear ring of Golgi 
and mitochondrial elements. 

FIG. 2. Microphotograph of a young oocyte, showing circum-nuclear ring. 
FIG. 3. Microphotograph of a part of an older oocyte, showing a uniform distribution 

of Golgi and mitochondrial elements. 
FIG. 4. Microphotograph of a part of an older oocyte, showing a number of nucleoli 

in the nucleus and also uniform distribution of Golgi elements and mitochondria 
in the cytoplasm. 

FIG. 5. Microphotograph of an oocyte, illustrating nucleolar buds into the cytoplasm. 
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SODIUM META-VANADATE AS VOLUMETRIC REAGENT 

PART III-DIPHENYLAMINE INDICATOR METHOD 

By BALWANT SINGH and RANJIT SINGH 

(Department of Chemistry, PanjalJ University College, Hoshiarpur) 

Sirokomski .and Klimenkov (1938) used ammonium meta-vanadate for 
the volumetric estimation of iron, molybdenum and copper using phenan-
thranili,c acid as an indicator. . 

Gopala Rao and co-workers (1943) have shown that sodium vanadate 
· has sp~cial advantages over potassium permanganate and dichromate as a 

volumetric reagent. It can be used for the es~imation of ferrous salts in 
the presence of oxalic acid, citric acid, ·alcohols and phenols where potassium 
permamganate, potassium dichromate and even eerie sulphate give too high 
results. They have used sodium vanadate for the volumetric estimation 
of ferrocyanide alone and in the presence of hydrochloric acid and oxalic 
acid, hydroquinone in the presence of some phenolic compounds, uranium, 
tartaric acid, indigo and indigo carmine, using diphenylbenzidine as an 
i.nternal indicator. 

The authors (1954) have used sodium meta-vanadate as an oxidizing 
-agent in hydrochloric acid medium for the volumetric estimations of.potassi
. -urn iodide, sodium arsenite; mer~mrous chloride, potassium s'ulphocyanide, 
sodium sulphite, sodium bisulphite, sodium thiosulphate, ferrous sulphate· 
and hydrazine sulphate by the iodine monochloride method. . 

In the present investigation sodium meta-vanadate has been used as a 
volumetric reagent for the indirect determination of potassium perman
ganaUI, potassium dichromate, potassium bromate, potassium meta-per
iodate, potassium persulpha.te and hydrogen peroxide, using diphenylamine 
as an. internal indicator. 

Sodium meta-vanadate reacts with ferrous ammonium sulphate in 
prese•nce of. an acid : 

2 V03- +2 F~+2+8H+ = 2 V0+2 +2 Fe+3+4 H 20 

In acid medium ferrous ammonium sulphate reacts with potassium 
permanganate, potassium dichromate, potassium bromate, potassium meta
periodate, potassium persulphate ·and· hydrogen peroxide according to the 
following equations: 

Mno; +5 Fe+2 +8 H+= Mn+ 2 +.5 Fe+3 +4 H 20 

Cr20;
2
+6 Fe+2 +14 H+= 2 Cr-1: 3 +6 Fe+ 3 +7 H 20 

BrO; +6 Fe+2+6 H+ = Br- +6 Fe+3+3.H20. 
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- +2 . + - +3 
104 +2 Fe +2 H = 108 +2 Fe +H20 

-2 +2 + +~ -S2Ds +2 Fe +2 H = 2 Fe +2 HS04 

H 20 2 +2 Fe+2+2 H+ = 2 Fe+3+2 H 20 

EXPERIMENTAL 

A known weight of each substance was taken in a conical flask and 
about 20 ml. of water, 20 ml. of sulphuric acid and a known excess of 
standard ferrous ammonium sulphate solution were added to it. The 
conical flask was stoppered and thoroughly shaken. The solution was 
diluted with water to bring its acid concentration to just above lN. About 
10 ml. of phosphoric acid and a few drops of diphenylamine were added to 
the solution which was titrated against N/10 sodium meta-vanadate to the 
permanent appearance of bluish-violet colour. 

Several titrations were performed in each case. From the volume of 
sodium meta-vanadate used, corresponding to the end-point in each titra
tion, the amount of each substance was calculated. The results are given 
in Tables I to VI. These results show that sodium meta-vanadate can be 
used as volumetric reagent. 

TABLE I 

Pota8trium Permanf}anate 

N/10 N/10 NaV03 N/10 
KMn04 FeS04(NH4)2· used for excess FeS04(NH4 )2- KMn04 
taken so4.6H20 Fe804(NH4)2- so4.6H20 found 

added so4.6H2o used by KMn04 

gm. ml. ml. ml. gm. 
0·0221 15·00 8·05 6·95 0•0219 
0·0316 20·00 10·00 10·00 0·0316 
0·0442 25·00 11·00 14·00 0·0442 
0·0632 30·00 

I 
10·00 20·00 0·0632 

0·0790 38·00 13·00 25·00 0·0790 

TABLE II 

Pota88i:um Dichromate 

N/10 N/10NaV03 N/10 
K 2Cr20 7 FeS04{NH4)2· used for excess Fe804(NH4)2 - K2Cr207 

taken so4.6H2o Fe804(NH4)2- so4.6H2o found 
added so4.6H2o used by K2Cr207 

gm. ml. ml. ml. gm. 
0·0490 20·00 10·00 10·00 0·0490 
0·0686 25·00 11•00 14·00 0·0686 
0·0833 30·00 13·00 17·00 0·0833 
0·0980 33·00 13·00 20·00 0·0980 
0·1225 40·00 15·00 25·00 0•1225 
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TABLE III 

Potassium Bromate 

N/10 N/10 Na.V03 N/10 
KBr03 FeS04(NH4l2· used for excess FeS04(NH4 ) 2• KBr03 
taken S04 .6H20 FeS04 (NH4h· so4.6H20 found 

added so4.6H20 used by KBr03 

gm. 
~ 

ml. mi. ml. gm. 
0·0223 15·00 7·00 8·00 0·0223 
0·0278 20·00 10·00 10·00 0·0278 
0·0362 25·00 12·00 13·00 0·0362 
0·0473 30·00 13·00 17·00 0·0473 
0·0640 35·00 12·00 23·00 0·0640 

-

TABLE IV 

Potassium M eut-periodate 

Nf10 N/10 NaV03 N/10 
KJ04 FeS04(NH4)2· used for excess FeS04 (NH,iJ2· KI04 
taken S04.6H20 FeS04(NH4)2- so4.6H2o found 

added so4.6H20 used by KI04 

gm. mi. mi. ml. gm. 
0·0805 15·00 8·00 7·00 0·0805 
O·ll50 • 20·00 9·90 10·10 0·1162 
0·1380 25·00 13·00 12·00 0·1380 
0·2070 30·00 

I 
11·90 18·10 0·2082 

0·2300 35·00 14·95 20·05 0·2306 

TABLE V 

Potassium Persulphate 

N/10 N/10 NaV03 N/10 
K2S20s FeS04(NH4)2· used for excess FeS04(NH4)2· K 2S20 8 

taken so4.6H20 FeS04(NH4l2· so4.6H2o found 
added so4.6H2o used by K~S20s 

gm. ml. ml. mi. gm. 
0·1215 17·00 8·00 ! 9·00 0·1215 
0·1755 22·00 9·00 13·00 0·1755 
0·1890 25·00 10·95 14·05 0·1897 
0·2430 30·00 12·00 18·00 0·2430 
0·2700 36·00 16·00 20·00 0·2700 

-· 
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TABLE VI 

Hydrogen Peroxide 

N/10 N/10NaV03 N/10 
Hz02 FeS04(NH4)2- used for excess FeS04(NH4)2• H202 
ta~en so4.6H20 FeS04(NH4)2• so4.6H2o found 

added so4.6H2o used by H 20 2 

gm. mi. mi. mi. gm. 
0·0136 17·00 9·00 8·00 0·0136 
0·0221 23·00 10·00 13·00 0·0221 
0·0306 30·00 12·00 18·00 0·0306 
0·0323 35·00 15·90 19·10 0·0324 
0·0408 40·00 15·95 24·05 0·0409 

SuMMARY 

Sodium meta-vanadate has been used as a volumetric reagent to 
determine indirectly potassium permanganate, potassium dichromate, 
potassium bromate, potassium meta-periodate, potassium persulphate and 
hydrogen peroxide. An excess of ferrous ammonium sulphat~ added to 
each of the substances in lN sulphuric acid medium is titrated back with a 
standard solution of sodium meta-vanadate in presence of phosphoric acid, 
using diphenylamine as an internal indicator. 
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THE MORPHOLOGY OF CHROMOSOMES IN LAOOOTREPHES 
MAOULATUS FABR. (HEMIPTERA-HETEROPTERA) 

By G. P. SHARMA and RAM PARSHAD, 

Department of Zoology, Panjab University, Hoshiarpur 

INTRODUCTION 

Dass (1951) has described the chromosome complement of Lacoo
trephes maculata as 38A+X1X2X 3X 4 Y but Bawa (1953) in his 'Studies 
on Insect Spermatogenesis' has observed that the X-chromosome in 
Laccotrephes maculatus consists of only two elements with a single Y as 
the homologue and that the confused stage, so widespread in Hemiptera, 
is absent. However, the presence of 22 chromosomes in the polar views 
of both the first and the second meiotic divisions, as illustrated in Bawa's 
figures 9 and 14, Plate I, clearly suggests their abnormal behaviour. The 
present investigation has, therefore, been undertaken to analyse the 
chromosomes of L. maculatu.s so as to throw some light on the above con
tradiction. The insects were first identified in the Entomological Section 
of the Indian Agricultural Research Institute, New Delhi, and this identi
fication was subsequently confirmed by Dr. G. L. Arora, M.Sc., Ph.D. 
(London), Reader in Entomology, Panjab University, to whom we are very 
thankful. 

l\iATERIAL AND TECHNIQUE 

The adult insects were collected from the local ponds where they 
creep sluggishly on the mud at the bottom. The testes from the freshly 
collected males were removed in normal saline and fixed in Carnoy's and 
Sanfelice's fluids. Sections varying from 5 to 10 IL in thickness were cut 
and stained in iron-hrematoxylin and Feulgen. 

OBSERVATIONS 

Spermatogonial mitosis.-The resting spermatogonia, which occupy 
the extreme free ends of the testicular tubules, are small rounded cells, 
each with two darkly stained bodies in its nucleus (Fig. 1). One of these 
bodies is Feulgen-positive and represents the fused sex-chromosomes, 
referred to by the early workers as the chromatin nucleolus, while the other 
which is Feulgen-negative is the nucleolus. During the early prophase 
the nucleolus becomes diffused and divides into two or more elements to 
which the ends of the differentiating chromosomes can be seen attached 
(Fig. 2). In this respect it appears to behave just as it does in mosquito 

hiting, 1917), in Orthoptera (Carothers, 1913) and in another hemipteran, 
lys dentatus, recently examined by us. It, thus, seems to contribute its 
stance to the differentiating chromosomes. In the late prophase the 
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chromosomes appear as small bodies either in the form of rods or dots 
without exhibiting any differentiation between the autosomes and the 
sex-chromosomes (Fig. 3). 

During metaphase the chiomosomes arrange themselves at the equator 
of the spindle (Fig. 4). Invariably there are present 41 elements, all of them 
being in the form of small rods or dots. These chromosomes of the diploid 
set do not, however, lie in a single plane, some of them always overlapping 
the others. This is simply due to their large number in a comparatively 
sma.ll cell. Even at this stage no differentiation between the autosomes 
and the sex-chromosomes can be made. 

During anaphase the chromosomes move to the opposite poles and 
when the telophase stage is reached they become smaller in size as compared 
v;ith those at the metaphase and they are now aggregated more closely 
(Fig. 5). The cell divides by a simple constriction to complete its mitotic 
cycle. 

MEIOSIS 

Meiosis I.-The pre-meiotic resting stage (Fig. 6) differs in no respect 
from the mitotic one and is distinguished from the latter only by its relative 
position in the testis. During the leptotene stage (Fig. 7) the granular 
autosomal threads show a distinct polarization, though not resembling 
exactly a bouquet, while the sex-chromosomes condense into one or two 
darkly-stained heteropycnotic bodies. 

The synaptotene stage reveals a certain amount of contraction of the 
autosomes which form an undifferentiated mass lying on one side of the 
nucleus; the heteropycnotic sex-chromatin mass usually lie~> free on the 
opposite side (Fig. 8). 

During the Zygotene stage the autosomal bivalents show polarization, 
forming complete loops . mth their respective ends pointing ·towards the 
periphery of the nucleus (Fig. 9). This polarization is maintained till the 
cell enters the confused stage. Just as in the other heteroptera the con
fused or the diffused stage is well marked mth the 'resting' condition of the 
nucleus in which a deeply staining nucleolus can be seen lying in clost< 
association mth the heteropycnotic sex-chromatin mass (Fig. 10). 

The diplotene bivalents (Fig. ll) are slender and have the normal forms 
of rods, rings or double crosses which are spread throughout the substance 
of the nucleus. The sex-chromosomes, at this stage, disassociate and lie 
clo&e together as dark bodies. Three such bodies can be easily made out 
in complete nuclei. During the diakinetic stage (Fig. 12) the bivalents 
undergo a go'od deal of contraction and arrange themselves along the 
periphery of the nucleus. In addition to these changes the chiasmata, 
practically in all the bivalents, become terminalized, mth the result that 
we have now either rods or rings shomng one and two chiasmata res
pectively. At this stage one can easily count, in the nucleus, 22 components 
out of which two or three are very small. No clear differentiation can, 
however, be made between the sex-chromosomes and the autosomes. 

At metaphase I the chromosome elements arrange themselves at t 
eg,uator ~f the spindle in a single plane so that all the 22 components ' 
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visible at one and the same time (Fig. 13). In the polar view the biva.Jents 
appear as dots which arc, however, rod-like in .some cases, being slightly 
elongated. There is still no distinction between the autosomes and the 
sex-chromosomes. Dass (1951), on the other hand, has described the five 
smaller elements in the centre of the metaphase pla.te as the sex-chromo
somes. He further states that the Y-chromosomo is slightly larger than 
the X's. In our preparations, however, there is no marked difference 
between the individual members of the sex-complex even at metaphase II 
when the sex-chromosomes are well marked out from the autosomes by their 
differential behaviour. Further the bivalents display no definite group 
pattern and they arc scattered haphazardly at the equator of the spindle. 

During anaphase I the homologous chromosomes are simply pulled 
towards the opposite poles without any differential behaviour of the sex
chromosomes. The anaphase movement of the chromosomes parallel to 
the spindle fibres, at right angles to the eqn:ttor, suggests that they have a 
localized termin:tl centromere. The samo is true of some other heteroptera 
(Shar\na and Parshad, 1955 and Schrader, 1940). By' the time the chro
mosOines reach their respective poles each of them appears to be cleft, the 
cleavage appearing in the form of an indentation ~tt the two ends of each 
autosome. Under high magnification, therefore, each autosome appears 
as a fused body (Fig. 14). The cleavage represents the plane along which 
the daughter chromosomes will separate and move to the opposite poles 
during anaphase II. In the polar view of such a stage the autosomal diads 
can be seen arranged in the form of a ring enclosing three univalents which 
are most probably the sex-chromosomes (Fig. 14). 

Meio.<is IJ.-Like the other heteroptera the second meiotic division 
. directly follows the first, so that there is no resting stage of the secondary 
spermatocyte and the telophase I chromosomes are directly transferred to 
prometaphase II. During prometaphase II (Fig. 15) the chromosomes lie 
among the spindle fibres as small diads. From amongst the autosomal 
diads can also be distinguished, though with great difficulty because of 
very small size, a pseudotrivalent formed by the sex-chromosomes which 
become very prominent during metaphase II. 

The chromosomes at metaphase II are certainly bigger than those in 
telophase I and prometaphase II. Of the 22 elements of the primary 
spermatocyte, 19 are represented by the autosomal diads, while the three uni
valent elements aasociate together so as to form a pseudotrivalent with two 
of its chromoi!Omes facing one pole and the remaining one facing the opposite 
as their homologue (Fig. 16). These arc certainly the sex-chromosomes, 
the two on one side being the X's and the one on the other being the Y. 
Even· a. supcrftcial observation of these elements leads to the conclusion 
that they are definitely bigger than at ]east the smaller autosomal diads 
and this is the reason why we cannot distinguish them morphologically 
from the autoso::nes during the spermatogonial mitosis and the first matura. 
tion division. In the polar view this pseudotriva}ent Jies in the centre of 
~-he autosomal diads which are scattered irregularly on the equatoria] 
.lt~te. Two kinds of metaphase plates can be distinguished with respect to 
sut. pseudotrivalent, one "'ith two X 1s seen at the same fo'cus as that of the 
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autosomes, with Y at a different one (Fig. 17) and the other with a reverse 
arrangement (Fig. 18). 

During anaphase II the chromosomes move to the opposite poles, the 
two X's going to one pole and the single Y to the opposite. At telophase 
when the chromosomes have reached their respective poles the cell divides 
by a simple constriction (Fig. 19) to give rise to two spermatids, each with 
a haploid set of chromosomes. 

Spermatid.-In the resting nucleus of the spermatid the chromosomes 
are represented by small heteropycnotic dots which have a tendency to 
come together, In the early stages these chromosome granules are arranged 
in the form of a compact ring (Fig. 20) which, however, breaks up sub
sequently. The chromosomes now start moving to one side of the nucleus 
(Fig. 21) finally forming an undifferentiated contracted mass (Fig. 22). 

Chia.sma frequency and terminalit<Uion coe,fficient.-Dass (1951) in his 
study of Laccotrephu maculata has stated that the chiasma frequency per 
bivalent at diplotene is at least two while the mean chiasma frequcuy per 
bivalent is 2·23, 2·0 and 2·0 during diplotene, diakinesis and metsphase 
respectively. We have, on the other hand, observed that there is present 
a variable number of rod or double-cross bivalents, at the diplotene, with 
a single terminal or non.terminal chiasma. It ic;, however, difficu1t to 
make ~>n accurate count of the chiasmata at this stage on account of the 
rational coiling which still persists. The chiasma frequency per bivalent 
seems to vary between one and two. 

The chiasma frequency and terminalization coefficient during diakinesis 
and metaphase are given in the table below:-

Frequency distrwution of ckiasmma., chiasma frequency per nucle>M and the 
terminalizatt'on coefficient. 

" !!l Cells with Xta. "" "" . 0 
0 o~ --~ 

d] c~ ~-c Chia.sma. . " 
Stages of z~ z-; frequoncy ~-5 
Meiosis 

... ., 
-" 'IE oo ~~ ... per nucleus .s 0 -~ ~s ow 19 20 21 22 23 24 25 26 '0 so z 0 ~ • 0 ,.. f-'$ • E-< 

Diakinesis 25 .. 3 9 4 3 4 1 I 553 563 22·12± 1·641 1 

l\Ietaphase 25 4 9 9 3 .. .. .. .. 511 511 20·44±0·916 l 

DrscussiON 

Tke Sex-chromosomes.-A critical study of the chromosomes in Lac
cotrephe;; macul<Uus reveals that the difference in the observations of Dass 
(1951) and Bawa (1953) simply lies in the number of sex-chromosomes. 
According to Dass the chromosome formula for the male is 38A + 
X 1X 2X 8X,Y, while, according to Bawa, it is 38A+X1X2 Y (Bawa did not., 
however, observe the spermatogonial metaphase and this diploid number has 
been constructed by us from the number mentioned by him in metaphase J). 
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Though no distinction between the autoaomes and the sex-chromosomes 
can be made during the spermatogonial metaphase and the first maturation 
division, metaphase II clearly reveals that the sex-chromosome formula 
for L. macu1atus is certainly X1X2 Y, when the three sex-elements form a 
pseudotrivalent with the two X's facing one pole of the spindle and a single 
Y the opposite one as the homologue. Further in the polar view the 
paeudotrivalent is very clear, lying in the centre of the equatorial plate in 
such a way that either the two X's are visible at the focus of the autosomes 
or a single Y. However, by a little change of focus we can very clearly 
make out all the 22 elements of the prima.ry spermatocyte. 

The presence of 41 chromosomes during the spermatogonial metaphase 
and of 22 at metaphase I leads to the conclusion that the chromosome 
formula in this insect is 38A+X1X2 Y, since the sex-chromosomes divide 
equationally during the first meiotic ·division as in the other heteropterans 
so far known. If we accept the formula 38A+X1X2X8X4 Y as given by 
Dass (1951J, the primary spermatocyte should reveal 24 elements at the 
metaphase. This number has not, however, been observed even in a single 
cell, the number 22 being constant. 

If Dass is correct in his study it will be evident that the change in the 
number of sex-chromosomes, though of great importance in the chromosome 
morphology, is insignificant from the evolutionary point of view, since it 
simply concerns the breaking up or otherwise of the sex-chromosomes into 
four elements "ithout any disturbance in the genotype of the organism. 
However, a simple break in the chromosome resulting into two independently 
functional chromosomes cannot be assumed unless we accept the polycentric 
theory which is in itself not so convincing. Further, since the evolutionary 
transformation simply concerns the number of sex-chromosomes, without 
any change in the autosomal number, we cannot regard the higher number 
of sex·d~romosomes to be evolved directly from the autosomes. This 
very clea.rly shows that the evolution of the sex-chromosomes in the aquatic 
heteroptera involves a very complex phenomenon which is not known so 
far. 

SuMMARY 

l. The diploid number of chromosomes in the male Lwxotrephes 
maculatus is 38A+X1X 2 Y. 

2. The meiosis follows the normal course, differing in no respect 
from the other heteropterans. The synaptotene stage reveals synizesis. 
A well-marked confused stage is present. A secondary spermatocyte with 
the resting condition of the nucleus is absent. 

3. The sex-chromosomes are indistinguishable from the autosomes 
during the spermatogonial mitosis and the first maturation division. They, 
however, divide equationally during meiosis I and reductionally during 
the second when they form a. pseudotrivalent which occupies the centre of 
the equatorial plate surrounded by the autosomes. 

4. Chiasma frequency per bivalent during diplotene, diakinesis and 
mctap.hase varies between one and two. 
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:ExPLANA'UO!' O'F LE'l'TERING IN THE PLATE 

Gh.n-Het.eropycnotic sex-chromatin mass (uhl'Omut.in nucleolus); N~Nucleolus; 
n-1, 1~ -Nucleolar fragment;~; X 1, X 2 -X-chromosomes; Y-Y-chromosome. 

ExPLA.!."'\'"ATIO:S OF F1GURES 

All figures have been drawn fwm the seutioned ma.t,eriu\ wit.h a camera lueida a.t 
the table level with .t5X eye-piece and spencer oil immersion objeCt·i\'c, giving an 
a.pproximato magnification of 2Jiiif) times. 

Tho cell outline has been drawn only in figures 4, 5 nnd 12 t.o 19. All t.he remaining 
figures depict only tho nuclei. In figures 2, 3, 11, 15 and 16 only 11 part of the chro
mosome complement, has been shown sons to nvoid 0\'ercrowding. 
FIG, 1, Resting spermat.ogonium. 
Jl'ra. 2. Spermatogonial prophase, early. 
Jl'w. 3. Spermtttogonial prophase, late. 
F.ra. 4. Spcl'ffiflt,ogonial met.aphase (polar view). 
}i'm. i5. Spermatogonia.! telophase (side view). 
Fro. 6. Primary spennatocyte (resting). 
FIG. i. Leptotene. 
Fw. 8. Synizesis. 
Fro. 9. Zygotcn1:. 
Fw. 10. Confused stage. 
FIG. 11. Diplotene. 
FIG. 12. Diakinesis. 
F.rG. 13. 1\fet.u.phusc I (pohu view). 
l<"'IG. 14. Telophase I (polor view). 
Fw. 10. Prometo.phfi.se II (side view). 
Fw. 16. Met.aphuse II (side view). 
Fws. 17 n.nd 18. Met.apha.se II (polnr view) . 
.H'lG. HI. Telophase JI (side view). 
FIGS. 20 i.o 22. Spcrmn.t.idB. 
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POTENTIOMETRIC DETERMINATIONS OF ORGANIC 
COMPOUNDS BY IODINE JIJONOBROMIDE IN NON-AQUEOUS 

SOLVENT 

By BALWANT SINGH and MoHAN SINGH 

(Depa.rtment of Chemistry, Panjab University Coll<ge, Hoshiarpur) 

0. Tomicek and J. Dolezal (1949) and 0. Tomieek and Heyrovsky 
(1950) have potentiometrically titrated organic compounds with bromine 
solution in glacial acetic acid, using platinum as an indicator electrode 
coupled with a normal calomel electrode. 

0. Tomicek, A. Blazek and Z. Roubal (1950) have titrated some un
saturated organic compounds with bromine solution in glacial acetic acid 
by a potentiometric method using chloranil reference electrode. 

Militzer (1938) found that in carbon disulphide and acetic acid, iodine 
manobromide functions only as a brominating agent. Even in nitro
benzene in which iodine monobromide forms conducting solutions (Burner 
and Galecki, 1913), its reaction with phenol and salicylic acid is still one of 
bromination. 

According to F. W. Bennett and A. G. Sharpe (1950) in a solution of a 
phenol and iodine mono bromide in nitrobenzene, free bromine and iodine 
cations compete for the phenol. Since the bromination of a phenol by 
bromine is a very fast reaction whereas iodination by the iodine cations is 
rehtively slow (Lambourne and Robertson, 1947), the resultant reaction 
is iodine--<Jatalyzed bromination and iodine may be recovered at the end 
of the reaction. 

In the present investigation iodine mono bromide has been used for the 
potentiometric estimation of phenol, hydroquinone, resorcinol, pyrogallol, 
phloroglucinol, thymol, e<-naphthol, ,8-naphthol, o-cresol, p-cresol, a-nitro
phenol, p-nitrophenol, aniline, a-toluidine, m-toluidine, p-toluidine, rJ.

naphthylamine, acetanilide, sa1icylic acid, anthranilic acid, p-amino benzoic 
acid and na.phthalene in acetic acid medium. 

These substances react with iodine rnonobromide according to the 
fol!Dwing equations:-

1. Phenol. 
C8H 50H+3 IBr = C6H 2Br30H+3 HI 

2. Hydroquinone. 
C6H4(0H).+3 IBr = C6HBrs(OH)2 +3 HI 

3. Resorcinol. 
C6H4(0H).+3 IBr = C6HBrs(OHJ2 +3 HI 

4. Pyrogallol. 
CoHs(OH)s+3 IBr = CoBr8(0H)a+3 HI 
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5. Phloroglucinol. 
06H8(0H)8 +3 IBr = CsBrs(OH)s+3 HI 

6. Thymol. 
010H130H+2 IBr - C,oHllBr20H+2 HI 

7. oc-Naphthol. 
C10H70H+2 IBr = 010H5Br20H+2 HI 

8. {!-Naphthol. 
010H70H+3 IBr = C10H4Br30H+3 HI 

9. a-Cresol. 
CH3C6H40H+3 IBr = OHs06HBr30H+3 HI 

10. p-Cresol. 
OH3C.H40H+3 IBr = CH3C6HBr80H+3 HI 

II. o-Nitrophenol. 
C6H4(N02)0H+2 IBr = C6H2Br2(N02)0H+2 HI 

12. p-Nitrophenol. 
06H4(NO,)OH+2 IBr = C6H2Br,(NO,)OH+2 HI 

13. AniUne. 
C6H5l\Tff2 +3 IBr = C6H 2Br3l\Tff2+3 HI 

14. a-Toluidine. 
OH806H4NH2 +2 IBr = 0HsOsH2Br,NH2+2HI 

15. m-Toluidine. 
CH3C6H4NH2+3 IBr = OH8CsHBr3NH2+3 HI 

16. p-Toluidine. 
OH306H4NH2+2 IBr = CH306H2Br2NH2+2 HI 

17. at-Naphthylnmine. 
C10H 7NH2 +IBr = C10H6BrNH2+HI 

18. Acetanilide. 
C6H5NHCOOH3+IBr = C6H4(Br)NHCOOH3 +HI 

19. Salicylic Acid. 
06H4(0H)COOH+3 IBr = C6H2Br30H+C02+3 HI 

20. Antht-anilic Acid. 
C6H4(NI!2)COOH+3 IBr = C6H2Br3NI!2+C02+3 HI 

21. p-·Amino Benzoic Acid. 
C6H4(NI!2)COOI!+3 IBr = C6H 2Br3NH2+C02+3 HI 

22. Naphthalene. 
C,oHs+IBr = C10H,Br+HI 

EXPERIMENTAL 

Standardization of i<Jd.ine monobromide solution.-On adding excess of 
potassium iodide to a- measured volume of iodine bromide solution, iodine 
was liberated. 

IBr+KI = KBr+I2 

74 



The iodine was titrated against a standard solution of sodium thiosulphate 

I 2+2 Na2820 8 = Na2S40 6+2 Nai 

The standard iodine monobromide solution was kept in dark. 
Potentiumetric titratioWJ.-A known weight of each substance was 

dissolved in acetic acid and titrated against the standard IBr solution. 
The reaction mixture was kept stirred by means of a mechanical stirrer 

and the progress of the reaction was studied po!<'ntiometrically. A bright 
platinum foil was used as an oxidation·reduction electrode and this was 
coupled with a saturated calomel electrode through an agar.agar potassium 
chloride bridge to form a cell. The cell was placed in a water bath, the 
temperature of which was kept constant. 

In all these titrations a solution of sodium acetate in glacial acetic 
acid was used as a buffer. Sodium acetate removed the hydroiodic acid 
formed during tbe react.ion. 

A series· of potentiometric titrations were performed "1th different 
amounts of each substance. One titration for each substance, as typical 

.. of that set, is recorded in the following tables:-

"'TABLE I 

Tilrcaion of 0·0470 gm. of phenol mi:-ced 'IIJUh 15 c.c. of acetic acid, against 0·1000 M IBr . 
. (Temp. 30'0). 

IBr. E.M.F. E/0 IBr. E.M.F. EfO 
(c.c.) (volts). (Ill. voltsfc.c.) (c.c.) · ·(volts) (m. voltsfc.c.) 

.. 
1·00. 0·7000 ISO 

13 15·05 0·7110 
3·00 "0·7262 162 

9 15·10 0·7191 
5·00 0·7448 ll 

5 15·20 0·7202 
7·00 0·7538 10 

4 15·50 0·7233 
9·00 0·761.8 7 

3 16·00 0·7267 
ll·OO 0·7679 6 

3 17·00 0·7327 
13·00 0·7628 6 

6 19·00 0·7450 
14·00 0·7569 .4 

10 21·00 0·7535 
-14·50 0·7521 5 

26 24·00 0·7670 
14·80 0·7441 • 3 . .. so 27·00 0·7766 
14·90 0·7391 l 

60 30·00 0·7800 ·• 
14·95 0·7361" 

322 

15·00 0·7200 
(Maximum) 
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TABLE II 

Titration of 0·0/550 gm. of hydroquimme mixed with 15 c.c. of acet1'c acid, agairlst 
0·1005 M IBr. (Temp. 55°0). 

IBr. E.M.F. E/0 IBr. E.M.F. E/0 
(c.c.) (volts) (m. volts/c.e.) (c.c.) (volts) {m. volts/c.c.) 

1·00 0·5806 380 
12 C~la.ximum) 

3·00 0·6062 14·95 0·5382 
11 94 

5·00 0·6280 15·00 0·5835 
3 13 

7·00. 0·6330 15·20 0·5810 
2 9 

9·00 0·6372 15·50 0·5784 
2 8 

11·00 0·6412 16·00 0·5825 
2 7 

13·00 0·6380 17-00 0·5899 
4 8 

14·00 0·6345 19·00 0·6059 
19 7 

14·50 0·0250 21·00 0·6203 
20 4 

14·80 0·6190 24·00 0·6333 
so 4 

14·85 0·6150 27·00 0·6451 
156 3 

14·90 0·6072 30·00 0·6529 
I 

TABLE III 

Titration of 0·0367 gm. of t>esorcinol mixed with 10 c.c. of acetic acid, ngainst 0·1000 1't1 IBr. 
(Temp. 30°0). 

IBr. E.M.F. E/0 !Br. IU!.F. E/0 
(c.c.) (volt.s) (m. voltsfc.c.) (c.c.) (volts) (m. volts/c.c.) 

112 
0·00 0·5191 (?tfaximum) 

18 10·00 0·5030 
1·00 0·5007 80 

10 10·05 0·4990 
3·00 0·5210 40 

5 10·10 0·5010 
5·00 0·5316 33 

2 10·20 0·5043 
7·00 0·5356 22 

3 10·50 0·5110 
8·00 0·5324 17 

7 11·00 0·519:3 
8·50 0·5289 12 

10 12·00 0·5310 
9·00 0·5240 !) 

14 13·00 0·5400 
9·50 0·51 70 8 

16 15·00 0·5562 
9·80 0·5122 7 

22 17·00 0·5691 
9·90 0·5100 6 

28 19·00 0·5800 
9·95 0·5086 3 

20·00 0·5831 
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TABLE IV 
Titration of 0·0630 gm. of pYrogaUol mixed with 15 c.o. of acet.ic acid, agi:dnet" 

0·1108 M IBr. (Temp. 30'0). 

IBr. E.M.F. IBr. E.M.F. E/0 
(c.c.) (volts) 

E/0 
(m. volts/c.c.} (c.c.) (volts) (m. voltsfc.c.) 

1·00 0·5188 88 
20 13·60 0·5624 

3·00 0·5590 76 
9 13·70 0·5700 

5·00 0·5776 36 
8 14·00 0·5810 

7·00 0·5932 28 
6 14·50 0·5950 

9·00 0·6053 17 
4 15·00 0·6034 

11·00 0·5975 9 
7 16·00 P·6128 

13·00 0·5841 6 
16 18·00 0·6253 

13·30 0·5792 3 
26 20·00 0·6319 

13·40 0·5766 4 
52 23·00 0·6452 

13·45 0·5740 4 
74 26·00 0·6558 

13·50 0·5703 2 
246 30·00 0·6638 

{'Maximum} 
13·55 0·5580 

TABLE V 
Titration of 0·1134 grn. of phloroglucinol mixed with 2'1 o.o. of acetic acid, 

agaifl8t 0·1108 M IBr. (T&mp. 60'0). 

IBr. E.M.F. E/0 IBr. E.M.F. E/0 
(c.c.) (volts) (m. volts/c.c.) (c.c.) (volts) (Ill. volts/o.c.) 

1-00 0·4162 24 
10 24·50 0·4965 

3·00 0·4363 18 
9 24·i0 0·5000 

6·00 0·4630 13 
3 25·00 0·5038 

10·00 0·4749 7 
3 26·00 0·5111 

14·00 0·4877 9 
3 28·00 0·5289 

18·00 0·4994 5 
I 31·00 0·5448 

22·00 0·5038 4 
3 34-00 0·5562 

24·00 0·5100 4 
10 37-00 0·5682 

24·30 0·5070 2 
84 40·00 0·5730 

24·35 0·5028 2 
176 43·00 0·5788 

{Maximum) 2 
24·40 0·4939 45·00 0·5824 

28 
24·45 0·4953 
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TA11LE VI 

Titration of 0·1998 gm. of thymol mixed with 27 c.c. of acetic acid, against 0·1000 M IBr. 
(Temp. 30°0). 

78 

mr. E.M.F. E{O IBr. E.M.F. {E/0 
(c.c.) (volts) (m. volts/c.c.) (c.c.) (volts) (m. voltsfc.c.) 

0·00 0·5700 . 56 
20 2.6·95 0·5673 

1·00 0·5900 176 
5 (Maximum) 

3·00 0·5994 27·00 0·5761 
3 124 

6·00 0·6092 27·05 0·5823 
2 114 

10·00 0·6143 27-10 0·5880 
2 70 

14·00 0·6229 27·20 0·5952 
3 24 

18·00 0·6122 27-50 0·6022 
3 13 

22·00 0·6000 28·00 0·6089 
4 9 

26·00 0·5832 31·00 O·G353 
7 5 

26·50 0·5797 34·00 0·6492 
23 4 

26·80 0·5728 37·00 0·6611 
27 3 

26·90 0·5701 41·00 0·6732 
2 

45·00 0·6819 

TABLE VII 

Titration of 0·1944 gm. of 11.-naphthol mil:ed with 27 c.c. of acett"c acid, against 
0·0990 M IBr. (Te,P. 40°0). 

mr. E.M.F. EfO IBr. E.M.F. E/0 
(c.c.) (volts) (m. volt.s/c.c.) (c.c.) (volts) (m. volts/c.c.) 

1·00 0·5200 308 
8 (Maximum) 

3·00 0·5362 27-30 0·5032 
5 116 

6·00 0·5498 27-35 0·4974 
3 48 

10·00 0·5620 27·40 0·4950 
3 42 

14·00 0·5742 27·50 0·4992 
I 19 

18·00 0·5795 28·00 0·5085 
2 9 

22·00 0·5730 29·00 0·5170 
3 8 

25·00 0·5632 31·00 0·5334 
11 7 

26·00 0·5522 34·00 0·5:)50 
14 6 

27-10 0·5372 37·00 0·.5738 
60 5 

27·20 0·5312 41·00 0·5920 
252 5 

27•25 0·5186 45·00 0·6110 



TABLE VIII 
Titration of 0·1584 gm. of {!-naphthol mixed with 33 c.c. of acetic acid. agairt8t 

0·1000 M IBr (Tomp 30°0) 

IBr. I E.M.F. EjO IBr. E.M.F. IC/0 
(c.c.) (volts) {m. vo1M/c.c.) (c.c.) (volts) (m. volt..jo.o.) 

1·00 0·5610 58 
6 32·95 0·5760 

3·00 0·5732 136 
2 (Maximum) 

6·('0 0·5799 33·00 0·5692 
2 96 

10·00 0·5880 33·05 0·5644 
2 40 

15·00 0·5972 33·10 0·5624 
1 32 

20·00 0·6029 33·20 0·5656 
1 15 

25·00 0·6075 33·50 0·5700 
2 8 

30·00 0·6000 34·00 0·5740 
3 5 

32·00 0·5941 37-00 0·5899 
14 4 

32·50 0·5876 40·00 0·6025 
19 4 

32·80 0·5.819 43·00 0·6139 
30 3 

32•90 0·5789 46·00 0·6214 
2 

50•00 0·6286 

TABLE IX 
Titration- of 0·0'192 (Jm. of o-creaol mixed with 22 c.c. of acetic a-cid, against 0·0970 M IBr. 

(Temp 40°0) 

IBt. 

I 
E.M.F. ICJO IBr. E.M.F. IC/0 

(c.c.) (volts) (m. volta/c.c.) (c.c.) (volts) (m. voltsjc.c.) 

1·00 I 0·6400 52 
16 22·65 0·6754 

3·0~ 0·6112 288 
9 (Maximum) 

6·0•) 0·6992 22·70 0·6610 
4 80 

9·0·) 0·7112 22·76 0·6570 
3 30 

12·0••) 0·7200 22·80 0·6585 
2 10 

15·0)) 0·7255 23·00 0·6605 
2 7 

18·0~ 0·7182 23·50 0·6640 
3 6 

21·0~ 0·1100 24·00 0·6668 
10 6 

22·03 0·7000 26·00 0·6780 
33 5 

22·3~) 0·6900 29·00 0·6932 
37 5 

22·5~) 0·6826 32·00 0·7077 
46 5 

22·6!) 0·6780 36·00 0·7216 
3 

40·00 0·73!! 
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TABL:E X 
Titra/!Wn of 0·0792 gm. of p-cresol mixed with 22 c.c. of acetic-acid, against 0·0970 M IBr. 

(Temp. 40°0). 

IBr. E.M.F. E/0 IBr. E.1\f.F. E/0 
(c.c.) (volt.<!) (m. volts/e.e.) (c.c.) (volt.s) (m. volt.sfc.c.) 

1·00 0·666S 270 
8 (.Maximum) 

3·00 0·6849 22·70 0·6642 
6 70 

6·00 0·7042 22·75 0·6607 
6 54 

9·00 0·7230 22·80 0·6580 
4 14 

12·00 0·7358 23·00 0·6608 
2 14 

15·00 0·7427 23·20 0·6635 
8 14 

18·00 0·7191 23·50 0·6676 
6 12 

21·00 0·7000 24·00 0·6735 
7 9 

22·00 0•6930 26·00 0·6916 
17 7 

22·30 0·6878 29·00 0·7128 
21 7 

22·50 0·6836 32·00 0·7328 
36 3 

22·60 0·6800 36·00 0·7459 
46 3 

22·65 0·67ii 40·00 0·7560 

TABLE XI 

Titration of 0·1529 gm. of o-nitrophenol mixed with 22 c.c. of acetic a-Cid, againllt 
0·0970 M I Br (Temp 60°0). 

IBr. E.M.F. E/0 IBr. E.:U .. F. E{C 
(c.c.) (volts) (m. volts/c.c.) (c.c.) (volts) (m. voltsfc.c.) 

1·00 0·6892 
I 

50 
30 22·65 0·8324 

3·00 0·7492 328 
17 ()Iaximum) 

6·00 0·8000 22·70 0·8160 
8 90 

9·00 0·8226 22·75 0·8115 
4 50 

12·00 0·8352 22·80 0·8090 
4 50 

16·00 0·8470 23·00 0·8190 
3 26 

18·00 0·8560 23·50 0·8320 
2 18 

21·00 0·8510 24·00 0·8410 
I 5 3 

22·00 0·8460 26·00 0·8470 I 13 3 
22·30 0·8421 29·00 0·8552 

18 3 
22·50 0·8386 32·00 0·8650 

37 I 
22·60 0·8349 36·00 0·8700 

I 
40·00 0·8752 

--
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TABLE XII 
Titration of 0·1529 gm. of p-nitrophenoZ mixed with 22 c.c. of acetic a.cid. 

agaimlt 0·1005 M IBr. (Temp. 60'0). 

IBr. E.M.F. E/0 IBr. E.M.F. E/0 
(c.c.) (volt.s) (m. volts/c.c.) (c.c.) (volts) (m. volt.sfc.c.) 

J.OQ 0•7200 124 
57 21·95 0·8226 

3·00 0·8332 52 
II 22·00 0·8200 

6·00 0·8675 8 
3 22·20 0·8216 

9·00 0·8770 7 
2 22-50 0·8237 

12·00 0·8715 6 
2 23·00 0·8266 

15·00 0·8666 4 
I 24·00 0·8301 

18·00 0·8630 3 
I 26·00 0·8365 

,2J.OO 0·8595 2 
6 29·00 0·8424 

2Jo50 0·8565 2 
25 32·00 0·8488 

21-80 0·8488 2 
60 36·00 0·8548 

21·85 0·8458 2 
340 40·00 0·26!6 

21·90 0·8288 
(Maximum) 

TABLE XIII 

Titf'(ltion of 0·0682 qm. of anilin£ m~ed with 22 c.c. of a.<:etie a~lid, wa:aimt 0•0990 M IBr. 
(Temp. 40'0). 

IBr. E.M.F. E/0 IBr. E.M.F. E/0 
(c.c.) (volts) (m. voltsfc,c.) (c.c.) (volt.s) (m. volt.s/c.c.) 

1·00 0·4140 36 
27 22·15 0·6302 

3·00 0·4672 60 
II 22·20 0·6272 

6·00 0·5012 380 
(Ma-ximum) 

II 22·25 0·6082 
9·00 0·5333 44 

10 22·30 0·6104 
1!~·00 0·5620 31 

7 22·50 0·6166 
15·00 0·5835 12 

7 23·00 0·6226 
IB·OO 0·6036 II 

12 24·00 0·6339 
21-00 0·6380 II 

13 26·00 0·6549 
21-50 0·6445 9 

16 29·00 0·6828 
21-80 0·6398 9 

24 32·00 0·7102 
22·00 0·6300 7 

30 36·00 0·7380 
22·10 0·6320 5 

40·00 0·7489 
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TABLE XIV 
'l'itration of 0·14d-4 gm. of o-tolu.idine mixed with 27 c.c. of acetic acid, against 

0·0990 M IBr. (Temp. 40'0). 

IBr. E.M.F. E/0 IBr. E.M.F. E/0 
(c.c.) (volts) (m. voltsjc.c.) (c.c.) (volts) (m. volts/c.c.) 

1-00 0·4816 70 

3·00 

6·00 

10·00 

14·00 

18·00 

22·00 

26·00 

26·50 

26·80 

27·00 

27·20 

IBr. 
(c .. c.) 

0·00 

].00 

3·00 

5·-00 

7-00 

9·00 

I 1-00 

13·00 

14·00 

14·.,0 

14·80 

15·00 

13 27·25 0·5616 
0·5080 !52 

4 (Maximum) 
0·5190 27·30 0·5540 

2 60 
0·5283 27·35 0·5510 

2 42 
0·5370 27·40 0·5489 

4 38 
0·5520 27·50 0·5451 

5 25 
0·5701 27·70 0·5601 

3 IS 
0·5817 28·00 0·5555 

ll II 
0·5761 31-00 0·5871 

13 5 
0·5736 34·00 0·6014 

17 3 
0·5703 37·00 0·6099 

26 4 
0·5651 41-00 0·6248 

4 
45·00 0·6400 

TABLE XV 
Titration of 0·053!5 gm. of m-toluidine mt'zed with 15 c.c. of acetic acid, 

against 0·0990 M I Br. (Temp. 40'0). 

E.M.F. E/0 IBr. E.M.F. EfO 
(volts) (m. voltsjc.c.) (c.c.) (volts) (m. voltsfc.c.) 

0·3978 50 
52 15·05 0·5621 

I 
0·4500 58 

19 15·10 0·5592 
0·4888 312 

12 (Maximwn) 
0·5128 15·15 0·5436 

10 192 
0·5334 15·20 0·5340 

8 31 
0·5498 15·50 0·5434 

; 22 
0·5642 16·00 0·5544 

8 14 
0·5800 17·00 0·5685 

8 14 
0·5880 19·00 0·5965 

16 12 
0·5802 21·00 0·6205 

·28 II 
0·5718 24·00 0·6539 

36 II 
0·5646 27·00 0·6860 

10 
30·00 0·7153 

I 
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IBr. 
(c.c.) 

1·00 

3·00 

6·00 

10·00 

14·00 

18·00 

22·00 

26·00 

26·50 

26·80 

26·90 

26·95 

TABLE XVI' 
Titration of 0·1444 gm. of p-Wluidine mixed with 27 e.c. of acetic acid, 

against 0·1000 M IBr. (Temp. 30'0). 

E.1\I.JP. E/0 IBr. E.M.F. EfC 
(volts) (m. voltsfc.c.) (c.c.) (volts) (m. voltsfc.c.) 

0·5703 124 
9 (Maximum) 

0·5883 27·00 0·6241 
3 82 

0·5985 27-05 0·6200 
3 24 

0·6100 27·10 0·6188 
3 21 

0·621! 27·20 0·6167 
3 10 

0·6320 27·50 0·6198 
3 7 

0·6453 28·00 0·6234 
I 7 

0·6500 29·00 0·6305 
10 8 

0·6448 31·00 0·6460 
26 8 

0·6370 34·00 0·6700 
44 7 

0·6326 37·00 0·6910 
46 6 

0·6303 41·00 0·7160. 
3 

45·00 0·7289 

TABLE XVII 
Titration of 0•3861 gm. of rt.-naphthylamine mixed with 27 c.c. of acetic acid, 

·against 0·1000 M !Hr. {Temp. 30°0) 

IBr. E.M.F. E/C IBr. E.M.F. E/0 
(c.c.) (volts) (m. voltsfc.c.) (c.c.) (volts) (m. volts/c.c.) 

0·00 0·3151 46 
18 26·95 0·4180 

1·00 0·3333 158 
8 (Maximum) 

3·00 0·3497 27·00 0·4101 
5 98 

·6·00 '0:3650 27·05 0·4150 
4 58 

10·00 0·3815 27-10 0·4179 
4 . 44 

14·00 0·39M 27·20 0·4223 
3 22 

18·00 0·4082 27·50 0·4290 
3 8 

22·00 0·4197 28·00 . 0·4332 
7 5 

26·00 0·4472 31·00 0·4470 
24 5 

26·50 0·4350 34·00 0·4631 
36 5 

26·80 0·4241 37·00 0·4790 
38 5 

26·90 0·4203 41·00 0·5000 
5 

45·00 0·5210 
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IBr. 
(c.c.) 

1·00 

5·00 

10·00 

15·00 

21·00 

27·00 

33·00 

33·50 

38·80 

33·90 

33·95 

3HO 

TABLE XVIII 
Titration of 0·4455 gm. of acetanilide mixed with 33 c.c. of acetic acid, 

againat 0·0970 M IBr. (Temp. 60'0). 

E.M.F. E/0 IBr. E.M.F. E/0 
(volts) (m. volts{c.c.) (c.c.) (volts) (m. volts(c.e.) 

0·7380 362 
6 (l\fa.ximum) 

0·7629 34·05 0·7153 
6 36 

0·7913 34-10 0·7135 
3 34 

0·8064 34·20 0·7169 
2 26 

0·8178 34·50 0·7248 
5 13 

0{7873 35·00 0·7315 
6 8 

0·7515 36·00 0·7392 
15 10 

0·7442 38•00 0·7.'589 
17 6 

0·7391 41-00 0·7777 
21 2 

0·7370 44·00 0·7849 
38 2 

0·7351 47·00 0·7911 
44 2 

0·1329 50·00 0·7960 

. 

TABLE XIX 

Titration of 0·1012 gm. of sal.icyUc acid mixed with 22 c.c. of acetic acid, 
against 0·1005 M IBr. (Temp. 60°0). 

!Br. E.M.F. E/0 IBr. E.M:.F. E/0 
(c.c.} (volts) (m. voltsjc.c.) (c.c.) (volts) (m. voltsfc.c.) 

1·00 0·7598 162 
18 21·95 0·7952 

3·00 0·7J:l48 96 
10 22·00 0·7904 

6·00 0·8240 25 
4 22·20 0·7854 

9·00 0·8368 20 
2 22·50 0·7794 

12·00 0·8430 15 
1 23·00 0·7870 

15·00 0·8470 8 
2 24·00 0·7952 

18·00 0·8530 8 
6 26·00 O·Sl!O 

21·00 0·8350 8 
15 29·00 0·8350 

21·50 0·8273 4 
19 32·00 0·8461 

21·80 0·8215 2 
52 36·00 0·8532 

21-85 0·8189 2 
3!2 40·00 0·8600 

{Maximum) 
21·90 0·8033 



TABLE XX 
Titration of 0·1233 gm. of anthranilic acid mixed with 27 c.c. of acetic acid, 

again# 0·1001i M !Br. (Temp. 60"0). 

!Br. E.M.F. EJC !Br. E.M.F. E/0 
(c.c.) (voll<!) (m. voltsjc.c.) (c.c.) (volts) (m. voll<!jc.c.) 

1·00 0·5590 304 
9 (Maximum) 

3·00 0·5771 2<3·90 0·5716 
4 32 

6·00 0·5880 26·01) 0·5732 
2 28 

10·00 0·5973 27·00 0·5746 
I 19 

14·00 0·6026 27·20 O·il783 
I 17 

18·00 0·6064 27·50 0·5834 
I 8 

22·00 0·6!16 28·00 0·5873 
2 6 

25·00 0·6061 29·00 0·5935 
2 R 

26·00 0·6040 31·00 0·60.54 
8 6 

26·50 0·6000 34·00 0·6234 
25 6 

26·80 0·5924 37·00 0·6410 
ll2 5 

26·85 0·5868 41·00 0·6598 
6 

45·00 0·6832 

TABLE XXI 
Titra~ion of 0·1005 gm. of p·am.ino benzoic acid mixed with 22 c.c. of acetic acid, 

against 0·1108 M IBr. (Tem.p. 60°0). 

!Br. E.M.F. E/0 IBr. E.M.F. E/0 
(c.c.) (volts) (m. volt.$fc.c.) (c.c.) (volts) (m. volts/c.c.) 

]-()') 0·5592 314 
12 (1\lnximum) 

3·00 0·5332 19·85 0·62.,8 
7 100 

6·(r0 0·6032 I9·CO 0·6208 
6 28 

9·ij0 0·6200 20·00 0·6236 
9 ·12 

12·"0 0·6460 20·20 0·6260 
7 13 

I5~oo 0·6671 20·50 0·6300 
2 10 

18·00 0·6600 21-00 0·6351 
5 8 

1~·00 0·6555 24·00 0·6589 
11 6 

19·50 0·6500 27·00 0·6777 
19 2 

10·70 0·6462 30·00 0·6849 
44 2 

19·75 0·6440 33·00 0·6919 
50 I 

19·80 0·6415 36·00 0·6960 
I 

40·00 0·6998 
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TADLE XXII 

Titration of 0·2816 gm. of naphthalene mixed with 22 c.c. of acetic add, 
against 0·1108 M IBr. (Temp. 50°0). 

lBr. E.M.F. EJO IBr. E.:\!.F. E/0 
(c.c.) (volt.s) (m. vo1tafe.c.) (c.c.) (volts) (m. voltsfc.c.) 

1·00 0·7195 32 
35 19·95 0·8285 

3·00 0·7893 30 
8 20·00 0·8270 

6·00 0·8128 15 
8 20·30 0·8314 

9·00 0·8359 28 
4 20·50 0·8370 

12·00 0·8489 12 
2 21·00 0·8429 

15·00 0·8546 5 
1 22·00 0·8480 

18·00 0·8509 4 
3 24·00 0·8565 

19·00 0·8480 2 
6 27·00 0·8629 

19·50 0·8452 I 
17 30·00 0·8666 

19·80 0·8401 1 
36 33·00 0·8701 

19·85 0·8383 1 
164 36·00 0·8740 

(Maximum) 1 
19·90 0·8301 

40·00 0·8788 

DISCUSSION 

It is evident from the foregoing tables that there was a sharp break 
in E.M.F. at the equival~nce point in each potentiometric titration. From 
the a.mmmt of iodine mono bromide required in each titration, corresponding 
to the equivalence point, ·the amount of the substance was calculated. In 
the following tables, the values obtained are compared with the amounts 
of the substances taken for the titrations. 

TABLE I 

Ph-enol. Hydroquinone. 

Phenol Phenol Hydro- Hydro. 

taken. IBr. used. found. quinone IBr. used. quinono 
taken. found. 

(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

0·0219 0·14552 0·0218 0·0257 0·14478 0·0257 

0·0313 0·20653 0·0312 0·0367 0·20656 0·0366 

0·0470 0·31000 0·0469 0·0550 0·3101:1 0·0549 

0·00~9 0·45486 0·0689 0·0807 0·45508 0·0807 

0·0845 0·55816 0·0845 0·0990 0·55845 0·0990 

0·!034 0·08234 0·1033 0·121 0 '0·68234 0·1209 
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TABLE II 

Resorcinol. PyrogaUol. 

Reso!'cinol IBr. used. 
Resorcinol Pyrogallol IBr. used. Pyrogallol 

taken. found. taken. found. 
(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

0·0257 0·1450 0·0257 0·0420 0·20649 0·0419 

0·0367 0·2066 0·0366 0·0630 0·31000 0·0629 

O·G!550 0·3105 0·0550 0·0924 0·45538 0·0925 

0·0807 0·4541 0·0806 0·1134 0·55879 O·ll35 

0·0990 0·5588 0·0990 0·1386 0·68272 0·1386 

0·1210 0·6823 0·1209 0·1680 0·82664 0·1679 
! 

TABLE m 

Phloroglucinol. Thymol. 

-
Phloro- Phloro- Thymol Thymol gluci.nol IBr. used. glucinol IBr. used. 
takfln. • found. taken. found. 

(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

0·0420 0·20667 0·0419 0·0518 0·14447 0·0517 

0·0630 0·31006 0·0629 0·0740 0·20653 0·0739 

0·0924 0·45526 0·0924 0·!110 0·31000 0·1109 

0·1134 0·55835 0·1134 0·1628 0·45537 0·1629 

0·1~86 0·68272 0·1386 0·1998 0·55814 0·1997 

0·1680 0·82692 0·1629 0·2442 0·68222 0·2441 

TABLE IV 

a.-Naphthol. p.Naphthol. 

a-Naphthol IBr. used. a.-Naphthol ~-Naphthol IBr. used. ~-Naphthol 
take~. found. taken. found. 
(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

-
0·05))4 0·14463 0·0503 0·0336 0·1450 0·0336 

0·0720 0·20653 0·0719 0·0480 0·2064 0·0479 

O·!OoO 0·31000 0·1079 0·0720 0·3098 0·0719 

0·15S4 0·45498 0·1584 0·1056 0·4.~54 0·1057 

0·19<!4 0·55833 0·1944 0·1296 0·5581 0·1295 

0·23';6 0·68256 0·2376 0·1584 0·6822 O·l5S3 
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TABLE V 

o-Gresol. p-Gresol. 

o-CrcaoJ IBr. used. o-Cresol p-Crosol IBr. used. p-C~oJ 
taken. found. taken. fotmd. 
(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

0·0252 0·14477 0·0251 0·0252 0·14490 0·0252 

0·0360 0·206ii 0·0359 0·0360 0·20685 0·0360 

0·0540 0·31020 0·0540 O·OMO 0·31018 0·0539 

0·0792 0·45504 0·0792 0·0792 0·45504 0·0792 

0·0972 0·55843 0·0972 0·0972 0·55846 0·0972 

0·1188 0·68266 0·1188 0·1188 0·68262 O·ll88 

TABLE VI 

o-Nitrophencl. p-Nitrophenol. 

o-Nit-ro- IBr. used. o-Nit.ro- p-Xit.ro· 
IBr. used. p-Nitro-

phenol taken. phenol found. phenol t.aken. phenol found~ 
(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

0·0486 0·14491 0·0486 0·0486 0·14472 0·0486 

0·0695 0·20\\90 0·0695 0·0695 0·20659 0·0694 

0·1042 0·31026 0·1042 0·1042 0·31021 0·1042 

0·1529 0·45508 0·152!l 0·1520 0·45491 0·1528 

0·1876 0·55828 0·1875 0·1876 0·55847 0·187(i 

0·2293 0·68258 0·2293 0·2293 0·682::\!) 0·22H2 

TABLE VII 

Aniline. a-Toluidine. 

Aniline !Br. used. I Aniline o-Toluidine IBr. used. o-Toluidinc 
taken. found. taken. found. 
(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

0·0310 0·20G5:-l 0·3004 0·0374 0·14475 0·0374 

0·0465 0·31000 O·C464 0·0535 0·20(\50 0·0534 

0·0682 0·45500 0·0682 0·0802 0·31000 0·0801 

0·0837 0·55827 0·0837 0·1177 0·4,1)500 0·1177 

0·1023 0·68259 0•1023 0·1444 0·55850 0-1444 

0·1240 0·82607 0·1238 O·li65 0·68256 0·1765 

. -·- -· 
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TABLE VIII 

m-Toluidine. p-Toluidine. 

m~Toluidine IBr. used. m-Toluidine p-Toluidine IBr. used. p-Toluidino 
taken. found. taken. found. 
(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

0·0249 0·14477 0·0249 0·0374 0·14510 0·0375 

0·0356 0·20653 0·0356 0·0535 0·20710 0·0535 

0·0536 0·31000 0·0534 0·0802 0·31000 0·0801 

0·0784 0·45500 0·0784 0·1177 0·46<180 0·1176 

0·0963 0·55840 0·0962 0·1444 0·55810 0·1443 

0·1177 0·68t30 0·1176 0·1765 0·68224 0·1764 

TABLE IX 

".1..-Naphthylamin.e Acetanilide. 

a-Naphthyl- mr. used. a-Naphthyl- Acetanilide IBr. used. Acetanilide 
a.mine taken. amine found. taken. found. 

(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

0·100> 0·14450 0·0999 0·0945 0·14465 0·0944 

0·143P) 0·20651 0· 1428 0·1350 0·20688 0·1350 

0·214·5 0·30993 0·2143 0·2025 0·31016 0·2024 

0·31.6 0·45472 0·3145 0·2970 0·45508 0·2970 

0·38til 0·55814 0·3859 0·3645 0·55819 0·3644 

0·4719 0·68283 0·4720 0·4455 0·68260 0·4455 

} TABLE X 

Salicylic Acid Anthranilic Acid. 

Salicylic IBr. used. Salicylic Anthranilic IBr. used. l AnthrMilic 
Acid ~aken. Acid found. Acid taken. Acid found. 

(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

-

0·0322 0·14486 0·0322 0·0319 0· 14500 0·0320 

0·0460 0·20646 0·0459 0·0456 0·20642 0·0455 

0·0690 0·31023 0·0690 0·0685 0·31021 0·0684 

0·1012 0·45500 0·1012 0·1005 0·45491 0·1004 

0·1242 0·55845 0·1242 0·1233 0·55835 0·1233 

0·1518 0·68260 0·1518 0·1507 I .0·68245 -- -. 0·1506 
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TABLE XI 

p-AmitWbenzoic Acid. Naphthalene. 

p-Amino- p-Amino- Naphthalene Naphthalene benzoic IBr. used. benzoic !Br. used. 
Acid taken. Acid found. taken. found. 

(gm.) (gm.) (gm.) (gm.) (gm.) (gm.) 

0·0685 0·30983 0·0684 0·1280 0·20681 0·1279 

0·1005 0·45455 0·1004 0·1920 0·30990 0·1918 

0·1233 0·55830 0·1233 0·2816 0·45645 0·2818 

0·1507 0·68272 0·1507 0·3456 0·55855 0·3456 

0·1827 0·82700 0·1826 0·4224 0·68261 0·4224 

SuMMARY 

Phenol, hydroquinone, resorcinol, pyrogallol, phloroglucinol, thymol, 
a-naphthol, ,8-naphthol, a-cresol, p-cresol, o-nitrophenol, p-nitrophenol, 
aniline, a-toluidine, m-toluidine, p-toluidine, ot-naphthylamino, acetanilide, 
salicylic add, anthranilic acid, p-aminobenzoic acid and naphthalene have 
been determined quantitatively by the potentiometric method, using iodine 
mono bromide as a brominating agent in glacial acetic acid eontaining sodium 
acetate. 
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ON THE ORIGIN OF THE GOLGI DICTYOSOMES FROM THE 
MITOCHONDRIA AND ACROSOME FORMATION IN THE 

SPERMATOGENESIS OF THE SLUG ANADENUS 
ALTIVAGUS (THEOBALD) 

By VrsHWA NATH and HAru:sa CHANDER CHOPRA (Department of Zoology, 
Panjab University, Hoshiarpur) 

ABSTRACT 

In this paper the spermatogenesis of Anadenus aUivagus has been 
worked out in detail. The material was fixed in Flemming-without-acetic 
acid and stained with 0·5% iron-haematoxylin. Living material has also 
been studied under the phase contrast microscope. Some of the most 
important conclusions of this investigation are (1) the origin of Golgi dictyo
somes from the mitochondrial granules by alignment (cf. Hirsch, 1939), 
(2) the secretion of a large number of minute acrosomal granules in the 
chromophobic vesicles of the Golgi dictyosomes, (3) the subsequent depo
sition of these granules in front of the spermatid nucleus, (4) their fusion to 
form the acrosome, (5) the subsequent sloughing off of the Golgi apparatus, 
and (6) the formation of a comparatively long mitochondrial middl<>-piece 
in the sperm. 

INTRODUCTION 

One of ns (H. C. Chopra) collected specimens of the slug Anaden!UI 
allivagWI (Theobald) from Simla (Punjab, India) during the summer (July 
to September) of 1953. Some specimens were again collected in 1954 
summer for the study of the living cells of the ovo-testis of the slug under 
the phase contrast. We were successful in microphotographing the living 
maturing spermatids stuclied under the phase contrast; and we are pub
lishing in this paper three such photographs (Pl. II, figs. 29-31). As the 
slugs were killed in a couple of days in the excessive heat of Hoshiarpur, 
we were not successful in microphotographing the earlier stages of spermato
genesis. We hope to publish the photographs of these earlier stages at 
some future date. 

We ha.'<e wurked exchsi'<ely with. Flemming-without-aootic acid 
followed by 0·5% iron-haomatoxylin and have obtained excellent prepara
tions with this technique. All preparations were made by one of us (H.C.C. ), 
and examined by both of us. Both of us again examined the living mat<>rial. 

Elsewhere one of us (Nath, 1955) has laid stress on the importance of 
using F.W.A. exclu~ively in spermatogenesis and avoiding silver nitrate and 
long oemication techniques, which admittedly produce serious artefacts. 

Memming-without-acetic acid followed by 0·5% iron-haematoJ<ylin, 
on the contrary, introduces no artefacts whatsoever, and brings up in the 
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finished slides all the cytoplasmic inclusions and the nuclear contents in an 
admirable fashion. For this reason we are publishing here photographs of 
all stages of sperm-forming cells fixed in F.W.A. for comparison with camera 
Iucida drawings. The latter appear in the form of text-figures. 

The ovo-testis of Anadenus altivaqu.'J bas unexpectedly turned out to 
be an excellent material to demonstrate (1) the origin of the Golgi dictyo
somes from the mitochondrial granules by alignment; (2) the complete 
disappearance of the Golgi dictyosomes during meiosis I and II; (3) their 
reappearance during the inter kinetic stage and late telophases II; and (4) the 
origin of the acrosome from numerous granules, which appear in the cl<romo
phobic vesicles of the dictyosomes. 

PREVIOUS WORK 

Gatenby (1917), in his paper on the ovo-testis of Helix aspersa, reviews 
the earlier publications of Ancel (1902), Demoll (1913) and Faure-Ftemiet 
(1909) on the subject. Oaten by also reviews the papers of Schitz (1916) on 
the pectinibranchiate GoUumheUa and of Terni (1914) on Geotriton. 

A little later Gatenby (1918) published another paper on the ovo-testis 
of two species of Limax, two of Arion, three of Helix and one of Testacella. 

Still later (1919) Gatenby published a paper on the gametogenesis and 
early development of Limnaea. stagnalis. 

Hickman (1931) published a comprehensive paper on the spermato
genesis of the pulmonate Succ,inea ova.lis with special reference to the 
components of the sperm. 

Baker (1945 and 1949) discusses the morphology and histochemistry of 
the Golgi dictyosomes of the snail, Helix aspersa. 

Finally, Watts (1952) examined the spermatogenesis in the slug, Arion 
S'Uhj!lscus. This paper is of particular value, as the author examined living 
material under the phase contrast microscope. 

OBSERVATIONS 

Spermatogonia.-Text.figs. A, 1 and 2 represent spermatogonia of a very 
young slug. In text-fig. A, l two centrioles can be easily seen, but there are 
no traces of either mitochondria or Golgi elements at this stage. The 
microphotographs (Pl. I, figs. 1 11nd 2) of these cells aJso show no traces of 
the mitochondria or the Golgi elements. 

Text-figs. A, 3, 4 and 5 represent sperm11togonia from a mature slug. 
It will be noticed that the mitochondria have now appeared in the cell in 
the form of prominent granules, which stain deeply with haematoxylin. 
PI. I, figs. 3, 4 and 5 represent the corresponding microphotographs of these 
oolls. In text-fig. A, 5-some mitochondrial granules have aligned them
selves to form a Golgi rod,. but this rod has not come up well in tho 
microphotograph (Pl. I, fig. 5). 

Primary Spermatocytes.-But the process of alignment of the mito
chondrial granules to form the Golgi dictyosomes really begins in early 
propha.ses of the primary spermatocytes (Text-figs. B, l and 2) .. In these 
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i. l'. 

T.EX:T-Fio. A. 1·2----ea.rlieat apermo.togonia; 3-5-later apormatogonia. Further 
explanation in the toxt. 

TExT~FIG. B. 1-4--early primary sporma.tocytes; &-diakinesis; 6 and 7-meta
phase I; 8 nnd 9-la.te telophases I. Further expla.nation in the text. 
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figs. and in the corresponding microphotographs (Pl. I, figs. 6 and 7) it 
will be clearly seen that the dictyosomes are being formed by the alignment 
of granules. Soon, however, the Golgi dictyosomes lose their crenated 
appearance and their contours become smooth (Text-figs. B, 3 and 4; 
Pl. I, figs. 8 and 9). At the same time the dictyosomes tend to collect at 
one spot in ·the neighbourhood of the nucleus. This localized condition is 
well marked in Text-fig. B, 3 and fig. 8, Pl. I. Each dictyosome is thick 
in the middle and tapers at each end. 

During diakinesis tho dictyosomes ·begin to break up into granules 
(Text-fig .. B, 5; Pl. I, fig. 10); and during the following metaphase I, all the 
dictyosomes have merged into the mitochondrial granules (Text-figs. B, 
6 and 7; Pl. I, figs. II and I2). The mitochondrial granules are now arranged 
in chains, which run parallel to the longitudinal axis of the spindle. 

But during late telophase I, the dictyosomes are once more formed by 
the alignment of mitochondrial granules (Text-figs. B, 8 and 9; Pl. I, figs. 13 
and I4). In all these figs. the dictyosomes have a crenated appearance, 
but they again assume uniform contours during the interkinetic stage 
(Text-fig. 0, I; Pl. I, fig. I5}. 

Seroruiary Spermatocytes.-During meiosis II, the Golgi dictyosomes 
once more break up into granules, which merge into the mitochondrial 
granules (Text-figs. 0, 2 to 4; Pl. I, fig. I6 and Pl. II, figs. I7 and I8). 
During meiosis II, the mitochondrial granules are again arranged in chains 
running parallel to the longitudinal axis of the spindle. 

u Ch 

M 

a 

6. 
TEXT·FIG. C. I -secondary spermatoc~; 2 and 3-metaphase II; 4 and 5-

telopha.scs II; ~rly sperroatids. Further explanation in the text. 

As towards the close of meiosis I, so towards the close of meiosis II, 
the Golgi dictyosomes are formed de novo from the mitochondrial granules 
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by alignment (Text-fig. C, 5; Pl. II, fig. 19). In these figs. again the dictyo
somes have a crenated appearance, but soon, in earliest spermatids, their 
contours become smooth, and the dictyosomes arrange themselves in tho 
form of triangles or rhomboids (Text-fig. C, 6; Pl. II, fig. 20). 

Sperma.J.eleosis.-Two important changes now take place simultaneously 
at the very commencement of the process of spermateleosis. One of these 
changes is the migration of the Golgi dictyosomes to the anterior aspect of 
the spermatid nucleus. ln this site the dictyosomes generally arrange 
themselves in the form of an open U with its concavity facing towards the 
nuclear membrane; and for the first time in spermateleosis distinct chromo
phobic material can be seen surrounded by the chromophilic U (Text-fig. ]), 
I; Pl. II, fig. 21). The other chango consists of the movement of practically 
all the mitochondrial granules to the posterior aspect of the spermatid 
nucleus, where they press against the nuclear membrane making it f!!tt 
posteriorly. At this stage the mitochondrial granules have grown in size; 
and they stain much more deeply with haematoxylin, also becoming more 
resistant to the action of acetic acid in Bouin 's fluid. The axial filament 
bas also appeared at this stage. 

TExT-PIG. D. l-7~a.rJy stages of spermate1eosie. Further expla.nat.ion 
in the text. 

In the next stage tho dictyosomes (acroblasts) have deposited a cap of 
very fine granules (the acrosomal granules) secreted by them in their 
chromophobic vesicles; and the acroblasts are once more arranged in the 
form of a triangle (Text-fig. D, 2; Pl. II, figs. 22 and 23). The last two 
figs. '""microphotographs of the same cell. It will be noticed that in fig. 22 
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the cap of acrosomal granules has come up very well, and in fig. 23 three 
dictyosomes can be clearly made out. The proximal and distal centrioles 
can also be clearly made out in Text-fig. D, 2. 

In the next stage of spermateleosis the acrosomal granules have fused 
to form a deeply-staining acrosomal cap, which reminds one of a similar cap 
in the mammalian sperm, and the dictyosomes have shifted back behind 
the nucleus. The spermatid nucleus, however, at this stage stains very 
poorly (Text-fig. D, 3; Pl. II, fig. 24). The proximal centriole has shifted 
forward and beneath the nucleus. 

In the next stage the entire sperm head stains deeply, with the result 
that no line of demarcation can be made out between the nucleus and the 
acrosome (Text-fig. D, 4; Pl. II, fig. 25). The sperm head hM becomo 
definitely arched; simulating the head of a mushroom. 

The spermatid now begins to elongate, and a small, conical, very 
poorly-staining acrosome stands out prominently in front of the deeply
staining nucleus (Text-figs. D, 5 to 7; Pl. II, 26 to 28). The Golgi remnant 
is still prominent at this stage, but soon it begins to stain poorly, and is 
ultimately sloughed off. The mitochondria gather round that part of the 
axial filament whose anterior and posterior boundaries are determined by 
the proximal and distal centrioles respectively. 

TEXT·FIG. E. J-4--late spormateleosis. Further explanation in the text. 
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The spermatid now rapidly elongates, and the residual cytoplasm 
containing the mitochondria and the <J?lgi remnant is progressively carried 
posteriorward (Text-figs. E, 1, 2 and 3). In the part of the spermatid tail 
in front of the residual cytoplasm (Text-fig. E, 3), tho mitochondria have 
already spun out to form a spiral sheath round the axial filament. The 
residual cytoplasm gets progressively attenuated (Text-fig. E, 4), till it 
completely disappears (Text-figs. F, 1 and 2). 

t a. 
TEXT·FIG.Jf'. 1 and 2-ma.turing sperms. Further explanation in t.he text. 

In the living sperm, as studied under the phase contrast, the spiral 
mitochondrial sheath extends between the proximal centriole in front and 
the distal centriole behind. Thus is formed a very long middle-piece. 
Behind this is a short end-piece, which seems to be naked. 

Plate II, figs. 29 to 31 are microphotographs of maturing living sperms 
studied under tbe pbase contr~tst. The spiral mitocbondrial sheath has 
come up very well in figs. 29 and 31. 

Up to the stage represented in Text-fig. E, 2 and Plate II, figs. 29 and 
30 the sperm nucleus is round or oval in form and stains deeply with haema
toxylin, but the small cone-like acrosome stains very poorly. Soon the 
sperm nucleus g•ts elongated and twisted (Text-fig. E, 3 and Text-figs. F, 
l and 2; Pl. II, fig. 31). At the same time an important differentiation is 
set up in the nucleus, The whole nucleus at this stage stains feebly, but 
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its basal portion stains little more deeply, with the result that two regions 
in the nucleus can be easily recognized (Text-figs. E, 3; F, 2). 

The proximal centriole gets elongated and lies underneath the sperm 
nucleus (Text-figs. E, 3; F, l and 2; Pl. II, figs. 29 and 30). 

DISCUSSION 

It will be recalled that in the earliest spermatogonia of Anadenus there 
is no indication of any granulation, the cytoplasm staining uniformly with 
iron-haamatoxylin after F.W.A. fixation. In late spermatogonia mito
chondria appear for the first time in the form of granules, but there is no 
indication whatsoever of the Golgi dictyosomes. 

It is in the earliest primary spermatocytes that mitochondria begin to 
align themselves and thus form the Golgi dictyosomes. To begin with, the 
dictyosomes have a crenated appearance, but soon they acquire a uniform 
contour. Nor is there any chromophobic vesicle attached to a dictyosome. 

In the fully grown primary spermatocyte the dictyosomes all collect 
together and there is only one such collection to each cell. 

During metaphase I, however, when the spindle, the centrioles, the 
chromosomes and the mitochondrial granules are all brought up vary clearly 
in the finished sections, there is no trace of the Golgi dictyosomes left. 
Just previous to this, during the preceding diakinesis, the dictyosomes can 
be clearly seen breaking up into granules, which merge into the 
mitochondrial granules. 

During late telophases I, the dictyosomes are again formed by the 
alignment of mitochondrial granules in exactly the same manner a~ at the 
commencement of the growth period of the primary spermatocytes. 

But again, during metaphases II and anaphasas II, the dictyosomes 
break up and merge into the mitochondrial granules, to reappear again by 
the alignment of mitochondrial granules during late talophases II. 

In the earliest spermatid there is a characteristic Golgi apparatus 
formed, consisting of dictyosomes with even contour arranged in the form 
of a triangle or a rhomboid. In the course of spermateleosis and before 
the deposition of the acrosome, ea<>h Golgi dictyosome develops in close 
association with it a chromophobic vesicle, corresponding to the 'internum' 
of Hirsch (1939), the chromophilic dictyosome being the 'extarnum'. 

The Golgi apparatus shifts to the anterior aspect of the spermatid 
nucleus; and a large number of minute acrosomal granules, first seen in the 
chromophobic vesicles, are deposited in front of the nucleus. These granules 
subsequently form the acrosome, and the Golgi apparatus, having performed 
its function of secreting the acrosome, is sloughed off. 

Hirsch (1939) derives the Golgi pre-substance, i.e., the Golgi granules, 
from the mitochondria, as quoted by Bourne (1951). In our opinion 
stronger evidence than Anadenus in favour of Hirsch's view could not be 
wished for, as the Golgi dictyosomas in the spermatogenesis of Anadenus 
can be shown not only to arise from the mitochondria but also to merge 
into them during meta,phases I and II. 
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We also strongly support the view of Hirsch that the secretion or the 
product arises in the internum of the Golgi complex. 

One of us (Nath, 1942), while working on the spermatogenesis of 34 
species of Decapod Crustacea, observed that in many species the earliest 
spermatogonia reveal only mitochondrial grannies, the Golgi granules 
artsing a little later amongst them. 

In support of our contention that the Golgi dictyosomes in Anadenus 
originate from the mitochondrial granules, so that to begin with the 
dictyosomes have a crenated appearance, reference may bo made to fig. 24, 
Pl. 32 of G&tenby (1917) and to text-figs. 4 and 5 of W&tts (1952), in which 
the dictyosomes with a jagged contour have been figured. 
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. EXPLANATION OF PLATES 

Plato I, figs. 1-16 and Plata TI, figs. 17-28 are microphotographs of the cella fi:x~d 
in Flemming-without-acetic acid and stained with 0·5% iron-haematoxylin. The same 
cells hsve been drawn in the form of text-figures. All these microphotographs were 
taken und~r the Leitz. apochromatic Z mm. oil immersion with 12 X eye-piece giving a 
total magnification of 1,350 timos. They were further enlarged I! times. 
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The microphotographs 29-31, Pla.W II, are of living maturing sperms as studied 
under Leitz Dialux phase contrast microscope with 10 X Periplanetio eye-piece and 
40 : 1 objective (apochromatic dry system), giving a magnification of 500 times. 
Leioa. camera was used. They wore subsequently enlarged Ii times. 

Lettering of figs. in plates sa:tne as in text-figs. 

EXPLANATION OF LETTERING IN TEXT-FIGURES 

A-acrosome; A.G-aorosoJYla.l granules; A.F-o.xial filament; 0-oontriole; 
0 1 and 0 2-proxima.l and distal centrioles; Oh-chromosomes; G-GoJgi dictyosome; 
G.R-Golgi remnant; M-mit.ocbondria.; M.Sh-mitochondrial sheath; N-Nucleus; 
N 1 and N 2-distal and proxima.] parts of nucleus; Nu-nucleolus; S .f-spindle fibres. 
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STUDIES IN REPTILIAN SPERMATOGENESIS 

I. SPERMATOGENESIS OF TilE CnEQUERED WATER SNAKE, Natrix p. 
pi8cator SonNEIDER WITH SOME OBSI~RVATIONS ON THE SPERMATIDS 

OF T.HE KRAIT AND THK COBRA 

By BHUPINDER NATH Sun, 

Department of Zoo!ooy, Panjab University, Hoshiarpur, Panjab, India 

ABSTRAC1" 

The detailed investigations on the spermatogenesis of Natrix p. piscawr 
Schneider and some observations on the spermatids of the Krait and the 
Cobra have been made from the fixed preparations and the living material 
under the phase-contrast microscope. Some of the most important con· 
elusions are as follows: (a) The nne mitochondrial granules grow consider
a,bly and are finally converted into large, yellow spheres but during late 
spermateleosis the entire mitochondrial material is cast off without forming 
any sperm component. (b) An unusual form of the Golgi material haa been 
observed. In the spermatocytes the Golgi material is seen in the form of 
osmiophil or sudanophil granules, each associated with a hyaline vacuole 
of glue-like consistency. The vacuoles during the spermatocyte stages 
grow steadily at the expense of the osmiophil granules till ultimately 
the granules disappear. 'fhe vacuoles run together and form a single, 
completely hyaline vacuole, the pro-acrosome. The pro-acrosome is 
bodily converted into the acrosome. (c) The chromatoid body appears 
and disappears twice during spermatogenesis. There are reasons to believe 
that it iB an independent structure having a de n<>vo origin. 

INTRODUCTION 

The cytoplaamic inclusions of the male germ-cells of all the major 
groups of vertebrates except reptiles have been the subject of investigation. 
In the case of reptiles, except for a solitary paper by Risley (1936) on the 
germ-cells of tnrtles and an abstract by Zia.ud-Din (1946) on the sperma· 
tog,enesis of tortoise, practically nothing has been reported so far regarding 
the cytoplasmic structures in the male germ-cells of this group, which is 
highly diversi6ert from the morphological standpoint. The reaaon, perhaps, 
is that on the whole the testicular material of reptiles is highly refractory, 
and. also the size of the cells is quite small. 

To fill up this ga.p in our knowledge of reptilian sperm:1togenesis the 
study of mal~ germ~cells was undertaken in various reptiles; and it is in~ 
tenaed to publish a series of papers on this oubject. I have been ahle to 
obtain good fixntions of the testicular material of the various representativeS 
of thls class, and thus it has been possible to study the cytoplasmic inclusions 
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even in the stages of spermatogenesis, where the size of the cells happens to 
be very small. 

The investigations recorded in this paper were undertaken in the male 
germ-cells of the water snake, Natrix p. piscaWr Schneider. In this snake 
the changes, which the cytoplasmic components undergo during successive 
stages of spermatogenesis, and the nuclear behaviour during spermateleosis 
have been carefully studied in the fixed preparations and the living material 
under the phase-contrast microscope. These observations have revealed 
unique and interesting phenomena with regard to the Golgi material, the 
mitochondria, the chron1atoid bodies and the spermatid nucleus. The 
most important of these phenomena is that the entire mitochondrial material 
is cast off during spermateleosis. 

All the previous workers on the spermatogenesis of snakes confined 
themselves to the study of the nucleus and the chromosomes and paid no 
attention to the cytoplasmic structures, which play an important role in 
spermatogenesis in general. Notable among these previous workers are 
Nakamura (1927 and 1928), Thatcher (1922) and Schreiber (1946 and 1947). 
Ballowitz and Retzius, as quoted by Wilson (1925), have described the 
structure of the sperm of the snake, Coluber. In the absence of any previous 
work on the cytoplasmic inclusions in the ophidian spermatogenesis the 
present paper is the first attempt to study these structures in this sub-order 
of reptiles. 

Some spermatids from the F.W.A. iron-hrematoxy.lin preparations of 
the Indian Cobra, Naia tripudians, var. typica Merrem, have also been 
included in the present paper for the sake of comparison. 

Some cells in the sperruateleosis of the common Krait, Bungarus 
creruleus Schneider, have been examined and photomicrographed in the 
Jiving condition under the phase-contrast microscope. 
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MATERIAL AND METEfODS 

The specimens of the snake, Natrix p. piscator Schneider, were collected 
from the surface wells, which are common in Hosltiarpur. Capturing this 
snake alive is no easy task, as they run with lightning speed. The author 
is indebted to Mr. l\funsha Singh, a local farmer, for collecting the material. 

Live specimens of this snake were kept in the 1aborator~· in an aquarium 
tank containing a small quantity of water. The specimens refused to 
accept any type of food during captivity. 
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The anim11l was killed either with a sharp blow on the head or with 
chloroform used as a light anaesthetic. Chloroform did not have any bad 
effect on the testicular tisf\ue; and, strange -as it will appear, the material 
fixed from the snake made unconscious by chloroform was rather better 
filled than the material from the pithed snake. After chloroforming or 
pithing a cut was made on the ventral side, extending from the anal opening 
to a little beyond the kidneys, and the testes were removed. 

The testes are a pair of white rather elongated structures placed 
asymmetrically, the right reaching a little further 'forward than the left. 
Each testis is provided with a coiled vas deferens, which springs up from its 
inner border and opens posteriorly into the cloacal chamber. 

The testes were quickly removed from the body of the animal, and, 
after washing off the blood, pieces were cut by a fine pair of scissors and 
put into watch glasses containing different fixatives. These pieces were 
imniediately teased with needles in the fixing fluids to separate the con
voluted tubules of the testes. This procedure insured rapid and complete 
fixation of this highly refractory material. The teased material was then 
transferred to glass capsules containing fresh fixatives. The fixatives tried 
were F.W.A. (Flemming-without-acetic), F.W.A. diluted with an equal 
amount of water, Flemming with reduced quantity of acetic acid, Champy, 
Altmann, Kolatchev, Aoyama and Bouin. Among all the osmic acid 
fixatires tried F.W.A. for 48 hours and Kolatchev for 24 hours proved to 
be the best. The material was washed in running water for the same 
period. After dehydration the material was cleared in cedar wood oil and 
embedded in paraflin wax. Sections were cut 5-8 micra thick. 'they 
were mordanted with 5% iron-alum and stained with 0·5% hrematoxylin. 
F.W.A .. fixed sections were also treated according to Kull's modification 
and stained with acid fuchsin. 

Kolatchev preparations were counterstained with iron-hoomatoxylin 
after bleaching the sections by potassium permanganate and oxalic acid. 
Material fixed in Reily's fluid and post-chromed at 37°0. was stained with 
Sudan black (Thomas, !948), for the study of Golgi material. Bonin's 
preparations proved most useful as control. For smears F.W.A. was 
diluted "ith an equal quantity of distilled water. · 

·It ·..-as felt necessary to study the Golgi material with artificial light as 
the daylight did not bring out the detailed structure. 

Fresh material, teased out in a drop of Ringer's solution for cold
blooded animals, was studied m1der the phase-contrast microscope and 
some of the impo~ant stages of spermateleosis were photomicrographed. 

OBSERVATIONS 

A. Fixed preparations 

(i) Spermatogonia 

The resting spermatogonium is a. rounded or an ovoid cell with a veTy 
large nucleus in comparison to the size of its cytoplasm. The nucleus 
occupies, generally, a central position, and contains a network of lightly
staining, fine chromatin granules in which are embedded a few deeply-
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staining, coarse granules (Pl. I, Fig. 1). The thin layer of cytoplasm shows 
on one side a deepJy.staining, granular centriole and on the other a small 
juxta.nuclear mass of tiny greyish granules, which have been interpreted 
as the '!'itoohondria. There are no traces of the Golgi bodies at this stage. 

(ii) Primary Spermatocytes 

The earliest primary spermatocyte is almost of the same size as the 
spermatogonium. It grows considerably and when it attain.• the maximum 
size it appears to be the largest cell in the sequence of spermatogenesis. 
During the growth period the cytoplasm increases more in size than the 
nucleus. 

The resting nucleus contains either one or two nucleoli and in addition 
there may also be present fine chromatin granules (Pl. I, Figs. 2 to 6). 
M:ost of the cytoplasm is crowded with fine mitochondrial granules, which 
are generally arranged in the form of a juxta-nuclear or even a circum
nuclear mass. 

The ohromatoid body makes its appearance in the early primary 
spermatocyte (Pl. I, Fig. 2). It is a large structure, round or ovoid in form 
(Pl. I, Figs. 2 to 6). In some cells a smaller chromatoid body is seen in 
addition to the large chromatoid body (Pl. I, Figs. 3 and 5). The chromatoid 
body is highly resistant to Bonin's fluid (Pl. I, Fig. 6). It takes up a deep 
blue stain in F.W.A. iron·h:ematoxylin and Bouin iron.h:ematoxylin pre
parations, but in Kolatchev and Aoyama preparations with optimum 
impregnation it appears as a yellow structure. In Altmann's acid fuchsin 
preparations it takes up a deep red stain. 

The Golgi matsrial appears for the first time in the primary spermato
cyte after the chromatoid body has made its appearance. It appears as 
osmiophil or sudanophil granules associated with distinct hyaline vacuoles 
with glue-like contents (Pl. I, Figs. 3 to 5). The Golgi material is embedded 
amongst the mitochondrial granules. 

As the hyaline vacuoles increase in size a corresponding decrease in 
the size of the Golgi granules takes place. Thus the Golgi granules appear 
to be gradually consumed in the formation of these strongly chromophobic 
Golgi vacuoles. The Golgi granules as well as the hyaline vacuoles are 
dissolved in Bonin's fluid (Pl. I, Fig. 6). 

It is difficult to distinguish the centriole from the Golgi granules in the 
resting primary spermatocyte, but in the matsrial fixed in Bouin's fluid for 
long periods, in which the Golgi material and the mitochondria are washed 
out, a granular centriole can be made out (Pl. I, Fig. 6). 

(iii) Secondary Spermatocytes 

The secondary spermatocyte is a smaller cell than the primary sper
matocyte (Pl. I, Figs. 7 to 9). Each resting secondary spermatocyte has 
an ex-centric nucleus with one or two nucleoli. The mitochondria are in 
the form of fine granules scattered almost throughout the cytoplasm. The 
Golgi material is mostly represented by chromophobic vacuoles with glue
like contents (Pl. I, Figs. 7 to 9). Only in the early secondary spermatocytes 
small osmiophilic or sudanophilic thickeuings, representing the remains 
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of the Golgi granules, are seen adhering to the chromophobic Golgi 
vacuoles (Pl. I, Figs. 7 and 8). The chromophobic vacuoles run together 
and form bigger and denser vacuoles (Pl. I, Figs. 8 and 9). The 
chromatcid material at this stage bas completely disappeared, to 
re-appear during spermateleosis. 

(iv) Spermate!eosis 

The earliest spermatid is a very small cell with an ex-centric nucleus. 
The nucleus is a clear, rounded structure, containing two or more nucleoli 
{Pl. I, Figs. 10 and ll). A portion of the cytoplasm is packed with a very 
large number of fine mitochondrial granules. The Golgi material is in the 
form of a single completely chromophobic vacuole with glue-like consistency, 
situated' between the nucleus and the mitochondrial mass. This is the 
pro-acrosome. The pro-acrosome, like the Golgi material of spermatocytes, 
is dissolved out in Bonin's fluid. 
I In the Indian Cobra, Naia tripudians, var. typica, the pro-acrosome 

is similar to that of Natrix, but it is formed during spermateleosis. In the 
early spermatids two or three completely hyaline vacuoles with glue-like 
consistency are seen. During spermateleosis these vacuoles run together 
to form a single large vacuole whose contents seem to go denser (Pl. III, 
Figs. 71 to 75). This is the pro-acrosome. 

The pro-acrosome in N atrix grows into a clear rounded or oval vesicle 
with glue-like consistency, and it remains firmly stuck tc the nucleus of 
the spermatid (Pl. I, Figs. ll to 13). The pro-aerosome exerts considerable 
pressure on the nuclear membrane and causes a marked depression on the 
surface of the nucleus. This depression gradually broadens out (Pl. I, 
Figs- 14, 15, 18, 19 and 20). 

Hitherto the nucleus stains very lightly and the pro-acrosome is com
pletely hyaline, but now onwards condensation of both these ceU structures 
take.• place, and both of them stain deeply. By the condensation of the 
pro-acrosome the acrosome is formed. This last is now pushed out of the 

· depression at the anterior pole of the nucleus, the depression thus dis
appearing completely. At this stage, the nucleus is a darkly-stained, 
cup-shaped structure over which lies a darkly-stained dome,shaped acrosome 
(Pl. I 1 Fig. 21). Later, the nucleus becomes cylindrical and the acrosome 
at its anterior pole becomes cone-shaped, but both these structures continue 
to stain darkly (Pl. I, Figs. 22 to 24). The acrosome again loses its staining 
capacity, except for its extreme anterior point, where a deeply-staining 
granule can still be observed. But even this granule disappears when the 
nucleu• has also lost its staining capacity and has become club-shaped in 
form (Pl. I, Figs. 25, 26; Pl. II, Figs. 28 to 32, 38 and 39). Mter remaining 
for some time in this condition, the ncrosome again becomes chromatic and 
is drawn out into a fine thread (Pl. II, Figs. 40, 43 and 44). 

Now the spermatid nucleus shrinks in size and assumes a rhomboidal 
or a pyriform shape, but it still remains chromophobic (Pl. II, Figs. 47,49 
and 50; Pl. III, Figs. 52 to 54, 56 and 57). 

During the final ripening of the spermatozoon the nucleus further 
condenses, becomes highly chromatic, and assumes an ovoid form (Pl. III, 
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Figs. 58 and 59). The boundary of the nucleus and the acrosome, which 
has now shortened, can still be very easily made out. 

The large number of fine mitochondrial granules, which in the earliest 
•permatid are packed together in a portion of the cytoplasm, are gradually 
dispersed haphazardly in the cytoplasm (Pl. I, Figs. lO to 13). These fine 
mitochondrial granules now grow into large, darkly-staining granules; 
they are generally localized in a portion of the cytoplasm near the cell 
membrane, but they may even be scattered throughout the cytoplasm 
(Pl. I, Figs. 18 to 20). When the condensation of the nucleus and the 
pro-acrosome has taken place, the mitochondria are arranged at the anterior 
pole of the spermatid (Pl. I, Figs. 21 and 22). Later, they grow more in 
size and are dispersed in the cytoplasm (Pl. I, Figs. 23 to 26; Pl. II, Fig. 28). 

When the nucleus becomes a clear, club-shaped structure. the darkly. 
staining granular mitochondria grow into spheres, which are arranged 
haphazardly in the cytoplasm (Pl. II, Figs. 29 to 32, 38 and 39). The 
spherical mitochondria now appear yellow in colour, and do not have a 
cortex and a medulla. They appear to have been ceratinized. They grow 
still more in size. By the time the acrosome is drawn out into a filament 
and the nucleus is still club-shaped, the mitochondrial spheres arrange 
themselves in vertical rows to form a tube. extending from a little below the 
nucleus up to the basal portion of the acrosome (Pl. II, Figs. 40, 43 and 44). 
Figures 41 and 42, Plate II, are cross-sections of the spermatids at this 
stage, and in such sections the spherical mitochondria are seen in the process 
of forming a ring around the nucleus. The mitochondrial spheres continue 
to grow in size. 

When the mitochondrial spheres are fully grown, they are no longer 
arranged in the form of a tube around the nucleus. Gradually they are 
discarded from the sides or the anterior end of the spermatid into the 
lumen of the follicle (Pl. II, Figs. 49, 50 and Pl. Ill, Fig. 52). The mito. 
chondria in this material do not migrate into the tail region to form a tail. 
sheath. The mitochondrial spheres arc sometimes so big that they remind 
one of yolk spheres (Pl. II, Fig. 48). Even in one of the earlier spermatids · 
large and yellow mitochondrial spheres have been found, but this is rare 
(Pl. ill, Fig. 60). 

Strange as it would appear, I have not seen the cytoplasm of the 
spermatid forming a sheath round the axial filament in the tail region in 
my fixed preparations, but in the living material studied under the phase
contrast I have not on1y seen it but I have photomicrographed it also 
(see Plate IV). 

The centriole in the early stages of spcrmateleosis is a deeply-staining 
granule, situated very near the nucleus and in some cases almost touching 
the nuclear membrane (Pl. I, Figs. 10 and 17). When the condensation of 
the pro-acrosome and the nucieus takes place, the centriole comes to lie a. 
little below the posterior pole of the nucleus (Pl. I, Figs. 21 and 22). The 
axial filament springs up rather late from the centriole. It is destined to 
form the tail of the spermatozoon (Pl. II, Figs. 28 to 33, 35 and 36). 

Just before the final ripening of the spermatozoon a deeply-staining, 
ring-shaped structure is found attached to the posterior pole of the nucleus 
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on the .inside of the nuclear membrane. In the side view of the maturing 
sperma~zoon this structure generally appears as a deeply-staining thickening 
at the posterior pole of the nucleus, but sometime the real ring-like character 
of this structure is revealed (Pl. III, Figs. 53 to 55). In the fully ripe 
sperm, when the sperm nucleus staius deeply, this riug-shaped structure 
as well as the granular centriole cannot be made out (Pl. III, Figs. 58 
and 59). 

A refractile body with a darkly-stainiug rim makes its appearance 
inside the developing sperm nucleus at the stage when the spherical mito
chondria are still arranged in the form of a tube and the nucleus is still 
Iightly-stainiug. This body, however, is not visible iu all such cells. 
Perhaps, it is seen in those cells only in which the section pn.sses in the 
region of this body. Figure 48, Plate II and Figure 51, Plate III, illustrate 
this refractile body in the centre of the spermatid nucleus. During the 
final ripeniug of the spermatozoon, when the nucleus staius deeply, the 
refractile body cannot be made out. 

After the primary spermatocyte stage the chromatoid body reappears 
during spermateleosis. It makes its reappearance just after the con
densation of the nucleus and the pro-acrosome, but in the living condition 
under phase-contrast it is also seen in some earlier spermatids. To begin 
with, it is a dumb-bell-shaped, deeply-staiuing body, but later it appears as 
a single large, spherical body (Pl. I, Figs. 21 to 26). Io subsequent stages 
two or three additional small chromatoid bodies make their appearance iu 
the cytoplasm. These small chromatoid bodies may possibly have origiuated 
as fragments from the large chromatoid body. The small chromatoid 
bodies are difficult to distiuguish from the darkly-staining mitochondria iu 
Flemming.without.acetic preparations, but in Bonin's preparations in which 
the mitochonclria are completely clissolved out, they can be clearly made 
out (P!. II, Figs. 27 and 33 to 36). Before the mitochondrial spheres start 
arranging themselves iu vertical rows to form a tube, extending from a 
little b~low the nucleus to the basal portion of the acrosome, the chromatoid 
bodies move forward towards the anterior end and disappear (Pl. II, Figs. 
28 to 39). 

The fully ripe sperma.tozoon is of a very simple type (Pl. ill, Figs. 58 
and 59). It consists of an oval, deeply-staiuing nucleus, with a cone-shaped, 
Iightly .. staining acrosome at its anterior end and an ax:ia.l fila.ment formiug 
the ta.il at its posterior end. The centrosome cannot be distinguished 
clearly at this stage. The refractile body found in the centre of the nucleus 
and the darkly-staining, riug-shaped structure situated at the base of the 
nucleus of the developing sperm likewise cannot be made out. 

Io addition to the normal type of sperm described above, sometimes 
sperms 'vith thin narrow heads are seen (Pl. ill, Fig. 69). The head consists 
of a deeply-staiuing posterior part, in front of which there is a clear space. 
In front of this space is a poiuted deeply-stainiug structure, which may 
possibly be the acrosome. From the posterior end of the darkly-staining 
head arises the axial filament, forming the tail. Such sperms are formed 
from a different category of spermatids, which are peculiar iu having 
correspondingly very small nuclei (Pl. III, Figs. 67 and 68). Such 
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spermatozoa, however, are not of common occurrence in this material, and 
they appear to be abnormal. 

Here and there in the follicles of the testis are found masses of cytoplasm 
containing from two to eight spermatid nuclei, embedded in a single cyto
plasmic mass. These syncytial masses are probably formed by the failure 
of the cytoplasm to divide during cell-division. It is interesting to note 
that in these syncytial masses spermateleosis proceeds normally, and 
results in the production of the normal type of spermatozoa (Pl. III, Figs. 
61 to 66). 

In addition to the syncytial masses where spermateleosis proceeds 
normally, some syncytial masses show degeneration or pycnosis. In such 
cases the nuclei are condensed to form chromatic masses. The outer limits 
of these syncytial masses are not well defined, and generally each mass is 
surrounded by a hollow space (Pl. III, Fig. 70). Pycnosis bas also been 
observed in a. few individual cells. 

B. Livi'JUj material u.nder tke pka..~e·contrast microscope 

Practically all the stages of spermateleosis were studied in the living 
condition under the phase-contrast microscope and some of them were 
photomicrographed. 

In all the early spermatids the hyaline pro-acrosome of glue-like 
consistency is seen either just sticking to the nuclear membrane or partly 
sunk into the nucleus (Pl. IV, Photos. l ancl 2a). 

Also, in the common Krait, Bungarus croruleus, the hyaline pro
acrosome of glue-like consistency has been photomicrographed partly or 
even completely sunk into the spermatid nucleus (Pl. IV, Photos. 9 and 10). 

The chromatoid body appears faint in the living material under phase
contrast. With regard to this cell structure the only point of difference 
from the fixed preparations is that it was observed in a few spermatids 
even before the condensation of the nucleus and the pro-acrosome (Pl. IV, 
Photos. I and 26). 

The mitochondria appear as dark grey granules in early stages but in 
late stages of spermateleosis they are in the form of large, yellow spheres. 
The mitochondrial spheres in late stages arrange themselves in vertical rows 
to form a tube, extending from a little below the nucleus to the basal portion 
of the acrosome (Pl. IV, Photo. 3). The nucleus and the proximal portion 
of the acrosome are only faintly seen through the spaces between the mito
chondrial spheres. From the anterior end of the mitochondrial tube 
projects the distal part of the acrosome and from its posterior end the axial 
filament is seen coming out. The arrangement of the mitochondrial spheres 
in the form of a tube ultimately breaks down and they are totally discarded 
from the sides or the anterior end. Photomicrograph 4, Plate IV, shows a 
spermatid from which most of the mitochondrial spheres have been cast 
out and the remaining few are seen being sloughed off from the anterior end. 
The mitochondrial spheres do not migrate into the tail region. 

In the fixed preparations the cytoplasm is never seen migrating to the 
tail region, but in the living condition, usually after the formation of the 
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mitochondrial tube, the cytoplasm is seen moving along the axial filament in 
the form of blebs (Pl. IV, Photos. 4 to 6). These cytoplasmic blebs are cmn
pletely empty and do not contain mitochondria or the chromatoid elements. 
The axial filament possesses only the cytoplasmic sheath. The cytoplasmic 
sheath extends to a considerable length of the axial filament. The part 
of the axial filament surrounded by the cytoplasmic sheath forms the 
main-piece of the tail, and the rest of the axial filament forms the end-piece 
(Pl. IV, Photos. 7 and 8). 

DISCUSSION 

Mitochondria 

The behaviour and fate of the mitochondria is unique and is un· 
doubtedly the most remarkable feature of the spermatogenesis of Nm~ix p. 
piscmor. The mitochondria in the spermatogonia a-re a few fine granules. 
In the spermatocytes they appear as numerous fine granules, forming a 
dense mass in the cytoplasm. 

During the early stages of spermateleosis the mitochondria become 
large and darkly-staining. But in the late stages of spermateleosis the 
mitochondrial granules grow into yellow, ceratinized spheres. They grow 
further and become more ceratinized. Later, they arrange themselves in 
vertical rows to form a tube, extending from a little below the nucleus to t]le 
basal portion of the acrosome. During the final ripening of the spermatozoon 
the arrangement of these mitochondrial spheres in the form of a tube 
breaks down, and the entire mitochondrial material is cast out into the 
lumen of the follicle, making no contribution whatsoever to the sperm 
fonnation. 

In 1111 cases of spermatogenesis, with a few exceptions, the mitochondria, 
whether they form a nebenkern or remain separate, enter into the final 
make-up of the sperm. In the flagellate sperm all or most of the mito
chondrial material forms a sheath round either a part or nearly the whole 
length of the axial filament. In the non-flagellate sperms of the Decapod 
Crustacea (Nath, 1932, 1937 and 1942) and the millipede (Nath and Sharma, 
1952), the mitochondria fuse together to form a vesicle, which fits closely 
into the nuclear cup. 

But in the snake under investigation the mitochondria do not make 
any contribution whatsoever to the final make-up of the sperm. These 
observations of mine are in sharp contrast with those of Ballowitz and 
Retzius (quoted by Wilson, 1925), who have described a mitochondrial 
sheath for the middle-piece of the sperm of the snake, Coluber. 

There are a few well-authenticated accounts of the complete sloughing 
off of the mitochondrial material in spermatogenesis. Such a case was 
first reported by Dingler (1910) in the digenetic trematode, Dicrocoelium 
lanceolatus, where the mitochondria are cast out without forming any sperrn 
component. Dhin..,o-ra (1954, 195-'i and 1955a.) in three digenetic trematodes, 
I soparorchis eurytrenwm, Cotylophoron elongatum a.nd Gastrothylax crumenifer 
has also shown that during spermateleosis the mitochondria are left 
behind in the residual cytoplasmic mass and do not contribute towarde 
the formation of any part of the ripe sperm. Montgomery (1912) 
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in Peripaius has shown a complete sloughing off of the mitochondria 
during the late stages of sperm formation. 

Gatenby (1931) has denied the presence of any mitochondria in the r 1 

middle-piece of Desmognathus fusca.. Seshachar (1943) states that the 
mitochondria are generally absent from the adult urodele sperm. 

Hughes-Schrader (1946) has also described a complete sloughing off of 
the mitochondria in the mature sperm of iceryine coccids. 

Sharma (1950) in the spermatogenesis of the spider, Plexippus paylculli, 
has demonstrated the rejection of the entire mitochondrial contents. The 
sperm consisting of an acrosome, a nucleus and an axial filament just 
wriggles out of the cytoplasm of the cell, which contn,ins the whole of the 
mitochondrial material. 

Nath and Bhatia (1953) described the complete fading away of the 
poorly developed and abnormally situated mitochondrial nebenkern in the 
spermatid ofLepisma domestica. 

Nath and Rishi (1953) in the dragon-fly, Sympetrum hypomelas, have 
described the complete absence of the mitochondrial material from the 
earliest spermatogonia to the ripe sperm, This is an extreme case, and 
,suggests that mitochondria are not essential in spermatogenesis and in the 
final make-up of the sperm. 

Golgi Material 

The Golgi material was not observed in the spermatogonia and the 
-early primary spermatocytes of Nairix. It is seen for the first time during 
the growth of the primary spermatocyte,""' osmiophil or sudanophil granules 
embedded in the mitochondrial mass. In association with these Golgi 
granules are seen distinct hyaline vacuoles with glue-like contents. Only 
ra-rely a Golgi granule is seen without a hyaline vacuole. During the 
primary and the secondary spermatocyte etages the hyaline vacuoles 
develop at the expense of the Golgi granules. In this process the Golgi 
granules completely disappear, and the Golgi material is represented by 
these hyaline vacuoles alone. The hyaline vacuoles from the very outeet 
show a tendency to run together and by the spermatid stage they all fuse 
to form a single hyaline vacuole, whose contente seem to have gone denser, 
·This is the pro-acrosome, which is completely chromophobic and is destined 
to form the acrosome. 

Thus in the spermatogenesis of this snake the Go!gi material is either 
seen as dark granules associated with hyaline vacuoles with glue-like 
contente, or as vacuoles alone. The different techniques tried (F.W.A. 
iron-hoomatoxylin, Kolatchev, Kolatchev iron-hromatoxylin and Sudan 
black) demonetrate the Golgi material admirably. The Golgi material in 
the granular form associated with a hyaline vacuole of glue-like consistency 
is rather unusual. 

Acrosome 

The acrosome in the present material is formed directly from the single 
<Jompletely hyaline pro-acrosome with glue-like consistency, which makes 
its appearance in the earliest spermatid. The entire Golgi material is 
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used up in the formation of this pro-acrosome, which in tum is bodily con
verted into the acrosome. Thus the whole of the Golgi material is consumed 
in the formation of the acrosome and the Golgi remnants are completely 
absent. 

In Naia tripudia'M, studied by the present author, the early spermatids 
reveal in their cytoplasm two or three completely hyaline vacuoles with 
glue-like contents, which later fuse to form a single pro-acrosome in each 
•permatid. Thus in this snake the pro-acrosome is formed a little later 
than in the case of Natrix_ 

In the freshwater turtle, Lissemys pundala, also studied by the present 
a.uthor, a similar type of pro-acrosome is formed. The process of formation 
of this pro-acrosome is also practically the same. 

Risley (1936) in the early stages of the spermatogenesis of turtles 
describes clear hyaline spaces or vacuoles associated with Golgi granules 
and in his figures he illustrates them surrounding the Golgi granules. In 
the spermatid two large vacuoles are present in close association with the 
long centrioie, and Risley is of the opinion that these are formed by the 
enlargement of spaces or vacuoles present in association with the Golgi 
granules. The texture and shape of these vacuoles appear to be identical 
with the hyaline pro-acrosome of glue-like consistency, which forms the 
acrosome in Natrix. At this stage when these two vacuoles appear, Risley 
does not show any Golgi granules, and from this it can be inferred that 
they are used up in the formation of these two vacuoles. According to 
Risley 'one of these, usually the larger, migrates around the nucleus and 
assumes a position at the opposite or anterior end of the nucleus as the 
latter begins to elongate' and is destined to form the acrosome. The 
other vacnole remains at the base of the nucleus and Risley is inclined to 
the view that from this vacuole of Golgi origin is formed the manchette of 
the turtle sperm. 

Chromataid Body 

The chromatoid body appears for the first time in the primary sperma
tocyte. It is seen before the Golgi material makes its appearance. It is 
of large size and is either ovoid or spherical in form. In some primary 
spermatocytes an additional smaller chromatoid body may also be present. 
The chromatoid body is not seen in the secondary spermatocytes and the 
early spermatids. It reappears during spermateleosis just after. the con
densation of the nucleus and the pro-acrosome, but in the living condition 
under phase-contrast it appears also in a few earlier spermatids. When it 
reappears in spermateleosis it is dumb-bell-shaped, but later it becomes 
spherical. Two or three additional very small cltromatoid bodies also 
appear, perhaps as fragments from the main body. During the late stages 
of spennateleosis the chromatoid elements move towards the anterior end 
of the spermatid, and finally disappear. 

The chromatoid body stains deeply in F.W.A. iron-h,matoxylin and 
Bouin iron-hrematoxylin preparations. But in Kolatchev preparations 
stained with iron-halmatoxylin after bleaching with potassium permanga
nate and oxalic acid it does not pick up halmatoxylin stain. It appears 
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yellow, whereas the chromosomes, chromatin and nucleoli take up a deep 
blue stain. 

The chromatoid body does not appear to be Golgi in nature because it 
does not stain in Kolatchev, Aoyama. Sudan black and F.W.A. unstained 
preparations. Also, unlike the Golgi material, it is highly resistant to 
Bouin's fluid and appears very faint in the living condition under phase. 
contrast. Moreover, it makes its first appearance before the Golgi material 
is seen in the primary spermatocyte, and again it reappears in the spermatid 
after the whole of the Golgi material i.• consumed in the formation of the 
pro-acrosome. Nor is the chromatoid body associate<! in any way with 
the mitochondrial material. 

Hence from its reactions to a.H these fixing and staining media coupled 
"ith the study of the living material under phase-contrast the chromatoid 
body appears to be an independent cell structufe having a de novo origin. 
The single' Golgi body' described by Srivastava (1953) appears to me to be 
such a chromatoid body. 

.Nucleus 

A peculiar feature of the spermatid nucleus is the sudden appearance 
of a refractile body with a darkly-staiuing rim, in its centre. In the ripe 
spermatozoon, however, this refractile body is not visible, 

Bowen (1922) describes a similar structure with an intensely-staining 
peripheral ring enclosing a clear or lightly-stained medulla in the spermatid 
nucleus of a pentatomid hemipteran, Murgantia, and calls it the intra
nuclear body. The origin and fate of this body is not clear, but due to its 
almost similar structure to that of the pla.smosome of the spermatocyte in 
the growth period, Bowen is inclined to the view that it most probably 
represents a. true nucleolus or plasmosome and is not of chromatin origin. 

A similar structure has also been found by Gatenby and Beams (1935) 
in the developing and developed bead of the majority of spermatozoa in 
Man and they call it the 'vacuole' or the 'head cavity', This vacuole in 
some cases stains like a nucleolus, but the authors consider it to be only 
doubtfully derived from a nucleolus. They are also doubtful regarding 
the function of this structure, but they think that it may be some kind of 
a hydrostatic organ or even a respiratory vacuole. Retzius (1909) ha.s also 
figured this space or vacuole, a.s quoted by Gatenby and Beams. 

In my view the darkly-staining rim of the refractile body seen in the 
nucleus of the late spermatids of Natrix is nothing but the portion of the 
chromatin which has taken a lead in becoming intensely basophilic. The 
clear area enclosed by the dark rim is the oxyphilic medullary substance 
of the nucleus of the developing sperm. Ultimately in the ripe sperm the 
whole of the sperm nucleus becomes a solid and homogeneous mass of 
basi chromatin. 

Chromatin structure similar in nature to that of the darkly-staining 
rim of the refractile body but in the form of an intra-nuclear rod has been 
observed by Nath and Rishi (1953) in the dragon fly, Sympetrum hypomelas. 
This intra-nuclear rod is at first kinky but eventually straightens up to 
form a straight axial core of the sperm nucleus. 
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Another darkly-staining ring-shaped structure attached to the posterior 
pole of the late spermatid nucleus of N alrix on the inside of the nuclear 
membrane is also in all probability the result of concentration of the 
chromatin. This structure lies close to the centriole and in a fully ripe 
spermatozoon cannot be made out. 

Bowen (1922) in Hemiptera also describes during spermateleosis, on 
the insid" of the nuclear membrane close to the centrioles, a temporary 
concentration of chromatin which in this case is of ovoid form. This 
structure in subsequent stages gradually disappears. Bowen names this 
body as the pseudoblepharoplast because of its constant confusion with 
t-he true centrioles by the previous workers. 
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EXPLA..NA..TION OF LETTERING IN PLATES 

A-Acrosome; A.f-Axia.I filament; C-Centriolei C.b-Chromatoid body; e.g
Chromatin gra.nulos; Cy-Cytoplasmic bleb; E.P-End-piece; 0-Golgi materinl; 
ld' -Mitochondria; M .P-lllain-piece; n-Nucleolus; N-Nucleus; Pa-Pro-a.crosome; 
R.b-Refractile body; R-Ring-shaped structure; S-Hoiiow space. 

EXPLANATION OF FIGURES 

All figures have been drawn at table level with a Beck camera Jucida, 2 mm. 
immersion objective and lOx eyepiece giving a. magnificat.ion of approximately 1,370 
times. 

Unless o~herwise mentioned, all figures have been selected from sectioned material 
fixed in Flemm.ing-without-acetic acid and stained with 0·5% iron-hrematoxylin. 

FIO. I. 

FIG. 2. 

Fra. 3. 

Fra. 4. 

FIG. 5. 

FIG. 6. 

FIG. 7. 

FIG. 8. 

FIG. 9. 
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PLATE I (Natrix p. piscator) 

Spermatogonium, showing a granular centriole and juxta-nuclear ID888 of 
tiny mitochondrial granules. 

Early spermo.t.ocyte with juxta-nuclear mitochondrial mass and a chromatoid 
body. 

Primary spermatocyte with a dense circum-nuclear mitochondrial milSs, two 
chromat.oid bodies and Golgi material in the form of dark granules, mostly 
associated with hyaline vacuoles with glue-like consistency. 

Primary spermatocyte, showing mitochondria, chroma.toid body and Golgi 
grA.nules associated with hyaline vacuoles (Kolatchev iron-hremat.oxylin). 

Primary spermatocyte, showing mitochondria, two chromatoid bodies ond 
Golgi granules associated with hyaline vacuoles (Kolatchev iron-hrema
toxylin). 

Primary spermatocyte with one chromatoid body and a granular centriole 
(Bouin iron-hrematoxylin). 

Secondary spermatocyte, showing sudanophil Golgi granules associat-ed 
with hyaline vacuoles (Sudan black-Thomas, 1948). 

Secondary spermatocyte wit.h Golgi material in the form of granules asso
ciated wit.h hyaline vacuoles and hyaline vacuoles alone (Kolatchev). 

Secondary spermatocyte with mitochondria and the Golgi material repre
sented by two large complet.ely hyaline vacuoles formed by coming 
together of the smaller hyaline vacuoles (Kolatchev iron-hrematoxy.lin). 



FIG. 10. Earliest spermatid, showing the hyaline pro-acrosome with glue-like texture, 
th':t'l mitochondrial mass and the centriole. 

FIG. _11. 
Fro. 12. 

Early spermatid, showing the pro-acrosome and the mitochondrial mass. 
Early- spermatid with mitochondria and tho pro-acrosome. A few mito· 

ch:mdrial granules are seen adhering to the pro-acrosome. 
FIG. 13. Spermatid, showing fine mitochondrial granules-scattered unevenly in the 

cytoplasm-and tho pro -acrosome. 
J?m. 14. Spermatid with the pro-acrosome pressing on the anterior portion of tbo 

nucleus. Mitochondria have become more prominent. 
FIG. 15. Spcr,;natid with mitochondria. st.ill more prominent and the pro-acrosome 

fitting into the nucleus. 
FIG. 16. Pola,: view of the spermatid with the pro-acrosome sunk into the nucleus. 
Fm. 17. Spermatid, showing tho nucleus with a slight depression at its anterior end 

formed by the pro-acrosome and a granular centriole near its posterior 
pole (Bouin iron-hrematoxylin). 

FIGs. 18 to 20. Sperma.tids with prominent darkly-staining mitochondria and tbo 
pro-acrosome fitting into the anterior portion of t.ho nucleus. 

FIG. 21. Spermatid, showing the condensation of the nucleus and the pro-acrosome 
and a dumb·bell-shaped chromatoid body. 

Fm. 22. A later spermatid with a dumb-bell-shaped chromatoid body, 6 cylindrical 
nucleus and a cone-shaped acrosome. Jr-Iitochondria arc aggregated at 
the anterior polo of the cell. 

Fms. 23 and 24. Sperma.tids, each with a spherical chromatoid body. 
FIGs. 25 and 26. Spermat.id.s, oach with 6 dark cylindrical nucleus and a faintly

stained acrosome having a dark granule at its anterior tip. 

PLATE II (Natrix p. piscalor) 

Fm. 27. Sper:natid with two additional small chromatoid elements (Bouin iron
h~ma.toxylin). 

FIG. 28. Sper:natid with lightly-stained nucleus and partly condensed acrosome. 
Fros. 29 to 32. Spermatids, each with faintly-stained nucleus and acrosome. 

MGtochondrial granules converted into yellow spheres are seen growing 
gr()\(iually. 

Fws. 33 to 3G. Spennatids, each with one large and two or three additional small 
chromatoid bodies gradually moving to the anterior polo of the ce11 (Bouin 
iran-hrematoxylin). In these Bouin fixed stages the nuclei stain darkly 
burt tho corresponding stages in Flemming-without-acetic acid preparations 
sh:::~w lightly-stained nuclei. 

FIG. 37. Sperm~tid~ arranged at the periphery of a follicle, showing the chromatoid 
bodies moving towards the anterior pole of the cells {Bouin iron-hrem&.· 
to>yHn). 

FIGS. 38 and 39. Sperma.tids from which the chromatoid bodies have disappeared 
and the mitochondria are being arranged. 

Fro. 40. 1\Iitor.:hondrial spheres have formed a tube extending from the centriole to 
th~ basal portion of the thread-like, dark acrosome but some mitochondrial 
sphoros are still lying outside the tube. 

FIGs. 41 and 4$L Cross-sections of tho spermatid.s, each showing mitochondrial 
sp:'leres arranp.;ing themselves in the form of a ring around the nucleus. 

Fms. 43 to 47. Spormatids, showing mitochondrial spheres arranged in vertical rows 
to form a tube extending from a little below the nucleus to the basal 
pMtion of the acrosome. The spermatid nucleus is of various shapes. 

FIG. 48. Late spermatid with the refractile body in the centre of t,he nucleus. Mito
chondria are still arranged in vertical rows and some of them have grown 
in~ very large spheres. 

FIGS. 49 and 50. Late spermatids, showing the mitochondrial spheres being discarded. 
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PLATE III 

FIGS. 51 TO 70-Nmrix p. piscator; FIGs. 71 TO 75-Naia tripudian11, 
VAR. TYPICA. 

FIG. 51. 
FIG. 52. 
FIG. 53. 

FIG. 54. 

FIG. 55. 

J."'m. 56. 

FIG. 57. 
Fms. fi3 

Fm. 60. 
Fm. 61. 

Fm. 62. 

li'm. 63. 

La.to spermatid with the refractile body in the centre of the nucleus. 
Late spermatid with discarded mitochondrial spheres. 
Very late spermatid, showing the ring-shaped structure at the posterior pole 

of the nucleus. 
Very late spermatid with a thickening at the posterior pole of the nucleu~t 

represent-ing the darkly-staining ring-shaped structure. 
Darkly-staining ring-shaped structure situated at tho posterior pole of the 

very late spermatid. 
Very late spermat.id, showing o. chromophilic acrosome, a chromophobic 

nucleus, a centriole and the axial filament. 
A stilllatir spermat.id. 
and 5!l. Fully ripe spermatozoa, each showing acrosome, nucleus ll!ld a 

port.ion of t.he tail. 
Spermatid, showing precocious development of mitochondria. 
Syncytial mass, showing two spermatid nuclei, t.wo mitochondrinl mn-eses 

and two pro-acrosomes. 
SyncyLiaL m"'l.3S, showing two spermatid nuclei, each having a pro-acrosome 

in it,s concavity. 
Syncytial rna~ of eight spermatid nuclei, ea.ch having n pro-acrosome in it.a 

concavity. 
Fm_ 64. Syncytial m~~s with two darkly-staining cylindrical spenn.atid nuclei, da.rkl_,._ 

staining a.crosomes and two spherical chromntoid bodies. 
Fm. 65. Syncytial ma3S, showing two club-sh:1ped spermatid nuclei wit.h ncrosomes 

and two large and two small chroma.toid element-s. 
FIG. 66. Syncytial ma.ss with two club-shaped spermatid nuclei, each having an 

acrosome, a centriole and an axial filament. The chromatoid clements 
are in tho form of two large and three small bodies. 

Fras. 67 and 63. Spermatids of abnormal spenns, each ~bowing the acrosome and tho 
nucleus (Bouin iron-h~ematoxylin). 

Fro. 69. Abnormal sperm (Bouin iron·hrematoxylin). 
Fm. 70. Synoytia.l mass with degenerating pycnotic nuclei (Bouin iron-hremntoxylir.). 
FIG. 71. Sparm!ltid with three completely hyaline vn.cuolos with gluo-liko consiRt.ency 

represent-ing the Golgi material. 
FIG. 72. Spermll.tid with three completely hyaline Golgi vaeuolns. Two of theRe 

vacuoles lie near each other. 
FIG. 73. Sperma-tid with one largo and one small hyaline Golgi vacuole. 
Fw. 74. Spermatid, showing tho running together of tho hyaline Golgi vncuoleA to 

form the pro-acrosome. 
FlG. 75_ Spe~rma.tid, showing tha pro-acrosome sticking to the nucleus. 

EXPLANATION OF PHOTOMICROGRAPHS 

All photomicrographs are of the living material as studied under Lcit.z Dinlux 
phase-contrast microscope with IOxPeriplanetic eyepiece n.nd 40: I objcctivo 
{Apochrom!\tic dry system), giving a magnification of noo times. Leica camera. WAS 

113ed. All photomicrographs a.re further enlarged four times and are untouched. 
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PHOTO. 1. 
• 

PHOTO. 2. 

PLATE IV 

PHOTOS, 1 TO 8. Natrix p. piscator. 
PHOTOS. 9 AND 10.· Bu1UJa1'U8 C<Erulew. 

Spermatid. showing the pro-acrosome partly sunk into the nucleus. The 
chromatoid body has also reappeared. 

Coil 'a' is the spermatid with the pro-acrosome sticking to the nucleor 
membrane. 
Cell' b' is the sperma.tid, showing tho chromatoid body, cylindrical nucleus 
a.nd the axial filament without any cyt-oplasmic bleb. The rnitoc}Jondrial 
spheres which are not in focus lie scattered in tho cytoplasm. 

PHoTO. 3. Late spermatid, showing tho mitochondrial spheres arranged in vertical 
rows to form a. tube, extending from a. little below t.he nucleus to the basal 
portion of tho acrosome. Tho axial filament and tho distal port-ion of 
the acrosome are soen coming out of t-ho mitochondrial tube. 

'PHOTO. 4. La.te spermatid from which most of the mitochondria.} sphe-res ha.vo been 
discarded and the remaining few aro being sloughed off from the anterior 
end. An ompty cytoplasmic bleb is seen on the nxia.l filament. 

.PHOTos. 5 and 6. Late spermatid, showing empty cytoplasmic blebs on the axial 
filament. 

PnoTO. 7. 11-laturing sperm, showing the Mrosomo, the nucleus and the main-piece of 
the tail. 

PHOTO. 8. A portion of the main-piece and the complete ·Emd-pjece of the maturing 
sponn shown in photomicrograph 7. 

PHOTO. 9. Syncytial mass, showing a pro-acrosome partly sunk in each spermatid 
nucleus. 

PHOTO, 10. Syncytial mass, showing only one spermatid nucleus in focus. The pro
acrosome is completely sunk into this nucleus. 
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SPERMATOGENESIS OF WHITE RAT WITH OBSERVATIONS 
UNDER PHASE-CONTRAST IIUCROSCOPE 

By (M:rss) BALBIR KAUR DHILLON 

(Department of Zoology, Panjah University, Hoshiarpur) 

ABsTRACT 

In this paper spermatogenesis of the white rat has been worked out 
exclusively "ith Flemming-without-acetic and 0·5% iron-hmmatoxylin. 
l'he Golgi elements are granular. Sometimes some Golgi vesicles are also 
s'een. The accessory bodies are some of the extra-idiosomic Golgi granules. 
Neither the nuclear ring nor the post-nuclear cap of other authors has been 
observed during this study. 

INTRODUCTION 

In a previous communication from this department Sharma et al. (1953) 
gave a detailed account of the spermatogenesis in the guinea-pig. According 
tc them, the mitochondria remain scattered throughout the cytoplasm in 
th:e form of fine, lightly-staining granules right up to the late spermatid 
stage. During the final stages of sperm-formation, however, the mito
chondrial granules, which are included in the 'manchetto ', become darkly 
staining. These, by a process of fusion, form bigger and prominent mito
chondrial granules, which ultimately arrange themselves around the axial 
filament to form the middle-piece of the ripe sperm. The rest of the 
mitochondria are sloughed off with the residual cytoplasm. 

The Golgi elements in the early spermatogonia of the guinea-pig exist 
in the form of a juxta-nuclear mass of da.rkly -sta.ining granules, which are, 
however, definitely bigger than the mitochondria. In the fully grown 
spermatogonia, these become spread out throughout the cytoplasm. In 
the primary spermatocyte they begin to show a distinct tendency to come 
together to form bigger granules. Some of these big Golgi granules now 
collect together, and are seen in the 'idiosome'. This latter structure 
is very prominent in the secondary spermatocytes and the spermatids. 

During the division stages all the Golgi elements, like the mitochondria, 
bewme dispersed throughout the cytoplasm. Both the mitochondria and 
the Golgi elements are thus sorted out, more or less evenly, to the daughter 
cells. 

As the process of spermateleosis begins, the idiosome becomes closely 
app'Jed to the nucleus. Most of the Golgi granules in it now begin to fuse 
together gradually till ultimately a single big granule is formed. This is 
situated almost in the centre of the idiosome. Soon after its formation it 
beccrmes surrounded by a clear vacuoJe, which increases in size as the 
idiosome moves towards one side. The single Golgi granule now moves 
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through the vacuole and comes in intimate contact with the nuclear mem· 
brane to form the acrosome. To begin with the acrosome is a small structure, 
but gradually it increases in size and also becomes differentiated into two 
regions-an inner darkly-staining and an outer lightly-staining. The 
acrosome grows in size, the regions of the idiosome with or without the 
Golgi remnants drift back to the posterior side of the nucleus, to be finally 
sloughed off with the residual cytoplasm. 

The so-called 'chromatoid body' and the 'accessory bodies', according 
to Sharma et al. (1953), are merely the Golgi elements, which do not parti
cipate in the formation of the acrosome. 

The'post-nuclear granules' were not observed by Sh!>rma el al. (1953) 
at any stage of spermatogenesis. In some of their Da Fano smears, however, 
deposit of silver was noticed on the posterior part of the nucleus of the 
ripe sperm. The post-nuclear body of Gatenby and Wigoder (1929) is, 
according to Sharma et al. (1953), the dense posterior rebion of the nucleus 
itself and not a separate body. This was confirmed by them by employing 
Feulgen's reagent on smears as well as on sections. 

Sharma et al. (1953) have also described a single protoplasmic bead 
containing a few Golgi elements on the middle-piece of the ripe sperm. 
This, however, is lost while tho sperm is within the epididymis. 

The proximal and distal centrosomes do not divide. The proximal 
centrosome remains granula.r1 while the distal becomes ring-like; after 
travelling down the axial filament the distal centrosome marks the posterior 
end of the middle-piece of the ripe sperm. 

The 'manchette ', according to these authors, is a purely cytoplasmic 
structure in origin, marking the lateral boundaries of the middle-piece. 

Gresson and Zlotnik (1945), working on the spermatogenesis of certain 
mammals, have recorded the following conclusiollB regarding the white rat. 

The mitochondria are granular, and are scattered throughout the 
cytoplasm in the spermatogonia. In the primary spermatocytes they are 
assembled round the localized Golgi material and part of the nucleus. 
Later, they spread out throughout the cytoplasm. The majority of these 
mitochondria take part in tbe formation of the sheath of the middle-piece 
of the sperm, tbe remaining being sloughed off along with the residual 
cytoplasm. 

The localized Golgi material of the primary spermatocyte and the 
spermatid, according to these authors, consists of rods and granules. It 
breaks up during the division stages and is distributed equally to the 
daughter cells. 

In the spermatid, after forming the pro-acrosome, which appears in the 
archoplasmic vacuole, the Golgi material moves to the posterior part of the 
cell, where it divides into two parts. The smaller part forms the argentophil 
granules of the protoplasmic bead and the larger part of the Golgi material 
is eliminated with the residual cytoplasm. The ttcrosome is formed from 
the pro-acrosome and the material in the archoplaBmic vacuole. 

According to Gresson and Zlotnik (1945), the so-c~1led 'accessory 
bodies' arise from the Golgi material of the primary spermatocyte and the 
spermatids. One of these accessory bodies gets attached in the neck region 
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of the sperm. A' residual body' is present in the cytoplasm of the spermatid, 
which is lost in the residual cytoplasm. 

These authors have shown a nuclear ring in the spermatid, which 
makes its appearance first on the nuclear wall on the rim of the depression 
caused by the archoplasmic vacuole on the nucleus. 

They also show a post-nuclear cap, which, according to them, is small 
and is restricted to a narrow region adjacent to the sperm neck. 

The fat globules, which are not formed from the Golgi material, are 
present in the early stages of spermateleosis. After the elongation of the 
spermatid, vacuoles appear in the residual cytoplasm. 

The ripe sperm possesses two centrioles, a proximal rounded one and 
a distal ring-like. The 'manchettc' encloses the cytoplasm, which forms 
the middle-piece of the sperm. When the sperm reaches the epididymis 
the protoplasmic bead moves down the middle-piece and is eliminated. 

Gresson (1950 and l950a) studied the living material of the mouse and 

l
rat under the phase-contrast microscope. In the rat the Golgi material in 
the primary and secondary spermatocytes is made up of thin dark rods and 
filaments surrounding a lighter 11,rea lying against the nucleus. In the mouse 
the Goigi material in secondary spermatocytes is clearer and is more com
monly seen than in the primary spermatocytes. In the smears of the 
testes of the mouse the mitochondria are scattered throughout the cell, but 
the Golgi elements are not identified. 

During the stages of the metamorphosis of the spermatid of the rat 
and mouse, Gresson (1950) has observed the archoplasmic vacuole, the 
pro-acrosome, the developing acrosome, the proximal and distal centrioles 
"'nd the axial filament. The 'manchette' is sometimes faintly visible in 
the late spermatids of the rat. 

Greason has also described two or three spherical bodies, each with a 
thin dark rim in the secondary spermatocytes of the mouse and one such 
body in the vicinity of the distal pole of the nucleus of the spermatids of 
the mouse and rat. These bodies, according to him, arc most probably 
the accessory bodies. 

The living spermatozoon under phase-contrast microscope reveals 
the presence of the acrosome, the post~nuc]ear cap, the ring centriole, the 
mitochondrial sheath and the protoplasmic bead. Gresson is not sure 
whether the granule present in the neck of the sperm is the proximal cen
triole or the accessory body. 

Material and Techniq-ue 

In this paper I have recorded my observations on the spermatogenesis 
of the white rat, RaUus 1WTvegicus Berkenhout, obtained from a dealer in 
Amritsar (Panjab-India). I have used exclusively the technique of fixing 
the material with Flemming-without-acetic acid, followed by 0·5% iron
ha:matoxylin; I have "voided the techniques of silver and osmium 
impregnation, which admittedly form artefacts. I have also examined the 
living cells under phase-contrast microscope and obtained some very 
satisfactory photomicrographs published in this paper. 
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I am grateful to Dr. Vishwa Nath for suggesting this problem and 
correcting the manuscript of this paper. I am also thankful to him and to 
Dr. G. P. Sharma for examining my preparations and for studying the 
living material along \\~th me. My thanks are also due to Mr. Brij L. 
Gupta for taking the photomicrographs. 

OBSERVATIONS 

Fixed and Stained material. 

The spermatogonia in the white rat are small cells, lying near the 
periphery of the follicles (Pl. I, fig. 1 ). The nucleus of the spermatogonium 
is vesicular and occupies most of the space in the cell. The mitochondria 
are very fine, light.Jy.staining granules, which are rmiformly distributed 
throughout the cytoplasm. A very few Golgi granules, bigger than the 
mitochondria, are generally met with. These lie close to the nucleus and 
stain deeply in iron-hrematoxylin. Spermatogonial divisions were not 
observed by me. 

The primary spermatocytes are definitely bigger cells than the sperma
togonia (Pl. I, figs. 2 and 3). The mitochondria, just like those of the sper
matogonia, are scattered throughout the cytoplasm. They arc very fine 
and lightly-staining granules. The Golgi elements have now increased in 
number. Most of them appear in the form of deeply-staining granules; 
but sometimes it is possible to see a vesicle with a chromophilic cortex and 
a chromophobic medulla (Pl. I, fig. 2). 

In the fully grown primary spermatocytes (Pl. J, fig . . 1) a small chromo
phobic area, the idiosome, makes its appearance in the vicinity of the 
nucleus. Some of the Golgi granules get embedded in the idiosome and 
tbns is formed the characteristic Golgi-idiosome complex of the mammalian 
sperm-forming cells. No division stages of the primary spermatocytes 
were seen by me, except that some polar views of metaphase I were observed 
{Pl. I, fig. 4). 

The secondary spermatocytes are comparatively smaller cells tban the 
primary spermatocytes (Pl. I, figs. 5 and 6). By this time most of the Golgi 
granules are embedded in the idiosome, but a few Golgi granules and spheres 
are always found scattered in the cytoplasm. The latter mil be referred 
to hereafter as the extra-idiosomic Golgi granules. The mitochondria 
continue to remain distributed uniformly throughout the cytoplasm. 

It has been noticed that during the second meiotic division the nucleus 
of the cell divides in the usual way, but the division of the cytoplasm may 
be delayed. Nevertheless, the development of the cell-constituents is 
carried on normally (Pl. J, fig. 20). 

The earliest spermatid is a small cell with a smaller and condensed 
nucleus. Most of the Go1gi elements are assembled in the jdiosome, which 
lies at a little distance from the nucleus (Pl. I, fig. i). The mitochondria 
ltre still inactive and remain spread out uniformly throughout the cyto
plasm. 

With the start of spermateleosis the idiosome, with its Golgi granules, 
comes to lie nearer the nuclear membrane (Pl. I, fig. 8). Some of the extra-
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idiosomic Golgi granules also shift nearer the idiosome. The Golgi granules 
of the idiosome now move towards its periphery, and there they fuse to. 
gather to form a uniformly thick, deeply -staining cortex round the chromo
phobic part of the Golgi-idiosome complex. One of the GDlgi granules, 
however, does not shift to the periphery, but remains embedded in the 
centre of the chromophobic idiosomic sphere (Pl. I, fig. 9). This single 
Golgi granule is the pro-acrosome. Soon the Golgi-idiosomic sphere is seen 
closely sticking to the nuclear membrane, so much so, that the lower 
boundary of the sphere thins out and gets flattened (Pl. I, fig. 10). Moan
while, the extra-idiosomio GDlgi granules start drifting away from the 
vicinity of the idiosome to the posterior side of the nucleus. Later, the 
chromophilic wall of the almost spherical Golgi-idiosome sphere breaks 
down at one point; the sphere now closely resembles the sign of interrogation 
(Pl. I, fig. 11). 

Now the single pro-acrosomic granule, which hitherto occupied the 
centr~ of the Golgi-idiosomic sphere, moves out of the sphere, and as it 
does .so, it seems to steal, so to say, a part of the chromophobic substance 
of the sphere. The pro-acrosomic granule with its surrounding chromo
phobe substance now stands out prominently as a structure, distinct from 
the original Golgi-iiliosomic mass, from which it took its origin (PI. I, 
figs. 12 •·nd 13). 

The chromophobic substance round the pro-acrosomal granule soon 
appears to be converted into a. transparent vacuole in the centre of which 
is suspended the pro·acrosomal granule (Pl. I, figs. l4 and 15). The vacuole 
now spreads out, increases in size and exerts pressure on the nucleus. 
Consequently a depression is formed on the nuclear membrane, and the 
vacuole along with its contained pro-acrosomal granule fits into this depres. 
sion (Pl. I, figs. 16 to 19). When the vacuole has increased sufficiently in 
size, the pro-acrosoma1 gra,nule travels down a,nd touches the nuclear 
membrane (Pl. I, fig. 21). As soon as the pro-acrosomal granule touches 
the nucleus, the latter starts growing underneath the vacuole in the form 
of s conical projection with the granule attached at its tip (Pl. I, fig. 22). 

The Golgi-idiosomic remnant lying on the vacuole now starts drifting 
back, and is ultimately sloughed off. The vacuole at its lower margin 
seems to be limited by a definite membrane, which is clearly visible in the 
form of a faintly staining streak all around the conical projection of the 
nucleus (Pl. II, fig. 23) . 

. A.s the transformation of the spermatid into the ripe sperm proceeds, 
the nucleus, with the pro-acrosome and the vacuole attached at its beak, 
begins to elongate (Pl. II, figs. 24 to 27). 

The vacuole now spreads out to cover the anterior region of the elon
gating nucleus. The pro~acrosom.al granule now disa-ppears from view; at 
the same time the contents of the vacuole, which hitherto seemed to be 
wa..tery, now become dense and firn1. Consequently the vacuole begins to 
stain slightly and forms the acrosome (Pl. II, figs. 28 and 30 to 40). The 
acro•ome spreads out considerably a,nd covers almost the whole of the 
hook-shaped nucleus except a small posterior region. Simultaneously 
with these changes, the nucleus begins to elongate and stain homogeneously 
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(Pl. II, fig. 28). With further elongation the nuclear contents seem to get 
more and more condensed, with the result that the nucleus stains deeply 
and homogeneously in the later stages of spermateleosis. 

The extra-idiosomic Golgi granules in the later stages of spermateleosis 
become highly stainable and resistant to the action of acetic acid (Pl. II, 
figs. 24 to 28). Along with these extra-idiosomic Golgi granules the Golgi
idiosomic remnant, now staining very poor1y1 i:3 also present. 

I have seen the axial filament originating from a granular centriole 
(lying on the surface of the nucleus) in an early spermatid (Pl. I, fig. 9). 
Later on, both the proximal and distal centrioles, which are granular, 
make their appearance. The distal centriole then becomes ring-like and 
travels down the axial filament (Pl. II, figs. 29, 32 and 34). It marks the 
posterior extremity of the middle-piece. 

A clearer and denser area of the cytoplasm is differentiated behind the 
elongated and condensed nucleus. This is the 'manchette' (Pl. II, fig. :Jl), 
which marks the lateral bonndaries of the middle.piece. 

The mitochondria are .fine and lightly-staining granules. They remain 
uniformly scattered throughout the cytoplasm up to quite a late stage in 
spermatogenesis, when they start gathering around the axial filament in 
the region of the middle-piece. As these granules lie very close together 
in the middle-piece, they appear to be bigger in size. The anterior and 
posterior ends of the middle-piece are limited by the proximal and distal 
centrioles respectively (Pl. II, figs. 32 tc :J7). 

Quite early in spermateleosis the nucleus of the spermatid gets elongated 
and condensed, and some clear vacuoles make their appearance in the 
cytoplasm (Pl. II, figs. 30 and 31). These vacuoles, later on, coalesce and 
form bigger vacuoles, which are ultimately sloughed off along with the 
idiosome remnant and the extra·idiosomic Golgi granules. 

The residual cytoplasm, when it is to he sloughed off, becomes divided 
into two prominent blebs. One of these blebs is sloughed off from the 
anterior end of the sperm head and the second from the posterior end along 
the axial filament. This process of sloughing off has been seen by me in 
tho fixed as well as in the living material studied under the phase-contrast 
microscope (Pl. II, figs. 38 and 39). 

The mature sperm of the white rat has an elongated and hook-shaped 
·head, a long tail and a very small neck in between them. The head coJlBists 
of a nucleus and an acrosome. The acrosome, in the form of a thin sheath, 
covers almost the whole of the nucleus except a little portion at the posterior 
end. The neck is a very small portion of the cytoplasm connecting the 
head with the middle-piece. The middle-piece is followed by a short 
main-piece in which region the a,x.ial filament seems to be covered by a very· 
thin cytoplasmic sheath. Lastly there is the end-piece, where the axial 
filament seems to be naked. 

Living material muler the Phase-contrast Microscope. 

The ea.rly primary spermatocytes are small cells (Pl. III, photo. I). 
The Golgi elements are granular and are scattered throughout the cytoplasm. 
They appear as dark, refractile granules. The mitochondria normally 
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appear to be very fine granules but, in this cell, they are exeeptionally bigger 
in size. Under the phMe-contrast they appear much less refractile than 
the Golgi elements. Plate I, figure 2 represents the corresponding stage of 
the primary spermatocyte in the fixed material. 

In the secondary spermatocyte the chromophobic idiosome, with the 
Golgi granules embedded in it. is observed near the membrane of the nucleus. 
Some of the extra-idiosomic Golgi granules can also be observed. The 
mitochondria are uniformly distributed. They appear to be slightly 
brownish in colour under the phase-contrast microscope (Pl. III, photo. 2). 

In an early spermatid (Pl. TIL photo. 4 corresponding to fig. 8, Pl. I) 
the nucleus is small and condensed. It lies towards one side of the cell. 
The Golgi granules are embedded in the idiosome," which lies close to the 
nucleus. The Golgi granules in the idiosome are very clearly seen in 
Plate III, photo. 3. The mitochondria are distributed uniformly throughout 
the cell. 
I In a later stage of spermateleosis (Pl. III, photo. 5 corresponding to 
fig. 22, Pl. I) the vacuole o.nd the pro-acrosomal granule were clearly seen 
under the phase-contrast microscope. The margin of the vacuole together 
with the nuclear protrusion have come up as a dark line in the photo
micrograph. The vacuole itself and the pro-acrosomal granule are out of 
focus. The idiosomio remnant (I.r) is present above the vacuole and is 
very prominent. The extra-idiosomic Golgi granules are seen at E.G. 
The mitochondria are uniformly distributed. 

In a still later spermatid the nucleus, with the pro-acrosomal granule 
and the vacuole attached at its anterior end, was seen protruding out. 
T'.ae part of the vacuole protruding out hM come out very well in the photo
micrograph (Pl. III, photo. 6). The lower part of the vacuole and the 
nuclear protrusion are together represented by the thick dark line in the 
photomicrograph. Tho Golgi-idiosomie remnant is also seen. 

The residual cytoplasm, before it is sloughed off, becomes divided into 
two blebs. One of these blebs is sloughed off from the anterior end of the 
sperm head and the second from the posterior side along the axial filament. 
The anterior bleb contains ouly a few of the extra-idiosomic Golgi granules. 
The posterior bleb contains the vacuoles, idiosomic remnants and the rest 
of the extra-idiosomic Golgi granules (Pl. III, photos. 7-10 corresponding 
to figs. 38 and 39, Pl. II). 

Bundles of sperms were seen actively moving under the phase-contrast 
microscope. The parts of a mature sperm have been described earlier 
(Pl. II, fig. 40). Plate III, photos. 11 and 12 represent the head and a part 
of the middle-piece. 

DISCUSSION 

Form of Golgi El-ement• and Acrosome Formation 

The Golgi elements in the testicular material of the white rat are 
invariably in the form of granules. But sometimes a few Golgi vesicles, 
each with a chromophilic cortex 11nd a chromophobic medulla, are also 
seen in the primary and secondary spermatocytes. In the later stages of 
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primary spermatocytes a chromophobic area, the idiosome, with some of 
the Golgi granules embedded in it, makes its appearance. This is the 
Golgi-idiosome complex. 

In late spermateleosis the Golgi-idiosomic complex comes to lie near 
the nucleus. Now the Golgi granules in the idiosomic sphere move towards 
its periphery and form a thick homogeneous cortex. One of the Golgi 
granules, however, does not shift to the periphery, but remains lying in the 
chromophobic mass of the idiosomic sphere. This is the pro-acrosomal 
granule. The lower wall of the sphere, close to the nucleus, thins out and 
ultimately breaks down, with the result that the whole structure assumes 
the form of an interrogation mark. Later the pro-acrosomal granule with 
a small part of the chromophobic mass comes out of the idiosomic sphere 
and lies near the nucleus. 'rhis chromophobic fragment surrounding the 
pro-acrrosomal granule is soon converted into a transp:trent vacuole, and 
grows considerably in size. The pro-acrosomal granule remains suspended 
in this transparent vacuole for some time. As the vacuole grows it depresses 
the nuclear membrane. Later the pro-acrosomal granule travels down and 
touches the nuclear membrane. As soon as it touches the nuclear membrane 
the latter grows underneath the vacuole with the pro-acrosomal granule at 
its tip. Later when the pro-acrosomal granule disappears completely, the 
contents of the vacuole begin to condense; consequent.ly the vacuole now 
begins to take the stain. Ultimately the vacuole forms the acrosome. 

Greason (1942) and Gresson and Zlotnik (1945), working on the sperma
togenesis of the mouse and the white rat respectively, have described the 
Golgi elements as rods and granules lying at the periphery of the idiosome 
(their archoplasm). Grcsson (1942) concludes tha.t 'the Golgi elements 
are, however, small and closely packed together around the archopla.sm, 
making the observatiolls of their shape extremely difficult'. Gresson 
(1950, 1950a), studying the living material of the mouse and the rat under 
the phase-contra.st microscope, has also described the shape of the Golgi 
elements as thin dark rods and filaments surrounding a lighter area lying 
against the nucleus. 

Sharma et al. (1953) have, however, clearly described in the guinea-pig 
that 'the real form of the Golgi apparatus is just granular'. 

In the white ra,t also I have never come across, either in the living 
cells or in the fixed preparations, any Golgi rods or filaments. The form of 
the Golgi elements is always granular in the icliosomic region, although 
vesicles may sometimes be seen in the general cytopln.sm. 

Accessory bodies.-Gresson (1942) describes a Golgi granule in the neck 
region of the very late sperma.tids and in nearly ripe spermatozoa of the 
mouse. He states that rnot only was this substance trn.ced from its origin, 
from the Golgi material which had moved away from the growing acrosome, 
but its appearance and reactions in Champy-knll, Aoyama and Kolatchev 
sections leave little doubt that it is composed of Golgi substance'. Gresson 
and Zlotnik (1945) also describe accessory boclies in the white rat, and state 
that they originate from the localized Golgi material of the spermatocyte, 
and spermatids. 
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Sharma et al. (1953) h~ve interpreted the accessory bodies as those 
Golgi elements which do not participate in the formation of the pro· 
&erosome. l agree. 

Nuclear Ring.-Gresson and Zlotnik (1945) have shown in the white 
rat the p~esence of a nuclear ring. They state that 1the nuclear ring arises 
on the nuclear membrane at the junction between the outer lower m~rgin 
of the archopiasmic vacuole and the nucleus' and is argentophilic. I am 
unable to confirm these observations. 

During my observations of the living as well as fixed material of the 
white rat I have never seen o.ny nuclear ring. However, ~faint margin of 
the vacuole around the nuclear protrusion is visible. Mterwards when the 
vacuole spreads over the nucleus this m~rgin cannot be seen. 

Post-nuclear Cap.-'rhe so-called post-nuclear cap is in reality the 
posterior condensed region of the nucleus, as suggested by Friend (1936). 
This worker describes in the sperms of British Muridae an asymmetrical 
deeply-staining area in the posterior region of the sperm nucleus. He 
tried Feulgen's reagent and found that tllis posterior dense area gave a 
positive reaction. He names this area as the dense posterior region and 
compares its position with the post-nuclear cap of Gatenby. 

Sharma et al. (1953), during their study of the guinea-pig sperm, have 
employed Feulgen's reaction on the smears and have concluded that 'the 
post-nuclear cap is nothing but a pa1t of the nucleus, probably containing 
most of the dense chromatin material'. They have also studied Da Fano 
smears and they claim that 'silver was deposited on the posterior part of 
the nucleus of the sperm '. 

Cemrosomes.-I agree with Gresson and Zlotnik (1945) o.nd Sharma 
et a.l. (1953) that there are two centrosomes, a proximal and a distal. They 
are granular in appearance in the beginning. But, later on, the distal 
centrosome becomes ring-like and shifts to the posterior side, where it· 
forms the posterior boundary of the middle-piece. 
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EXPLANATION OF LETTERING IN PLATES 

A-Acrosome; A.f-Axial filament; 0 1-Proxima.] centriole; 0 2-Distal centriole; 
O.b-Cytoplasmic bleb; G.f1-Chromophobic mo..ss of the idiosome; G.ir-Chromophilic 
mass of the idio3ome; O.v-Cyt.oplu.smic vacuoles; Oil-Chromosomes; E.G.-Ext.ra
idiosomic Golgi granules; G-Golgi elements; !-Idiosome; J.r-IdioEomic remnant; 
M-:r..:litochondria.; Ma-Manchette; M.p-Middle-piece; N-Nucleus; P.g--Pro
acrosoma.l granule; R.c-Residual cytoplasm; V-Vacuole; t-Most probably C2 dis
located during the section-cutting process. 

EXPLANATION OF PLATES I AND II 

All the figures in Plates I and II except Fig. 40 are drawn from tho sect.ioned 
materia.! of ihe testes of the white rat-, which was fixed in Flcmming-without-ncctic 
acid and stained wit.h 0·5% iron-hrematoxylin. Fig. 40 is drawn from a smear fixed 
in F.lV.A. diluted with an equa.l quantity of distiUed water. All .figures have been 
drawn with camera Iucida at the table level using Beck lOx eye-Piece ancl 2 mm. 
oiJ immersion objective, giving a magnification of 1,370 times. 

PLATE I 

Fra. 1. An oarJy spermatogonium. 
FJO. 2. An early primary spermatocyte. 
FIG. 3. Fu!!y gr:1wn prinury sparmatocyW, showing tho chromophobic idioaome 

with the Golgi granules embedded in it. 
Fra. 4. .Metaphase J (polar view). 
FrG. 5. E:uly secon:h.ry ap3:rmatocyt.e, showing idiosome with the Golgi granules, 

extra-jrliosomic Qolgi granult's nnrl vesicle,~. 
FrG. 6. L:1.te ~econrlary spermatocyte with almost all the Golg:i granules embedded 

in tho idlvsomH, 
Fm. 7. An cady spermatid. 
Fw. 8. Spermatid wit.h the idiosome very close to the nuclear membrane. 
Fm. 9. Spermatid, showing the fused Golgi granules of the idiosome fanning the 

de~ply-staining and homo~eneous cortex of the idiosomic sphf'ro. A single 
Golgi granule is seen in the centre of the chromophobic medulla of the sphere. 
Some extra.-id.iosomic Golgi granules along with the lightly-staining and uni
formly distributed mitochondria are also seen. Proximal centriole with the 
axial filament is lying oyer the nucleus. 

Fra. 10. Spermatid with the idiosomic sphere attached to the nuclear membrane. 
The wall of the sphere close to the nucleus is thin and flattened. 

Fra. 11. Spermatid, showing the breaking of the cortex of tho idiosomic sphere. It 
resembles an interrogation sign (i). 

Fras. 12 and 13. Spermatids, representing the separation of some portion of tho 
chromophobic medulla. with the pro-e.crosomal granule from the rest of the 
idiosomic sphere. 

Fms. 14 to 19. Spermatids, showing the t.ransformnt.ion and growth of the spermatid 
chrom:Jphobic mass into a transparent vacuole. The pro-a.crosomal grnnuJo is 
seen lying suspended in the vacuole. Tho vacuole ~rows and comes to lie in 
the deprcs>3ion of the nucleus (FigR. 16, 17 and 18). Fig. 19 is the polar view and 
shows the idiosomic remnant, vacuole and pro-ncrosomnl granule Jying on the top. 

FIG. 20. An undivided secondary spermatocyte, showing an advanced stage of t.bo 
formation of t-ho vacuoles attached in front· of the two nuclei. 

Fro. 21. Spermatid with the pro·ncrosomal granule lying near the nuclear membrane 
in the vacuole. The idiosomic remnant lies on the side of the vacuole and the 
extra-idiosomic Golgi granules lie little away from the idiosomic remnant. 

FIG. 22. Spermatid, showing the beginning of the cone-like projection of tho nucleus 
into the vacuole with pro-acrosomal granule at its tip. 
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PLATE II 
FIG. 23. Spermatid, showing an advanced stage of the protrusion of the nucleus with 

the pro-acrosoma.l granu1e at its tip. The margin of the vacuole ie also seen 
Mound the nuclear protrusion. 

Fws. 24 to 26. Spermatids, showing the elongation of the nucleus with tho pro
. fl.CfOf'.lomal granule and tho vacuole at· the tip. The axial filnment with the 
proximal centriole is seen in £gures 24 and 26. The Golgi remnants e.re 
seen in figures 25 and 26. Tho ex:tra-idiosomic Golgi granules are present 
in all figures from 24 to 26. 

FIG. 27. Sperma.t.id, showing curvature in the nucleus. The v~tcuole and pro-acrosomal 
granule attached to the t.ip of the nucleus. The proximal centriole, axial 
filament, extra-idiosomic Golgi granules and idiosomic remnants are also seen. 

Fm. 28. Spermatid, showing elongated nucleus with acrosome. 'l'he nucleus takes 
up light and homogeneous stain. It also shows proximal and distal granuJe.r 
centrioles with tho axial :filn.ment, ididsomic remnant and extr.a·idiosomic Golgi 
grenhles. 

FIG. 29. Spel'Illatid, showing elongated and deeply-staining nucleua, proximal rormded 
and distal ring· like centriole o.nd rpcial filament. 

FIG. 30. Spermatid, showing shea.th-likC acrosome and a big vacuole. 
FIG. 31. Sponnatid with elongated, curved and dense nucleus, acrosome, ma.nchette 

a.nd Vacuoles. 
Fms. 32 to 34. Spermat.ids, each showing the elongation of the cytoplasm of the cell. 

In st.ages 33 and 34 mitochondria are gathering near the axial filament. 
Fros. 35 to'37. Spermatids, each showing hook-shaped nucleus, acrosome, middle. 

pieco and residual cytoplasm with a vacuole and e:xtra-idiosomic Golgi granules. 
In Fig. 37 axial filament at the end of the middle-piece is also visible. 

FIG. 38. Sperm, showing two blobs, one being sloughed off from the anterior end ~d 
small one on tho middle-piece. 

Fro. 39. Sperm wit.h anterior bleh about. to be slou!!hcd 'off. 
Fto.. 40. Maturo s~rm. 

EXPLANATION OF PHOTOMICROGRAPHS 

AU the photomicrographs were taken with a. Leica camera -and Leit-z Dialux phase. 
contrast microscope, eit.hor under 2 mm./1•32 oil immersion or a 40: I {Apo('hromat.ic 
dry system) objective an"d 10 X Poriplana.tic eye·pieco, Sivirg 3 magnificat-ion of 1,125 
times or 500 times respective'y. All t-he photomicrographs are flll'ther enlarged four 
times and are untouched. ~ 

PLATE III 

Pbot,omicrograph I. Early primary Apermat.oeyte, showing the Golgi granules dis
tributed throughout the cyt-oplasm. 'l'he mitochondria e-re 
exceptionally bigger in size. 

2. Secondary spennatocyte, reprcsent.ing t.he coming together of 
the Golgi granules into tho chromophobic mass near the 
nuclear membrane. 

Phot-omicrographs 3 and 4. Spermatids, showing the idiosome with t-he Golgi granules. 
They aro very clear in photo_ 3. In photo. 4 idiosomic cotn· 
plex is t-ouching the nuclear membrane. 

Photomicrograph 5. Sponnat.id, showing idiosome remnant, e:xl.ra-idiosomie Golgi 
gra.nulos and margin of the vacuole. The nuclear protrusion 
with pro-acrosoma.l granule Md the vacuole are not in focus. 

6. Spermatid, showing the nucleus· with t.he Yacuolc and pro. 
acrosoma.J granulA. Vacuole is projecting forward and appears 
shaded due to tho different focus. The idiosornie remna-nt 
is lying behind t.he nucleus. 
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Photomicrographs 7 to 10. Photomicrographs 7 and 9 show two blebs on each of t.he 
sperms. Tho anterior bleb shows some extra-idioeomic 
Golgi granules. The posterior bleb of photomicrograph 7 
shows idiosomic n'lmnant, extra-idiosomic Golgi granules and 
vacuoles. Photomicrograph 9 shows a small bleb with 
idiosomic remnant on the middle-piece. Photomicrograph 8 
represents single posterior bleb with very prominent idio
somie remnBnt and vacuole. Photomicrograph 10 showing 
anterior bleb only. 

Pbotornicrogrnph ll. Enlarged head of the sperm with very clear acrosome. 
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12. :Mature sperm showing nucleus, acrosome, neck a.nd middle
piece. 
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SPERMATOGENESIS OF THE DOMESTIC DUCK WITH 
OBSERVATIONS ON LIVING MATERIAL UNDER THE 

PHASE-CONTRAST MICROSCOPE 

By BRIJ L. GUPTA 

(Department of Zoology, Panjab University, Hoohiarpur) 

ABsTRACT 

The spermatogenesis· of the domestic duck has been studied in the 
fixed material, and the living material under the phase-contrast microscope
Some of the important conclusions are: (a) the acrosome is formed directly 
by 'the hyaline pro-acrosome, which, in turn, is formed by the direct fusion 
of all the Golgi granules and spheroids in the earlier stages; (b) the Golgi 
eleluents differentiate, for the first time, from the mitochondria in the 
secilndary spermatogonium; (c) a chromatoid body is present in all the 
stages of spermatogenesis but it is sloughed off in spermateleosis without 
contributing anything to the mature sperm. 

INTRCDUGTION 

Very few cytologists appear to have paid any attention to the avian 
spermatogenesis. Although Brunn (1884), Guyer (1909, a and b), and 
Miller (1938) have studied the process of sperm formation in birds, none of 
them has paid any special attention to the cytoplasmic components of these 
cells. Zlotnik (1947), who worked out the spermatogenesis of domestic 
fowl, seems to be the only worker to have devoted himself to the study of 
the cytoplasmic inclusions in avian sperm cells. 

In this paper Zlotnik describes the Golgi material in the form of' a 
localized body, composed of rods and granules which lie on the surface of 
the archoplasm'. In the spermatid 'the Golgi material moves away from 
the nuclear membrane, revealing a clear area-the archoplasmic vaeuole 
wMch is closely applied to the anterior pole of the. nucleus'. The formation 
of the conical acrosome ia described from the pro-acrosome which, in turn, 
originates 'within the archoplasmic vacuole inside the Golgi material of the 
spe>matid '. The Golgi material, after the acrosome formation, migrates 
to the residual cytoplasm and is eliminated as the Golgi remnant. 

Zlotnik also describes one or more 'accessory bodies' taking a deep 
s-tai~ in chrome-osmium preparations and believes that they originate from 
the Golgi materiaL In the spermatids of Aoyama-fixed preparations he 
describes one or more. argentophil granules, homologous with 'accessory 
bodies'. He has named them as 'Golgi-X'; but he could not identify them 
in ahrome-osmium preparations. One of the 'Golgi-X' is shown to take 
its ]!Osition at the base of the nucleus of the mature sperm:. 
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The present paper on the spermatogenesis of the domestic duck is the 
first of the series which the author intends publishing on the subject of 
avian spermatogenesis. 

This work was carried out in the Department of Zoology, Panjab 
University, Hoshiarpur. My grateful thanks are due to Professor Vishwa 
Nath for suggesting me this problem, for his special interest and encourage
ment during the course of the investigation, and for going through the 
manuscript of this paper. I also wish to express my sincere thanks to 
Dr. G. P. Sharma for his useful suggestions. 

MATERIAL AND TEOHNIQUE 

The testes of tho domestic duok were dissected out from the anima] 
killed by chopping off its bead, and were placed in Ringer's llnid. Very 
small pieces of the testicular tissue were fixed in various fixatives like 
Flemming-witbout-acetic (both normal strength and diluted), Champy, 
Bonin and Sanfelice, the last two being used as control. Kolatchev method 
of osmication, with preliminary fixation in Champy and post-osmication 
in 2% osmic acid solution for three to silt days at 37'C, sudan black method 
(Thomas, 1948) and Aoyama's silver nitrate techniques were used for the 
specific study of the Golgi material. Champy-kull's acid-fuchsin technique 
for mitochondria and the Feulgen's reaction for desoxyribose nucleic acids 
(D.N.A.) were also tried. 

Paraffin wax was employed for embedding the tissue and sections were 
cut at 5 to 8 micra in thickness. Heidenhain's iron-haematoxylin was used 
for staining the sections. 

Champy-haematoxylin, Kolatchev, sudan bla.ck and Feulgen gave the 
most satisfactory results. My observations are based mostly on Champy
haematoxylin preparations, as they present a clear picture of all the cell 
inclusions without introducing any artefacts. 

Special attention was paid to the study of the living material under 
the phase-contrast microscope. Ringer's fluid (Darlington and La Cour, 
1947) was used as the liquid medium for vital studies. 

0BSERV ATIONS 

Spermatogonia.-There are two categories of spermatogonia in the 
domestic duck, primary and secondary. The primary spermatogonium is 
a comparatively small cell with a nucleus showing fine chromatin granules 
and a few large chromatin nucleoli in the nucleoplasm (PL I, fig. 1). The 
Cytoplasm reveals a few greyish granules, the mitochondria, and quite a 
large chromophilic body, the chromatoid body, generally surrounded by a 
clear space. The chromatoid body is highly resistant to acetic acid and 
takes up a very deep haematoxylin stain in Sanfelice and Bonin preparations 
(PL I, fig. 2). It is completely osmiophobic in Kolatchev and Champy 
unstained preparations. Nor does it stain with sudan black. It can very 
easily be made out in the living cells under the ordinary microscope. Under 
the phase-contrast it appears as a pale body in sharp contrast with the dark 
Golgi bodies, which appear at a later stage (PL III, fig. 60). 
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The secondary sperma,togonium is a larger ceU, with a larger vesicular 
nucleus (Pl. I, fig. 3). In addition to the chromatoid body the cytoplasm 
now shows quite a prominent juxta-nuclear mass of mitochondrial granules 
with a few larger dark granules, the Golgi elements, lying amongst them. 
The Golgi elements appear to be differentiated for the first time from the 
mitochondria of the secondary spermatogonium. Both the Golgi and the 
mitochondrial granules increase in number and become ciroumnuclear in 
their disposition at "'later gonia! stage (Pl. I, fig. 4). 

The fine mitochondrial granules become evenly distributed in the 
cytoplasm during the final gonia! division, with the Golgi elements scattered 
amongst them (Pl. I, fig. 5). A faintly staining, fibrillar spindle a.ppears 
between the two granular centrosomes (Pl. I, fig. 6). The single large 
chromatoid body is seen generally lying away from the spindle area, which 
is also devoid of Golgi bodies a,nd the mitochondria. Judging from the 
fact that the two daughter cella resulting from a gonia! division always 
poss~ss each a chromatoid body, the chromatoid body seems to divide into 
two during every gonial division; but the actual division has not been 
observed by me. 

Spermatoeytes.-The earliest primary spermatocyte is about the same 
size as the secondary spermatogonium. Both the Golgi elements and the 
mitochondria form a dense juxta-nucle!>r mass a.t this sta.ge (Pl. I, fig. 7); 
also a large round or oval chromatoid body is always present. With the 
onset of the meiotic prophase, however, the Golgi elements and the mito
chondria begin to disperse; one Golgi granule has already separated from 
the juxta-nuclear mass at the synizesis stage (Pl. I, fig. 8). 

During the growth period, which follows the synizesis stage, the cyto
plasm of the cell grows considerably in volume. The mitochondria slowly 
disperse, and ultimately become evenly distributed throughout the cyto
plasm of the pachytene spermatocyte (Pl. I, figs. 9, 10, 13 and 14). The Golgi 
granules increase in number and also become dispersed in the cytop!Mm. 
Some of the Golgi granules appear to grow into spheroids, which may now 
show a duplex structure with an osmiophilic externum and an osmiophobic 
internum in both the Kolatchev and Champy preparations (Pl. I, fig. 12). 

ln. the living spermatocytes, under the phase-contrast microscope, also 
the Golgi elements are in the form of discrete granules and spheroids, 
appearing dark and shining against the dull eveuly distributed mitochondria. 
Some of the bigger spheroids occasionally show a double structure, with a 
dark cortex surrounding a light medulla. 

The chromatoid body may show a slight degree of fragmentation in 
some of the cells in the diplotene stage as figured in fig. 15, Pl. I. 

With the advent of metaphase I the nuclear membrane is dissolved a.nd 
a comp!tratively small, fibrillar spindle appears between the two centro
somes (Pl. I, fig. 16). The mitochondria and the Golgi elements remain 
dispersed throughout the cytoplasm in all the later stages of meiosis I 
(Pl. I, figs. 16 to 18). The single chromatoid body of the earlier spermato
cytes divides into two and each of them is seen lying on either side of the 
cell (Pl. I, fig. l7). During telophase one of the chromatoid bodies moves 
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to the other pole of the cell, and consequently each of the two secondary 
spermatocytes receives a single chromatoid body (Pl. I, fig. 18). 

Some syncytial cytoplasmic masses can generally be seen with two or 
four nuclei in the various stages of meiosis (Pl. II, fig. 19). These stages 
do not appear to be abnormal in any way, and lead to the formation of 
normal spermatozoa. 

The secondary spermatocyte is a much smaller cell than the fully grown 
primary spermatocyte~ with a smaller ex~centric nucleus revealing a numb~r 
of chromatin nucleoli at the resting stage (Pl. II, figs. 20 to 22). The 
mitochondria, which have a tendency to come together at the earlier stage 
(Pl. II, fig. 20), become evenly distributed in the cytoplasm of the late 
secondary spermatocytes (Pl. II, figs. 21 and 22). The Golgi granules now 
show a tendency of coming together and forming larger spheroids, some of 
which may show a duplex structure (Pl. II, fig. 20), and consequently 
become fewer in the later stages. They, howeverJ show no localization, 
whatsoever, up to the late spermatid stages. The chromatoid body may be 
single (Pl. II. fig. 21), or it may consist of two smaller bodies formed by the 
division of the originally single body (Pl. II, fig. 22). 

The distribution of the cytoplasmic components in meiosis II is similar 
to meiosis II (Pl. I, fig. 23). 

Spermat.eleosis.-The spermatid is a comparatively much smaller cell 
with a spherical nucleus (Pl. II, fig. 24). Tn the earlier stages the nucleus 
reveals a number of fine chromatin nucleoli in the nucleoplasm (Pl. II, 
figs. 24 to 41; Pl. III, fig. 61), but after the acrosome has been formed the 
nucleus becomes cylindrical and shows lightly staining chromatin bands 
(Pl. III, fig. 44). With fmther advance in the process of sperma.teleosis 
the nucleus becomes more chromatic and it also becomes elongated. But, 
as the cytoplasm does not grow correspondingly, the nucleus becomes coiled 
up and shows various configurations (Pl. III, figs. 45 to 49). Gradually the 
cytoplasm also elongates and the deeply staining, coillltl nucleus becomes 
straightened up, bearing a conical acrosome at its tip (Pl. III, figs. 49 and 
50). The cytoplasm now begins to move downwards along the nucleus 
and is later sloughed off. The nucleus contracts slightly during the middle. 
piece formation and also loses its staining capacity (Pl. III, figs. 56 to 58). 

The Golgi elements of the earliest spermatid are in the form of discrete 
deeply staining granules of varying size lying amongst the mitochondria 
(Pl. II, fig. 24). These Golgi granules show a distinct tendency of coming 
together and forming larger granules or spheroids, the latter revealing a 
duplex structure in both Champy and Kolatchev preparations (Pl. II, 
figs. 28 and 29). A little later these Golgi granules and spheroids become 
localized on one side of the nucleus, presumably the anterior side (PI. II, 
fig. 30), and gradually fuse together to form a large round or oval chromo. 
philic body-the pro-acrosome (Pl. II, fig. 31). It appears that all the Golgi 
elements take part in the formation of the pro-acrosome, as no Golgi remnants 
could be located in any of the late spermatid stages studied in Kolatchev, 
Champy unstained and sudan black preparations. In the living material 
under the phase.contrast microscope also, no Golgi remnants could be 
detected. 
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This single large pro-acrosome, which is chromophilic to begin with, 
attaches itself to one side of the nucleus, and is now seen to have a prominent 
chromophilic cortex and a chromophobic medulla (Pl. JI, figs. 32 and 33). 
Gradually the pro-acrosome is transformed into a completely chromophobic, 
hyaline vacuole having glue-like consistency (Pl. II, fig. 38). It will thus 
appear that in this process of transformation of the pro-acrosome into the 
vacuole the chromophobic substance appears to grow at the expense of the 
chromophilic externum, which, becoming less and less stainable, ultimately 
<lisappears completely (Pl. II, figs. 34 and 35). 

The hyaline pro-acrosome now begins to grow and becomes quite h;rge 
(Pl. II, figs. 35 to 39). It is very prominent and appears like a vacuole in 
the living spermatids under the phase-contrast microscope (Pl. III, fig. 61). 
During all these stages the pro-acrosome remains applied to the nuclea.r 
membrane at its anterior aspect. In later stages it exerts a pressure upon 
the nuclear membrane, which it depresses slightly (Pl. II, fig. 40). 

The chromatoid body may be seen lying quite close to the pro-acrosome 
in some spermatids, but this is purely accidental. 

A little later the hyaline pro-acrosome becomes triangular and contracts 
in size to form the acrosome directly (Pl. II, fig. 41; Pl. III, figs. 42 and 43). 
A deeply-staining granule now appears at the apex of the acrosome triangle. 
During the earlier stages of the elongation of the nucleus, the acrosome is 
quite short and faint, but becomes conical and pointed later on (Pl. III, 
figs. 45 to 48). When the nucleus is straightened up the condensation of 
the acrosome starts from the dark granule at the tip of the acrosome and 
proceeds downwards (Pl. III, figs. 51 to 55). The acrosome of the mature 
sperm becomes cylindrical and takes up a deep stain (Pl. III, fig. 59); it 
is hardly distinguishable from the nucleus in the living sperm (Pl. HI, 
fig. 62). 

In the early spermatids the mitochondria are in the form of fine granules 
distributed evenly in the cytoplasm (Pl. II, fig. 24). They generally remain 
uniformly distributed till the nucleus begins to elongate but sometimes 
they become aggregated (Pl. II, figs. 25, 38 and 39). 

When the nucleus of the spermatid elongates, the mitochondria show 
an increase in the size of the individual granules. Judging from the 
appreciable decrease in the number of mitochondrial granules, this seems to 
be brought about by a process of fusion of smaller granules (Pl. III, figs. 
47 to 53). In some cases, however, the fusion of mitochondrial granules is 
precocious (Pl. II, figs. 31, 35 and 40; Pl. III, fig. 43). 

As the mitochondrial granules Me growing larger, a clear space appears 
in the cytoplasm around the axial-filament, just at the base of the elongated 
nucleus (Pl. III, fig. 54). This space, which is triangula-r to begin with, 
becomes elongated 11nd narrow, and surrounds almost the whole of the 
intra-cellular portion of the axial filament (Pl. III, figs. 55 and 56). This 
space marks the boundaries of the future middle-piece. A little later, when 
the nucleus loses its chromaticity, the mitochondrial granules .bodily enter 
this clear space around the axial filament and form the middle-piece of the 
mature sperm (Pl. III, figs. 57 and 58). All the mitochondria take part in 
the formation of the middle-piece, as no remnants have been seen in the 
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residual cytoplasm. "rhe middle-piece of the mature sperm is compara- ~ 
tively small, and is mulberry-shaped (Pl. III, figs. 59 and 62). 

The single centrosome of the early spermatid divides into two at a 
later stage, but being granular they become lost to view amongst the mito- .. 
chondria. But, once, the axial filament has appe"red, the two centrosomes 
can be easily seen (Pl. IT, fig. 27). A little later the proximal centrosome 
takes up its position just below the nucleus (Pl. II, fig. 41) and, with the 
elongation of the latter, becomes embedtled in its posterior end. It cannot, I 
be made out now as the nucleus takes up a deep stain; but later when the \.. 
nucleus loses its staining capacity, the proximal centrosome can be seen at 
the posterior tip of the nucleus (Pl. III, fig. 56). The distal centrosome, 
which also retains its granular form, gives rise to a thin and long extra-
cellular axial filament, which is in continuation with the intra-cellular axial 
filament of the earlier spermatid (Pl. II, fig. 41 ). The distal centrosome 
forms the lower limit of the middie-piece in later stages (Pl. HI, figs. !57 
to 59). 

The nucleus of the mature spermatozoon is naiTow and cylindrical and 
stains lightly in sectioned Champy-fixed material, but stains deeply_ and 
homogeneously with Feulgen. It is also shorter in length than the nucleuH 
of the earlier spermatids. The acrosome is short and cylindrical, takes a 
deep-stain in fixed material, but is hardly distinguishable from the nucleus 
in the living material under the phase-contrast. The middle-piece is small, 
mulberry-shaped, and tapers towards the posterior end. The axial filament. 
is thin and long (Pl. Ill, figs. 159 and 62). 

DISCIJSSIOX 

(a) Golgi elementa.-The Golgi elements are in the form of discrete 
sudanophil and osmiophil granules in the secondary spermatogonia, the 
spermatocytes and the early spermatids of the domestic duck. In later 
stages these Golgi granules show a tendency of coming together and forming 
larger granules or spheroids, some of which may show a duplex structure 
with chromophilic cortex and chromophobic medulla in both the fixed ancl 
the living material. In the spermatids these Golgi granules and spheroids 
fuse together to form a single chromophilic round or oval pro-acrosome. 
This attaches itself to the anterior aspect of the nucleus and is gradually 
tranaformed into a completely chromophobic hyaline vacuole, which la.ter 
directly forms the acrosome. 

Zlotnik (1947), using maiuly Aoyama's silver nitrate technique, des
cribes the Golgi elements during the spermatogenesis of the domestic fowl 
'in the form of a localized body, composed of rods and granules which lie on 
the surface of the archoplasm'. This localized Golgi material, according 
to Zlotnik, becomes dispersed into a numher of rods and granules during 
the maturation divisionR but again hecomes localized after ea.ch such 
division. 

It has been repeatedly pointed out by Nath (19«, 1955) and Baker 
(1949, 1953) that the silver nitrate and long osmication methods for 
demonstrating the Golgi elements tend to introduce artefacts and do not 
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present a life-like picture of the various cell constituents. My observations 
With Champy-hromatoxylin, sudan black and even Kolatchev methods, 
always revealed the Golgi elements in the form of discrete granules and 
spheroids, the latter occasionally showing a duplex structure. The Golgi 
material invariably appears in this form in the living material under the 
phase-contrast microscope. Thus it appears that the dense, localized form 
of the Golgi material, as described by Zlotnik, may be due to the excessive 
deposition of silver and osmium hydroxide in the cells. 

Zlotnik (1947) also describes in the domestic fowl a more or less mam
malian type of acrosome formation. The pro-acrosome in the domestic 
fowl originates, according to Zlotnik, 'within the archoplasmic vacuole 
inside the Golgi material of the spermatid', presumably as a secretion 
product. This pro-acrosome along with the vacuole forms the acrosome, 
while the Golgi material is eliminated. 

In the clomestic duck, on the contrary, it will be recalled that the vacuole 
that appears during the process of acrosome formation, unlike the archo
plasmic vacuole of Zlotnik, is formed directly from the large pro-acrosome, 
which in turn has been earlier formed by the direct fusion of the Golgi 
elements. Consequently there are no Golgi remnants. 

The details of acrosome formation in the domestic duck are very 
interesting. The hyaline vacuole-like pro-acrosome first becomes trian_,oular. 
A dark granule now appears at the tip of the acrosomal triangle before the 
nucleus begins to elongate. The condensation of the acrosome in the later 
stages starts from this granule and travels downwards. This granule, 
however, cannot be homologized with the pro-acrosome of the fowl: it 
merely represents a feature in the ripening of the pro-acrosome into the 
acrosome. 

Regarding the origin of the Golgi elements in the present material, it 
seems that the Golgi granules, which appear for the first time in the 
secondary spermatogonium, are differentiated, like the 'Presubstance' of 
Hirsch (1939), from the mitochondria. Some of these Golgi granules fuse 
to form spheroids which, like the' Golgi system' of Hirsch (1939), show each 
a. chromophilic 'extemum' and a. chromophobic 'intemum '. The chromo
philic part of the Golgi elements, however, is also transformed into the 
chromophobic substance of the pro-acrosomal vacuoles during the acrosome 
forma,tion. 

(b) Chrorn/ltoid body.-A single large, round or oval body, which stains 
deeply in Champy-hrematoxylin preparations, is seen in the spermatogonia, 
the spermatocytes and the spermatids of the domestic duck. This body 
di\C'ides into two at the time of the cell divisions and consequently a single 
body is always passed on to a daughter cell. It does not contribute any
thing to the structure of the mature sperm, as it is sloughed off with the 
restidual cytoplasm during the concluding stages of the spermateleosis. 

The chromatoid body stains deeply in Champy-hrematoxylin prepara
tions, is highly resistant to acetic acid, and takes up a deep acid fuchsin 
stain in Champy-kull preparations. It does not go black in Aoyama, 
Kolat9hev and Champy unstained preparations; remains unstained in sudan 
black; appears pale in the living cells under the phase-contrast; and finally 
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it fu Feulgen negative. Thus it is strictly homologous with the so-called 
'Golgi body' described by Srivastava (1953) in the slug, Vaginula, and 
discussed by Nath and Chopra (1955), and by Sud (1955) in the snake, 
Natrix p. piscator. 

(c) Mitochondria and Centrosomes.-The general behaviour of the 
mitochondria, nucleus and the centrosomes is similar to their behaviour in 
the domestic fowl as described by Zlotnik (1947). The mitochondria, 
however, appear as fine granules up to the late spermatid stages of duck 
and are not large and spheric~! as described by Zlotnik in fowl. 
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EXPLANATION OF LETTERING IN PLATES 

A-Acrosome; A.f-Axia.l-filam.ent; C-Centrosome; 0 1-Proximal centrosome; 
0 2-Distal centrosome; Ch-Chromosomes; C.b--Chromatoid body; G-Golgi element.e; 
M-Mitochondria.; M.P-Middle-piece; m.p-Main-piecc; N-Nucleus; n-Nucleolus; 

,.. Pa-Pro-acrosome. 

EXPLANATION OF FIGURES AND PLATES 

The figures 1 to ll9 havo been drawn from Champy-h::emo.toxylin preparations, 
except where otherwise mentioned; wit.h a Spencer 1·8 oil immersion objective, JOx 
ocular And Beck Camera Iucida. The figures have been drawn at table level, giving 
a total magnification of a.pproxi.rrl.ately I, 7 50 times. 
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Figures 60 to 62 are the photomicrographs of the Jiving material taken by a Leiea 
camera undef Leitz Dialux phase.contrast microscope, with a 40 : I (Apochromatic 
dry system) ·objective a.nd 10 X Perip1anatic oye-pieee, giving a magnification of 500 
times. The photomicrographs were furt.her enlarged 4 times and are untouched. 

Plate I 

FIG. 1. P,rimary Spermatogonium showing a large chromatoid body and fine ·mit-o· 
chondrin. 

Fm. :2. Primary spermatogonium showing the chromatoid body ·(Sanfelice-hrema· 
' toxylin). 

Fms. 3. and 4. Secondary spermatogonia showing Golgi clements, mitochondria and 
the chromatoid body. 

FIG. ·5. Polar view -of gonia! metaphase. 
FIG. 6. Side-view of gonin.l telophase. 
Fm. 7. Earliest primary spermatocyte showing the juxta-nuclear mass of the 

mitochondria and the Golgi elements; and the cbromatoid body. 
FIG. 8. :Primary spermatocyte during synizesis stage. 
FIGS. 9, ~lO and 13. Primary ·spermatocytes durjng the growth period, showing the 

/ growth and dispersal of t.he Golgi elements and t.he mitochondria. 
FIG. iJ.I.I Primary spermatocyte showing the chromatoid body (Bouin-hrematoxylin). 
FIG. 12. Primary spermat.ocyte from Kolatchev preparation, showing the Golgi 

granules n.nd spheroid and osmiophohic ·chromatoid body. 
FIG. 14. Fully grown primary spermatocyte in pachytene stage. 
Fro. 15. Primary spermatocyte in diplotcno stage, showing the fragmentation of the 

chrorna.toid body (Sa.nfelice~hrematoxylin). 
FIG. 16'. Metapho.se I, side·Vi{}W. 
FIG. 17. Metaphase I, side-view showing two chromatoid bodies. 
FIG. 18. Side-view of the telophase I, showing one of the chromatoid bodies moving 

to the other pole. 

Plate II 

FIG. }9. Syncytium showing four primary spermatocyte nuclei in leptotene stage. 
FIG. 20. Early secondary spermatocyte showing partially aggregated mitochondria. 
Fro, 21. Late secondary sporma.tocyte showing fully dispersed mitochondria and the 

Golgi elements, and the chromatoid body. 
FIG. 22. Late secondary spermatocyte with two chromatoid bodies. 
FIG. 23. Side-view of the metaphase II. 
FIGg. 24 a.nd 25. Early spermatids. 
FIG:26. Spermatid showing the chromatoid body (Sanfelice-hrematoxylin). 
FIG. 27. Spermatid showing the proximal and the distal centrosomes with an intra

cellular axial-filament, and the Oolgi granules coming togct.her. 
F10. 28. Spermatid showiilg a large Golgi spheroid with a duplex structure, and a few 

smaller Golgi granules. · 
FIG. 29. Spermatid from the Kola.tcheV' preparat,ion showing osmiophobic chromatoid 

body. 
FIG. 30. Spermatid from the Kolatchev preparation showing all the Golgi element·S 

coming together to form tho pro-acrosome. 
FJ:o. 31. Spermatid showing a large ovoid chromophilic pro-acrosome. 
Fm. 32. Spermatid with the pro-acrosome applied to the nucleus and revealing a 

duplex structure. 
Fra. 33. Same as in fig. 32, from a KoJatchev preparation. 
Fxas. 34 to 39. Sperma.tids showing the growt.h of the hyaline pro-acrosome. 
FIG, 40. Spermatid showing the hyaline pro-acrosome pressing upon the nuclear 

membrane. 
Flo. 41. Late spermatid showing the triangu]ar pro-acrosome, two centroaomes and 

the axia.l-fila.ment. 
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Plate III 

Fms. 42 and 43. Late aperma.tids showing the pro-acrosome forming the acrosome. 
Fm. 44. Late spermatid wit,h a. cylindrical nucleus bearing a lightly staining acrosome 

at it.s tip. 
Fms. 45 and 46. Late sperma.tids showing the elongo.tion. and coiling of the nucleus 

and the partia-lly condensed triangular acrosome. 
Fras. 4 7 to 50. Late spermatids showing straightening of the nucleus and the elonga

tion of the cytooplasm. Axial-filaments are also clear. 
Fms. 51 to 63. Late spermatids with the cytoplasm drifting downwards along the 

nucleus. 
Fro. 54. Late spermatid showing a clear triangular space appearing below the nucleus. 
FIG. 55. The clear space has elongated. 
FIG. 56. Very lato spermatid showing the fully condensed acrosome; the nucleus loses 

its chromaticit.y. 
Fms. 57 and 58. Very late spermatids showing the mitochondria entering the clear 

space t.o form the middle-piece. Chromat.oid bodyrema.insin the cytoplasm. 
FIG. 59. Fully mature spermatozoon. 
FIG. 60. Photomicrograph of tho living primary spermatogonium showing the 

chromatoid body. 
FIG. 61. Photomicrograph of tho living spermatid showing the hyaline pro-acrosome, 

mitochondrial granules and the cbromatoid body. 
FIG. 62. Photomicrograph of the living sperm. 
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VOLW.IETRIC STUDIES IN OXIDATION-REDUCTION 
REACTIONS 

VI. OXIDATION WITH CHLORAMINE-T IODINE CYANIDE METHOD 

By BALWANT SINGH and KRrsnAN GRANDER Soon 

(Department of Chemist,ry, Panjab University, Boshiarpur, Panjab, 
India) 

Lang's iodine cyanide method (1922) is based on titration with iod~te 
in the presence of hydrogen cyanide, the iodate being quantitatively con
vbrted into iodine cyanide. By using iodine monochloride as a preoxidi~er 
a~d catalyst, it is possible to replace the iodate by any other oxidizing agent 
~hich rapidly and completely causes the formation of iodine cyanide in the 
volumetric estimation. 

In the present investigation an attempt has been made to use chlora
mine-T as an oxidizing agent for the volumetric determination of potassium 
iodide, hydrazine sulphate, arsenious oxide, stannous chloride, mercurous 
chloride, potassium thiocyanate and ferrous ammonium sulpha.te by the 
iodine cyanide method using starch as an indicator. These substances 
react with chloramine-T in the presence of iodine monochloride, hydrogen 
cyanide and hydrochloric acid in accordance with the follo"~ng equat-ions:-

KI+CH3C6H4S02N(Na)Cl+IC1+2 HCN 
= KC1+2 ICN+NaC!+CH3C6H4S02NH2 

N2H4+2 CH3C6H4S02~(Na)Cl+!Cl+HCN 
= HCl+ICN +N2 +2 Na.C1+2 CH3C6H4S02NH2 

As20 3 +2 CH,C6H4SO,N(Na)CI+2 H20+ICI+HCN 
= As20 5 +ICN +HC1+2 NaCI+2 CH3C6H4S02NH2 

SnC12+CHsC6H4S02N(Na)CI +HOI+ICI+ HCN 
= SnCI4 +ION +Na.CJ+CH3C6H4S02NH2 

Hg2CI2 +CH3C6H4S02N(Na)CI+HCI+ICI+HCN 
= 2 HgC12+ICN+NaC!+CH3C6H4S02NH2 

KCNS+3 OH3C6H4S02N(Na)CI+4 H 20 +ICI 
= KHS04 +ICN+HCI+3 NaCI+3 CH3C6H4S0 2NH, 

6 FeS04+3 CH3C6H.S02N(Na)Cl+5 HCl+ICl+HCN 
= 2 Fe,(S04)s+2 FeCl3+ICN +3 Na.CI+3 CH3C6H4S02NH2 

EXPERWENT.AL 

A known amount of each su bst<>nce was transferred to a conical fiask 
and 5 ml. of 0·5 M iodine monochloride, 12 mi. of 0·5 M potassium cyanide 
solution, a few drops of starch solution and sufficient hydrochloric acid to 
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keep the normality at about IN were added to it. The mixture was titrated 
against standard chloramine-T solution. The reagent was added from a 
burette. The titration was carried to the discharge of the iodine-starch 
blue colour, which appeared at the beginning of titration. Several 
titra.tions were performed in each case. From the volume of the chlora
mine-T solution used, corresponding to the end point in each titration, the 
amount of the substance was calculated. The results are recorded in 
Tables I to VII. From these results it is concluded that potassium iodide, 
hydrazine sulphate, arsenious oxide, stannous chloride, mercurous chloride, 
potassium thiocyanate and ferrous ammonium sulphate can be determined 
volumetrically by the iodine cyanide method using chloramine-T as an 
oxidizing agent in presence of iodine monochloride. 
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KI taken. 

g. 
0·1246 
0·1496 
0·2074 
0·2656 
0·3322 

N 2H 4.H2S04 

taken. 

g. 
0·0326 
0·0586 
0·0878 
0·1043 
0·1206 

As20 8 

taken. 

g. 
0·0741 
0·0893 
0·1238 
0·1590 
0·1980 

TABLE I 

Potassium Iodide 

O·lON chloramine-T 
used. 

ml. 

15·00 
18·00 
25·00 
32·00 
40·00 

TABLE II 

Hydmzine Sulphate 

O·lON chloramine-T 
used. 

ml. 

10·00 
18·00 
27·00 
32·10 
37·00 

TAm.» III 

A1·seni.ou8 Oxide 

0·10N chloramine-T 
used. 

ml. 

15·00 
18·10 
25·00 
32·10 
40·00 

KI found. 

g. 
0·1245 
0·1494 
0·2075 
0·2656 
0·3320 

N 2H 4.H2S04 

found. 

g. 
0·0325 
0·0586 
0·0878 
0·1044 
0·1204 

As20 8 

found. 

g. 

0·0742 
0·0895 
0·1236 
0·1588 
0·1978 



TABLE IV 

Stanno1UJ Chl<Jride 

SnCl2.2H20 O·lON chloramine-T SnC!2.2H20 
taken. used. found. 

g. ml. g. 

0·1130 10·00 0·1128 
0·2032 18·00 0·2031 
0·3048 27·00 0·3046 
0·4068 36·00 0·4062 
0-4740 42·00 0·4739 

TABLE v 
M ereuroo• Chloride 

> Hg2012 O·lON chloramine-T Hg2Cl2 

1 \ 
taken. used. found. 

g. ml. g. 
0·3543 15·00 0·3541 
0·4255 18·00 0·4249 
0·6376 27·00 0·6374 
0·7560 32·00 0·7554 
0·9449 40·00 0·9443 

TABLE VI 

Potassium Thiocyanate 

KCNS 0·10N chlora.mine-T KCNS 
taken. used. found. 

g. ml. g. 

0·0162 10·00 0·0162 
0·0290 18·00 0·0292 
0·0<124 26·00 0·0421 

~ 

0·0585 36·00 0·0583 
0·0731 45·00 0·0729 

TABLE VII 

FeTTous Ammonium Sulphate 

O·lON 
FeSO,.(NH,).S04.6H,O chloramine-T FeSO,.(NH4).S0,.6H20 

ta.ken. used. found. 

g. ml. g. 
0·2748 7·00 0·2745 
0·4708 12·00 0·4706 
0·6670 17·00 0·6667 
0·7880 20·10 0·7882 
0·9806 25·00 0·9804 
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SUMMARY 

Chloramine-T has been used as an oxidizing agent for the volumetric 
determination of potassium iodide, hydrazine sulphate, arsenious oxide, 
stannous chloride, mercurous chloride, potassium thiocyanate and ferrous 
ammonium sulphate by the iodine cyanide method using starch a.a an 
indicator. Iodine monochloride wa.a used as a preoxidizer and catalyst in 
these volumetric estimations. 
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J AMPHIBIAN SPERMATOGENESIS 

I. THE SPERM OF FROG 

By G. P. SHARMA and K. K. SEKHRI0, Department of Zoology, Panjab 
University, H oshiarpur 

iNTRODUCTION 

The male germ cells of amphibians have been the subject of investigation 
since perhaps the beginning of cytological research. But, strange as it 
would appear, no attention has so far been paid to the detailed study of 
spermatogenesis in the common frog, Rana tigrina, which is considered to be 
the most convenient principal type all over India. In order, therefore, to 
fill up this gap one of us (K.K.S.) prepared some slides of the testicular 
material of this species and these were studied independently as well as 
jointly by both of us. The present paper is an account of these studies. 

PREVIOUS WORK 

In the present century Retzius (1906) seems to be the first worker who 
described two deeply staining basal bodies-the centrioles, lying side by 
side in the neck region of the sperm of Rana e.sculenta. In Rana temporaria 
Broman, as stated by Wilson (1947), finds a distinct middle-piece, containing 
n, distal and a proximal centriole, and in Rana mugiens this bas a spiral 
envelope. The mitochondrial sheath is quite conspicuous in Rana jWJco 
(Bromo.n, 1907) while it is small and rounded in Rana nigromacuktta (Morita, 
1928). 

The most outstanding work on the family Ranidoo is tho.t of Champy 
(1913) who has given a very exhaustive account of the spermatogenesis of 
practically all the groups of amphibia. Unfortunately the cytologists at 
that time were under the influence of the erroneous interpretation of the 
Golgi apparatus as the Golgi-Holmgren canals and Champy, being no 
exception" to that, has actually described it as such. In spite of this 
Champy'e work has been considered as epoch-making with respect to am
phibia. 

Recently Galiano (1948) has also worked on Rana esculenta but the 
observations made by this author are confined to the spermatids and the 
immature spermatozoa only. 

MATERIAL AND TECHNIQUE 

The frog, Rana tigrina, is very common all over India. The specimens 
for this in'testigation were collected from the ponds and water reservoirs 
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situated near the Pan jab University College, Hoshiarpur. The males can 
be easily distinguished from tbe females as they are characterized by the 
presence of highly developed thumb pads and vocal sacs, especially during 
the breeding season, i.e. from June to August. It is, however, quite difficult 
to obtain frogs from November to M:arch, when they undergo hibernation. 

The animal was pithed alive and the testes were dissect.ed out imme
di:>tely. The testes of frog are a pair of white ovoid bodies. Each of these 
is about half an inch long, lying immediately ventral to the anterior end of 
the kidney to which it is attached by a fold of peritoneum. It was very 
commonly observed that one of the testes was much larger than the other. 

Small pieces of the testicular materi:>l were instantaneously transferred 
to the following fixing Jluids:-(i) Bouin, (ii) Flemming, (iii) Flemming
without acetic, (iv) Champy, (v) Champy-kull, (vi) Altmann, (vii) Kolat
chew with Nassonow's modification and (viii) Aoyama. The best prepara
tions were, however, obtained with Bouin (3-6 hours), Champy (20 hours) 
and Altmann (24 hours). 

Paraffin method of embedding was employed in all the cases and the 
sections were cut 4-6 microns thick. These were mostly stained with 
0·5% iron hrematoxylin. 

For the detection of mitochondria, staining with Altmann's hot acid 
fuchsin technique gave good results. 

Smears proved very helpful for the study of mature sperms as sectiollB 
hardly revealed the isolated sperms distinctly, the sperms by the time they 
attained maturity being always clumped together in bundles and ttttached 
to the sertoli cells. 

Double staining with acid fuchsin and methyl green was also tried for 
distinguishing the structure of the nucleus and the middle-piece in the ripe 
sperm but these stains were found to be temporary, quickly vanishing after 
being mounted in canada balsam. 

It will not be out of place to mention here that many a time the material 
was found to be tinged with the colour of the fixing reagents in spite of 
overwashing. This caused a great handicap for successful staining. 
However, by resorting to bleaching with 5% oxalic acid and 1% potassium 
permanganate, very encouraging results were obtained. 

OBSERVATIONS 

Primordia,! germ cells.-The primordial germ cells, from which the 
spermatogonia are differentiated, are very small, somewhat rounded cells, 
situated on the periphery of the seminiferous tubules (Plate I, Fig. 1). In 
each of them there is a vesicular nucleus shmving two or more deeply 
staining nucleoli. In their cytoplasm can be frequently found a very small 
juxta-nuclear mass of fine granules which appear greyish after the iron 
boomatoxylin stain. These are most probably the mitochondria.. Amongst 
these one can also easily distinguish two or more deeply staining bigger 
granules which are undoubtedly the Golgi elements. 

Primary spermatogonia.-In figure 2 (Plate I) is shown a very early 
primary spermatogonium which possesses all the characteristics of the cell 
just described except that it is slightly bigger in size. 
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Polymorphism.-The late primary spermatogonia surpass in size all the 
other cells in the testis, frequently attaining a diameter of 301' (Plate I, 
Figs. 3 to 10). In contour they are nearly spherical but in sections they 
exhibit the polygonal outline presumably due to the pressure of the 
adjoining cells. The character which first arrests attention in these cells is 
the form of the nucleus. It is sometimes spherical but is commonly very 
irregular, being frequently crescentic, reniform or dumb.bell-shaped. In 
some cases it is in the form of two or more lobes reaching a climax when the 
major portion of the cell is occupied by a very large multilobed nucleus. 
Such nuclei are the 'polymorphic forms' described by a number of earlier 
workers in the amphibian testis (Plate I, Figs. 3 to 10). 

The late primary spermatogonia, on account of their large size, stand 
out in sharp contrast with the surrounding elements. Most of them, as we 
have just stated, show the polymorphic type of nucleus, the internal struc
ture of which is more or less the same irrespective of the character of its 
surface.; In all cases, the nuclear membrane is distinct as it takes up the 
hoomatoxylin stain deeply. Internally the nucleus reveals a somewhat ill
defined 'linin reticulum, suspended in which there is a varying number of 
small masses of chromatin. This, of course, depends upon the nature of the 
fixatives employed, appearing somewhat homogeneous with Cha.mpy and 
Aoyama but in Bonin's fluid it is precipitated in the form of a very fine 
network. The nucleoli are the only elements which are sufficiently constant 
under the most diverse reactions. Their number is quite variable and it 
seems to depend upon the degree of polymorphism. One can say as a general 
rule that there is a large nucleolus in each lobe of the nucleus. 

A .very interesting feature regarding the structure of the nucleolus is 
that in most of the cases two very small nucleoli are attached to the principal 
nucleolus with the result that this feature usually becomes diagnostic for 
the prima.ry spermatogonia (Plate I, Fig. 3). 

One also frequently observes the nucleoli dividing. The nucleolus is 
first drawn out like a dumb. bell and the two portions, sometimes unequal, 
often remain joined by a thick filament of viscous appearance (Plate I, 
Fig. 4). This filament ends by being broken and disappearing subse- · 
quently. 

It is noticed that in those primary spermatogonia in which the nucleus 
is bilobed or kidney-shaped (Plate I, Fig. 5) the cytoplasm enters like the 
finger of a glove .right into the middle of the nucleus. Consequently a sort 
of canal is formed which is termed as the 'internuclear canaliculus' ·by the 
earlier workers. Very often there is a small nucleolus pressed against the 
blind extremity of this canal. What exactly is the function of this, is very 
difficult to say, but it has been suggested'that it serves for the establishment 
of a relation between the cytoplaSm. and the nucleus whereby an active 
exchange of substances can.easily take place between the two. 

The mitochondria . and the Golgi elements which generally remain 
scattered uniformly throughout the cytoplasm (Plate I, Figs. 3 and 4) may 
become aggregated in one or more groups near the· nucleus when it becomes 
polymorphic (Plate I, Figs. 5 and 6). The Golgi bodies are stained jet-black 
in uon hrematoxylin whereas the mitochondria either do not stain at all or 
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become just greyish. The Golgi elements are essentially granular, more 
often forming the major portion of the juxta-nuclear mass. Very rarely 
a big Golgi granule may reveal a duplex structure with a chromophilic 
cortex and a chromophobic core (Plate I, Fig. 4). The mitochondria are 
of varying sizes, ranging from dust-like granules to bigger ones (Plate I, 
Fig. 6). 

Most of the earlier workers have interpreted the polymorphic form of 
the nucleus as a result of amitosis. We have, on the other hand, observed 
that the two lobes of the nucleus are very often quite unequal (Plate I, 
Fig. 11). These are gradually separated from each other (Plate I, Fig. 12) 
and it is sometimes seen that the smaller one gets disorganized to be sub
sequently absorbed in the general cytoplasm (Plate I, Fig. 13). 

Several gradations of the separation of the equal lobes of tbe nucleus 
are also met with (Plate I, Figs. 14 and 15). It is, however, quite likely 
that these equal lobes may in reality be the nuclei themselves of different 
generations of spe~mat<>gonia, which are formed after a normal process of 
mitosis with this difference only that the division of the cytoplasm has been 
delayed due to some reason or the other. In figure 16 (Plate II) are 
shown two daughter cells (secondary spermatogonia), just formed. The 
intervening cell membrane seems to cut through the nucleus and it may be 
interpreted as a sort of amitotic di>ision but a glance at figure 21 (Plate II) 
will leave no doubt that it is simply an illusion. We are, therefore, of the 
opinion that the separation of the nuclear lobes simply leads to their 
degeneration and that no amitosis in the real sense of the word takes place 
in the primary spermatogonia. 

The rounded form of the nucleus seems to be a prerequisite for the 
formation of the prophase chromosomes as the latter make their appearance 
only in those cells which have regular spherical nuclei (Plate II, Fig. 17). 
The Golgi elements and the mitochondria in them take up a very faint 
stain and are scattered throughout the cytoplasm. In figure 18 (Plate II) 
is shown the prometaphase stage of a primary spermatogonium in which 
the chromosomes are seen arranging themselves at the equator of the spindle. 
At each pole of the spindle is a small deeply staining granule-the centro-
some. A polar >iew of the metaphase is represented in figure 19 (Plate II). ( 
The chromosomes here are very large and of various shapes. In the telo-
phase (Plate II, Fig .. 20) the two groups of chromosomes have reached their 
respective poles. Mter this, the two daughter nuclei are reconstituted and 
separated by a cell membrane (Plate II, Fig. 21). The resulting cells 
are the secondary spermatogonia. 

Secondary and later spermatogonia.-The secondary and later sperma
togonia are usually grouped in cysts each of which contains the descendants 

. of perhaps only one primsry spermatogonium. As the account given 
already for the primary spermatogonia equally applies to these also, it will 
be sufficient to give here only the points of difference. In the first place 
the secondary and later spermatogonia never show polymorphic nuclei and 
secondly they are much smaller. Their size, of course, varies according to 
the number of generations by which they are removed from the primary 
ones. 
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In form, they are usually angular on account of compression. Roughly 
speaking they may have a conical or a pyramidal shape, the base of the cone 
or pyramid facing outwards towttrds the cyst wall (Plate II, Figs. 22 and 23). 

The Golgi elements are localized on one side of the nucleus in the form 
of a cap. They have the same characteristics as in the primary sperma
togonia. 

The mitochondria are small greyish granules of varying sizes. They 
are interspersed not only in the juxta-nuclear mass formed by the Golgi 
elements but also uniformly throughout the cytoplasm. Here a-nd there 
the mitochondrial granules align themselves to form small filaments which, 
in extreme cases, even anastomose with one another. Due to this aggre
gation these take up more stain (Plate II, Fig. 22). 

Primary sperma.tocyte.-Mter the period of multiplication bas come to 
an end the cysts are closely packed with small cells in a condition of rest 
and these riow, without any further division, become transformed into much 
larger cells-the primary spermatocytes. The period during which this 
change takes place is the 'growth period'. 

A very interesting feature which makes itself felt is that there is a 
seriation of stages and the different stages succeed one another in regular 
groups. The whole cyst is in a particular state and the others in some other 
state. This synchronism is presumably due to the fact that all the elements 
of spermatogenesis in a particular cyst evolve at the same time. 

The primary spermatocyte resembles in all essential characteristics 
the secondary spermatogonia described already excepting the difference in 
size of the nucleus and that of the cytoplasm (Plate II, Figs. 24 and 25). 
The nucleus in them is quite big and vesicn!ar and cont"ins two or more 
nucleoli scattered in a somewhat granular background. 

Most of the Golgi elements in the primary spermatocyte occur a-s a 
crescentic mass closely applied to the nuclear membrane while the mito
chondria appear in the form of granules scattered all over the cytoplasm. 
However, even the mitochondria show a greater concentration, very often 
in the form of filaments, in the region of the Golgi mass (Plate II, Fig. 24). 
In extreme cases the mitochondrial filaments, formed, of course, by the· 
alignment of mitochondrial granules, assume the form of an anastomosing 
mesh-work which completely envelops the Golgi mass (Plate II, Fig. 25). 

Even after the advent of the prophase changes in the nucleus for the 
first meiotic division (Plate II, Figs. 25 to 27) the juxta-nuclear mass of the 
mitochondria and the Golgi elements remains as such till the end of the 
zygotene stage (Plate II, Fig. 28) when the nucleus reveals a typical bouquet. 
During the pachytene stage (Plate II, Figs. 29 and 30) the juxta-nuclear 
maas breaks up and its constituents, the mitochondria and the Golgi 
clements, gradually start becoming circum-nuclear till by the diakinetic 
stage (Plate II, Fig. 31) they are all uniformly spread throughout the 
cytoplasm. In figure 32 (Plate II) is shown the side view of the first meta
phase stage in which the chromosomes are arranged on the equator of the 
spindle. They lie so closely crowded together that their exact number and 
forms are hardly revealed. During the telophase stage (Plate II, Fig. 33), 
when the process of nuclear reconstruction is going on, a few deeply staining 

149 



granules appear at the equator of the dividing cell. These granules constitute 
the so-called mid-body. 

Secon<!n,ry spermatocyte.-The secondary spermatocyte which is formed 
as a result of the first meiotic division is much smaller in size than the 
primary. It is characterized by a homogeneously and lightly stained 
nucleus, showing no visible internal structure (Plate II, Fig. 34). In the 
cytopla~m the granules do not repose in a definite mass but are scattered 
all over, usually in a circum-nuclear position, The Golgi elements are in 
the form of deeply staining granules while the mitochondria, taking up the 
usual greyish hue, are just tiny particles. 

Mter a short period of interkinesis the nucleus undergoes the usual 
changes and at metaphase II (Plat-e II, Fig. 35) the chromosomes can be 
seen arranged at the equator of the achromatic figure. No definite count 
of these chromosomes can, however, be made as they are somewhat fused 
with each other. The metaphase II differs from the first not only in the 
size of the cell but also in that of the chromosomes which are distinctly 
smaller in the former. 

Later on the two groups of chromosomes move apart and after reaching 
the corresponding poles of the spindle get resolved into two distinct nuclei 
(Plate II, Fig. 36) and the two daughter cells, thus formed, are undoubtedly 
t.he spermatids. 

Spermatid and its metamorphosis.-The earliest spermatid is a small 
more or less rounded cell with a faint, homogeneously stained nucleus 
(Plate II, Fig. 37). The cytoplasmic components, at this stage, are never 
localized to form a juxta-nuclear mass. Of these the tiny mitochondrial 
granules take up the usual greyish tinge and are spread uniformly throughout 
the cytoplasm. Distributed haphazardly amongst these a,re a few small 
deeply staining Golgi elements. This is, so to say, a resting sta.ge for the 
spermatid but as there are very few cysts having cells in this condition it 
seems to last for a very short time. 

With the initiation of the period of transformation of the spermatid 
into the spermatozoon the Golgi elements start showing a distinct tendency 
towards close grouping (Plate II, Fig. 38). As a result of this are formed 
bigger Golgi granules which in their turn fuse to form st-ill bigger Golgi 
grannies (Plate II, Fig. 39 and Plate III, Figs. 40 and 41 ). Even these big 
Golgi granules do not show any differentiation into the externum and the 
internum. One of these big Golgi granules now comes towards the nucleus 
and before it starts moving anteriorlY one can also observe near it two more 
fine and sharply staining granules (Plate II, Fig. 39). As an axial filament 
can be clearly seen originating from them there can be no doubt that these 
are the centrosoines. They mark the posterior end of the cell. 

The big Golgi granule which gradually moves away from the centro
somes (Plate II, Fig. 39 and Plate III, Figs. 40 to 42) ultimately takes up 
its position at the anterior end of the nucleus diametrically opposite the 
centrosomes (Plate III, Figs. 44 and 45). This Golgi granule may be 
termed as the proacrosome. 

In the meantime one of the two centrosomes also moves towards the 
nucleus. This is the proximal centrosome. As it fuses completely with 
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the posterior end of the nucleus (Plate III, Fig. 42) it becomes increasingly 
difficult to trace accurately its later history. It, however, seems to gruw 
to form a rod-like structure (Plate III, Figs. 43 to 45). The other centro
some which is now the distal also grows much bigger in size. It finally 
ta!<:es up the form of a ring which in sections very often appears as a crescent 
(Plate III, Figs. 42 to 52). 

During all this time the mitochondria do not undergo any visible change 
and remain scattered evenly throughout the cell. 

The proacrosome now begins to press against the nuclear membrane 
(Plate III, Fig. 45) and thus it seems to lie in a depression at the anterior 
end of the nucleus (Plate III, Fig. 46). Up to this stage the proacrosome 
has heen taking up an intense stain but now it becomes differentiated into 
an outer chromophilic cortex and an inner chromophobic core. Generally 
the proacrosome is very intimately connected with the anterior end of the 
nucleus (Plate III, Fig. 48) but sometimes it may even lie free in the cyto-

' plasm (Plate III, Fig. 47). The latter condition is, however, rare. 
' The proacrosome at the stage shown in figure 48 (Plate III) appears 

to be in the form of a vacuole with glue-like contents under the phaee 
contrast microscope. 

From now onwarde the nucleus begine to etain intensely but the pro
acrosome can still be clearly differentiated from it (Plate III, Fig. 49). 
This proacrosome is then directly transformed into a triangular acrosome 
the base of which is completely fused :with the anterior end of the nucleus 
(Plate III, Figs. 50 to 53 and Plate IV, Figs. 54 to 56). At the apex of the 
triangular acrosome can also be made out a deeply staining acrosomal 
granule (Plate III, Figs. 51 and 62 and Plate IV, Figs. 55 and 56). 

Simultaneously when these changes are going on some of the mito· 
chondria reveal a distinct tendency to collect together around the axial 
filament between the ring-like distal centrosome and the rod-like proximal 
centrosome which, as we have stated already, fuses with the posterior end 
of the nucleus. Thus, is formed a very small faintly staining middle-piece 
intercalated between the distal centrosome and the nucleus (Plate III, 
Figs. 52 and 53 and Plate IV, Figs. 54 to 56). 

The deeply staining nucleus now begins to elongate in the antero
posterior direction and the cytoplasm consequently recedes gradually 
(Plate IV, Figs. 54 to 62). This retreating cytoplasm contains all those 
mitochondria and the Golgi elements which have not been consumed in the 
formation of the middle-piece and the acrosome respectively. Large 
vacuoles probably of some oily nature can also be clearly observed in the 
residual cytoplasm which moves slowly down the axial filament to be. 
finally cast off in the lumen ofthe teatis. 

During the process of elongation of the nucleus the staining capacity 
of the acrosome, the nucleus and the middle-piece increases so much that 
they all take up a homogeneously dark stain (Plate IV, Figs. 57 to 62). It 
is, therefore, impossible to make out these structures separately unless, of 
course, tJ:ese cells are destained heavily. 

Ripe sperm.-A fully mature sperm is a long structure composed of a 
de~ply staining head and a vibratile tail. Normally there is no demarcation 
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of the acrosome and the middle-piece from the nucleus as all these parts of 
the sperm take up a homogeneously dark stain but when the sperm is 
thoroughly destained or is studled alive under the phase contrast microscope 
it reveals a slightly elongated triangular acrosome with a deeply staining 
acrosomal granule at its tip, situated at the anterior end of the nucleus and 
a small middle-piece just behind the nucleus. The anterior boundary of 
this short middle-piece is marked by the rod-like proximal centrosome and 
the posterior by the ring-like distal centrosome (Plate IV, Fig. 63). 

The sperms are usually clumped together in bundles forming parachute
like structures. 

DrsousSION 

Golgi elements.-In the primordial germ cells and the early primary 
spermatogoni<t of the common frog, Rana tigrina, the Golgi elements are 
seen as two or more deeply staining gr~tnules in the juxta-nuclear mass of 
fine, dust-like mitochondri<t. Mterwards, however, these small Golgi 
elements grow bigger in size and their number also increases considerably. 
Some of the fully grown Golgi elements at this stage may also reve~tl a 
duplex structure with a chromophilic cortex and a chromophobic central 
core. Though the Golgi elements may sometimes be seen distributed 
uniformly throughout the cytoplasm of the growing primary spermatogonia 
yet they show a distinct tendency to collect near the nuclear lobes. 

In the secondary and later spermatogonia and the primary spermato· 
cytcs the Golgi elements are not only fewer in num her but also smaller in 
size and they occupy the major portion of the juxta-nuclear mass. In the 
late prophase of the first maturation division they seem to break up into 
still smaller bodles which are distinguished from the fine mitochondria only 
with great difficulty. These are presumably sorted out more or less evenly 
to the two daughter cells. 

In the secondary spermatocytes the Golgi elements which are now 
circum-nuclear in position are distinctly smaller bodies. During the second 
maturation division they are again distributed, more or less evenly, to the 
two spermatids, thus formed. 

It will, therefore, be seen that the Golgi elements in the sperm· forming cells 
of Rana tigrina are essentially granular but with the growth and differentia
tion of the cells some of them at least may reveal a duplex structure with a 
chromophilic cortex and a chromophobic central core. The Go!giapparatus, 
when originally discovered by Camillo Golgi (1898), was described in the 
form of a close network. During the early stages of this discovery the 
subject was coufUl!ed by the claim of Holmgren (1902) that the apparatus 
was identical with a system of clear canals 'trophospongium' which he had 
observed in many cells. Cajal (1908) added still further to this confusion 
by referring to the Golgi nets as the Golgi-Holmgren canals. 

Champy (!913), while working out the spermatogenesis of " large 
number of amphibians, was completely misled by this erroneous homology 
of Cajal. His attention was drawn towards such networks and canals 
over the nucleus but on account of the faulty technique he could not get a 
real picture and so made only a passing reference to these. l:Ie, thus, 
evaded the wider issues involving the real structure and the important role 

!52 



which the Golgi apparatus plays in the course of spermatogenesis and this 
is the only loophole in his otherwise marvellous and epoch-making work in 
the field of amphibia. As has been shown earlier by Sharma et al (1953) 
the Golgi-nets, -crescents, -dictyosomes, -batonettes and -rods, etc., are all 
artifacts formed as a result of the faulty technique and by the alignment of 
the granular Golgi elements which are overcrowded in the juxta-nuclear 
mass of fine mitochondria. 

Acro.some.-It will be recalled that we described the Golgi elements in 
the earliest spermatid of Rana tigrina as a few small, deeply staining granules, 
scattered here and there in the cytoplasm. Soon they reveal a distinct 
tendency to come together and thus by a process of coalescence a big Golgi 
grannie called the proacrosome is formed. This now begins to travel 
forward in close relation with the nucleus and nltimately takes up its 
position at its anterior end. The final position of the proacrosome is, 
therefore, diametrically opposite the centrosomes which retain their original 
' position at the posterior end of the nucleus. McGregor (1899), however, 

feels convinced that in Amphiuma it is the acrosomal vesicle which remains 
in its original position while the centrosomes migrate from the anterior to 
the posterior end of the nucleus. 

The proacrosome which is, to begin with, stained very deeply gradually 
becomes differentiated into an outer chromophilic cortex and an inner 
chromophobic core. In the living cells at this stage it can be seen in the 
form of a clear vacuole with glue-like contents intimately attaChed to the 
anterior end of the nucleus. During the process of spermateleosis the 
proacrosome is directly transformed into a triangular acrosome and a deeply 
staining acrosomal grannie is also differentiated at its apex. Even in the 
ripe sperm this acrosomal granule can be easily made out at the tip of the 
triangular acrosome which is now slightly elongated. Those Golgi elements 
which do not take part in the formation of the acrosome are sloughed off 
with the residual cytoplasm. 

Champy (1913) asserts that the acrosome in all the amphibians is 
formed by the anterior group of central corpuscles. A glance at our figures 
will, however, clearly show that Champy was Jed to this erroneous con
clusion on account of his faulty technique and in view of the fact that the 
centrosomes are also situated nearby when the proacrosome is just formed. 

In the case of Rana esculenta Champy figures a triangular structure at 
tke anterior end of the nucleus. This is in reality the proacrosome which 
is being directly transformed into the acrosome proper. 

Gatenby (1931) states that the acrosome in Desmognaihus does not 
appear, in the fresh condition, to contain a central more solid bead, as 
described for Tritnn by Hicschler (1928) or for Amphiuma by McGregor 
(1899). According to Gatenby the acrosome is rather a limpid vesicular 
structure of an extremely delicate nature. The acrosome of Plethodon also 
is drawn as a. vesicle without a central granule by Bowen (1922). Similarly 
Terni (1914) does not figure a central granule in earlier stages of acrosome 
for.mation in Geotriton fusca. 

Mitochmulria.-In the primordial germ cells and the primary spermato
gonia of Rana tigrina the mitochondria are minute, lightly staining granules, 
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scattered throughout the cytoplasm but they show a distinct tendency to 
concentrate in the juxta-nuclear mass of Golgi granules. 

In the secondary and later spermatogonia and the primary spermato
cytes the small mitochondrial granules which are interspersed in between 
the Golgi elements align themselves to form filaments. In the late prophase, 
however, these filaments break up into amall granules which are all dis
tributed approximately equally to the daughter cells. 

In the secondary spermatocytes and the early spermatids the mito
chondria. are essentially in the form of small granules which are· spread 
uniformly all over the cytoplasm. During the late stages of spermateleosis, 
however, some of the mitochondria which are situated at the base of the 
nucleus and around the axial filament in between the two centrosomes start 
coming together. They, thus, contribute to the formation of a very small 
middle-piece which afterwards takes up a light homogeneous stain. The 
rest of the mitochondria which constitute about 90% of the whole travel 
down with the receding cytoplaam and are ultimately sloughed off with it. 

As the middle-piece in the ripe sperm takes up a very homogeneous 
stain which is closely comparable with that of the nucleus it becomes 
increasingly difficult to distingnish it externally unless, of course, the sperm 
is destained to a great extent. 

It will, thus, be seen from the above account that, in Rana tigrina, the 
behaviour of the mitochondria in general conforms to that observed in 
most of the other animals studied so far. 

According to Champy (1913) all the granules in the cytoplaam of the 
spermatogonia or spermatocytes, excepting one or more pyrenoid bodies, 
are mitochondrial in nature. These mitochondria are said to exist in the 
form of chondriomites or threads of grains, chondrioconts or amooth fila
ments and chondriochondres or isolated granules. The isolated granules 
often group themselves into the mitochondrial bodies. In the spermatid 
stage some of the mitochondria aggregate to form one or two homogeneous 
bodies around the distal ring centrosome and these subsequently form the 
middle-piece. 

It will be clear from this account that Champy had included even the 
Golgi elements in his description of the mitochondria. Later on, however, 
he did not hesitate to admit that in Kolatchew preparations not only the 
pyrenoid bodies but also some big mitochondrial granules were blackened. 
From this it follows that Champy was labouring under misapprehension and 
thus had confused the Golgi elements with the mitochondria. 

Morita (1928),. while working out the spermatogenesis of Rana nigro
mMulata, has shown that the mitochondria exist in the ripe sperm, in the form 
of granules dotted over both the nucleus and the tail but they do not repose 
directly upon a true middle-piece as is seen in so many other animals. 

Terni (1914) has given a very good account of the mitochondria in 
Geotriton fusca. According to him the mitochondria may though seem to 
be stripped off or absent from the ripe sperm yet they can be shown to be 
present by keeping the sperillS in 7% NaCJ for three days, followed by 
fixation in chrome-osmium and staining in Altmann's fuchsin. By this 
treatment the mitochondria have been seen to occupy a region from the top 
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of the head centrosome to well up the nucleus. Gatenby (1931), however, 
failed to confirm the above account of Terni in spite of the fact that he used 
several strengths of salt solution as well as distilled water. 

CENTROSOMES A.lm THE AxiAL FILAMENT 

In the cytoplasm of the spermatogonia and the spermatocytes of Rana 
tigrina a fine, deeply staining granule is sometimes seen to be surrounded by 
a clear area. This is most probably the centrosome. During the division 
stages, however, it is very distinct at each pole of the spindle. In the 
spermatids when the proacrosome is just formed two deeply staining, but 
fine, granules are observed lying nearby. As an axial filament can also be 
seen growing out from them there can be no doubt that these are the centrO· 
somes. One of these now moves towards the nucleus. This is the proxim11l 
centrosome. As it fuses completely with the posterior end of the nucleus 
it becomes increasingly difficult to trace accurately its later history. It, 
however, Seems to grow to form a rod-like structure. The other centrosome 
which is now the distal also grows much bigger in size. It finally takes up 
the form of a ring which in sections very often appears as a crescent. This 
forms the posterior boundary of the middle-piece. 

Champy (1913) states that the proximal centrosome iii the case of Rana 
esculenta first enters the base of the nucleus and later on inflates itself to a 
great extent. Some similar observations have also been made by a number 
of earlier workers in a large variety of cases. But our own observations on 
Rana tigrina have thoroughly convinced us that it is not so. We have 
clearly s\:l<>wn th?.t the rod-like proximal centrosome .lies ju~t at the b~>se of 
the nucleus in close apposition to it. Similarly Gatenby (1931) has observed 
in Desmognathu~ that the proximal centriole assumes the shape of a long. 
and thick rod which simply touches the posterior extremity of the nucleus. 

We have also not been able to make out in Rana tigrina any undulating 
membrane which, according to Champy (1913), is present in a rudimentary 
state on the axial filament of the ripe sperm of Ra.na. escule.nta. There is, 
however, no denying the fact that the tail in the ripe sperm of Rana tigrina 
is quite thick. . 

SUMMARY 

I. The spermatogenesis of the common Indian frog, Rana tigrina, h~ts 
been completely worked out in this paper. 

2. The primary spermatogonia surpass in size all the other cells in the 
testis and exhibit polymorphism of the nucleus. 

3. Both the mitochondria and the Golgi elements are in the form of 
granules but the latter are appreciably bigger than the former. 

4. The granular mitochondria align themselves in the secondary and 
later spermatogonia and the primary spermatocytes to form short filaments 
which. later on again break up into small granules. 

5. In the spermatid stage the Golgi elements have a distinct tendency 
to come together to form bigger granules. One of these big Golgi granules 
is directly transformed into the acrosome of the ripe sperm. 
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6. Only a very small portion of the mitochondria contributes to the 
formation of the middle-piece. 

7. In the early spermatid there are present two centrosomes from which 
a long a:dal filament can be seen growing out. The proximal of these moves ""( 
towards the nucleus and after becoming rod-like fuses with the base of it. 
The distal centrosome assumes the shape of a ring and marks the posterior 
boundary of the middle-piece. 

8. In the ripe sperm there is no clear differentiation of the middle
piece and the acrosome from the nucleus as all these structures take up a 
homogeneously dark stain. 
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EXPLANATION OF J~ETl'ERJNG IN PLATES 

A-Acrosome. A.f-Axial filament. A .g-Acrosomal granule. C-Centro· 
some. 0 1-Proximal centrosome. 0 2-Distal centrosome. Oh---Chromosomes. 
O.g---Chromatin granules. G-Golgi element. 'G-Golgi remnant. H-Head. 
I.e-Internuclear ca.no.liculus. M-Mitochondria. M.b-Mid-body. M.P-Middle· 
piece. N-Nucleus. n-NucJeolus. Pa-Proa.crosome. R.c--Residua.l cytoplasm. 
S.j-Spindle fibres. T-Tail. 

156 

( 



EXFLANA'l'ION OF PLATES 

All figures have been drawn with a camera Iucida at the table level wit.h Spencer 
lOX eye-piece and 1·25 oil immersion objective giving a total magnification of 1,750 
times. 

All figures oxcept figures 59 to 6_2 {Plate IV) have been selected from the sectioned 
material fixOO in Champy's fixative followed by 0·5% iron hrematoxylin. Figures 59 
to 62 are from smears. 

PLATE I 

FIG. I.-Primordial germ cell. 
Fm. 2.-Earliest primary spermatogonium. 
FIG. 3.-Primary spermatogonium with nucleoli in their typical position. Mito

chondria and the Golgi elements are circum-nuclear. 
FIG. 4.-Primary spermatogonium showing division of the J?-UCleolus. One of tho 

Golgi elements presents a duplex structure. 
Fm; 5.-Prima.ry spermatogonium with a kidney-shaped nucleus showing arl int-er

nuclear crutaliculus. 
FIG. 6.-Primary spermatogonium with a dumb-bell-shaped nucleus. Mitochondria 

arid the Golgi elements are grouped in definite masses. 
FIG. 7 .-Primary spermatogonium with three lobes: of the nucleus. 
FIG. 8.-Prima.t'Y spermatogonium with four lobes of the nucleus. 
FIG. 9.-Primary spermatogonium showing extreme polymorphism of the nucJeus. 
Fm. 10.--:-Fully grown primary spermatogonium. 
FIG. 1J....:.....Primro-y spenna.togonium with two unequal lobes of the nucleus. 
FIG. 12.-PrimS>ry spermatogonium showing the separation of the lobes of the nucleus. 
Fra. 13.-Priml:lry spermatogonimn in which one of the nuclear lobes is seen degen-

erating. 
FIG. 14.-Prime.-ry spermatogonium with two big almost equal lobes of the nucleus. 
Fro. 15.-Primary spermatogonium with two smtill almost equal lobes of the mxcleus. 

PLATE II 

Fm. 16. Two daughter secondary spormatogonia just formed. 
Fro. 17,.-Primary spermatogonium-Propha-Se. 
Fra. 18~-Primary spermatogonium-Pro-metaphase. 
Fm. 19.-PrimMy spermatogoniwn-Metaphase (polar view). 
FIG. 20.-Primary spermatogonium-Telophase. 
Fm. 21.-Two secondary sperma.togonia just formed. 
Fra. 22.-Secondary spermatogonium. 
Fra. 23.--Secondary spermatogonium. 
Fm. 24-.-Early primary spermatocyte. 
FIG, 25·.-Prima-ry spermatocyte-Early leptotene. 
FIG. 26.-Prima.ry spermatocyte-Late leptotene. 
FIG. 27'.-Primary spermatocyte-Early zygotene. 
FIG. 28l.-Primary spermatocyte-Late zygotene. 
Fta. 29.-Prima.ry spennatocyte--Paehytene. 
Fm. 30.-Primary spermatocyte-Pachytene. 
Fra. 31.-Prims.ry spermatocyte-Diakinesis. 
FIG. 32.-Meta.phase I {side view). 
Fm. 33.-Telophase I {side view). 
Fra. 3iL-Secondary spermatocyte-Resting stago. 
Fra. 35.-Metapha.se II (side view). 
Fm. 3"3.-Late Telophase II. 
FIG. ~i.-"Ear1iest spel'llltl.tid. 
Fm. 38.-Spen:natid in which the Golgi elements can be seen coming together to fonn 

bigger granules. 
Fm. 3:9.-Spermatid showing the proacrosome, centrosomes and the axial filament. 
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PLATE III 

Fro. 40.-Sperma.tid in which the proacrosome ha111 sto.rt.ed moving anteriorly. 
Fm. 41.-Sperm.a.tid showing a little later stage. 
FIG. 42.-Sperma.tid in which the proximal centrosome has come in contact with the 

base of the nucleus. The diat.a.l centrosome is becoming ring-like. 
FIG. 43.-Spermatid in which the proximal centrosome ha.a aSsumed the rod-like form, 
FIG. 44.-Spermatid in which the proaerosome has taken up ita position at the anterior 

end of the nucleus diametrically opposite the proximal centrosome. 
FIG. 45.-Spermatid in which the proacrosome is seen pressing the anterior end of tho 

nucleus. 
FIG, 46.--Spermatid in which the proacrosome is seen lying in a depression at the 

anterior end of the nucleus. 
Fro. 4 7 .-Spermatid showing the differentiation of the proa.crosome into an outer 

chromophilic rim and an inner chromophobic core. 
Fro. 48.-Sperroatid in which the proacrosome is in the form of a vacuole with glue-like 

contents. It is now in intimate contact with the anterior end of the nucleus. 
The distal centrosome is definitely ring-like. 

Fros. 49 TO 51.- Sperma.tids showing the direct transformation of the proacrosomo into 
a triangular acrosome. A def'ply staining scrosomal granule can_ also be made 

l out at the A.pex of tho triangle in figure 51. 
Fto.' 52.-Spermatid showing the aggregation of a few mitochondria at the be.se of the 

nucleus to form a small middle-pieoo. 
Fxo. 53.-An early elongating spermatid. 

PLATE IV 

Fws. 54 TO 56.-Sperm.a.tid.s showing t.he elongation of t.he nucleus. Tho acrosome 
and the middle-piece can be clearly made out. 

Fxos. :17 AND 58.-La.te apermatids wit-h the head taking up a deep and uniform Rta.in. 
The residual cytoplasm can be seen receding. 

FIGs. 59 To 62.-:-Maturing sperms. The residual cytoplnam is being sloughed off. 
FIG. 63.-A fully ripe sperm. 
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CYTOLOGY OF INDIAN MEDICINAL PLANTS 

II. ACONITES, V ALERIANS AND SENNA 

By P. N. MEHRA and S. N. SORTI 

In a previous investigation (Mehra and Sobti, in press) a cytological 
study of the Solanaceous drugs was undertaken. In the present paper 
Aconites and a few other medicinal plants are presented. 

\ 

GEJ>o'1JS ACONITUM 

A conitu.rn is a large genus belonging to the family Ranunculaceae. It 
comprises more than 300 species distributed over the Northern temperate 
regions of the globe 'vith its greatest diversity in central Asian mountains 
(Index Kewensis, 1895-1953). The latest systematic work on Indian 
Aconites is by Stapf (1905), who reports some 24 species from India. 

Aconites are highly poisonous plants of great medicinal value. The 
poisonous properties are due to the alkaloids which fall into two different 
groups, Aconitines ,;nd Atisines. 

No work has been done on the cytology of Indian Aconites so far. 
Out of 24 species of Aconites found in India only sil< are found in Kashmir 
in the Alpine zone from ll,000-13,000 ft. Some of these also extend east
wards. The remaining 18 species are met from Kumaon to Eastern Rima· 
layas in Sikkim and Assam. All the sil< species, namely Aconitum ohas
manthum Stapf Ex Holmes, A. violaceum Jacquem, A. dcinorrhizum Stapf, 
A. hewrophyllum Wall, A. lca8hmiricum Stapf Ex Coventry and A. laeve 
Royle, found in Kashmir have been worked out cytologically in the present 
investigation. 

Aconitum nape!!UII L. is offici"! in the Ph:>rmacopreias of VMious 
countries. It does not occur in India.· A. chasmanihum is found to be a good 
substitute aud is included in Indian Pharmacopreia.l list. According to 
Chopra ( 1933) it contains seven times more alkaloids than A. napellus 
but the Indaconitine met with in tbe former is less potent than 
Aconitine from A. napellus. A. dcinorrhizum contains alkaloid Pseudo· 
&eonitine which is more potent than Aconitine from A. napellus. A. 
heterophyll:u.m contains alkaloid Atisine and is used "" tonic in the 
indigenous system of medicine. The other three species, A. violaceum, 
A. kashmiricum and A. !aeve, are considered poisonous but nothing is known 
about their chemistry and pharmacology. 

Ta.xonomy of the genU~~ Aconitum :-

The genus is taxonomically divided into three groups on the b"sis of 
the nature of underground portion. The first group Gymnaconitum Stapf 
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is an annual and contains only one species A. gymnandrum Stapf. The 
second group Lycoctonum D.O. has perennial rhizome which gives rise to a 
new flowering stem each year. The third group is comprised of the large 
section Flu-Aconitum 0. A. llfeyer and the small section Anthora D.C. and 
has tubers. The individual tuber is monocarpic. 

Group Gymnaconitum is not represented in India. Of the six investi
gated species only A. laeve belongs to the group Lywctonu.m while the 
remaining five species are of En-Aconite group. 

JJf aterial :-

The species have been collected from the following places in Kashmir: 

Name of the species 

l. Aconitum laeve 
2. A. chasmantkum 
3. A. violaceum 
4. A. deinorrkizum 

5. A. heteropkyllum 
6. A. kashmiricum 

Place 

Toshmaidan, 22 miles from Gulmarg. 
Hapat Khud, 4 miles from Gulmarg. 
Toshmaidan. 
Padari, 8 miles from Bhaderwa Eastern Dis

trict of Kashmir. 
Drang Forest, 5 miles from Gu.lmarg. 
Khilleumarg, 3 miles from Gulmarg. 

The pressed specimens of all the six species of Aconites, along with 
three species of Valerians and one species of Cassia mentioned hereafter, 
have been deposited in the herbarium of Punjab University Department 
of Botany. 

METHODS 

The flower buds of the five species except A. violaceum were fixed in 
acetic alcohol for 24 hours, and thereaft.er stored in 70% aloohol until use. 
The smears of the pollen mother cells were prepared by the usual aceta
carmine method and the slides made permanent by Maclintock 's technique. 
In the case of A. viola.ceum flower buds were fixed in Craf and were sectioned 
at 121' thickness by the usual paraffin technique. Sections were stained 
by Newton's iodin-crystal violet method. 

Karyotype study has been undertaken only of A. chasma.ntlwm and 
A. violaceum from the secondary roots formed when the tuberous primary 
roots were planted in pots at Srinsgn~. The root-tips were pret.reated with 
0·01% colchicine solution for two hours (from 11 a.m. to 1 p.m.) and then 
.fixed in acetic n,Jcohol and squa.shed in acetocarmjne. 

Drawings have been made \vith 1·5 (100 X) Ziess apochromat.ic objective 
and (12·5x) Ocular with the aid of Spencer's camera Iucida giving a magni
fication of roughly 2,300 times. 

Cytological observations:-

Fig. I shows 16 somatic chromosomes at metaphase in a root-tip cell 
of A. chasmanthum. The 16 chromosomes form 8 homologous psirs. Two 
of these, the largest and the smallest pair, have a median centromere. The 

160 



next larger pair possesses a sub-median centromere with the smaller arm 
2! times less than the larger. The remaining five pairs which are hardly 
distinguishable from one another possess a sub-terminal centromere. 

Figs. 2 and 3 show two pollen mother cells each having 8 bivalents 
of the same species. There are two exceptionally larger bivalents than the 
rest. Each of these two large bivalents possesses two chiasmata. The 
smallest bivalent is with a terminal chiasma. The nucleolus is absent in 
this species at diakinesis. There is no secondary association and meiosis 
is normal. 

The karyotype of A. violaceum is shown in Fig. 4. There are 16 somatic 
chromosomes forming 8 homologous pairs. It will be noticed that they are 
smaller in size than those of A. chasmantlwm.. In this species there are 
three pairs with a median centromere, a largest, another middling in size~ 
and a third which is the smallest pair of complement. The second largest 
pair has a sub-median centromere. The remaining four pairs have sub .. 
terminD.l centromere. These four pairs are similar in size, except.ing that 
one ca;, be distinguished by the presence of a satellite in the shorter arm. 
The largest pair of the complement corresponds to the second largest pair 
of A. chasmanthum in matter of size. 

Figs. 5 and 6 show first metaphase plates of meiosis in pollen mothet 
cells of the same species. The eight bivalents can be clearly counted in 
each case. There are two bivalents which possess two chiasmata each. 
The chromosomes separate normally at first anaphase and the largest 
chromosomes are last to separate (Figs. 7 and 8). No secondary association 
is visible at the first and second metaphases in this species. Meiosis is 
normal. 

Figs. 9 and 10 show two pollen mother cells of A. deinorrhizum. Sixteen 
bivalents are counted in each case. There u.re four large bivalents, each of 
which possesses two chiasma!"'. There are two small bivalents each with a 
single terminal chiasma. Meiosis is regular v.;th the formation of normal 
pollen grains. Nucleolus is present at diakinesis. 

Two pollen mother cells of A. heterophyllum, each ";th 8 clear bivalents, 
are shown in Figs. ll and 12. This agrees with the findings of Schafer and 
Lacour (1934) who reported 2n = 16. There are observed a few probable 
tetraploid mother cells scattered a.mong the diploid ones. The exact 
number of chromosomes could not be counted in these but the evidence 
from the mass of the chromosomes as also from the size of the mother cells 
is indicative of their tetraploid nature. It seems possible that a small 
percentage of abnormal diploid pollen may also be formed in nature in this 
species. The smallest bivalent possesses a terminal chiasma. Meiosis ia 
normal. Nucleolus is present at diakinesis. 

In Figs. 13 and 14 are shown two pollen mother cells of A. kashmiricum 
each with 8 bivalents at diakinesis. There are present two large bivalente 
as usual, each with two chiasm.ata. The smallest bivalent is with a terminal 
chifl.sma. 1\feiosis is normal with the formation of apparently viable 
pollen. There is present a nucleolus at diakinesis. 

Fig. 15 shows 8 bivalents at diakinesis in pollen mother cell of A. Uieve, 
There a<e present two large bivalents. The chromosomes separate regul<>rly 
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All Figs. x 2300, Dotted circles represent nucleoli. 

FIG. 1. Aconitum chasmanthum, 2n = lfl, root squash. 
FIGS. 2 A:t-.'"D 3, .. 4.. chasmanthum, n = 8, diakinesis. 
FIG. 4. A.violaceurn, 2n = 16, root squash. 
FIGs. 5 AND 6. A. violace:um, n = 8, first metaphase. 

PLATE I. 

6 

7 

FIG. 7. A. violaceum, early anaphase in which three biviilents marked D have dis. 
jointed. 

FIG. 8. A. violaceum,late anaphase. Seven can be seen at each pole while the eighth 
is eclipsed underneat.h. 

FIG, 9. A. deintm'hizum, n = 16, diakinesis. 
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Fro. 10. Aconitum deinorrhizum, n = 16, diakinesis. 
FIGS. HAND 12. A. Mte-rophyUfJtln. n = 8, diakinesis. 
Fros. 13 AND 14. A. luuJhmiricum, n = 8, diakinesis. 

1 

FIG, 15. A ,laeve, fl. = 8, diakinesis. ) ~ .... '·''"'· --·~·."" .. 

14 

15 



at first anaphase and are much condensed (Fig. 16), A large nucleolus is 
present at diakinesis. Meiosis is normal. 

The chiasmata are randomized in all the six species of Aconitum studied 
in the present investigation. 

It may also be remarked that there is a regular sequence in the develop· 
ment of stamens in a flower. The outermost stamens may have formed the 
pollen grains while in the innermost stamens around the carpels the mother 
cells may not yet have rounded up. 

DISCUSSION 

Family Ranunculaceae is divided into two sections on the basis of 
chromosome size (Lewitsky, 1931). One section includes genera like 
Delphinium, RanunculuB and Helleborus, and the other includes genera like 
Thalictrum and Aquilegia with small chromosomes. Genus Aconitum 
possesses large chromosomes and thus belongs to the former section. 

According to Lewitsky (vide Stebbins, 1950) a karyotype consisting of 
chromosomes essentially similar to each other in size and with median or 
sub-median centromeres is termed symmetrical. Asymmetrical karyotype 
is the one which has many chromosomes with sub-terminal centromeres 
or where there is great variation in size between the largest and the smallest 
chromosomes, or in which both the characters are present. According to 
Lewitsky (1931) the primitive genus like Helleborus possesses symmetrical 
karyotype as compared to the genus Delphinium which possesses asymmetrical 
karyotype. He concludes that the asymmetrical karyotype is advanced 
compared to the symmetrical one, Aconitum which is an advanced genus 
of the same family on morphological grounds has got a very asymmetrical 
karyotype and corroborates Lewitsky's view within the compass of this 
family. Chromosomes in this genus vary in size from 31-' to 121-' and in 
form with a few V but mostly J shaped chromosomes (Figs. 1 and 4). 

Below is given the resume of the findings of various workers • in regard 
to the chromosome numbers of the genus:-

NAME OF THE SPECIES 

Section Lycoctonum 

l. A. vulparia Rech b. . . 
2. A. orientale Boies 
3. A. thyriacum Blocki 
4. A. luridum Hook til, et Thomas 
5. A. septentrionale 
6. A. laeve Royle 

Sectiou Anthora 

7. A. antl!ora Linn. 

CHROMOSOME 

NUMBER 
~ 

n 2n 

16 
16 
16 
16 
16 

8 

AuTHOR 

Langlet 
Schafer and J.. .. acom· 

" Afify 
Langlet 
Authors 

32 Langlet 

• Compiled from Darlington and Ja.naki Am.mal, 1946, and Schafer and Lacour, 1934. 
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CHROMOSOME 
NAME OF THE SPECIES NUMBER AUTHOR 

n 2n 

Section Eu-Aconitum: Diploid 

8. A. fcnestii Stapf 16 Schafer and Lacour 
9. A. tmnsectum Diela .. 16 

" 10. A. htmsleyanum Pritzel 16 
" ll. A. variegatum 16 
" 

12. A. bfLrbatum 16 Skoloveskeji a.nd 
Strelkove 

13. A.~um 16 Langlet 
14. A. kamtachatinum 16 

" 15. A. unc.inatum 16 Longacre 
16. A. chasmanthum Stapf Ex Holmes 16 Schafer and Lacour 

8 16 Authors 
17. A. violaceum Jacquem 8 16 

" 18. A. heterophyllum 16 Schafer and Lacour 
8 Authors 

19. A. kashmiricum Stapf Ex Coventry 8 
" 

Triploid 

20. A. stoerkianum Rechb. 24 Schafer and Lacour 

Tetraploid 

21. A. chinense Sieb 32 Schafer and Lacour 
22. A. delauayi 32 Langlet 
23. A. kuznetzojfii 32 

" 24. A. paniculatum 32 
" 25. A. volubile 32 SchaJer and Lacour 

26. A. spicatum 32 
" 27. A. napeU.us Linn. 32 Langlet 

28. A. anglicum 32 SchaJer and Lacour 
29. A. aUaicum Stienb 32 Skoloveskeji and 

Strelkove 
30. A. deinorrhizum Stapf 16 Authors 

Hexaploid 

31. A.pabnatum 48 Schafer and Lacour 

Octaploid 

32. A. wilsoni 62 Schafer and Lacour 
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It will be observed that the base number in the genus is strictly 8. 
Incidentally this number is the most prevalent and the lowest. In the 
present case out of si'< species investigated this is present in five. Jensen 
(1950) while studying meiosis in an unusual form of A. uncinatum which 
showed some characteristics of A. reclinatum observed secondary association 
among its bivalents at metaphase. He concluded that 4 is the base number 
instead of 8 observed by Langlet (1932), Afify' (1933), Schafer and Lacour 
(1934), Darlington and Janaki Ammal (1945), Meiosis studied in the six 
species during the present work has not revealed any secondary association 
by which it could be concluded that 4 is the base number, In the other 
related genera like Delphinium, Ranunculus, Anemone and HeUeborus, the 
base number is also 8. Darlington (1932) observes that secondary asso
ciation can arise in the diploids having parts of their chromosomes re
duplicated and, therefore, haVing internal relationships not unlike those of 
polyploids. In the light of Jensen's statement that the plant under his 
study was an abnormal one, it is quite likely that the secondary association 
observed by him was due to the duplicated material in the chromosomes. 
In any case his conclusion is open to question since no other investigator 
has observed any evidence of secondary association in the genus. 

The present evidence indicates that all the species belonging to section 
Lycoctonum are diploids (n "' 8). On the other hand in the section En
Aconitum higher numbers are present and they appear to have arisen from 
the base number 8 by polyploidy. Out of twenty-five species worked out 
so far twelve are diploids and ten are tetraploids, The triploid number 
(2n = 24) has been reported in A, stoerkianum (Schafer and Lacour, 1934). 
Both on taxonomic and cytologic grounds this is a hybrid between diploid 
A. variegatum and tetraploid A, napellus. Three more triploid plants have 
been reported by Schafer and Lacour (1934) which, too, seem to owe their 
origin to hybridization between diploid and tetraploid species under cultiva
tion. Only one hexaploid species 2n = 48 is known. A, wilsoni is the 
only octaploid species with 2n = 64 reported so far. 

It is obvious that polyploidy is the only means by which numerical 
change has operated in genus Aconitum to give rise to new species. There 
is no indication of Aneuploidy. 

Schafer and Lacour (1934) found morphological odd chromosomes 
amongst the homologous pairs in the nuclei of some plants and attributed 
this fact to structural hybridity. No evidence of structural hybridity has 
been found in the six species stu~ied in the present investigation. 

JI, V ALERIANS 

Valeria.na is a large genus of family Valerianaceae. It includes more 
than two hundred species, distributed in cool temperate regions, except 
Australia and S. Mrica, The chief centre of development of this genus is 
in the Mediterranean region and it is scarcely represented south of the 
Equator in the old world. In the new world there is a strong development 
of this genus on the Pacific side, especially in the Chilean Andes, and extends 
towards south. 
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In India about 13 species are represented (Hooker, 1882). Of these 
10 are found in the Himalayas extending from Kashmir in the west to 
Assam in the east. Three species are found in the south. 

Valerians are prized for an essential oil which is present in the rhizome, 
~nd is used medicinally a.s tonic, antispasmodic, diaphoretic and anti
epileptic. Valeriana officinalis is official in most of the ~uropean countries. 
In India V. wallichii is an excellent substitute. The rhizome of V. hardwickii 
is <Llso known to possess strong odour of ethereal oil but its commercial value 
has not been investigated. 

Material and methods:-

Three species V. hardwickii, V. wallichii and V. stracheyi have been 
investigated. 

The flower buds of V. hardwickii were collected from Toshmaidan 
(Kashruir) at 13,000 ft. where it grows abundantly in tbe forest under fir 
trees. The flower buds were prefixed in Carnoy for a minute and then in 
Craf for 24 hours. The rhizome of V. wallichii and V. stracheyi were collected 
in July from Gulmarg and N'mglinalla (Kashruir) respectively where they 
grow abundantly. These were planted in pots and new roots and shoots 
were produced after a fortnight. The root-tips were fixed in Craf to which 
a pinch of maltose was added. . 

Microtome sections of flower buds and root-tips were cut 10-121' thick 
with the usual paraffin method. The slides were stained by Newton's iodin
crystal violet. 

Cytological observati011.8 :-

Valeriana hardwickii Wall. 

The chromosomes are counted from the flrst meiotic division. Clear 
28 bivalents are present at metaphase (Figs. 17 and 18). There appear to 
be some secondary associations which it has not been possible to analyse. 
Meiosis is perfectly normal. Pollen grains appear viable. 

V. wallichii D.C. 

Root-tip cells show 32 chromosomes at metaphase (Figs. 19 and 20). 
'rhe chromosomes are small and karyotype details are hard to analyse. 

fl. stracheyi O.B. Clarke 

The root-tip cells at metaphase show 16 chromosomes (Figs. 21 and 22). 
These are smaller than those of V. waUichii (Figs. 19 and 21). There aJ-e 
two chromosomes with satellites. The homologous chromosomes lie side 
by side at metaphase indicative of somatic pairing (Fig. 21). 

Resume of the cytological work on the genus. 
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Ftos.l7 AND 18. Valeriana hardwickii, n = 28, first metaphase. 
Ftos.l9 AND 20. V. wallichii, 2n = 32, from root-tip metaphase. 
Fros. 21 AND 22. V. stracheyi, 2n = 16, from root-tip metaphase. 
FIGS. 23 AND 24. Cassia angustifolia, n = 13, diakinesis. 
Fm. 20. C. anyustijoUa, first anaphru;e, n = 13. 
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CHROMOSOME 
NAME OF SPEOIES NUMBER AUTHOR 

~ 

n 2n 

l. Valeriana a/mica .. 14 Ranquist 
2. V. officinalis 14 

" 
28 Meurman* 

28,56 Skalinka* 
3. V. capitata 56 Skoloveskeji and 

Strelkove* 
4. V. Sambucifolia 56 Meurman* 

as excelaa 14, 56 Ranquist 
5. V. sa.lina 56 

" 
6. V. dioica 16 Meurman* 

• 7. V. Jlaccidissma 16 Matsura and Suto* 

,8. V. wallichii l4 Kishore 
32 Authors 

9. V. hardwickii 28 
" 

10. V. stracheyi 16 
" 

DISCUSSION 

The base chromosome numbers in the genus Valeriana are 7 and 8. 
Both these numbers are equally prevalent. It is difficult to say at present 
which number gave rise to the other. Out of the 10 species worked out 
so far the number 7 or its multiple is found in six species and 8 or its multiple 
in four species. 

Polyploidy is quite common in this genus and has also been found in 
the same taxonomic species V. officiruilis. It is evident that polyploidy 
ha.s played a significant role in the evolution of the genus both at specific 
and sub.specific levels. 

The present evidence reveals that V. wallichii has two races with both 
7 and 8 base numbers. The writers' observations indicate that the species 
is a tetraploid of 8 series while according to Kishore (1952·) it is a tetraploid 
of 7 series. If this is the correct position, then a close comparative study 
of the species from various sources should reveal as to which number is 
original and which derived. From that angle the evolutionary interest of 
this species is very great indeed. It is also not unlikely that V. wallichii 
as worked by the writers and Kishore may actually be two different taxo· 
nomic forms. 

III. SENNA 

The dried leaflets of Cassia aWJ1islijolia Vahl are sold in commerce under 
the name of Tinuevelly Senna. The plant is indigenous to Arabia, Somali· 
land, Sind and W. Panjab. In India it is abundantly cultivated iu Tinue· 
velly in South India. 

* From Darlington and Janaki Ammal, 1945. 
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Senna is useful purgative either for habitual constipation or occa,sional 
use. It contains anthraquinone derivatives, aloe-emodin, rhein, and few 
glycosides (Trease, 1949). 

The flower buds of the species were secured from the plants cultivated 
at Drug Research Laboratory experimental farm, Jammu, and fixed in 
acetic alcohol for 12 hours. Aceta-carmine smears of the pollen mother 
cells were prepared in the usual way. 

0BSERV ATIONS 

There are found 13 bivalents mostly with terminal chiasmata at 
diakinesis and metaphase (Figs. 23 and 24). These bivalents separate 
regularly at anaphase (Fig. 25). Meiosis is normal and cytokinesis simulta
neous. Pollen grains are all alike and apparently viable. 

Three base numbers are reported in the genus Cassia 6, 7 and 13 
(Darlington and Janaki Ammal, 1945). The base number 13 has perhaps 
arisen by amphidiploidy between species with base numbers 6 and 7. 
Cassia angu&tijolia has got 13 bivalents and therefore belongs to the third 
group. 

SUMMARY 

Chromosome counts have been made of six Indian species of Aconitum 
from the pollen mother cells. A. laeve, A. chasrr~JLnthum, A. violaceum, A. 
heterophyllum, and A. k.ashmiricum are diploids with n = 8 while one species 
A. dienorrhizum is tetraploid with n = 16. Karyotype of two of the above 
species, namely A. chasmanthum and A. violaceum,, is studied from the root
tip squashes. It is of the asymmetrical type. Section Lycoctonum is 
uniformly diploid while the En-Aconites show various grades of ploidy. 

Meiosis is normal in Valeriana hardwickii with n "' 28. In the other 
two species V. stracheyi and V. wallichii the 2n number determined from 
root-tips is 16 and 32 respectively. Observation in respect of the latter is 
at variance from that of Kishore who reports n = 14 in V. walNchii. There 
are two base numbers in the genus. Polyploidy seems to play a significant 
role in evolution at specific as well as sub-specific levels. 

In Cassia angustifolia chromosome num her n = 13 has been found 
from pollen mother cells. 
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DIVIDED CELLS 

By R. P. BAMBAH, Department of Matlulmatics, Panjab Univer8ity, 
Hoshiarpur, Panjah, India 

I. Let A be an inhomogeneous lattice of determinant b. in the 
x-y plane. In vector notation A is the set of points P+A, A d., P ¢ :L, 
where :Lis a homogeneous lattice. If 0, A, A+B, Bare the vertices of a 
fundamental parallelogram of :L, the parallelogram with vertices P, P+A, 
P+A +B, P+B is called a cell of A. A cell is said to he divi<kd if it has 
one vertex in each of the four quadrants. The theorem on divided cells 

' given below is important for applications to the inhomogeneous minima of 
' binary quadratic forms. (See, e.g., Barnes and Swinnerton-Dyer [1], 
' . espeCially §1). 

2'he&rem: If A is a two-dimensional inhomogeneoWJ lattiu having no 
point on either of the wordinate axe.<~ x = o, y = o, then A hM iU l.ea~t one 
divided cell. 

A proof has been given by Delauney [2]. (For an English version, 
see §2 of [1]). The alternative proof given in §2 below may be of interest. 

2. It will be enough to show that there exists a convex quadrilateral 
ABCD whose vertices are points of A lying in different quadrants and 
which contains no point of A other than the vertioes A, B, C and D. For, 
then, since each of the triangles ABC, ABD, BCD and ACD has area.1c. 
(becanse none of these triangles contains a point of A other than the 
vertices), it would follow that ABCD is a parallelogram of area. ll. and 
hence a cell of A. 

We define a configuration ABCD to be the convex cover of four points 
A, B, 0 and D of A lying in different quadrants. Since A has points in 
e~>ch quadrant, it follows that 'configurations' do exist. 

Since no straight line can have points in all the four quadrants, it 
follows that every 'configuration' is either a convex quadrilateral or a 
triangle with points of A as its vertices. Since the areas of such figures 
are multiples of !ll., it follows that there exists a' configuration' B 1B2B8B4 , 

say, where B, is in tbe i-th quadrant, whose area is minimal for all 'con
fignratio!lS '. Also B1B2BsB4 is either a convex quadrilateral or a triangle. 

If B1B2B 8B, is a quadrilateral then it cannot contain a point of A 
other th&n the vertices. If not, let E be one such point. Then, since E 
does not lie on the axes, it is in some quadrant, say the i-th. The 'con
figuration', obtained from B., B2, B3, B, replacing B, by E, can be easily 
seen to hr.ve area less than the 'configuration' B1BsBsB,, which is impos
sible. Therefore B1B2B8B, is the required divided cell and we have nothing 
to prove. 

We een now suppose the 'configuration' B1B2B8B, is a triangle. 
Without loss of generality we can suppose it is the triangle B1B3B, i.e. 
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B1 ,B8 ,B, are the vertices while B2 lies in the closed trianglo B 1B,B,. The 
part of B1B8B, outside the second quadrant cannot contain a point of 
A other than B, 138 or B,. If not, suppose E is a point of A different 
from 131 in the triangle in the ·i-th quadrant. (E must lie in some 
quadrant.) Then the configuration obtained by replacing B1 by E can 
be seen to have smaller area than B1B8B,, which is a contradiction. Since 
the triangle B1138B, contains a finite number of points of A in the second 
quadrant and since at least one such point does exist, we can select a point 
0 2 of A in the second quadrant part of B1B8B, such that 

(i) 1310 2 makes the least angle 8 with B10 
(ii) of all points of A in the second quadrant that make angle 8 

with 1310, 0 2 is the nearest to 131• 

Then the tri,;ngle B10 2B, does not contain any point of A other than the 
vertices, and therefore has area. fA. Sincetheslopesof0131 and Bsl31 are 
pooitive, that of 0 2131 is also positive. Therefore the line through B, parallel 
to 1310 2 has an infinite length included in the third quadrant. Since the 
line l through B, parallel to 1310 2 has infinity of points of A in the third 
quadrant and at least one in the fourth, we can select on l points 0 8 and 0, 
of A lying in the third and fourth quadrants respectively such that the 
segment 0 80, does not contain any other point of A. The parallelogram 
1310 2080, is a divided cell of A. 

3. If we assign each of the four semi-axes to one of the two quadrants 
separated by it, then the restriction that A has no points on the axes can 
be removed. If we assign the origin 0 to one particular quadrant, say the 
first, and then the semi-axes bounding the first quadrant also to the first, 
while we assign each of the other semi-axes to one of the two quadrants 
separated by it, the restriction that A is inhomogeneous can also he 
removed. 
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AMPHIBIAN SPERMATOGENESIS 

n. THE SPERM OF ToAD 

By G. P. SHARMA and K. S. DRJNDSA* 

(Department of Zoology, Panjah University, HMhiarpur, Panjah, India) 

INTRODUCTION 

In the first paper of this series Sharma and Sekhri (1955) descrihed in 
detail the process of spermatogenesis in the common Indian frog, Rana 
tigrina. Encouraged by the interesting and far-reaching results obtained 
by them, one of us (K. S.D.) prepared some slides of the testicular material 
of the common toad, Bufo sWm.aticus Liltken, t and these were studied 
independently as well as jointly by both of us. The present paper is an 
account of these studies. 

PREVIous WoRK 

King (1901) seems to be the first worker in this century to fignre and 
describe the mature sperm of Bufo lentigi1UJS?UJ. According to her only 
the he~d (nucleus) of this sperm stains black with iron hrematoxylin while 
the apex (acrosome), the middle-piece and the tail remain unstained. She 
further states that there is no evidence that a centrosome is contained in 
any part of this sperm. In a later paper, however, King (1907), while 
giving an exhaustive account of spermatogenesis in this very species of 
toad, clearly dcscrihes a centrosome surrounded by a granula.r attraction 
sphere in the resting stages of the earlier germ cells. In the newly formed 
spermatid the ceJ:!.trosome, according to her, is enclosed in a. c]ear1 round or 
oval vesicle which is sharply marked off from the surrounding cytoplasm. 
Soon this centrosome divides and as the two products of division move 
apart the vesicle enclosing them elongates to form the middle-piece of the 
ripe sperm. One of the centrosomes which remains at the anterior end of 
the middle-piece becomes embedded in the deeply staining substance of 
the sperm head, and the other which remains at the posterior end of 
the middle-piece soon becomes disc-ehaped and later flattens itself 
considerably. 

King (1907) also describes an acroblast which divides in each of the 
spermatogonial mitoses and also in both the meiotic divisions. One aero
blast is, therefore, always present in the cytoplasm of every early spermatid 
where it undergoes a final division into two parts. One of these migrates 

* ~'7ow Lecturer in Zoology, Brijindra. CoUege, Jl'aridkot. 
t The material was very lcindly ident.ifled by the Director, Zoological Survey of 

India., C~lcutta, and we are very gratefl.ll to him for this, 
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to the anterior end of the spermatid to form the acrosome while the other 
remains in the posterior region of the spermatid to finally disappear. King 
(1907) believes that this latter part has something to do with the formation 
of the marginal filament or the tail membrane while the axial filament 
itself grows out of the outer centrosome situated at the posterior extremity 
of the middle-piece. 

Stohler (1928) and Saez et al. (1936) have also worked on the various 
species of toads but their work is mainly concerned with the chromosomes. 
Accordlng to Stohler (1928), however, there is only one filament in the 
tail. 

MATERIAL AND TECHNIQUE 

The toad, Bufo stomaticu8 Liitken, is very common in Hoshiarpur 
during the rainy season, i.e. from June to September, which is also the 
breeding season tor them. They can be easily distinguished from the frogs 
as their skin is comparatively dry and is covered over with glandular warts. 
Moreover, the hind-limbs in them are proportionally shorter and there are 
no teeth. It is also very easy to distinguish a male toad from the female 
as the former is somewhat yellowish in colour while the latter is slightly 
darkish. The mature male toads, in addition, possess the nuptial or thumb 
pads which are, however, absent in the females. 

The material for the present study was collected mostly during night 
time from near the light pests on the roads, the toads being found in 
abundance there, preying upon the insects. 

The animals were pithed alive on the dissecting board and the testes 
dissected out immediately. The testes of the toads are much smaller than 
those found in the frogs. They are a pair of ovoid bodies, e&ch situated 
in close connection with the ventral surface of the anterior tip of a kidney. 
One of the two testes was frequently found to be bigger in size. 

The testes were cut into very small pieces which ensured rapid fixation. 
The following fixatives were used: Bonin, Flemming without acetic 'acid, 
Champy and Kolatchew with Nassonow's modification. The best resuli.a 
were, however, obtained with Bonin (4-6 hours), F.W.A. (20 hours) arid 
Champy (18 hours). . 

In all the cases, paraffin method of embedding, using the paraffin ,wa; 
of 60'0., was employed and the sections were cut mostly five microns in 
thickness. The staining method applied was 4% iron alum followed by 
0·5% hrematoxylin. 

The study of mature sperms was made from the sme&rs which were 
fixed in F.W.A. diluted with an equal quantity of distilled water and 
stained in the usual way. 

OBSERVATIONS 

Primordial germ' cells.-The primordial germ cells, from which the 
spermatogonia are differentiated, are small, rounded or ovoid cells, generally 
arranged on the periphery of the seminiferous tubnles (Plate I, Fig. 1). 
Each of them possesses a large nucleus revealing inside it two or more 
deeply staining nucleoli besides the numerous fine chromatin granules. 
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Surrounding the nucleus is a thin layer of cytoplasm in which a small, 
lightly staining granule can also be clearly made out. This seems to be 
the Golgi element. There is, however, no trace of the mitochondria in 
these cells. 

Primary spermatogonia.-The earliest primary spermatogonium (Plate I, 
Fig. 2) resembles the cell just described except that it is slightly bigger 
in size and its cytoplasmic inclusions have become more distinct. They 
seem to be formed by the growth of the primordial germ cells and in shape 
they may be rounded or ovoid. The nucleus, as usual, reveals two or 
more deeply staining nucleoli besides the fine chromatin granules. In the 
cytoplasm are clearly visible two or three deeply staining granules which 
&re the Golgi elements. The mitochondri& put in their appearnnce for tbe 
first time as fine, lightly staining, dust. like particles and these are distributed 
throughout the cytoplasm. 

The above.mentioned cells now grow considerably, thus forming huge 
cells which surpass in size all the other cells in the testis (Plate I, Figs. 3, 
8 and II), They are generally spherical in contour, each containing a 
large nucleus (Plate I, Fig. 3) in which are visible a few big and deeply 
staining bodies of different sizes ecattered amongst the fine chromatin 
granules. These are the nucleoli. The cytoplasnric inclusions are well 
marked out at this stage. Of these, the nritochondria appear, as usual, 
in the form of fine, lightly staining, dust.Jike particles, distributed uniformly 
throughout the cytoplasm, but the Golgi elements ean now be recognized 
as deeply staining granules of varying sizes. One of these is very large, yet 
it does not reveal any duplex structure (Plate I, Fig. 3). 

Polymorphism.-Thc nucleus of these fully grown primary spermato
gonia exhibits a peculiar phenomenon of polymorphism resulting in the 
formation of several nuclear lobes by a process of simple constriction. 
Figure 4 (Plate I) shows the beginning of this process. In this particular 
cell the nucleus has elongated and an invagination in the form of a blind 
canal is visible on one side of it. The interior of this canal is occupied 
by a core of cytoplasm in which can be distinguished some lightly staining, 
dust-like mitochondria and one or two deeply staining big Golgi elements. 
This !:>lind canal penetrating the nucleus is homologous to the 'inter.nuclear 
canaliculus' of the ea.rlier worker$, The nucleus itself reveals inside it fine 
chromatin granules along with two big nucleoli, each contained in one lobe 
of the nucleus. Another small nucleolus may often be seen lying in close 
contact with the bigger one, in one of the lo bcs of the nucleus. • 

Further penetration of the 'i:nter.nuclcar canaliculus' separates the two 
lobes of the nucleus, each containing a nucleolus of its own (Plate I, Fig. 5). 
In tbe cytoplasm of the cell are visible the nritochondria, distributed uni
formly as usual. 

In Figure 6 (Plate I) is shown the complete separation of the two 
lobes of the nucleus but one of them further reveals a constriction into 
two, each overlapping the other. The nuclear contents appear as usual in 
each lobe but the tiny mitochondria are now aggregated in the form of a 
juxta.nuclear mass. Two big Golgi elements can also be clearly made out, 
each lying near a nuclear lobe. 
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As more lobes of the nucleus are constricted off, the size of the cell 
increases considerably. Two such large primary spermatogoma are illus
trated in Figures 7 and 8 (Plate I). In these cells the originally single 
nucleUJ! has given rise to a number of lobes. 

The nucleus in some of the primary spermatogonia very often appears 
in the form of a rosette showing many unconstricted lobes (Plate I, Fig. 9). 
In Figure 10 (Plate I) is shown another rosette-shaped nucleus in which some 
of the lobes are constricted off but they overlap the others. 

An extreme case of polymorphism is depicted in Figure ll (Plate I) 
where some of the nuclear lobes which have already been constricted off 
are seen overlapping the partly constricted rosette-shaped nucleus. The 
cell at this stage attains its maximum size. 

It will not be out of place to mention here that the several lobes of 
the nucleus, thus formed, are the result of a simple constriction of the 
nucleus. A process like 'amitosis' does not exist at all, as at no place the 
constriction of the nucleus is seen to be followed by a cytoplasmic division. 

M itosis.--J ust before the process of nritosis begins the nucleus regains 
its original spherical form. Soon the nuclear. membrane disappears and the 
rod-like chromosomes make their appearance (Plate I, Fig. 12). Scattered 
in the cytoplasm can also be seen some tiny granules which are most 
probably the nritochondria. These are, however, very few in number. 

·In the side view of the prometaphase stage (Plate I, Fig. 13) the 
chromosomes are seen arranging themselves at the equator of the spindle, 
each pole of which is occupied by a sharply staining centrosome. The 
Golgi elements at this stage are represented by two deeply staining granules, 
one of them being quite big, while the mitochondria are seen in the form of 
a cluster on one side of the cell. 

An early telophase stage is shown in Figure 14 (Plate I) where the two 
groups of chromosomes have already reached their respective poles. The 
Golgi elements are, however, still placed at the equator of the spindle. 

The chromosomes now collect together and consequently lose their 
identity as such (Plate I, Fig. 15). Simultaneously there appear at the 
equator of the spindle a few deeply staining granules which constitute the 
so-called mid-body. The Golgi elements and the mitochondria seem to be 
distributed almost evenly to the two daughter cells. 

In Figure 16 (Plate II) are shown two daughter cells (secondary sperma
togoma) jUJ!t formed but the remains of the spindle fibres connecting them 
still ,persist. In some other cells, however, even after the nuclei of the 
daughter cells have been completely formed the cytoplasnric division does 
not take place (Plate II, Figs. 17 and 18). 

Secondary and later spermatogonia.-The secondary and later sperma
togonia are much smaller cells than the primary, their size, of course, varies 
according to the number of generations by which they are removed from 
the primary. They also differ from the primary spermatogonia in the fact 
that they never show polymorphism of the nucleus. 

Figure 19 (Plate II) representa a secondary spermatogonium in the 
resting condition. Besides the chromatin granules, there are also present 
in its nucleus a few deeply staining nucleoli. In its cytoplasm can also be 
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observed a deeply stairung, granular Golgi element and a few lightly staining, 
dust-like mitochondria. 

PrimaNJ spermatocytes.-The daughter cells formed after the last 
gonia! division rest for a short while and then they grow to form cells which 
are slightly larger than the secondary spermatogonia. These are the 
primary spermatocytes (Plate II, Fig. 20). Their cytoplasmic inclusions 
are very well marked, the mitochondria having grown fairly big in size. 
A big, deeply staining, Golgi granule can also be clearly seen on one side of 
the nucleus. 

After a short period of rest the primary spermatocytes start behaving 
differently. To begin with, a small process is given out on one side of 
the cell (Plate II, Fig. 21 ). This is full of the mitochondrial granules 
amongst which can also be distinguished one or two Golgi elements. In 
Figure 22 (Plate II) the mitochondria appea.r as usual hut the single Golgi 
element reveals a duplex structure with an outer chromophilic cortex and 
an inner chromophobic core. 

An extreme case of the formation of the horn-like processes by the 
cell cytoplasm is represented in Figure 23 (Plate II) where the entire cell 
appears to he an Amoeba-like organism. The nucleus is placed on one side, 
showing the usual chromatin granules inside it. The mitochondria, besides 
being distributed uniformly throughout the cytoplasm, also aggregate to 
form small masses in each of the horn-like processes of the cell and near 
the nucleus. A big Golgi element, showing a duplex structure, can also be 
clearly made out in the juxta-nuclear mass of the mitochondria and another 
granular Golgi element lies close to it. 

Meiosi• I.-As is well known the nucleus of the primary spermat{)cyte 
undergoes many changes just before the maturation divisions. These 
changes are, however, very difficult to he marked out in F .W.A. or Cbampy 
preparations. Figure 24 (Plate II) represents a primary spermatocyte 
with the nucleus in the early leptotene stage. The cytoplasm in this 
particular cell clearly reveals a big spherical Golgi element. In the polar 
view of the prometapha•e stage (Plate II, Fig. 25), when the chromosomes 
are arranging themselves to form the equatorial plate, the mitochondria 
are seen distributed throughout the cytoplasm. Two Golgi granules can 
also be cleRrly observed lying side by side just near the chromo.somes. The 
side view of the metaphase I is shown in Figure 26 (Plate II). Here each 
pole of tho spindle is occupied by a sharply stairung centrosome. Besides 
the mitochondria which are uniformly distributed throughout the cytoplasm, 
two Golgi elements can also be clearly seen, each going towards its respec
tive pole. These may have been formed as a result of the division of the 
single spherical Golgi element seen earlier in the leptotene stage (Plate II, 
Fig. 24), but we have never observed the actual division. A sub-polar 
view of an early anaphase stage is illustrated in Figure 27 (Plate II) in which 
the chromosomes have just started moving apart. In Figure 28 (Plate II) 
is shown an early telophase stage where the two groups of chromosomes 
have almost reached their respective poles. The two centrosomes can, 
however, be still elearly made out. Quite a late telophase stage is depicted 
in Fignre 29 (Plate II) in which though the nuclei of the two daughter cells 

179 



have been completely formed yet the faint line of demarcation between 
them is visible only on one side. During this division also both the mito
chondria and the Golgi elements are sorted out almost equally to the two 
daughter cells. 

Secondary spermatocytes.-The daughter cells, formed as a result of 
the division of the primary, are the secondary spermatocytes. These are 

·small cells, their nuclei also being smaller tho,n those of the primary 
(Plate II, Fig. 30 and Plate III, Figs. 31 and 32). The mitochondria 
remain distributed throughout their cytoplasm and the single, deeply 
staining Golgi element may sometime reveal a duplex structure with an 
outer chromophilic cortex and an inner chromophobic core (Plate III, 
Fig. 32). 

Meiosis I I.-After a short period of interkinesis the nucleus of the 
secondary spermatocyte undergoes the usual changes. In Figure 33 
(Plate ill) is shown a late prophase stage where the chromosomes have 
been completely formed. These will now arrange themselves at the equator 
of the spindle, each pole of which is occupied by a sharply staining centro
some (Plate ill, Fig. 34). Besides the :mitochondria which are uniformly 
distributed throughout the cytoplasm, two deeply staining Golgi elements 
c.~n also be clearly made out, each going towards its respective pole. 
Figure 35 (Plate III) reveals a late anaphase stage in which the tivo groups 
of chromosomes have gone quite apart. In the subsequent telophase stage 
(Pl"te III, Fig. 36) these groups of chromosomes "re seen occupying their 
respective poles. Figure 37 (Plate III) represents a late telophase stage in 
which the nuclei of the two daughter cells have heen completely formed 
hut the cytoplasmic membrane to sep:1rate the two has not yet made its 
appearance. Almost a similar celi is illustrated in Figure 38 (Plate Ill) in 
which even the process of spermateleosis has also begun without the complete 
separation of the two daughter spermatids. The distribution of the mito
chondria and the Golgi elements is again almost equal to the two daughter 
cells formed after meiosis II. 

Spermatids.-The spermatids are small, more or less, rounded cells, 
each having a vesicular nucleus which reve"ls inside it fine chromatin 
granules (Plate Ill, Fig. 39). Uniformly spread throughout the cytoplasm 
are the :mitochondria and the Golgi elements-both in the form of well 
stained granules. As the Golgi elements at this stage do not show any 
duplex structure, they are distinguished from the mitochondria only by 
their larger size. 

Spermateleosis.-With the beginning of the process of spermateleosis 
some of the mitochondria collect together on one side of the nucleus be
tween it and the cell membrane (Plate III, Figs. 40 to 4 7). The rest of 
them, however, still remain scattered throughout the cell cytoplasm. As 
an axial filament can a]so be seen grmving out of this mass of mitochondria, 
they definitely determine the future posterior end of the spermatid nucleus. 
It is, however, unfortunate that due to this close aggregation of the mito
chondria no such structures as the centrosomes could be made out at this 
stage. 
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Concomitant with these changes the Golgi elements also reveal a 
distinct tendency to come together (Plate III, Figs. 42 and 43). This 
results in the formation of bigger granules which in their turn form still 
bigger granules by fusion (Plate III, Fig. 44). One of these big Golgi 
granules now comes in close contact with that end of the nucleus which 
is opposite the axial filament (Plate III, Figs. 45 to 47). This may be 
termed as the proacrosome. The other Golgi elements which are not so 
used up in the formation of the proacrosome move backwards to be ulti
mately sloughed off with the residual cytoplasm. 

To begin with, the proacrosome stains deeply and uniformly (Plate ID, 
Figs. 45 to 47). But, as it grows gradually, it becomes differentiated into 
&n outer chromophilic cortex and an inner chromophobic core (Plate III, 
Fig. 48). A careful study of the fresh material under the phase-contrast 
microscope clearly reveals that the proacrosome at this stage is in the 
form of a distinct vacuole with glue-like contents. The presence of this 
vacuole-like proacrosome is also indica,ted in such cells from fixed prepara. 
tions as illustrated in Figures 40 and 41 (Plate ID). 

As the process of spermateleosis continues the nucleus hegins to 
elongate in an antero-posterior direction which is already so well determined 
by the cluster of mitochondria at its posterior end and the subsequent 
fixation of the proacrosome at its anterior end (Plate III, Figs. 48 to 52). 
Simultaneously with the elongation of the nucleus its staining capacity 
also increases and consequently it becomes increasingly difficult to differ. 
entiate it from the equally deep staining proacrosome which has, in the 
meanwhile, directly transformed itself into a triangular acrosome (Plate Ill, 
Fig. 53 and Plate IV, Figs. 54 to 58). 

The nucleus, in all these elongating spermatids, is seen surrounded by 
a thin layer of cytoplasm containing mostly those mitochondria which do 
not form a cluster at its posterior end. Sometimes even the Golgi clements 
which have not been used up in the formation of the acrosome can also 
be seen in this attenuated layer of cytoplasm (Plate IV, Figs. 54 to 58). 

At this stage the mitochondria which had earlier collected in the fonn 
of a cluster at the posterior end of the nucleus come closer together and 
form a small, deeply staining middle-piece (Pia.te III, Figs. 59 to 61 ). 
This, after it has fixed itself at the posterior end of the nucleus, becomes 
Gne with it and so cannot be easily differentia,ted in an Gve:rstained prepara
tion. 

The attenuating layer of cytoplasm which has been receding gradually 
is now seen in the form of a bead in the middle-piece region of the maturing 
sperlllB (Plate IV, Figs. 59 to 61 ). The granules contained inside it •·re 
mostly the mitochondria which have not been used up in the formation 
of the middle-piece but some of the bigger ones may also be the Golgi 
remnants. 

It must have been noticed that in the cells illustrated in Figures 41 
to 53 (Pla,te III) and in Figures 54 to 61 (Pla,te IV) ouly one axial fila,ment 
has be<>n shown, though in some of them at least it is quite thick. It is 
significant that all these cells have been selected from the sectioned material 
fixed in Champy or F.W.A. On the other hand, an examination of the 
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smea.r preparations, fixed in diluted F.W.A., has clearly shown the tail 
to be formed by two axial filaments coiled round each other (Plate IV, 
Figs. 62 to 68). This is further proved by a study of the fresh material 
under the phase-contrast microscope. 

Now the single axial filament seen in the sectioned material may 
either he due to a closer packing of the two axial filaments under the action 
of some fixing reagent or it is, in reality, single during the earlier stages, 
the second axial filament appearing suddenly at a later stage. We are, 
however, inclined to believe the latter alternative. 

Ripe sperm.-The ripe sperm of the toad possesses a deeply staining 
head formed by a cylindrical nucleus with a pointed needle-like acrosome 
fixed at its anterior tip. Immediately behind the head and in intimate 
contact with it is a small and equally deep staining middle-piece which 
is followed ·by a long tail formed by two axial filaments coiled round each 
other (Plate IV, Figs. 67 and 68). Since the two axial filaments do not 
easily separate it appears that they are joined together by some sort of 
undulating membrane which is, however, very rudimentary. 

Each axial filament arises from a granular centrosome but as both 
the centrosomes lie side by side at the base of the deeply staining middle
piece they cannot he easily made out. Both of these centrosomes were, 
however, clearly observed, each with its own axial :filament, when, during 
the study of fresh material under the phase-contrast microscope, the head 
along with the middle-piece of a particular sperm was, by the application 
of a certain pressure on the cover slip, completely separated from the tail 
which was still moving like the broken tail of a lizard, probably under the 
influence of the two centrosomes, each governing the movement of ita own 
axial filament. 

We are, therefore, inclined to believe that these two centrosomes are 
formed by the division of the originally single centrosome wl1ich could 
not, however, be observed on account of the aggregation of some of the 
mitochondrial granules at a very early stage of spermateleosis for the 
formation of the middle-piece in the ripe sperm. 

The bead of residual cytoplasm containing mostly the mitochondria 
which was seen earlier in the middle-piece region of the maturing sperms 
gradually shrinks and moves down the axial filaments to be finally sloughed 
off (Plate IV, Figs. 59 to 66). The fully mature sperms are, therefore, 
completely devoid of it (Plate IV, Figs. 67 and 68). 

Coiling during spermateleosis.-A frequent coiling ofthe cells is observed 
in the late elongating spermatids and the maturing sperms (Plate IV, 
Figs. 69 to 73), The possible cause for this may he the lack of space in 
the testis. 

DISOUSSION 

Golgi elements and the acrosome.-It will be recalled that we described 
a single, lightly staining, granular Golgi element in the otherwise clear 
cytoplasm of the primordial germ cells of the toad, Bufo storrw.ticu~. In 
the early primary spermatogonia, however, there are two or three deeply 
staining Golgi granules which grow in size still further with the all 
round growth of cells to form huge primary spermatogonia. During the. 
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subsequent mitotic division the Golgi elements seem to be distributed almost 
equally to the two daughter cells. In the secondary spermatogonia and 
tt,e early primary spermatocytes there is generally seen only one big 
spherical Golgi element which may later on reveal a duplex structure with 
a chromophilic cortex and a chromophobic core when the cytoplasm of 
the latter is produced into horn-like processes. Another deeply staining 
granular Golgi element may be seen lying near it in these Amreba-like 
primary spermatocytes. During meiosis I the granular Golgi elements are 
again sorted out almost equally to the two daughter cells. In the cyto
plasm of the secondary spermatocytes there is usually seen a deeply staining 
granular Golgi element which ms.y sometime be differentiated to show a 
duplex structure. The distribution of the Golgi elements during meiosis II 
is again a.Jmost equal to the two daughter cells. 

In the earliest spermatid there arc a few deeply staining Golgi granules 
spread uniformly throughout the cytoplasm. Soon these granules reveal 
a distinct tendency to come together to form bigger granules which in their 
turn form still bigger granules by fusion. One of these big Golgi granules 
now comes in intimate contact with the anterior end of the nucleus and 
this is the proacrosome. As it gradually grows in size it becomes differen
tiated into an outer chromophilic cortex and an inner chromophobic core. 
In the fcesh material studied under the phase-contrast microscope the 
proacrosome, at this stage, appears to be in the form of a clear vacuole 
filled "~th glue-like contents. This proacrosome· is then directly trans
formed into a triangu]o,r acrosome which after slight elongs.tion appears 
needle-like in the ripe sperm . 

. These observations are strongly supported by the recent work of 
Sharma and Sekhri (1955) on the sperm of the frog, Rana tigrina, and the 
earlier work of King (1907) on the t{)ad iwelf. According to her there is 
only one acroblast (our Golgi element) in the primary spermatogonium. 
This divides in each of the spermatogonial mitoses and in both the meiotic 
divisions. One acroblast is, therefore, always present jn the CJ'i:.op]asm 
of every early spermatid where it undergoes a final division into two parts. 
One of these now migrates to the anterior end of the spermatid to form 
the acrosome while the other remains in the posterior region of the spermatid 
to finally disappear. 

It appears to us that she could not make out the other Golgi elements 
in her preparations on account of the strong Flemming's solution which she 
used as a fixative for her material. 

Mitochondria and tM middle-piece.-During the present investigation 
on the testicular material of the toad, Bufo stomdicw;, we could not make 
out in the cytoplasm of the primordial germ cells any granules which could 
be labelled as the mitochondria. They seem to put in their appearance 
for the first time only in the primary spermatogonia in the form of minute, 
dust-like particles distributed uniformly throughout the cytoplasm. All, 
with the growth of the primary spermatogonia, the nucleus becomes poly
morphic, these mitochondria may be seen fonning a juxta.nuclcar mass. 
During the subsequent spermatogonial divisions they are distributed ahnost 
evenly to the two daughter cells. 
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In the secondary spermatogonia and the primary spermatocytes the 
mitochondria are spread uniformly throughout the cytoplasm but in the 
latter they appear, on account of their growth, in the form of very prominent 
granules. These are again roughly sorted out, almost equally, to the two 
daughter cells during both the meiotic divisions. 

In the earliest spermatid the mitochondria are uniformly spread 
throughout the cytoplasm but as soon a.s the process of spermateleosis 
begins some of them at lea.st definitely collect together at the base of the 
nucleus while the others still remain distributed all over. During the end 
stages of spermateleosis those mitochondria which had earlier formed 
a cluster come still closer together a.nd thus directly form a small, deeply 
staining middJe-piece intimately attached to the posterior end of the now 
cylindrical nucleus of the ripe sperm. The remaining mitochondria are 
gradually sloughed off with the residual cytoplasm which is generally seen 
in the form of a bead in the middJe-piecc region of the maturing sperms. 

1\Iost of these observations are strongly supported by the earlier work 
of Sharma and Sekhri (1955) on the sperm of the frog, Rana tigrina. But 
King (1907), working on the testicular material of the toad, Bufo lentiginosu~, 
did not describe or figure any mitochondria at any stage of spermatogenesis. 
This is not surprising at all in view of the fact that she used strong Flem
ming's solution for fixing her material. The clear vesicle, described by 
her in the early spermatids, the nature of which she could not determine 
and from which she derived the middJe.piece of the ripe sperm, seems 
to us to be formed by the dissolution of those mitochondria which collect 
together at this stage in the form of a cluster at the base of the nucleus. 

Oentrosomes and the axial filamems.-In the present investigation the 
centrosomes were seen clearly only during the division stages when they 
appeared in the form of sharply staining distinct granules, each situated 
at its respective pole of the spindJe. During the resting stages a centrosome 
can be distinguished from the granular mitochondria only if it is surrounded 
by a clear area. One such resting secondary spermatocyte is illustrated in 
Figure 32 (Plate III). 

Besides figuring a deeply staining centrosome at each pole of the 
. spindJe during all the division stages, King (1907) also describes a centro
some surrounded by a granular attraction sphere in the resting stages 
of the earlier germ cells. In the newly formed spermatid, the centrosome, 
according to her, is surrounded by a cleax vesicle which, as we have shown 
earlier, is probably formed by the dissolution of the mitochondria collected 
there in the form of a cluster. 

King (1907) further states that the single centrosome of the early 
spermatid soon divides into two. One of these which she calls as 'inner' 
moves towa-rds the nucleus and is finally embedded in the deeply staining 
substance of the sperm head. The other centrosome called 'outer' by her, 
while still maintaining its connection with the f inner', moves to the posterior 
end of the clear vesicle where it remains even after the middJe-pieoe has 
been formed from it. The axial filament of the tail grows out from the 
'outer' centrosome while the marginal filament (our second axial filament) 
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or the tail membrane is possibly formed by that part of the acroblast which 
is left in the posterior region of the spermatid. 

We have, however, clearly shown that in the ripe sperm of Bufo 
stomoticus each axial filament b&s its own centrosome but as both of these 
centrosomes remain surrounded by the cluster of mitochondria in the 
earlier stages and lie side by side at the base of the deeply staining middle. 
piece in the later stages of spennateleosis they cannot always be clearly 
made out. The two axial filaments remain joined together by a rudi
mentary undulating membrane. 

SUMMARY 

1. The spermatogenesis of the toad, Bufo stomatwu" Liitken, has been 
completely worked out in this paper. 

2. The fully grown primary spermatogonium is the biggest cell in the 
testis and exhibits nuclear polymorphism. 

3. The cytoplasm of the Jlrimary spermatocytes is often produced 
into )lorn.Jike processes. 

,!. Both the mitochondria and the Golgi elements are essentially 
granular in form. The latter, however, may sometime reveal a duplex 
structure with an outer chromophilic cortex and an inner chromophobic 
core. 

6. The mitochondria seem to put in their appearance for the first 
time only in the spermatogonia but the Golgi material in the form of a 
single, lightly staining granule may be present in the cytoplasm of even the 
primordial germ cells. 

6. Some of the mitochondria in the earliest spermatid collect together 
at the base of the nucleus and these come still closer together during the 
later stages of spermateleosis to form directly a small, deeply staining 
middle· piece. 

7. The Golgi elements also reveal a distinct tendency to come together 
in the earliest spermatid and this results in the formation of bigger and 
bigger granules. One of these big Golgi granules is then directly trans
formed into the acrosome. 

8. The ripe sperm of the toad possesses a deeply staining bead formed 
by a cylindrical nucleus with a pointed needle.like acrosome situated at 
its anterior tip. Immediately behind the head and in intimate contact 
with it is a small and equally deep staining middle. piece which is followed 
by a long tail formed by two axial filaments coiled round each other. 
These, however, remain joined together by a rudimentary undulating 
membrane. 

9. Each axial filament has its own centrosome but as both the oentro· 
somes lie side by side at the base of the deeply staining middle.pieoe they 
cannot always be clearly made out. 

10. The receding residual cytoplasm forms a conspicuous bead in 
the middle.piece region of the maturing sperms. Gradually this moves 
down the axial filaments and is finally sloughed off. 
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EXPLANATION OF LETTERING IN PLATES 

A-Acrosome; A.f-Axial filament; 0-Centrosome; Ch-Chromosomes; C.G
Chrome.tin granules; G-Golgi element; 'G-Oolgi remnant; Jno--lntemucloor 
canaliculus; M-Mitochondria; m.b---mid-body; m.p--middle-piece; N-Nualeus; 
N 1-Nucleolus; p--Pocket or lobe of the nucleus; Pa--Proacrosome; Pf'-Process of 
the cell; P.N-Polymorphio nucleus; R. Cy-Residual cytoplasm; S.j-Spindle fibres. 

EXPLANATION OF PLATES 

All figures havo been drawn with a camera Iucida at the table level with Beck 
10 x eyepiece and an oil immersion objective giving an approximate magnification of 
1,350 times. 

All figures, except Figures 62 to 68 -{Plate IV) which are from smears, have been 
selected from sectioned material fixed either in F.W.A. or Cha.mpy followed by 0·5% 
iron h~mata:rylin. 

Plale I 
FIG. 1. Primordial germ cell. 
FIG. 2. Earliest primary spermatogonium. 
Fro. 3. Late primary spermatogonium. 
Fm. 4. Primary spermatogonium showing the beginning of the process of nuclear 

polymorp~. 

Fm. 5. Primary spermatogonium with two lobes of the nucleus. 
Fms. 6 to 8. Primary spermatogonia. showing the formation of more lobes of tbe 

nucleus. 
FIG. 9. Primary spermatogonium with rosette-shaped polymorphic nucleus. 
FIG. 10. Primary spermatogonium in which some of the lobes of the rosette-shaped 

nucleus have been seplll'Qted but they e.re still overlapping the othera. 
Fzo. 11. Primary spermatogonium showing an extreme case of nuclear polymorphism. 
FIG. 12. Primary spormatogonium-Prometa.phase (Polar view). 
FIG. 13. Primary sperma.togonium-Prometa.phaaa (Side view). 
Flo. 14. Primary spermatogonium-Early telophase. 
Fm. 15. Primary spermatogonium-Late telophase. 

Plate II 

FIG. 16. Primary sperma.togoniuiD showing tho mid-body and spindle remains which 
are still connecting the two daughter cells. 

Fms. !1. 7 and 18. Primary spermatogonia, each with two fully formed nuclei of the 
daughter cella which are not yet completely separated. 

FIG. 19. Secondary spermatogonium. 
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FIG. 20. Primary spermatocyte. 
FIG. 21. Primary spermatocyte with a cytoplasmic process. 
FIG. 22. . Primary spermatocyte with the single Golgi element revealing a duplex 

structure. 
FIG. 23. 
FIG. 24. 
FIG. 25. 
FIG. 26. 
FIG. 27. 
FIG. 28. 
FIG. 29. 
FIG. 30. 

Primary spermatocyte with many hom-like processes. 
Primary spermatocyte with the nucleus in the early leptotene stage. 
Prometaphase I (Polar view). 
Metaphase I (Side view). 
Anaphase I (Sub-polar view). 
Early telophase I. 
Late telophase I. 
Secondary spermatocyte. 

Plate III 

FIG. 31. Secondary spermatocyte. 
FIG. 32. Secondary spermatocyte showing a centrosome. The Golgi element reveals 

a duplex structure. 
FIG, 33. Late prophase II. 
FIG. 34. Metaphase II (Side view). 
Fm. 35. Late anaphase II. 
FiG. 36. Early telophase II. 
Fro. 37. Late telophase II. 
Fig. 38. Late telophase II showing even the beginning of the process of spermateleosis 

in one of the daughter cells which have not yet separated completely. 
FIG. 39. Earliest spermatid. 
Fro. 40. Spermatid in which some of the mitochondria are seen collecting on one 

side of the nucleus. Diametrically opposite to this cluster of mitochondria 
is the vacuole-like proacrosome. 

Fra. 41. Spermatid in which an axial filament can be seen growing out of the cluster 
of mitochondria. Slight indications of a vacuole-like proacrosome are 
also available on the other side of the nucleus. 

FIGS. 42 and 43. Spermatids in which the Golgi elements are seen coming together to 
form bigger granules. 

FIG. 44. Spermatid in which one of the big Golgi granules is seen coming near the 
anterior end of the nucleus. 

FIGs. 45 to 4 7. Spermatids in which one of the big Golgi granules has come in intimate 
contact with the anterior end of the nucleus. This is the proacrosome 
and the Golgi remnants are seen moving backwards. 

Fro. 48 .. Spermatid in which the proacrosome is being differentiated into an outer 
chromophilic cortex and an inner chromophobic core. 

FrGS. 49 to 53. Elongating spermatids. The proacrosome is being directly trans
formed into a triangular acrosome .• 

Plate IV 

FIGs. 54 to 58. Elongating spermatids. The mitochondria at the base of the nucleus 
can be seen coming closer together to form the middle-piece. 

FIGs. 59 to 61. Maturing sperms with the bead of residual cytoplasm still sticking to 
the fully formed middle-piece. 

FIGs. 62 to 66, Nearly mature sperms. The bead of residual cytoplasm is seen moving 
down the axial filaments to be finally sloughed off. 

Fras. 67 and 68. Ripe sperms. · 
FIGs .. 69 to 73. Late elongating spermatids and maturing sperms showing the coiling 

of the cells. 
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CYTOLOGICAL STUDIES ON THE MALE GERM CELLS OF THE 
SPIDER, P ARDOSA SP., WITH OBSERVATIONS UNDER 

THE PHASE CONTRAST MICROSCOPE 

By G. P. S!IARMA and BRIJ L. GUPTA 

Department of Zoology, Panjab University, Hoshiarpur 

ABSTRACT 

The spermatogenesis of the spider, Pardosa sp., has been worked out 
completely and the following important conclusions arrived at:-(1) The 
mitochondria, which appear as granules in the fixed material, are actually 
in the form of fibres with a granule at each tip, in the living cells under 
the phase contrast microscope. They do not take any part in the forma
tion of the mature sperm. (2) The Golgi elements are in the form of solid 
g~ ·mles throughout spermatogenesis. During spermateleosis they all 
unite to form the acrosome directly. They are highly sudanophil, take up 
neutral red and give a very high phase-change under the positive phase 
contrast. (3) A single enigmatic chromatoid body has also been described 
in the spermatocytes. This takes up a deep stain in chrom-osmium prepara
tions but is not stained at all with sudan black and neutral red. (4) The 
diploid number of chromosomes in this species is 28, with XX-0 type of 
sex-determining mechanism. All the chromosomes are of the simple rod
type and acrocentric. 

INTRODUCTION 

Sokolska (1924), working on the male germ cells of the spider, Tegenaria, 
has described a single large Golgi body which goes to only one of the two 
secondary spermatocytes, during the first maturation division. This 
single body is fragmented during the second maturation division and the 
dictyosomes, thus formed, are evenly sorted out to the two spermatids. 
According to this author, therefore, only half of the spermatids receive the 
Golgi elements while the others remain without them. 
". Sharma (1950), on the other hand, has described in the spider, Plexippus 
paykulli, a perfectly normal behaviour of the granular Golgi elements, 
some of which fuse together in the spermatid to form directly the triangular 
acrosome of the mature sperm. He has, however, pointed out that such 
important cell components as the mitochondria are not represented at all 
in the mature sperm of this spider. 

As no other worker seems to have paid any attention to the cyto
plasmic inclusions of the male germ cells of the spiders, the present work 
was undertaken to throw some more light on the conflicting views regarding 
the behaviour of the Golgi elements and the mitochondria in this ancient 
group. Special attention was paid to the study of the living material with 
vital dyes and under the phase contrast microscope. 
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Besides the cytoplasmic inclusions the behaviour of the chromosomes 
during spermatogenesis was also studied. The chromosome studies in the 
family Lycosidae had been made earlier by Montgomery (1905) and Painter 
(1914). They were followed by Hard (1939) who was the first investigator 
to report on the chromosomes of Schizocosa crassipes, using modern tech
niques. Subsequently the chromosomes of 16 more species of this family 
were worked out by Hackman (1948), and of five species by Suzuki (1954). 
In this country Bole-Gowda (1953) published an abstract of his work on 
seven species of Lycosid spiders. All the species so far studied in this 
family show close resemblance in their chromosomes, the two compound 
X's being always present. The haploid number of chromosomes ranges 
from 12 to 15 and the most common diploid number is 28. The two X's 
are generally acrocentric and of equal size, although some clear size 
difference between the two X's has been reported by Hackman (1948) 
and Suzuki (1954) in some species. Bole-Gowda (1953) has given the 
diploid number as 28 in the two species of the genus Pardosa, with two 
sex-chromosomes of equal size. 

MATERIAL AND TECHNIQUE 

The specimens of Pardosa sp. were found to be very common in the 
college lawns near the water channels. The animals were collected during 
the months of February to September, 1953. The males can be easily 
differentiated from the dull brown females by their black colour with a 
brown area in the centre of the cephalothorax. 

The testes were dissected out in 0·7% saline solution, to every 100 c.c. 
of which 0·2 c. c. of 10% calcium chloride solution was added (Baker, 1944). 
The same physiological solution was also employed for the study of the 
living cells. The testicular tubes were fixed for varying periods in the 
following fixatives: Flemming-without-acetic, Champy, Bouin, Allen's 
modificati9n of Bouin, Flemming (strong), Flemming (weak), Sanfelice and 
Carnoy. The material fixed in Champy, Sanfelice and Flemming (strong), 
however, gave the most satisfactory results. 

For the specific study of the Golgi elements sudan black technique of 
Thomas. (1948) was employed. Cain's (1948) techuique of staining the 
mitochondria was also used but did not prove very useful. 

Paraffin wax was employed for embedding and sections were generally 
stained with 0·5% iron hrematoxylin. . · ·q 

Considerable attention was paid to the living studies with vital dyes 
like the neutral red chloride (B.D.H.) and Janus green B (Harleco-U.S.A.). 
Both the dyes were used in the final concentration of 0·01 %. 

Carl Zeiss stand 'W', phase contrast microscope was employed for the 
living study under the positive phase contrast. 

0BSERV ATIONS 

Spermatogonia.-The spermatogonia, which were not many in our 
preparations, are generally found in the various active stages of the mitotic 
division. 
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The earliest spermatogonium is a large, more or less, rounded cell, 
with the nucleus showing a coarse network of fine chromatin granules 
(Plate I, fig. 1). The thin film of cytoplasm at this stage reveals a number 
of lightly stained fine granules lying on one side of the nucleus in chrom
osmium preparations. These granules take up a light blue and homo
geneous stain in sudan black, indicating the presence of diffused lipides. 
They are most probably the mitochondria. Besides them the cytoplasm 
also shows one or two deeply staining larger granules which have a great 
affinity for neutral red and are sudanophil (Plate I, fig. 1). They may be 
assigned to the category of the Golgi elements. Both types of these inclu
sions can also be made out clearly in the living cells under the phase contrast 
microscope. 

With the advent of the prophase the chromatin granules of the resting 
gonia! nucleus arrange themselves in small granular chromosomal structures, 
each showing a distinct longitudinal split even at this early stage. These 
can generally be counted as twenty-eight in number which is the diploid 
number of chromosomes in this species (Plate IV, fig. 51). In the late 
prophase of the spermatogonium the chromosomes are rod-like and are 
di~ributed irregularly in the whole of the nucleus (Plate IV, fig. 52). 
r~It was not possible to find these stages in the chrom-osmium prepara

tions. In the living cells under the phase contrast the cytoplasm revealed 
an increased number of the mitochondrial granules, some of which were 
arranged linearly to form moniliform threads. 

In the prometaphase stage (Plate I, fig. 2) the chromosomes can be 
seen arranging themselves at the equator of the spindle, each pole of which 
is occupied by a granular centrosome. Besides the mitochondria which are 
uniformly spread throughout the cytoplasm, one or two Golgi granules can 
also be clearly made out. 

It may be pointed out here that from this stage onward the mito
chondria appear as long fibrillae with a dark granule at each end in the 
living material under the phase contrast. They retain this form in the 
dividing cells also, till they are left finally in the cytoplasmic remnants. 
Their granular form in the fixed preparations seems to be due_ not only to 
their poor preservation in the fixatives employed but also to their extremely 
delicate nature. 

The chromosomes in the gonia! metaphase are distinctly shorter than 
t'J'se in the prophase stages and do not show any longitudinal split (Plate I, 
fig. 3 and Plate IV, fig. 53). It has been concluded from a number of the 
metaphase polar views that the diploid chromosome number in this species 
is invariably twenty-eight. All the chromosomes are essentially stout and 
of simple rod-type, with one end always pointed, towards which is situated 
the centromere. They show a gradual seriation in their size. Most of the 
chromosomes are quite short but generally six to eight larger chromosomes 
of almost the same size can be recognized. The chromosomes are always 
arranged on the equatorial plate in a radial manner with their tapering 
ends pointing inwards, thus reflecting their acrocentric nature. They are 
generally seen lying in pairs, each member of a pair being almost similar 
in size and shape to the other. These most probably represent the homo-
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logous pairs of chromosomes. It has not been possible to spot any of the 
:sex-chromosomes at this stage as they present no differential behaviour oi' 
structure during mitotic division. But it can be concluded from their later 
behaviour that they belong to the category of the larger chromosomes. 

During the gonia! anaphase all the chromosomes divide longitudinally 
and the products of division move alillost simultaneously towards their 
respective poles, each lying parallel to the spindle fibres, with its tapering 
end pointing towards the centrosome (Plate IV, fig. 54). 

In the telophase (Plate IV, fig. 55) the chromosomes at each pole of 
the spindle can very often be seen arranged in the form of a rosette around 
the granular centrosome. They do not, however, lose their staining capacity 
in any of the telophase stages. 

Primary SperrnaJ;ocytes.-A typical resting stage characterized by a 
vesicular nucleus does not occur in the primary spermatocytes of this 
material. Consequently, the spermatocyte, as soon as it is formed, directly 
enters the prophase stage of meiosis. 

The primary spermatocyte is definitely a larger cell than the spermato
gonium, but possesses a . comparatively smaller nucleus (Plate I, figs. 4 

to 
6
)it is generally not possible to identify the various prophase stage~n 

the slides prepared from the F.W.A.-fixed material, as in them the chro
matin of the nucleus does not take up any dark stain. But the sex-chromo
somes, which show a definite positive heteropycnosis during all the later 
stages, are always stained darkly even in these preparations. 

In the cytoplasm of the early primary spermatocytes the mitochondria 
form a dense, juxta-nuclear mass and among them can be seen a few larger 
darkly staining and sudanophil granules-the Golgi elements (Plate I, 
fig. 4). As the spermatocyte, however, grows, the mitochondria and the 
Golgi elements gradually become circumnuclear in arrangement (Plate I, 
figs. 5 and 6). 

In the living cells seen under the positive phase contrast the Golgi 
elements present a very high phase-change but the mitochondrial filaments 
a;re not reSQlved easily although their tip granules are very prominent. 
The Golgi elements are stained with neutral red whereas the mitochondria 
take up Janus green B. 

Besides the cytoplasmic inclusions mentioned above a large deeply 
staining and round body is also generally seen in these stages in chr~~
osmium preparations (Plate I, figs. 4 to 6). As it does not stain in sudan 
black and gives a very small phase-change in the living cells, it may be the 
chromatoid body. 

Just after the gonial telophase the nucleus of the primary spermatocyte 
reveals inside it widely dist.ributed chromatin masses (Plate IV, fig. 56), 
which are granular and show a clear longitudinal split in majority of 
cases. But soon they resolve themselves into fine autosomal threads, 
filling up the whole of the leptotene nucleus (Plate IV, fig. 57). The sex
chromosomes, however, remain in the form of two highly condensed, 
darkly staining heteropycnotic rods, closely applied to each other. Occa
sionaliy they unite to form a single dark body. A little later the autosomal 
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threads become completely polarized and show dark heteropycnotic granules 
at their free ends which are very clearly seen in the living cells under the 
positive phase contrast (Plate IV, fig. 58). The two heteropycnotic X's 

r lie close to the nuclear membrane towards the polarized end. These present 
a very high phase-change and are the most prominent objects in the pro
phase nucleus. 

The zygotene stage appears to be a very short-lived one in this material. 
However, the association of the chromosome threads appears to be complete. 
The homologous pairs, thus formed, detach themselves from the nuclear 
membrane (Plate IV, fig. 59) and seem to enter a marked contraction or 
synizesis stage in the fixed material (Plate IV, fig. 60). Such a stage, 
however, was not seen in the living cells and the areas of leptotene cells 
were followed by pachytene stages in a longitudinally crushed testicular 
tube. 

In the pachytene stage which follows the synizesis the autosomal 
threads show a double linear alignment of granules revealing their longitudi
nally double nature. These threads are in a slightly confused state in 
the early stages (Plate IV, fig. 61), but later on they become shorter and 
cof'lpletely polarized (Plate IV, fig. 62). They can be counted as 13, which 
represent the haploid number (Plate IV, fig. 62). One end of each pachytene 
thread is in close association with the nuclear membrane while the other, 
lying free in the nuclear cavity, bears a dark positively heteropycnotic 
granule on it. The double and granular nature of these threads is also 
clearly visible in the living state where even the heteropycnotic tip granules 
are also seen as double (Plate V, fig. 76). 

The sex-chromosomes are in the form of two dark and short rods, 
lying separately or closely applied to e!Wh other, near the nuclear membrane 
on the polarized end (Plate IV, figs. 61 and 62 and Plate V, fig. 75). In 
some cases, however, each of the two X's may show a distinct longitudinal 
split at this stage. 

The polar orientation of the autosomal bivalents breaks up gradually 
with the advent of the diplotene stages. In the early diplotene (Plate IV, 
fig. 63) the synaptic mates become longitudinally coiled round each other 
as represented in the strepsitene stage of Wilson (1925). With the advance
ment of the diplotene stage, however, they lose their twists and come to 
occupy the whole of the nuclear vesicle. The autosomal bivalents generally 
s~ow a single chiasma and they are all of double-cross type (Plate IV, . 
figs. 64 and 65). No ring-tetrad was ever identified. The sex-chromosomes 
retain their positive heteropycnocy throughout these stages. 

During the diakinetic stage (Plate IV, figs. 66 and 67) the autosomal 
bivalents assume a typical double-cross shape and show a peripheral dis
position in the nucleus. In the subsequent prometaphase stages the auto
somal bivalents lie scattered in the cytoplasm whereas the two X's occupy 
a peripheral position (Plate I, figs. 7 and 8 and Plate IV, fig. 68). In the 
side view two prominent centrosomes can also be seen clearly, each occupying 
one pole of the fibrillar spindle (Plate I, fig. 8). 

During the metaphase stage, when the autosomal bivalents arrange 
themselves radially at the equator of the spindle, the two X's always form 
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a. separate plate. Both of them are attached, each by a separate spindle 
fibre, to the same centrosome towards which they later on proceed together 
(Plate IV, figs. 69 to 72). In the polar views the V-shaped or dumb-bell
shaped autosomal bivalents are invariably thirteen in number, which is the 
haploid number of chromosomes in this species. 

During all these stages the mitochondria are homogeneously distributed 
throughout the cytoplasm. 

In the living cells the mitochondrial fibres surround the spindle longi
tudinally but the spindle area is completely free from them and thus appears 
quite clear. No spindle fibres could be resolved in the living cells (Plate V, 
fig. 77). . 

During anaphase the sex-chromosomes always precede the autosomal 
diads but,. as has been stated earlier, they go only to one of the two poles, 
though the time of their departure may vary slightly (Plate I, figs. 9 and 
10; Plate IV, fig. 73 and Plate V, fig. 78). The course of movement of 
these sex-chromosomes is always peripheral along the spindle. In some 
favourable views each of the two X's may show a longitudinal split (Plate I, 
fig. 9). 

The autosomal bivalents separate into the expected V-shaped diads.at 
the anaphase; the two limbs of the V's later on joining together to form rolls 
(Plate IV, fig. 74). 

In F.W.A. preparations the autosomal diads take up a very light stain 
excepting the two heterochromatic tip granules in each (Plate I, fig. 10). 
The two X's, however, stain deeply. 

As a result of the reductional division of the two sex-chromosomes are 
produced two types of secondary spermatocytes, one with only thirteen 
autosomal diads .(Plate I, fig. 12) and the other with two deeply staining X's 
besides the thirteen autosomal diads (Plate I, fig. 11). 

In the late telophase stage the cell becomes elongated and divides by 
a. constriction in the middle. Some darkly staining granules appear at the 
equator of the spindle at this stage and they constitute the so-called 'mid
body' (Plate I, fig. 13). These granules later on fuse together to form a 
conspicuous darkly staining ring around the remains of the spindle fibres 
(Plate I, fig. 14). 

The process of reduction of the sex-chromosomes, the movement of 
the chromosomes, the formation of the mid-body and the constriction of 
the cell into two, followed by the nuclear reconstruction, have all b~n 
clearly studied in a single living cell under the phase contrast (Plate V, 
figs. 78 to 85). As the chromosomes reach their respective poles the cell 
elongates slightly and two constrictions appear at the equator, one on 
either side. Immediately afterwards a few granules-the mid-body 
granules-which present a slightly higher phase.change than the cytoplasm, 
make their appe.arance at the equator. These granules seem to arise de novo 
and appear within a period of five minutes. They surround the constricted 
portion of the cell, unite to form a homogeneous ring around it and seem 
to strangle the cell into two. The whole process of cell constriction from 
the early telophase to the process of nuclear reconstruction takes about fifty 
minutes. 
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For the process of nuclear reconstruction the chromosomes become 
massed at each pole and take up an intensely dark stain in fixed cells (Plate I, 
fig. 13). They, however, soon Jose their density and present, gradually, 

~, a lower phase.change under the positive phase contrast. They ultimately 
become very faint and the two heteropycnotic X's now become prominent 
in one of the two daughter cells. 

With the formation of the nuclear membrane, which takes a com
paratively long time, the nucleus loses its staining capacity excepting the 
two sex-chromosomes (Plate I, figs. 14 and 15). The mitochondria and the 
Golgi elements seem to be sorted out almost equally between the two 
daughter cells during meiosis I. The Golgi elements become quite easily 
visible during late telophase stages in the living cells. The mid-body and 
the spindle fibre remnants persist for some time in the form of a bridge 
between the two daughter cells. But ultimately they are all discarded in 
the lumen of the testis. 

Secondary Spermatocytes.-Just after the first meiotic division the 
secondary spermatocyte appears as a smaller cell than the primary. The 
mitochondria in it are generally aggregated on one side of the cytoplasm 
and are fewer in number. The Golgi elements remain in the form of deeply 
sfaiuing granules, which are sudanophil and also take up neutral red (Plate I, 
fig. 15). 

The cell now shows a marked growth of the cytoplasm till, ultimately, 
its size becomes almost equal to that of the primary. Simultaneously an 
increase in the number of the mitochondria also takes place and these now 
spread around the nucleus, finally forming a horse-shoe-shaped mass. The 
Golgi elements also seem to increase in number during these stages (Plate I, 
figs. 16 and 17 and Plate II, figs. 20 and 21). The chromatoid body is also 
generally seen in some of these cells, and it takes up a deep stain. 

The nucleus of the secondary spermatocyte, however, does not show 
any perceptible growth in its size. It takes up a light stain revealing a 
few dark chromatin granules in it (Plate II, fig. 21). The sex-chromosomes, 
present only in half of the cells, remain positively heteropycnotic. 

A clear prophase stage of meiosis II has not been found. Two types 
of polar views of the metaphase plates of meiosis II have been recovered. 
One of them shows fifteen and the other only thirteen chromosomal elements 
(Plate I, figs. 18 and 19). The sex-chromosomes are indistinguishable from 
the autosomes during this division. 
• Besides the mitochondria, which are uniformly distributed throughout 
the cytoplasm, a few large darkly staining Golgi elements can also be clearly 
seen in these stages (Plate I, fig. 19 and Plate II, figs. 22 and 23). The 
spindle is a fibrillar structure, each of its poles being occupied by a centro
some (Plate II, figs. 22 and 23). It is quite interesting to note that in 
this division also the chromosomes, excepting the single heterochromatic 
granule situated at the tip of each, Jose their staining capacity at the ana
phase stage in F.W.A. preparations. The sex-chromosomes show no 
differential behaviour at all during meiosis II (Plate II, fig. 22). During 
anaphase the chromosomes are rod-shaped and move longitudinally towards 
their respective poles (Plate II, fig. 23). 
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In the telophase the chromosomes form a darkly staining mass at each 
pole of the spindle (Plate II, fig. 24). The subsequent process of cell division, 
which takes place by the appearance of a mid-body, is exactly the same 
as has been described earlier for meiosis I (Plate II, figs. 24 to 27). The 
ring-shaped mid-body may persist along with the spindle fibre remnants 
till quite late in the form of a cytoplasmic bridge between the two spermatids. 
During meiosis II also the Golgi elements and the mitochondria seem to 
be equally sorted out between the two daughter cells (Plate II, figs. 24 
and 25). 

SpermaJ;eleosis.-As a result of the heterogametic nature of the males, 
the spermatids can be distinguished into two distinct types: one showing 
the two X's in the heteropycnotic form while the other is without any 
sex-chromosome at all (Plate II, fig. 31). Both these types of spermatids 
are formed from their corresponding secondary spermatocytes. 

The nucleus of the early spermatid is in the form of a vesicle which 
reveals inside it some fine chromatin granules (Plate II, fig. 25). The sex
chromosomes, when present, appear either in the form of a dark rounded 
body or as two closely applied rods (Plate II, figs. 25 and 31). The cyto
plasm shows irregularly distributed mitochondria and among them can also 
be seen some prominent, deeply staining Golgi elements. The latter a~e 
sudanophil and reveal a distinct tendency for coming together to form larger 
granules (Plate II, fig. 25). 

It is quite interesting to note that the process of sperm formation may 
proceed normally without the complete separation of the two spermatids 
after meiosis II (Plate II, fig. 28). 

The mitochondria generally become crowded in one half of the cyto
plasm during the early stages of spermateleosis (Plate II, figs. 29 to 31 ). 
In these stages it is not always possible to demonstrate the Golgi elements 
as they are probably lost in the overcrowded mitochondrial mass. In the 
later stages the mitochondria appear as fine granules in the fixed prepara
tions and these are now arranged just below the cell membrane (Plate II, 
figs. 32 and later). They are finally sloughed off with the cytoplasm from 
which the mature sperm just wriggles out. Thus, they do not take any 
morphological part in the formation of the mature sperm (Plate III, figs. 47 
and 48). 

In the living cells the mitochondria always appeared as filaments with 
a dark granule at each tip. They generally lie close to the cell membrane, 
In the late sperm-forming stages, it has been found that sometimes a porti~ 
of the cytoplasm containing the whole lot of the mitochondria buds off from 
the spermatids and degenerates in the testicular lumen. Such cytoplasmic 
masses containing the mitochondrial filaments are commonly met with 
during the living study. 

The centrosome which is single in the early stages of spermateleosis 
becomes divided into a proximal and a distal centrosome (Plate II, fig. 29). 
The proximal one takes up its position on the nuclear membrane at a very 
early stage, but the distal remains in the cytoplasm (Plate II, fig. 30). 
Soon, however, as the proximal centrosome moves forward upon the nuclear 
membrane the distal too moves towards it till it touches the nucleus 
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(Plate II, fig. 32). In the meanwhile the two centrosomes become connected 
by an intra-cellular axial filament. The extra-cellular axial filament bearing 
the bleb-like swellings can also be seen arising from the distal centrosome 
(Plate II, figs. 30 and 32). 

The acrosome in this spider arises from the GDlgi elements, all of 
which fuse to form a single large deeply staining granule (Plate II, fig. 32), 
which takes up its position at the anterior end of the nuoleus (Plate II, 
fig. 33). This granule is ultimately transformed directly into the acrosome 
of the mature sperm. 

The nucleus, which becomes oval to begin with, takes 11p the shape of 
a pear in the later stages of development (Plate II, figs. 34 to 37). During 
this process its staining capacity increases and consequently it becomes 
very deeply stained. For the same reason it is no longer possible to differen
tiate the two centrosomes and the intra-cellular axial fila-ment in these 
stages. The acrosome can, however, be clearly seen at the anterior end 
of the nucleus in the form of a lightly staining triangular area bearing a 
dark granule at its tip (Plate II, figs. 35 and 36). With further progress 
in the process of spermateleosis, the nucleus, which is now in the form of 
a deep cup, loses its staining capacity. Since, however, the margins of the 
n~clear cup are folded they seem to take up a much deeper stain than the 
rest of it (Plate II, fig. 38 and Plate III, fig. 39). At a still later stage 
the acrosome becomes distinctly triangular. It is now perfectly clear but 
at its tip can still be seen a large deeply staining granule. Tb.e centrosomes, 
however, cannot be differentiated at all at this stage (Plate HI, fig. 40). 

Gradually the staining capacity of the nucleus again increases and its 
lateral folds now meet to enclose a clear space in the centre (Plate III, 
figs. 41 and 42). This can be clearly seen in the transverse section of the 
nucleus at such a stage (Plate III, fig. 50). 

The nucleus now stains heavily and shows a deep curve at the anterior 
end because of its sinuous nature. The posterior end of the nucleus, in 
the meanwhile, becomes attenuated and curved (Plate III, fig. 42). The 
intra-cellular axial filament at this stage can be seen arising from the 
proximal centrosome, which has moved forward along the nuclear membrane 
to lie near the acrosome. Posteriorly it joins the distal ceJJ.trosome which 
is situated at the attenuated tip of the nucleus. 

With further differentiation the nucleus becomes more slender and the 
curves become less marked. The axial-filament detaches itself from the 
p"tsterior tip of the nucleus and thus comes to lie away from the distal 
centrosome. It can now be traced directly to the proxil:tlal centrosome 
which can be detected with some difficulty near the anterior margin of the 
nucleus (Plate III, figs. 44 to 47). 

The nucleus with the acrosome at its tip now leaves its central position 
in the cell and gradually wriggles out of the cytoplasm containing the whole 
lot of the mitochondria (Plate III, fig. 47 and Plate V, fig. 86). The ripe 
sperm, therefore, does not have any morphological trace of the mitochondria 
(Plate III, fig. 48). 

The acrosome reveals various configurations during these later stages 
of development. It becomes cylindrical and darkly staining, but later on 
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it becomes clear again, showing a dark ring or plate and a granule at its 
tip (Plate III, figs. 43 to 45). ffitimately, however, the ~J,crosome becomes 
clear and triangular and is continuous with the sinuous, deeply staining 
nucleus (Plate III, figs. 46 to 48). 

The mature spermatozoon, consisting of a dark nucleus, a clear tri
angular acrosome at its tip and a long axial filament (Plate III, fig. 48), 
coils up like a watch spring in the lumen of the testis. In the early process 
of coiling the acrosome can be seen lying in the innermost region and the 
axial filament is wound around the nucleus (Plate III, fig. 49). But in the 
fully coiled up sperm, it is not possible to make out the vo.rious parts of the 
spermatozoon. 

DISCUSSION 

(a) Mitochondria.-The most important point in the process of sperm 
formation in Pardosa sp. is, undoubtedly, the absence of ~J,ny mitochondrial 
material in the mature sperm. This conclusion is in full accord with 
Sharma (1950), who has carefully described in the spider, Plexippus paykulli, 
the wriggling out of the mature sperm from the spermatid cytoplasm, in 
which the whole lot of the mitochondrial material is left- · The process of 

. wriggling out of the mature sperm was also described by earlier work~s 
like Biisenberg (1905) in Lycosa and Wallace (1909) in Agalena naevia, who, 
however, made no mention of the cytoplasmic inclusions as such. 

The absence of the mitochondrial material from the mature sperm has 
been recorded in other animals too by the various workers. For example, 
Nath and Bhatia (1953) described a complete paling off of the mitochondrial 
nebenkern in the later stages of sperm formation in the insect, Lepisma 
domestica. According to Dhingra (1954), the mitochondria in the trematode, 
I soparorchis eurytremum, 'are left behind in the residual cytoplasmic mass 
and do not contribute towards the formation of any part of the ripe sperm'. 
Similarly Sud (1955) and Hughes-Schrader (1946) have also described the 
absence of the mitochondrial material in the ripe sperms of the snake, N atrix 
and iceryine coccids respectively. The climax is reached in the dragon-fly, 
Syrnpetrum hypomelas, in which, according to Nath and Rishi (1953), the 
mitochondrial material is never differentiated at all in the male germ cells. 

Thus the complete absence of the mitochondria from the sperm of 
Pardosa sp. and the above-stated observations of other workers lend full 
support to the conclusions of Nath and Rishi (1953) that the mitochondr~ 
are not essential at all in the final make up of the sperm. 

The form of the mitochondria in Pardosa sp. appears as granular in 
the fixed preparations. Sharma (1950) has also figured mitochondria as 
fine granules in Plexippus paykulli. But the living study of Pardosa germ 
cells under the positive phase contrast has revealed their filamentous nature 
very clearly. A single mitochondrion is a fine long filament, just at the 
limit of the microscopical resolution, with one dark granule at each tip. 
These filaments, however, seem to be formed by the linear aligument of the 
granular mitochondria of the spermatogonia. Their appearance as granules 
in the fixed material is attributed to their extremely delicate nature and poor 
preservation in the fixatives employed. 
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(b) Golgi elements and the chromatoid body.-The present work confirms 
fully the conclusions reached earlier by Nath (1944), Sharma (1950) and 
Sharma et al. (1953 a and b) that the Golgi elements are essentially in the 
form of discrete granules which may grow to form vesicles or spheres in 
later stages. Our extensive study of the living material under the phase 
contrast and with neutral red revealed to us nothing but granular Golgi 
elements, which take up neutral red and are strongly sudanophil. This 
indicates that they contain or are lipides with acidic reaction. In their 
form and staining behaviour the Golgi elements of this spider are homo
logous with the lipochondria in the neurones of Locusta (Shafiq, 1953 and 
1954) and Helix (Roque, 1954). 

We also fully support the view of Sharma (1950) that the acrosome in 
the spiders is directly formed from the Golgi elements of the spermatid. 
The acrosome of the mature sperm of the spider, Plexippus paykulli, was 
described by him as triangular with a deeply staining granule at its apex 
which was connected to the nucleus by means of a lightly staining fibre. 
Almost a similar description was given for the 'apical body' by Bosenberg 
(1905) in Lycosa and by Wallace (1909) in Agalena naevia. This deeply 
~aining granule is visible at the tip of the cylindrical acrosome in the early 
stages of our spider also, but later on it disappears, leaving a clear triangular 
acrosome of the mature sperm. The lightly staining fibre traversing the 
acrosome, as seen by earlier workers, could not, however, be detected in 
any stage of the acrosome formation. · All the Golgi elements of the sper
matid are consumed in the formation of the acrosome and consequently 
there are no Golgi remnants. 

Sokolska (1924) gave a very interesting and abnormal description of 
the behaviour of the Golgi elements during meiosis in the spider, Tegenaria. 
According to this author, a single large Golgi body, which goes only to one 
of the two secondary spermatocytes during the first meiosis, is fragmented 
into dictyosomes during the second maturation division. These dictyo
somes are then evenly sorted out to the two spermatids. Thus, only half 
of the spermatids, according to Sokolska, receive the Golgi elements. 

But this is probably the solitary example of such a distribution of the 
Golgi material in the whole of the animal kingdom. Our observations on 
Pardosa sp. as well as those of Sharma (1950) on Plexippus paykulli clearly 

. ~how that the granular Golgi elements are distributed almost equally to the 
'two daughter cells in all the divisions. 

In the opinion of the authors, therefore, Sokolska (1924) has mistaken 
the single chromatoid body of the primary spermatocytes with the Golgi 
elements. The single chromatoid body of the spider, Pardosa sp., however, 
is not identical with the Golgi elements as it is not sudanophil, does not 
take up neutral red and gives a very small phase-change under the positive 
phase contrast in the living cells. It seems to go only to half of the 
secondary spermatocytes after the first maturation division as it is visible 
only in some of these cells. The authors, however, have not seen the 
fragmentation of this body into dictyosomes at any stage. Such a chroma
toid body has also been described in the male germ cells of the snake, 
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Natrix and the turtle, Lissemys by Sud (1955 and 1956) and of the 
domestic duck by Gupta (1955). 

(c) Ohromosomes.-The diploid number of chromosomes is 28 in the 
spider, Pardosa sp., which presents an XX-0 type of sex-determining 
mechanism, since the haploid number is 15 and 13 in this species. The 
chromosomes are all rod-like and acrocentric and the autosomal bivalents 
are all of double-cross type at meiosis I. Bole-Gowdtt (1953) has also 
stated that the diploid number of chromosomes in the two species of the 
spider, Pardo.sa, worked out by him is 28, out of which two are the sex
chromosomes. Both the sex-chromosomes are of equal length and similar 
shape and they always precede the autosomes in meiosis I. In meiosis II, 
however, they are indistinguishable. All the previous workers on the family 
Lycosidae like Hard (1939), Hackman (1948), Bole-Gowda (1953) and 
Suzuki (1954), etc., etc. have described a similar behaviom: of the two X's. 

A marked synizesis stage, wherein all the autosomes contract to form 
a deeply staining knot on one side of the nuclear vesicle, has been observed 
only in the fixed preparations of this material. But as th'l extensive studies 
of the living material under the phase contrast never revealed such a stage, 
it appears to us that it is formed as a result of fixation. ., 

(d) 1Jilid-body.-A clear mid-body is seen in the fixed preparations, in 
the form of .11 d.11rk ring surrounding the spindle ilbre remains between the 
two daughter cells, in both the first and the second maturation divisions. 
This ring is formed by the fusion of some dark granules which make their 
appearance at the equator of the spindle during the early telophase stage of 
these divisions. The appearance of these mid-body granules has also been 
clearly observed in a single living cell under the phase contrast. These 
granules :seem to arise de novo and their appearance does not take more 
than five minutes. The whole process of cell constriction is completed in 
nearly fifty minutes and the mid-body-ring seems to perform a strangling 
act upon the constricting cell. Such a mid-body has also been figured by 
the previous workers on spider spermatogenesis like Biisenberg (1905), 
Wallace (1909) and Sharma (1950). 
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EXPLANATION OF PLATES 

All the figures on Plates I to IV have been drawn at table level, using a Spencer 
10 X ocular and 95/1·25 oil immersion objective and a Beck Camera Lucida, giving a 
total magnification of 1,700 times. The figures on Plates I to III have been selected 
from Champy or F.W.A.-Iron hrematoxylin preparations whereas those on Plate IV 
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are from Sanfelice-Iron hrematoxylin slides. Plate V shows the photomicrographs 
of the living cells under the Phase Contrast Microscope, taken with a Contax 35 mm. 
Camera, Carl Zeiss Micro-reflex Camera attachment, K 8 x ocular and 100/1·25 oil 
immersion objective. All the photomicrographs are further enlarged four times, giving 
a total magnificat.ion of 1,600 times and are untouched. 

Plate I 

FIG. I. Resting spermatogonium showing fine mitochondrial granules and two large 
Golgi granules. 

FIG. 2. Gonial prometaphase, side view. 
Fm. 3. Gonialrr.etaphase, polar view. 
FIGs. 4 to 6. Primary spermatocytes in prophase stages showing very fine mito

chondria, larger and darker Golgi granules and a still larger, deeply staining 
chromatoid body. 

FIG. 7. Meiosis I; prometaphase, polar view. 
FIG. 8. Meiosis I;· prometaphase, side view. 
FIGs. 9 and 10. Meiosis I; anaphase, side views. 
FIGS. 11 and 12. Meiosis I; telophase, polar views showing 15 and 13 chromosomal 

elements respectively. 
FIG. 13. Meiosis I; late telophase, side view showing mid-body granules. -~ 

FIGs. 14 and 15. Early secondary spermatocytes showing mitochondria and the Golgi 
grannies in the cytoplasm and the heteropycnotic X's in the nuclei. Mid
body is also visible. 

FrGs. 16 and 17. Secondary spermatocytes, resting. 
FIGS. 18 and 19. Meiosis II; metaphase, polar views. 

Plate II 

FIGS. 20 and 21. Secondary spermatocytes showing the circum-nuclear mitochondria 
and Golgi elements. Deeply staining large chromatoid body is also visible. 

FIGS. 22 and 23. Meiosis II; anaphase, side views. 
FIG. 24. Meiosis II; telophase, side view showing mid-body granules. 
FIG. 25. Early spermatids showing mid-body. 
FIG. 26. Spermatids still not separated, showing mitochondria and Golgi granules. 
FIGs. 27 and 28. Spermatids showing precocious development without separation. 
]'IG. 29. Spermatid showing mitochondria, Golgi granules and two closely applied 

centrosomes lying partially on the nuclear membrane, 
FIG. 30. Spermatid showing an intra.-cellular axial filament between the two centr'L

somes continuous :with an extra-cellular axial filament with two bleb1': 
Four large Golgi granules are also visible. 

FIG. 31. Two spermatids with and without heteropycnotic X's. 
FIG. 32. Spermatid ·showing both the centrosomes on t'ie nuclear membrane and all 

the Golgi granules fused into a single large sphere. 
FIG. 33. Golgi sphere is attached to the anterior end of the precociously condensed 

nucleus. 
FIG. 34. Spermatid with oval nucleus showing the acrosome at the anterior end and 

the proximal centrosome on the side of the nuclear membrane giving rise to 
the axial filament. 

FIGS. 35 to 37. Deeply staining pear-shaped nucleus with a triangular acrosome at the 
anterior tip. 

FIG. 38. Spermatid showing folded nucleus taking a light stain. 
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Plate III 

FIGS. 39 to 41. The nuclear folds of the spermatid meeting to enclose a. space. 
FIG. 42. Spermatid showing deeply staining sinuous nucleus, a clear triangular 

acrosome with a dark granule at the tip and the axial ffiament arising from 
the proximal centrosome lying near the anterior end of the nucleus and 
passing through the distal centrosome at the posterior tip. 

FIGs. 43 to 4 7. Late stages of metamorphosis of the spermatid. Acrosome shows 
various developmental cOnfigurations. 

FIG. 48. Mature sperm. 
FIG. 49. Coiling of the mature sperm like a watch spring. 
FIG. 50. Transverse section through a spermatid as shown in fig. 42, showing the con

centration of the chromatin on the margius of the nucleus. 

Plate IV 

FIG. 51. Spermatogonium showing 28 chromosomarmasses. 
FIG. 52. Gonia! prophase. 
FIG. 53. Gonia! metaphase, polar view with 28 chromosomes. 
FIG. 54. Gonial anaphase, very late, side view. 
FIG. 55. Gonia! telophase, side view. 
FIG. 56. Early primary spermatocyte showing chromatin masses, each with a longi-
~ tudinal split. 

FIGs. 57 and 58. Prophase I; leptotene. 
FIG. 59. Prophase I; zygotene. 
FIG. 60. Prophase I; synizesis. 
FIGs. 61 and 62. Prophase I; early and late pachytenes. 
FIG. 63. Prophase I; strepsitene. 
Fms. 64 and 65. Prophase I; diplotene. 
FIGs. 66 and 67. Prophase I; sections of the same cell at diakinesis. 
FIG. 68. Prometaphase I; polar view. 
FIGs. 69 to 71. Metaphase I; polar views showing 2 X's and 13 bivalents. 
FIG. 72. Metaphase I; side view. 
FIG. 73. Anaphase I; side view. 
FIG. 74. Showing the separation of a double-cross bivalent during anaphase I. 

Plate V 

FIG. 75. Primary spermatocytes showing heteropycnotic X's. 
FIG. 76. Primary spermatocyte, syncyt,ium with two nuclei showing Pa;,hytene chromo-

somes w:ith heterochromatic ends. 
Fm. 77. Anaphase I, side view, showing fibrillar mitochondria surrounding the spindle. 
FIG. 78. Anaphase I, side view, showing the two X chromosomes preceding the auto-
..L somes. 
J'J:Gs. 79 to 85. Serial photomicrographs of a single cell from late anaphase I to very 

late telophase I showing the formation of the mid-body and the process of 
cell division. -

FIG. 86. Very late spermatids showing sinuous nucleus, triangular acrosome and an 
axial filament in each. 
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A PRELIMINARY LIST OF THE MOSSES OF MUSSOORIE 
(HIMALAYAS) 

By R. S. CHOPRA, B. K. ABROL and M. S. BANG A 

(Botany Department, Panjab University, Amritsar, Panjab, India) 

The stimulus provided by the publication of 'Liverworts of the Western 
Himalayas and the Panjab Plains' by the late Prof. S. R. Kashyap im
pressed upon the senior author the need of a sister work on the mosses of 
this area. A study of the mosses, which had been collected by the late 
Prof. S. R. Kashyap and Mr. R. L. Badhwar and had been identified by late 
Mr. H. N. Dixon, was started in 1942. A good deal of work had been put 
in but the events following the partition of the Panjab in 1947 put an end 
to t.his study. A start was again made in 1950 by collecting mosses from 
Mu<a;)orie. Collections have been made as under:-

Chopra and Abrol, 1950; Abrol, 1951; Chopra and Banga, 1952; and 
Banga, 1953. 

To begin with mosses were sent for identification to the British Museum 
of Natural History, Dr. W. C. Steere, and Dr. A. Nagouchi. Further 
specimens were later sent only to the British Museum which has the 
advantage of having a collection of Indian mosses determined by late 
Mr. H. N. Dixon. Dr. Steere passed on the lot of mosses sent to him to 
l\:lr. A. H. Crum, who has identified this lot jointly with Mr. E. B. Bartram. 
Sincerest thanks are due to the authorities of the British Museum of Natural 
History, Mr. A. H. Norket, Dr. A. Nagouchi, Dr. W. C. Steere, Messrs. 
H. A. Crum and E. B. Bartram for the determination of mosses and to 
Prof. P. N. Mehra for suggestions and providing facilities, which have 
enabled ns to carry out this work. 

Pending a full account of the 'Mosses of Mussoorie', it is thought 
desirable that a preliminary list may be published. 

POLYTRICHALES 

POLYTRICHACEAE 

Pogonatum Palls 

P. microstomum (R. Br.) Brid. 
P. perichaetiale (Mont.) Jaeg. 
P. stevensii Ren. & Card. 

2 *, 144. 
I, 143. 
3, 145, 198, 276, 298. 

• These figures indicate the Herbarium numbers of various mosses in the 
departmental Herbarium. 
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Atrichum * P. Beauv. 

A. obtusulum C.M. 
A. pallidum Ren. & Card. 

FISSIDENTALES 

F:rSSIDENTAOEAE 

Fissidens Hedw. 

F. cristatus Mitt. 
F. grandifro'M Brid. (C. & B. det.) 
F. obscurus Mitt. 
F. schmidii C. Mull. 
F. sylvaticus Griffith. 
F. taxijolius Hedw. f. Bartr. (C. & B. det.) 
F. zippelianus Doz. & Molk. (Nagouchi det.) 

5, 147, 219. 
4, 146, 255. 

299. 
201, 383. 
8, 10, 150, 271. 
282, 324, 325. 
9, 300. 
N.R. 412. 
202, 251. 

According to Dixon (Mosses of Celebes: Annals Bryologicii, Vol. VII, 
p. 23 (1934), F. sylvaticus Griff. is the synonym of F. zippelianus. 

DICRANALES 

DIORANAOEAE 

Ditrichum Timm. 

D. duthiei Broth. 
D. heteromallum (Hedw.) Britt. (Nagouchi det.) 
D. lortile (schrad.).Lindb. 

315. 
N.R. 199. 
315, 319. 

Mr. Norket does not see' very much difference between D. duthiei and 
D. tortile. 

Trematodon Michx. 

T. capillijolius C.M. (C. & B. det.) .. 

Dicranella Schimp. 

D. heteromalla (Hedw.) Schimp. 

Campylopus Brid. 

0. piriformis (Schulz.) Brid. 

Dicranodontium B. & S. 

D. caespitosum (Mitt.) Par. 
D. denudatu'/1} (Brid.) Hag. 

. . 423. 

6, 148. 

N.R. 7, 149. 

mixed in 185. 
200. 

* The names given in this Jist are those given by the persons determining these 
mosses although some of these are synonyms and should be replaced by others. For 
example, Atriclllum Palls., Prodr., p. 42 (1805), should be discarded in favour of 
Gatharinaea Ehrb. in Hanov. Mag., p. 933: 1780. This point will be taken up 
later on. 
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Brothera C. Mull. 

B. leana (Sull.) C. Mull. (Nagouchi det.) 

Ceratodon Brid. 

C. purpureus (Hedw.) Brid. 

POTTIALES 

POTTIAOEAE 

Molendoa Lindh. 

M. roylei (Mitt.) Broth. 
M. sendtneriana (B. & S.) Limp. 
M. yunanensis Broth. (Nagouchi det.) 

Gymnostomum Hedw. 

G. aurantiacum (Mitt.) Par. (Nagouchi det.) 
G. calcareum Nees & Horn. 
G. reourvirostrum Hedw. 

Hftphila Brid. 

H. invo!uta (Hook.) Jaeg. 

Barbula Hedw. 

* B. amplexifolia Mitt. 
* B. constricta Mitt. 
B. ehrenlJergii (Lor.) Fl. (C. & B. det.) 
B. horricomis C. Mull. .. 
B. le1tcodontoides C. Mull. 

Hydrogonium (C. Mull.) Jaeg. & Sauerb. 

H. amplexifolium (Mitt.) Chen. 
H. commosum (Doz. & Molk.) Chen: 
H. gracilentum (Mitt.) Chen. 

Reimersia Chen. 

R. inconspicua (Griff.) Chen. 

BJ'yoerythrophyllum Nom. Nov. Chen. 

B. atrorubens (Besch.) Chen. 

Timmiella (De Not.) Limp. 

T. anomala (B. & S.) Schimp. 

T. dimunata (C. Mull.) Chen. 

0 0 200. 

153 (mixed with an
other). 

12, 151. 
300. 
204. 

N.R. 205. 
294, 310, 312. 
N.R. 73, 74, 266, 272, 

287. 

13, 79, 269, 408, 415, 
420. 

14, 153. 
17, 304. 
N.R. 394, 410. 
16, 155. 
N.R. 15, 154. 

284. 
302. 
211, 279. 

0 0 72, 205, 300. 

0 0 303. 

\ 

19, 157, 239, 246, 285, 
313, 390. 

N.R. 18, 156. 

• Mr. Norket is of the opinion that specimens originally named as Barbula 
amplex~folia Mitt. are instead B. constricta Mitt. 
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Hymenostylium Brid. 

H. curvirostre (Ehrh.) Lindb. 

Weisia Hedw. 

W. viridula Hedw. 

Hymenostomum R. Brown. 

H. tortile (Schw.) B. & S. 

Anoectangium (Hedw.) Bry. Eur. 

A. bicolor Ren. & Card. 
A. stracheyanum Mitt ... 
A. thomsoni Mitt. (C. & B. det.) 

FUNARIALES 

FuNAIUACEAE 

Funaria Schreb. 

F. calvescens Schw. (C. & B. det.) 
F. hygrometrica Hedw. 

20, 158, 397. 

306, 307' 318. 

21, 159. 

23, 267. 
160, 209, 277, 293. 
403. 

N.R. 402. 
24, 161. 

F. wallichii (Mitt.) Broth. Collected by Prof. S. R. Kashyap, Herb. H. N. 
Dixon, Ref. No. 12 b, British Museum of 
Natural History. * 

Physcomitrium (Brid.) Furnr. 

Ph. japonicum (Hedw.) Mitt. (C. & B. det.) 424. 

SPLACHNACEAE 

Splachnobryum C. Mull. 

S. sp. 

EUBRYALES 

BRYACEAE 

Pohlia Hedw. = Webra Hedw. 

P. elongata Hedw. 
P. flexuosa Hook. 
P. rigidifolia Dixon & Badhwar 

Brachymenium Schw. 

B. exile (Doz. & Molk.) Bry. Jav. 
B. nepalense Hook. 

316. 

25, 162. 
26, 163. 
289, 320. 

28, 165. 
27, 164, 256. 

* This and a few other specimens were obtained by the kindness of the authori· 
ties of the British Museum of Natural History. Thanks are due to them. 
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Anomobryum Scbimp. 

A. cymbifolium (Lind.) Broth. 
A. nitidum (Mitt.) Broth. 

Bryum Dill. 

B. argenteum Hedw. 
B. cellulare Hook. (C. & B. det.) 
B. coronatum Schw. 
B. nitens Hook. 
B. porphyroneuron C. Mull. 
B. pseudo.pachytheca C. Mull. 
B. ramosum (Hook.) Mitt. (C. & B. det.) 

Rhodobryum (Schimp.) Hamp. 

Rh. roseum (Weis.) Limpr. 

MNIACEAE 

MniumL. 
<!' 

M. cuspidatum (L.) Leyss. (Nagouchi det.) 
M. heterophyllum (Hook.) Schw. 
M. rostratum Schrad. 

BARTRAMIACEAE 

Bartramia Hedw. 

B. subpellucida Mitt. 

Bartramidula Bry. Eur. 

B. roy lei (Hook. fil.) B. & S. 

Philonotis Brid. 

Ph. falcata Mitt. (Nagouchi det.) 
Ph. heterophylla Mitt. . . 
Ph. turneriana (Schw.) Mitt. 

ISOBRYALES 

ERPODIAOEAE 

Aulacopilum Wils. 

A. abbreviatum Mitt. (C. & B. det.) .. 
A. luzonense Bartram (C. & B. det.) 

0RTH0TRICHAOEAE 

Zygodon Hook. & Tayl. 

Z. obtusifolius Hook. (Nagouchi det.) 

30, 166, 221, 406. 
31, 78, 167, 216, 274. 

32, 168, 405. 
411, 419. 
36, 273, 422. 
76, 414. 
33, 169. 
34, 170. 
373. 

. . 38, 171. 

218. 
40, 173. 
39, 172. 

. . 41, 174, 301. 

. . 221, 283, 401. 

220. 
42, 175, 219, 321. 
43, 44, 77, 176, 270, 

275, 290. 

417. 
N.R. 421. 

. . 210. 
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LEUOODONTACEAE 

Leucodon Schw. 

L. secundus (Harv.) Mitt. 0 0 45, 177. 

TRACHYPODACEAE 

Diaphanodon Ren. & Card. 

D. blandus (Harv.) Ren. & Card. W. Dudgeon collection. Herb. H. N. 
Dixon, Ref. No. 3, British Museum of 
Natural History. 

Trachypus Reinw. & Hornsch. 

T. bicolor Reinw. & Hornsch. (C. & B. det.) 

Trachypodopsis Fleisch. 

T. crispatula (Hook.) Fleisch. 
T. declinata (Wils.) Fleisch (C. & B. det.) 

][)uthiella C. Mull. 

D. mussooriensis Reimers. 

PTEROBRYACEAE 

Pterobryopsis Fleisch. 

P. oriental is (C. Mull.) Fleisch. 

METEORIA.CEAE 

Meteorium Doz. & Molk. 

0 0 375. 

50, 180, 326. 
377. 

N.R. 81, 258. 

47, 178. 

M. buchanani (Brid.) Broth. (C. & B. det.) . . 389. 

Floribundaria C. Mull. 

F.jloribunda (Doz. & Molk.) Fleisch. 0 0 241, 242, 288. 

Meteoriopsis Fleisch. 

M. reclinata (Mull.) Fleisch. H. N. Dixon considered it to be identitt;al 
- with M. ancistrodes (C. Mull.) Broth. also 

reported from Garhwal. 49, 179, 281. 

NECKERACEAE 

Cryptoleptodon Ren. & Card. 

G. jlexuosus (Harv.) Ren. & Card. 

Homalia (Brid.) Bry. Eur. 

H. exigna Bosch & Lacoste 
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Thamnium Bry. Eur. 

Th. latifolium (Bry. Jav.) Paris (Nagouchi det.) 222. 
Th. subseriatum (Hook.) Doz. & Molk. (C. & B. det.) 427. 

HOOKERIALES 

HYPOPTERYGIACEAE 

Hypopterygium Brid. 

H.jlavolimbatum C. MulL . . 223, 311. 

Cyathophorella (Broth.) Fleisch. 

C. tonkiensis Broth. et Par. (Nagouchi det.) N.R. 52, 254. 

HYPNOBRYALES 

FABRONIACEAE 

Fabronia Raddi 

F. minuta Mitt. W. Dudgeon, Herb. H. N. Dixon, British Museum of v Natural History. 

LESKEACEAE 

Lindbergia Kindb. 

L. dvthiei Broth. 

THUIDIACEAE 

Anomodon Hook. & Tayl. 

A. minor (P. Beauv.) Furnr. 

A. planatus Mitt. 

H~rpetineuron (C. Mull.) Card. 

'&. toccoae (Sull. & Lesq.) Card. 

Claopodium (Lesq. & James) Ren. & Card. 

C. strepsiphyUum Dixon 

Haplocladium (C. Mull.) C. Mull. 

. . 62, 187. 

61, 186. 
According to H. N. 

Dixon (Ann. Bry., 
III, p. 64) this spe
cies is identical with 
A. integerrimus Mitt. 

280. 

85, 228, 241, 292, 308, 
388. 

87, 227, 263. 

H. capillatum (Mitt.) Broth. W. Dudgeon, H. N. Dixon herbarium, Ref. 
No. 63, British Museum of Natural 
History, 

H. microph1jllum (Sw.) Brot4- . . 206, 278, 391. 

27 



Thuidium Bry. Eur. 

Th. cymbifolium (Doz. & Molk.) Bry. Jav. 64, 189. 
395. 
305. 

Th. haplohymenium (Harv.) Jaeg. (C. & B. det.) 
Th. sparsifolium (Mitt.) Jaeg. 
Th. squarrosulum Ren. & Card. W. Dudgeon, Herb. H. N. Dixon, Ref. 

No. 132, British Museum of Natural 
History. 

Th. tamarisceUum (C. Mull.) Bry. Jav. (Nagouchi 
det.) 

Th. thamnicladum (C. Mull.) Par. 
226. 

N.R. Gollan, Herb. H. N. Dixon, Ref. 
No. 79, British Museum of Natural 
History. 

AMBLYSTEGIACEAE 

Cratoneuron (Sull.) Roth. 

C. filicinum (He~w.) Roth. N.R. 65, 89, 91, 190, 
253; 268. 

Leptodictyum (Schimp.) Warnst. 

L. riparium (L.) Warnst. (Nagouchi det.) 238. 

Hy~ohypnum Lindh. 

H. luridum (Hedw.) Jennigs . . N.R. 83, 90, 261. 

Platyhypnidium Fleisch. 

P. longirameum (C. Mull.) Fleisch. (Nagouchi det.) N.R. 229. 
P. riparioides (Hedw.) Dixon (C. & B. det.) N.R. 386. 

BRACHYTHECIACEAE 

Brachythecium Bry. Eur. 

B. buchanani (Hook.) Jaeg. . . 68, 193, 232, 297, 404. 
B. emodi-glareosum Broth. Mrs. Bremner, Herb. H. N. Dixon, Ref. No. 

125, British Museum of Natural History. 
B. latifrons C. Mull. in edit. . . 69, 194. 

Rhynchostegium Bry. Eur. 

Rh. duthiei C. Mull. ex Dixon . . 71, 196. 
Rh. planiuscul_y,m (Mitt.) Jaeg. (C. & B. det.) . . 377. 
Rh. percomplanatum (C. Mull.) Broth. Mrs. Bremner, Herb. H. N. Dixon, 

British Museum of Natural His
tory. 

Rhynchostegiella (Bry. Eur.) Limp. 

Rh. scabriseta (Schw.) Broth. 
Rh. schwetschkeoides Dixon in edit. 
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Oxyrrhynchium (Bry. Eur.) Warnst. 

O.sp. 

Nagouchi considers it to be a new species. 

Entodon C. Mull. 

E. luridus (Griff.) Jaeg. 
E. myurus (Hook.) Jaeg. 
E. prorepe'M (Mitt.) Jaeg. 
E. plicatus C. Mull. 
E. sp.* 
E. sp. * 

ENTODONTACEAE 

* Nagouchi considers them to be new 8pecies. 

Levierella C. Mull. 

L. fabroniacea C. Mull. 

~ 

Stereophyllum Mitt. 

PLAGIOTHECIACEAE 

233. 

376. 
56, 184, 392. 
55, 57,59, 183,264. 
54, 182. 
224. 
225. 

53, 181. 

418. S. anceps (Doz. & Molk.) Broth. (C. & B. det.) ~ 
S. wightii (Mitt.) Jaeg. 
S. sp. 

84, 223, 242, 262, 291. 
387. 

Crum and Bartram consider it to be a new species. 

8EMATOPHYLLACEAE 

Glossadelphus Fleisch. 

G.sp. 

Nagouchi considers it to be a new species. 

HYPNACEAE 

Pylaisia B. & S. 

t'- aurea (Hook.) Broth. 

Homomalium (Schimp.) Loesk. 

H. simlae'Me (Mitt.) Broth. (Nagouchi det.) 

Ectropothecium Mitt. 

E. rostellatus (Mitt.) Jaeg. (C. & B. det.) 
E. sikkime'Mis Ren. & Card. 

Isopterygium Mitt. 

I. distichaceum (Mitt.) Jaeg. (C. & B. det.) 

. . 234. 

. . 60, 185, 379. 

. . 235. 

398,400. 
66, 191. 

.. 409. 
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Taxiphyllum Fleisch. 

T. maniae (Ren. & Par.) Fleisch. 
T. taxirameum (Mitt.) Fleisch. 

Vesicularia (C. Mull.) C. Mull. 

V. montagnei (Bel.) Broth. (C. & B. det.) 

HYLOOOMIAOEAE 

Leptohymenium Schw. 

L. sp. 

Nagouchi considers it to be a new species. 

Macrothamnium Fleisch. 

M. submacrocarpum (Ramp.) Fleisch. 

67, 192. 
314. 

384. 

237. 

80, 257, 378. 
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STUDIES IN REPTILIAN SPERMATOGENESIS 

II. SPERMATOGENESIS OF THE FRESHWATER TURTLE, LISSEMYS 

PUNOTATA PUNOTATA BONNATERRE, WITH OBSERVATIONS ON THE 

LIVING MATERIAL UNDER THE PHASE-CONTRAST MICROSCOPE 

By BHUPINDER NATH Sun 

(Department of Zoology, Panjab University, Hoshiarpur, Panjab, India) 

ABSTRACT 

A comprehensive study of the spermatogenesis of the local freshwater 
turtle, Lissemys punctata punctata Bonnaterre, has been made by the latest 
cytological methods. The technique of phase-contrast microscopy has been 
u~ as far as possible for the study of the vitally stained and unstained living 
material. The important conclusions are as follows: (a) The Golgi material 
shows three distinct phases of growth during spermatogenesis. To begin 
with it is in the form of chromophilic, lipoidal granules which later on develop 
in their association chromophobic vacuoles with acidic and watery contents, 
The chromophobic vacuoles grow and coalesce and simultaneously with this 
the lipoidal granules associated with these vacuoles disappear and the Golgi 
material is represented by chromophobic vacuoles alone. Ultimately a 
single, completely hyaline vacuole with firm consistency is formed. This is 
the pro-acrosome which is bodily converted into the acrosome. The Golgi 
remnants are completely absent. (b) The entire mitochondria form the 
sheath of the middle-piece. (c) An enigmatic chromatoid body appears and 
disappears without any apparent function. (d) The granular centriole of 
the early spermatid stages gets firmly stuck to the posterior pole of the 
condensed and elongating nucleus, forming the proximal centriole which 
gives off the axial filament. A ring-shaped distal centriole is budded off 
from the proximal centriole and it migrates downwards along the axial 
filament to form the posterior limit of the middle-piece. (e) The manchette 
t~ther with the plasma membrane of that region forms the lateral boun
daries of the cytoplasm of the future middle-piece. 

INTRODUCTION 

In the first paper of this series (Sud, 1955), the spermatogenesis of the 
chequered water snake, Natrix p. piscator Schneider, was studied in detail. 
It was found that to begin with the Golgi material is in the form of chromo
philic granules, practically each associated with a hyaline vacuole. The 
hyaline vacuoles develop at the expense of the Golgi granules till the latter 
completely disappear. These vacuoles gradually run together and a single 
completely hyaline vac~ole with denser contents is formed. This is the 
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pro-acrosome which is bodily converted into the acrosome. The mito
chondria grow gradually from tiny, greyish granules to large, yellow spheres 
but during the late stages of spermatogenesis the entire mitochondrial 
material is cast off without forming any sperm component. The chromatoid 
body appears and disappear:~. twice during spermatogenesis and it appears to 
be an independent structure having a de.novo origin. 

In this, the second of the series,·the spermatogenesis of the local fresh
water turtle, Lissemys punctata punctata Bonnaterre, has been worked out 
by the study of the. living material under the phase-contrast microscope and 
other latest cytological techniques. In this turtle the Golgi material shows 
three distinct phases during its "growth. To start with, the entire Golgi 
material is in the form of chromophilic granules which are later associated 
with .hyaline vacuoles and finally the Golgi material is represented by 
vacuoles alone. The acrosome formation is practically on the same lines as 
that in the snake, Natrix p. piscator. The mitochondria form a definite 
middle-piece, whereas inN atrix the entire mitochondrial material is sloughed 
off and the middle-piece is completely absent. Thus in the turtle, Lissemys 
punctata punctata, and the snake, Natrix piscator piscator, the structure of 
the sperm is different and this may be correlated with the diverse morP,ho
logy of these two reptiles. ~ 

Al], the previous workers on the chelonian male germ-cells except Risley 
(1936) and Zia-ud-Din (1946) devoted their attention to the nucleus 
(Yasuzumi et al., 1951), the chromosomes, (Pkh~kadze,1939; Oguma, 1937 ; 
Nakamura, 1935 and Jordan; l9i4), the s~~b~~l-eh~~ges" in the·'-te;tis 
(Risley, 1938), the origin and evolution or'g~;;ocJte~- (Alien, 1911 and Dustin, 
1910) and the activity of the germinal epithelium (Risley, 1934). Risley 
(1936) deals mainly with the centrioles and the manchette but he also makes 
some casual observations on the Golgi material and the mitochondria. Most 
of his study, however, is based on Bouin fixed material. Zia-ud-Din (1946) 
published an abstract on the spermatogenesis of tortoise, using Flemming
without-acetic and Champy followed by 0·5 per cent. iron-hoomatoxylin 
but, so far, he has not published the detailed account of his study. Retzius, 
as quoted by Nath (1925), has described the structure of the sperm of 
the land tortoise, Testudo. 
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MATERIAL AND METHODS 

Lissemys punctata punctata Bonnaterre is the most common turtle of 
Hoshiarpur. The specimens were collected from the local ponds and the 
testicular material was fixed and was also studied _in the living condition, 
under the phase-contrast microscope, practically during all the months of 
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the year. In the laboratory the live specimens can be kept in damp sand 
for a pretty long period. 

This turtle is extremely timid and can easily be dissected alive or after 
using chloroform as a light anaesthetic. The easiest way to open this 
turtle is to make a cut extending from the nuchal between the costa!s and 
the plastron in the anterior half and between the costals and the marginals 
in the posterior half of the animal. 

The testes are a pair of large, elongated, white structures which appear 
greyish because of a thin, dark, membranous envelope. Each testis is 
attached to the ventral face of the corresponding kidney. The vas deferens 
is greatly coiled and communicates to the outside through the cloaca from 
the median solid penis developed from the ventral wall of the latter. 

For the fixation of the testicular material of this turtle the same 
procedure was adopted as in the case of the snake, Natrix p. piscator (Sud, 
1955). The following techniques were employed: 

1. Phase-contrast microscopy. The fresh testicular material was 
teased and examined in a drop of eith~r 0·7 per cent. saline solution, to 
every 100 c.c. of which 0·2 c.c. of lO per cent. calcium chloride solution 
~· added (Baker, 1944) or Ringer solution for cold-blooded animals (Dar
lington and LaCour, 1947), by positive phase-contrast microscopy. Some 
of the important stages were photomicrographed, 

2. Vital staining. Supravital staining was carried out with 0·01 
per cent. solution of neutral red chloride (B.D.H.) prepared in the above
mentioned physiological solution or Ringer solution. 

3. Sudan dyes studies. 
ho " 

(a) Paraffin sections of the material fixed in Reily's fluid foll~wed 
by post-chroming at 37°0. were stained in a saturated solution 
of Sudan black B in 70 per cent. alcohol and mounted in 
Farrants's medium (Thomas, 1948). 

(b) Paraffin·sectioris of.material fixed in Aoyama fluid (no silver) for 
four hours; washed in running water for one hour, dehydrated 
and cleared in xylol, were stained in a saturated solution 
of Sudan black B in 70 per cent. alcohol and mounted in 
Farrants's medium (Gatenby and Moussa, 1949). 

(c) Paraffin sections of Helly post-chromed material were also 
stained in Sudan IV and mounted in Farrants's medium for 
triglycerides. 

4. Okrom-osmium techniques. 

(a) Flemming-without-acetic acid for 56 hours, Flemming with 
reduced quantity of acetic acid for 11 hours and Champy for 
24 hours proved to be the best. The material was washed in 
running water for at least 24 hours in each case. Sections 
were cut 2! to 7! microns thick, mordanted in 5 per cent. iron
alum and stained in 0·5 per cent. hrematoxylin. 

(b) Champy Kull's acid fuchsin technique was tried. 
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(c) Smears of the contents of the vas deferens were made in 
Flemming-without-acetic acid and Champy, each diluted with 
an equal quantity of distilled water. The smears were stained 
in 0·5 per cent. irim-hrematoxylin. 

5. Go!gi techniques (impregnation methods). 

(a) Formal-osmication. The material fixed in formal saline was 
osmicated at 37°0. in 1 per cent. solution of osmium tetroxide 
in 0·7 per cent. sodium chloride solution. Osmication for 20 
hours proved to be the best. The material was embedded 
by Peterfi's methyl-benzoate-celloidin method (celloidin and 
paraffin). The sections were mounted unstained in balsam 
(Baker, 1944). Sections were also counterstained in iron
hrematoxylin after bleaching with potassium permanganate 
and oxalic acid for the study of the chromatoid body. 

(b) Aoyama's method. The material fixed in Aoyama's fixative was 
treated for varying periods in 1·5 per cent. silver nitrate solu
tion and the reducing mixture. 

6. Bouin and Carnoy fixed material stained with 0·5 per cent. i~
hrematoxylin was used as control. 

0BSERV ATIONS 

(i) Spermatogonia 

Three categories of spermatogonia, the primary, secondary and tertiary, 
were made out. Each resting primary spermatogonium is a small cell 
with a large nucleus and very scanty cytoplasm (Pl. I, fig. 1). The nucleus 
is a spherical structure, containing a large number of very fine chromatin 
granules and a few small nucleoli in its nucleoplasnl. The cytoplasm 
reveals greyish, amorphous mitochondria, distributed evenly in the cyto
plasm. 

A secondary resting spermatogonium is a larger cell than a primary 
resting spermatogonium (Pl. I, fig. 2). Its nucleus contains a number of 
large nucleoli of varied sizes. To begin with the cytoplasm contains uni
formly distributed greyish, amorphous mitochondria and a juxta-nuclear 
mass of sudanophil, osmiophil and argentophil Golgi granules. Just near 
this mass of Golgi granules is seen a chromatoid body which can be made 
out from the Golgi granules in chrom-osmium iron-hrematoxylin prepllfa
tions from its bigger size and deeper stain. The chromatoid body appears 
yellow in unstained, freshly mounted Champy and Flemming-without-acetic 
preparations. It is not blackened in silver and long osmication techniques 
and is strongly non-sudanophil. It remains yellow in formal-osmication 
preparations bleached with potassium permanganate and oxalic acid and 
counterstained in iron-hrematoxylin. It takes up a deep red acid fuchsin 
stain in Champy-Kull preparations. It is highly resistant to Bouin and 
Carnoy fixations and takes up deep blue hrematoxylin stain in these prepara
tions (Pl. I, fig. 4). In the living material, under positive phase-contrast, 
it gives a very low phase-change. 
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During the growth of the secondary spermatogonium the amorphous 
mitochondria grow into fine, greyish granules and most of them atrange 
themselves in the form of a horse-shoe-shaped mass around the nucleus. 
The Golgi granules spread out and are seen embedded in the mitochondrial 
mass around the nucleus. The chromatoid body is also seen in the mito
chondrial mass (Pl. I, fig. 3). 

In the living material, under positive phase-contrast, the secondary 
spermatogonium shows Golgi material in the form of prominent granules, 
giving a very high phase-change, aggregated first in the form of a juxta
nuclear mass and later in the form of a loose circum-nuclear mass (Pl. V, 
figs. 49 and 50). The mitochondria in these cells appear in the form of 
dust-like particles, giving a low phase-change, distributed almost evenly 
in the cytoplasm. The nucleoli in the early secondary spermatogonia are 
small but in the late secondary spermatogonia they appear as large spheres 
of very dark contrast (Pl. V, figs. 49 and 51). 

The tertiary spermatogonium is bigger in size than the secondary 
spermatogonium. Each resting tertiary spermatogonium has a large nucleus 
with fine chromatin granules and a single large nucleolus in its nucleoplasm 
(Pl. I, figs. 5 and 6). The cytoplasm has increased in size and it reveals 
~orse-shoe-shaped mass of dark grey mitochondrial granules in which 
are embedded deeply-staining Golgi granules. Some mitochondrial granules 
may be seen scattered outside the horse-shoe-shaped mitochondrial mass. 
A chromatoid body is also seen in or near the mitochondrial mass (Pl. I, 
fig. 6). 

In the fresh tertiary spermatogonia, studied under positive phase
contrast, the mitochondrial granules of greyish contrast and Golgi granules 
of dark contrast are found in a compact crescent-shaped mass, very closely 
applied to the nucleus (Pl. V, fig. 52). 

(ii) Primary Spermatocyte.s 

The resting primary spermatocyte is almost of the same size as that 
of the resting tertiary spermatogonium but its nucleus is little smaller than 
the latter (Pl. I, figs. 7 to 10). The resting primary spermatocyte nucleus 
is generally seen ex-centric in position and has a single nucleolus. During 
the growth of the primary spermatocyte the mitochondrial granules and 
thE: Golgi material spread out uniformly in the cytoplasm . 
...., At this stage the chromophilic Golgi granules develop each a clear, 
hyaline vacuole with the Golgi granule lying at its periphery (Pl. I, fig. 7). 
Sometimes two or even three Golgi granules may be seen associated with 
a larger hyaline vacuole (Pl. I, figs. 9 and 10). Such larger vacuoles are 
formed by running together of smaller vacuoles. There may also be seen 
very large hyaline vacuoles without any trace of the Golgi granules asso
ciated with them (Pl. I, fig. 8). These are the fully formed vacuoles. The 
Golgi granules are either used up in the formation of these large vacuoles 
or they degenerate when the vacuoles are fully formed. As opposed to the 
Golgi granules the hyaline vacuoles neither reduce osmium and silver nor 
are stained in Sudan black but they segregate the basic vital dye, neutral 
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red. Sudan IV test for triglycerides gave negative results when Helly 
post-chromed paraffin sections were stained with this dye. 

In the fresh material, under positive phase-contrast, the primary 
spermatocyte shows Golgi material in the form of granules of dark contrast, 
mostly associated with small hyaline vacuoles (Pl. V, figs. 53 and 54). 
When a neutral red preparation is examined under positive phase-contrast, 
at first the vacuoles alone are stained with neutral red and the Golgi granules 
of dark contrast are seen associated with them. Later, the Golgi granules 
are not seen and the neutral red staining bodies appear homogeneous. 

The chromatoid body in the primary spermatocyte is a large spherical 
structure and in addition to the main chromatoid body one or two additional 
chromatoid elements may also be present (Pl. I, figs. 7 and 9). 

In meiosis I and II no demonstrable Golgi material and the chromatoid 
bodies are present but fine mitochondrial granules are seen uniformly dis
persed in the cytoplasm (Pl. II, fig. ll ). A single, large, granular centriole 
is seen at each pole of the spindle in these division stages. 

(iii) Secondary Spermatocytes 

The secondary spermatocyte is a smaller cell than the prim~ 
spermatocyte (Pl. II, figs. 12 to 15). The resting nucleus mostly contains 
a single nucleolus in its nucleoplasm. The mitochondria aTe genem'lly 
uniformly dispersed throughout the cytoplasm but in some cells they are 
seen in one or two dense clusters (Pl. II, fig. 14). The Golgi material is 
distributed throughout the cytoplasm and is in the form of one or two 
chromophilic granules associated with a clear, hyaline vacuole. The 
vacuoles tend to coalesce to form larger and denser vacuoles. 

A single, large, spherical chromatoid body is present in the early stages 
of the secondary spermatocyte but, later, it is not seen in most of the cells 
in the fixed preparations (Pl. II, figs. 12 to 14). 

In the fresh material, under positive phase-contrast, the secondary 
spermatocyte· shows Golgi material generally in the form of granules asso
ciated with vacuoles (Pl. V, figs. 55 and 56), but sometimes completely 
chromophobic Golgi vacuoles are also seen (Pl. V, fig. 57). The chromatoid 
body is invariably seen in the fresh secondary spermatocytes. It is a 
large, homogeneous, faint, brownish structure. Sometimes the chromatoid 
body is seen to possess a dark refractile cortex (Pl. V, fig. 57). This <\ark 
cortex is most probably an optical.' edge effect'. 'Y 

(iv) Spermateleosis 

The early spermatids are smaller cells than even the primary sperma
togonia (Pl. II, figs. 16 to 22). Each spermatid nucleus contains either 
one or two nucleoli. In these cells the mitochondria are seen in the form 
of fine granules, generally evenly distributed in the cytoplasm. The Golgi 
material is mostly in the form of granules associated with hyaline vacuoles 
but, sometimes it is also in the form of vacuoles not associated with granules. 
An appreciable increase in the size of the Golgi vacuoles is noticed in these 
early stages, especially in the chrom-osmium iron-hrematoxylin and Helly-
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Sudan black preparations (Pl. II, figs. 16 to 19). The chromatoid body is 
seen only in a few early spermatids (Pl. II, figs. 21 and 22). 

During spermateleosis the chromophilic part of the Golgi material 
(granules) gradually dist1ppear from view and the vacuoles progressively 
coalesce till a single, large, clear, hyaline vacuole with firm consistency 
is formed (Pl. III, figs. 23 to 25). This is the pro-acrosome. The pro
acrosome, even before it is completely formed, gets stuck to the anterior 
aspect of the nucleus and starts depressing the nuclea.r membrane. This 
has been observed in the fixed preparations (PL III, fig. 24.) and also in the 
living material under positive phase-contrast (Pl. V, figs. 58 and 59). 

When the pro-acrosome is fully forme1 it is of very large size and is 
almost three-fourth the size of the nucleus (Pl. III, fig. 25 ). The spermatid 
stage with a single hyaline pro-acrosome is short-lived and there a.re, there
fore, relatively few such spermatids at any given time. 

The pro-acrosome later on makes the depression on the nuclear mem
brane little deeper and wider, and simultaneously with this the condensation 
of t.he nucleus and the pro-acrosome takes place. The study of the living 
material, under positive phase-contrast, revealed that the pro-acrosome 
gains a lead over the nucleus in the process of condensation. The condensed 
p~acrosome appears yellowish in the living condition. 

By the condensation of the pro-acrosome the acrosome is formed. 
When the pro-acrosome condenses into the acrosollle it is pushed out of 
the nuclear depression, and a clear space appears between the acrosome 
and the nucleus (Pl. III, figs. 26 to 29). When both the pro-acrosome 
and the nucleus have condensed they appear as two hemispherical structures-.· 
of equal sizes with their flat surfaces facing each other, and the clear 
space is seen between them (Pl. III, figs. 26 to 28). The condensed pro
acrosome (acrosome) and the nucleus take up a deep hromatoxylin stain in 
chrom-osmium, Bonin and Carnoy preparations. At this stage the 
am'osome cannot be distinguished from the nucleus due to their similarity 
in shape, size and staining capacity. 

As the spermatid grows further the nucleus gradually elongates and 
assumes a long cylindrical form and the acrosome, lying at its anterior end, 
assumes a conical shape (1>1. III, figs. 29 to :33). During these changes the 
clear space between the nucleus and the acrosome completely disappears. 
The boundary between the acrosome and the nucleus can still be made out 
bx.Jhe difference in the width or the staining capacities of these two struc
tures. 

In the matter of elongation the cytoplasm lags behind t,he nucleus 
with the result that the nucleus generally appears curved (Pl. III, figs. 32 
and 33). Later, the cytoplasm elouga.tes and the nucleus becomes 
gt,raightened up, but still remains slightly curved (Pl. HI, figs. :14 and 31); 
Pl. IV, figs. 36 and 37). The cytoplasm now begins to contract and move 
downwards along the acrosome and the nucleus and ultimately the cell 
membrane appear£ to be closely applied to these cell structures (Pl. ll [, 
figs. 34- and :~5; Pl. IV, figs. :36, and 38 to 4-0). 

'J'he mitochondria in the early stages of spermateleosis are in the form 
of fine granules, distributed evenly in the cytopla<~m (Pl. II, figs. 16 and 18). 



In some cells they are localized in certain regions of the cytoplasm and 
appear much more prominent (Pl. II, fig. 17; Pl. III, figs. 25 and 26). 
In some spermatids, after the condensation of the nucleus and the pro
acrosome, the mitochondria show a marked increase in the size of the 
individual granules and they appear aggregated together (Pl. III, figs. 27 
and 33). In these spermatids there is a corresponding decrease in the 
number of the mitochondrial granules and from this it is evident that the 
larger mitochondria are formed by the fusion of the fine granules. This 
development of the mitochondria in these cells appears to be rather pre
cocious because, generally, the mitochondria remain in the form of fine 
granules till very late stages of spermateleosis (Pl. III, figs. 26, 32, 34 and 35; 
Pl. IV, figs. 36, 38 and 39). 

In the late stages of spermateleosis a cylindrical membranous structure, 
the manchette, is seen in the cytoplasm arising from the posterior pole of 
the condensed and elongated nucleus (Pl. III, fig. 33; Pl. IV, figs. 36, 38 
and 39). The manchette is easily seen in chrom-osmium preparations 
stained with iron-hrematoxylin but in the living material, under positive 
phase-contrast, this fine membrane-like structure is not clearly seen. The 
manchette encloses the denser part of the cytoplasm which surrounds the 
intra-cellular part of the axial filament. As the cy~oplasm contracts !ttd 
travels downwards the manchette, together with the plasma membrane of 
that region, forms the lateral boundaries of the cytoplasm of the future 
middle-piece. It is, generally, during this prQcess that the fine mitochondria 
appear to fuse to form prominent, large, darkly-staining granules. The 
entire mitochondrial granules migrate into the middle-piece of the maturing 
sperm and arrange themselves around the axial filament to give a mulberry
like appearance (Pl. IV, figs. 37 and 40). As the sperm further matures 
the middle-piece appears to elongate slightly and the mitochondria gradually 
fade away to form the mitochondrial sheath of the middle-piece (Pl. IV, 
figs. 41 and 42). 

The chromatoid body is seen in early spermatids mostly after the 
formation of the pro-acrosome (Pl. III, figs. 25 to 35; Pl. IV, figs. 36 to 
39). In some spermatids two or even more than two chromatoid bodies are 
seen (Pl. III, figs. 27, 29,32 and 34; Pl. IV, figs. 36 and 39). All the chroma
toid element.~, however, disappear during the formation of the mitochondrial 
middle-piece (Pl. IV, fig. 40). 

The centriole in the early stages of spermateleosis is in the form of 
a small granule. During these stages it is difficult to make out the centrfole 
from the fine mitochondrial granules. Mter the condensation of the 
nucleus and the pro-acrosome, when in some of the cells the mitochondria 
show a marked increase in the size of the individual granules, the fine granular 
centriole may be made out (Pl. III, fig. 27). Later, the centriole becomes 
applied to the posterior pole of the condensed and elongated nucleus and 
it is termed the proximal centriole (Pl. III, fig. 35). It is so firmly applied 
to the nucleus that it is generally lost to view. The axial filament arises 
rather late from the proximal centriole and is destined to form the tail 
of the ripe sperm (Pl. III, figs. 31 and 33). Now a distal centriole makes 
its appearance in the form of a ring which in sections very often appears 
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as a crescent, and encircles the axial filament (Pl. III, fig. 35). The distal 
centriole is presumably budded off from the proximal centriole during the 
elongation of the spermatid. It travels downwards along the axial filament 
and finally takes up its position at the posterior limit of the middle-piece 
(Pl. IV, figs. :36 to 42). 

In the living material, under positive phase-contrast, the proximal 
centriole is seen with difficulty but the distal centriole is clearly seen as a 
ring-like structure of dark contrast (Pl. V, fig. 60). 

The ripe spermatozoon is composed of the head, the middle-piece and 
the tail (Pl. IV, figs. 40 to 42; Pl. V, figs. 60 to 62). The head consists of 
a homogeneously-stained, elongated, curved or wavy nucleus, carrying a 
comparatively lightly-stained, short, conical acrosome at its anterior end. 
ln the living sperm, under positive phase-contrast, the nucleus does not 
appear homogeneous but shows light medullary portion and dark cortex 
:tlong the nuclear membrane (Pl. V, figs. 61 and 62)." The boundary of 
the nucleus and the acrosome can easily be made out both in the fixed and 
the living material, under positive phase-contrast. 

The head is followed by a well defined middle-piece which is limited 
by -;the proximal centriole in front and the distal ring centriole behind. 
~ proximal centriole cannot be made out clearly but the distal ring
shaped centriole appears prominent in the fixed (Pl. IV, figs. 40 to 42) 
and the living sperms, under positive phase-contrast (Pl. V, fig. 60). 
The middle-piece is traversed through its centre by the axial filament 
which arises from the proximal centriole. In this region the axial 
filament is surrounded by the mitochondrial sheath (Pl. IV, figs. 40 to 42; 
Pl. V, figs. 61 and 62). The axial filament of the middle-piece is prolonged 
posteriorly into the vibratile tail. The axial filament of the tail appears 
naked in the fixed preparations (Pl. IV, figs. 40 to 42) but in the living 
sperm, under positive phase-contrast, it is seen to be surrounded by a thin 
cytoplasmic sheath (Pl. V, figs. 60 to 62). This cytoplasmic sheath is 
broadest at the base of the middle-piece, and it gradually tapers to the tip 
of the tail. There appears to be no end-piece of the tail. 

Certain abnormal spermatids were noticed during spermateleosis 
(Pl. IV, figs. 43 to 48). They appear to result from the unequal division 
of the nucleus and the cytoplasm of the cells. In these cells the process of 
spermateleosis appears to be identical to that of normal spermatids. 
-+' Syncytial masses, resulting from the failure of th~ cytoplasm to divide 

during cell division, are present but they are not of very common occurrence. 

DISCUSSION 

Golgi Material 

The Golgi material is not seen in the primary spermatogonia but in 
the later gonia! stages it appears in the form of prominent sudanophil, 
osmiophil and argentophil granules. In the living condition, under positive 
phase-contrast, these Golgi granules give a very high phase-change and 
appear as homogeneous bodies of dark contrast. During the spermatocyte 
stages hyaline vacuoles develop in association with the Golgi granules and 
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generally a single Golgi granule is seen tmiching such a vacuole at its peri
phery. The hyaline vacuoles show a distinct tendency to run together 
and thus two or even three Golgi granules are seen associated with larger 
hyaline vacuoles. Whereas the Golgi granules appear as highly refringent, 
dark structures, the vacuoles are hyaline. Th.ese vacuoles are not impreg
nat,ed with silver or osmium under optimal conditions of impregnation 
but. 11re stainable with the basic vital dye, neutral red. These reactionH 
show that whereas the granular part of the Golgi body is lipoidal, the 
vacuolar is acidic and watery (vacuome of Parat). 

Neutral red-staining Golgi vacuoles have also been observed by the 
present author in the spermatpcytes and spermatids of the li1.:ard, Calotes 
versicolor. 

A granule associated with a vacuole represents the binary structure 
of the Golgi material but in this case the cortical component (granule) 
does not completely encircle the medulla (vacuole) but forms a partial 
investment only. 

When a vacuole h11s reached its full development the granule attached 
to it disappears and the Golgi material is now represented by the hyaline 
vacuole alone. Such Golgi vacuoles usually appear during. spermateleosis 
hnt they may also be seen in spermatocytes. .,__ 

The three types of Golgi material-granule, granule associated with a 
vacuole and the vacuole alone--are seen in the fixed preparations as well 
as in the living material, under positive phase-contrast. It is evident that 
these three types of Golgi material represent different phases in the growth 
of this cellular constituent. 

The Golgi material in the form of a lipoidal granule associated with a 
hyaline vacuole stainable with neutral red, observed in the male germ-cells 
of the present material, has also been described in the neurones of Helil; 
as11ersa and the sympathetic nenrones of mouse (Thomas, 1947 and Hl48). 
A similar form of the Golgi material has been described in this laboratory 
in the neurones of LaocotreJJhes rnbra by Malhotra (1955). Sud (1955) has 
also described Golgi material in the form of a chromophilic granule associated 
~ith a hyaline vacuole in the male germ-cells of the sna.ke, N atrix p. piscatm-. 

Risley ( 1936) in the testicular material of turtles describes deeply
staining bodies associated with vacuoles. He also interprets these deeply
staining bodies together with the vacuoles as representing some phase of 
the Golgi material i~ the cell. The vacuoles in his figures. are shown ,..to 
surround the darkly-staining bodie,~, whereas in the present materia.l the 
vacuoles lie on the side of the darkly-staining granules in organic contact 
with the latter. 

Acro8mne 

The entire Golgi material is converted into a. single acrosomal vacuole, 
the pro-acrosome, by the gradual coming together of ·the Golgi vacuoles 
and the simultaneous disappearance of t,he lipoidal granules aHsociated 
with them. The pro-a.cro~ome is completely hyaline and has a firm consis
tency. It depresses the nuclear membrane at it,~ anterior aspect and itR 
contents beeome more and more finn till it is converted into the acrosome. 
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During this process there is no trace of any acrosomal granule in the pro
acrosome, nor are there any Golgi remnants. 

A similar process of acrosome formation has been observed in the 
snake, Natrix p. piscator, and a similar type of pro-acrosome has been seen 
in the snakes, Bu11{farus cwrule1ts and Naia tripudians var. typica, by 
Sud (1955). 

In the lizards, Uromastix hardwikii and Calotes versicolor, almost a simi
lar type of pro-acrosome has been observed by the present author in the 
living material, under positive phase-contrast. 

Risley (1936) in turtles (as discussed by Sud, 1955) states that the 
acrosome is formed from a large, clear vacuole. This vacuole appears to 
be identical in shape and texture to the pro-acrosome of the present material. 
Risley in his material describes acrosomal remnant in the form of a darkly
staining body with a clear vacuolar area about it and he presumes that in 
the mature sperm it is present in the middle-piece. In the present material, 
however, no acrosomal remnant has been observed. 

Mitochondria 

_;The mitochondria generally remain in the form of very fine granules 
trri very late stages of spermateleosis. It is only when they are about to 
migrate into the middle-piece or when they have actually shlfted to the 
middle-piece that they appear as prominent, large, darkly-staining granules. 
These large mitochondrial granules ar'e most probably formed by the fusion 
of the fine mitochondria. The large mitochondrial granules ultimately 
fade away appreciably to form the sheath of the middle-piece of the mature 
sperm. 

Retzius, as quoted by Nath (1925), has described in the sperm of the 
tortoise, Testudo, a mitochondrial sheath of the middle-piece. Risley (1936) 
describes a mitochondrial middle-piece in turtles. 

In the snake, Natrix p. piscator (Sud, 1955), the behaviour and fate of 
the mitochondria is quite different. The mitochondria grow steadily from 
fine granules to large yellow spheres but finally the entire mitochondrial 
material is cast off, making no contribution whatsoever to the sperm 
formation. 

Chromatoid Body 
' 

..,The chromatoid body makes its first appearance in the secondary 
spermatogonium. It is not seen in most of the early spermatids before the 
formation of the pro-acrosome. Later, additional chromatoid bodies also 
appear but during the formation of the middle-piece all the chromatoid 
elements disappear without contributing anything to the final make-up of 
the sperm. 

Risley (1936) in turtles does not describe any chromatoid body during 
spermatogenesis but in the opinion of the present author the acrosomal 
remnant described by him may well be a chromatoid body. 

Sud (1955) in the snake, Natrix p. piscator, describes a typical chro
matoid body. The physical and chemical nature of the chromatoid body 
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in this snake and the present material is identical. In both these reptiles 
it is a homogeneous structure and does not contain any vacuole. It is not 
blackened in silver nitrate and long osmication techniques and is strongly 
non-sudanophil. In the living material, under positive phase-contrast, it 
gives a very low phase-change. It is not even slightly corroded in Bonin 
and Carnoy preparations. The origin and significance of this cell structure 
is an enigma in both the species but it may be suggested that it appears to 
be an independent cell structure having a de novo origin. 

Centriole-s 

In the meiotic divisions a large granular centriole is seen at each pole 
of the spindle. In early stages of spermateleosis a single, fine, granular 
centriole is present which later gets firmly stuck to the posterior pole of 
the condensed and elongating nucleus and gives off the axial filament. 
This centriole is termed the proximal centriole. From the proximal centriole 
a ring -shaped distal centriole appears to be budded off. The distal centriole 
travels along the axial filament and marks the posterior boundary of the 
middle-piece. 

Risley (1936) in the spermatogenesis of turtles describes rod-shaped 
centrioles. Each spermatid receives a single rod centriole which in spe~
teleosis becomes the central axis of the middle-piece of the mature sperm. 
From the distal end of this long centriole touching the cell membrane 
arises the flagellum and from the proximal end which touches the nucleus 
and happens to be the generative end is given off a ring-shaped distal 
centriole. The distal centriole migrates posteriorly over the long centriole 
until it meets the cell membrane at the end of the middle-piece and loses 
its identity. 

Manchette 

The manchette in Lissemys punctata punctata makes its appearance 
during spermateleosis in the form of a membranous, cylindrical structure, 
enclosing the denser cytoplasm around the intra-cellular part of the axial 
filament. With the contraction and downward migration of the cytoplasm, 
during the final stages of spermateleosis, the manchette together with the 
plasma membrane of that region forms the lateral boundaries of the cyto
plasm of the future middle-piece. 

Risley ( 1936) describes a manchette in the late spermatid stag~s of 
turtles. He is inclined to the view that the manchette of the turtles, stulied 
by him, is derived from the Golgi material. But my observations on the 
present material do not suggest even the remotest chance of such a possi
bility. On the contrary it may be suggested that the origin of the manchette 
in the present material may be ascribed to the cytoplasmic differentiation, 
as pointed out by Meves (1899) and Branca (1924), or the nuclear membrane, 
as recommended by Schoenfeld (1900) and Van Molle (1906). Risley 
further states that the manchette ultimately completely ensheaths the long 
centriole which forms the central axis of the middle-piece, and the mito
chondria fill in th<;l middle-piece between the manchette and the cell mem
brane. My observations on Lissemys punctata punctata, however, show 
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that during the contraction and the downward migration of the cytoplasm 
the manchette fuses with the plasma membrane of that region and the 
entire mitochondria enter the middle-piece where it is surrounded by the 
fused manchette and plasma membrane, forming the lateral boundaries of 
the middle-piece. 
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EXPLANATION OF LETTERING IN PLATES 

A-Acrosome; A.j-Axial filament; C-Centriole; 0 1-Proximal centriole; 
C2~Distal centriole; C.b--Chromatoid body; C.g~hromatin granuies; Ch-Chromo
somes; G-Golgi material; M-Mitochondria; n--Nucleolus; N-Nucleus; Me-:-Man
chette; Mp--Middle-piece; Pa-Pro-acrosome; Sf-Spindle fibres; T-'-Tail. 

EXPLANATION OF FIGURES 

All figures of Plates I, II, III and IV except Fig. 42 have been selected from the 
sectioned testicular material. Fig. 42 has been selected from a smear preparation of 
the contents of the vas deferens. All figures in these plates !).ave been drawn at table 
level with Beck camera Iucida, 2 mm. oil inlmersion objective and 10 X ocular. The 
figures were further enlarged two tinles, thus giving a total magnification of approxi · 
mately 2,740 tinles. 

All figures of Plate V are photomicrographs of the fresh, unstained testicular 
material as studied under the Carl Zeiss stand 'W' phase-contrast microscope, 100/1·25 
oil immersion objective and KS X ocular. Photomicrographs were taken with Carl 
Zeiss micro-reflex-camera attaclunent and contax 35 mm. camera. The photomicro
graphs were further enlarged four tinles, giving a total magnification of 1,600 tinles and 
are untouched. 

FIG. l. 

FIG. 2. 

Fw. 3. 

FIG. 4. 

Fw. 5. 

FIG. 6. 

Fro. 7. 

FIG. 8. 

PLATE I ' I 

~ 
Prinlary spermatogonium with chromatin granules and small nucleoli in the 

nucleoplasm. The cytoplasm has only amorphous mitochondria which are 
dispersed evenly (Champy iron-hffimatoxylin). 

Early secondary spermatogonium with large nucleoli of varied sizes in the 
nucleoplasm. The cytoplasm contains a juxta-nuclear mass of chromo
philic Golgi granules and the chromatoid body in addition to uniformly 
dispersed, amorphous mitochondria (Champy iron·halmatoxylin). 

Late secondary spermatogonium in which the mitochondria have grown into 
fine granules and are mostly arranged in the form of a horse-shoe-shaped 
mass around the nucleus. The chromophilic Golgi granules have spread 
out and are embedded in the horse-shoe-shaped mit.ochondrial mass along 
with the chromatoid body (Champy iron-hffimatoxylin). 

Secondary spermatogonium, showing 'the chromatoid body in the cytoplasm . 
(Bouin iron-hffimatoxylin). 

Tertiary sperma.togoniuri:i, ··showing the chromatin granules and a single 
large nucleolus in the nucleoplasm. Most of the mitochondrial granules are 
arranged in a horse-shoe-shaped mass around the nucleus and the chromo
philic Golgi granules are embedded in this mass (Ohampy iron-hffimatoxylin). 

Tertiary spermatogonium, showing the chromatoid body and the Golgi granules 
embedded in the mitochondrial mass (Ohampy iron·hffimatoxylin). , 

Primary spermatocyte with chromatin granules and a single nucleolus in,J.he 
nucleoplasm. The mitochondria ·and the Golgi material are spread out 
throughout the cytoplasm. The chromophilic Golgi granules are asso
ciated with small, clear, hyaline vacuoles. There is one· large and three 
small chromat<>id bodies (Champy iron-hrematoxylin). 

Prinlary spermatocyte, showing the Golgi elements in the form of chromo
philic granules, each associated with a hyaline vacuole, and also the hyaline 
vacuoles alone (Flemming~without-acetic and iron-hrematoxylin). 

FIG. 9. Primary spermatocyte, showing the Golgi elements in the form of hyaline 
. vacuoles, each associated with one~ two or even three chromophilic granules 

(Flemming-without-acetic and iron-hffimatoxylin). 
F10. IO. 
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Prinlary spermatocyte, showing the Golgi material in the form of one or two 
sudanophil granules associated with a hyaline vacuole (Aoyama-Sudan 
black). 
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PLATE II 

FIG, II. Metaphase of the meiosis I (side view), showing a granular centriole at each 
pole of the spindle. Only uniformly dispersed mitochondria are seen in the 
cytoplasm (Champy iron-hrematcxylin). 

FIG. 12. Secondary spermatccyte with the nucleus containing a single, large nucleolus. 
In the cytcplasm the mitcchondria are ahnost uniformly dispersed. The 
Golgi elements are seen in the form of one or two chron1ophilic grannies 
associated with a hyaline vacuole (Flemming-without-acetic and iron
hrematoxylin). 

FIG. 13. Secondary spermatccyte, showing the nucleus with one large and four small 
nucleoli. Fine mitochondrial grannies and Golgi bodies in the form of one 
or two chromophilic grannies associated with a hyaline vacuole are uni
formly dispersed in the cytcplasm (Flemming-without-acetic and iron
hrematcxylin). 

FIG. 14. Secondary spermatccyte with the nucleus containing two nucleoli and 
chromatin grannies. The mitcchondria are in the form of two dense 
clusters. The Golgi elements, in the form of one or two chromophilic 
grannies associated with a hyaline vacuole, are uniformly dispersed in the 
cytcplasm (Flemming-without-acetic and iron-hrematoxylin). 

FIG. 15. Secondary spermatocyte, showing the Golgi material, in the form of one or 
two sudanophil gra.nules associated with a hyaline vacuo]e, evenly distri .. 

A buted in the cytcplasm (Helly-Sudan black). 
FI\f.'I6. Early spermatid, showing the nucleus with two small nucleoli. The mito

chondria are evenly distributed and the Golgi material i~ in the form of 
one or two chromophilic granules associated with a hyaline vacuole 
(Flemming-withont-acetic and iron-hrematcxylin). 

FIG. 17. Early spermatid, showing the mitcchondria aggregated at one pole of the 
cell. Golgi material is in the form of completely hyaline vacuoles and a 
hyaline vacuole associated with a chromophilic grannie (Flemming with 

, , . reduced quantity of acetic acid, and iron-hmmatoxylin). 
FIG. 18. E.;:rly spermatid with the nucleus containing a single nncleolus and the 

chromatin granules. The mitochondria are evenly distributed and the 
a;;lgi m.:.terial is in the form of one or two chromophilic granules associated 
with a hyaline vacuole (Flemming-without-acetic and iron-hrematcxylin). 

FIG. 19. Early spermatid, showing the Golgi material in the form of one or two sudano
phil granules associated with a hyaline vacuole (Helly-Sudan black), 

FIG. 20. Early spermatid, showing the Golgi material in the form of one or two 
argentcphil granules associated with a hyaline vacuole (Aoyama's method). 

Fm. 21. Early spermatid, showing the argentcphil Golgi granules, each associated 
with a hyaline vacuole. A golden yellow chromatcid body is also seen 
(Aoyama's method). 

FIG. 22. Early spermatid with Golgi material in the form of one or two osmiophil 
granules associated with a hyaline vacuole. The chromatoid body appears 

-_' . yellow (Formal-osmication). 

PLATE III 

FIG. 23. Early spermatid, showing the Golgi material in the form of completely 
hyaline vacuoles. The chromatoid body appears yellow (Formal-osmica
tion). 

FIG. 24. Spermatid, showing the coming together of the hyaline vacuoles tc form the 
pro-acrosome .. One of the vaeuoles which is completely hyaline has pushed 
the nuclear membrane downwards (Flemming with reduced quantity of 
acetic acid, and iron~hmmatoxy1in). 

Fro. 25. Spermatid, showing the pro.acrosome depressing the nuclea.r membrane at 
the anterior pole of the nucleus. Mitcchondria are aggregated in a portion 
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of the cytoplasm. A chromatoid body is also seen (Flemming with reduced 
quantity of acetic acid, and iron-hrematoxylin). 

Fra. 26. Spermatid, showing the acrosome, the condensed nucleus and a clear space 
between these two structures. The mitochondria are arranged along the 
periphery of the cell. A chromatoid body is also seen. (Flemming-without
acetic and iron-hrematoxylin). 

FIG. 27. Spermatid, showing the acrosome and the condensed nucleus with a small 
clear space in between. The mitochondria have become large, spherical 
granules. A granular centriole and two chromatoid bodies are also seen 
(Flemming-wit.hout-acetic and iron-hrematoxylin). 

FIG. 28. Spermatid, showing the acrosome and the condensed nucleus with a clear 
space in between. A single chromatoid body is seen (Bouin iron
hrematoxylin). 

FIG. 29. Spermatid with the acrosome and slightly elongated, condensed nucleus. 
Two chromatoid bodies are seen (Bouin iron-hmmatoxylin). 

FrG. 30. Spermatid, showing the elongating, condensed nucleus and cone-shaped 
acrowme. The acrosome actually appears lighter than the nucleus and the 
boundaries of the two can easily be made out. A Ringle chromatoid body 
is seen (Bouin iron-hrematoxylin). 

Fra. 31. Late spermatid, showing the cone-shaped acrosome, elongating nucleus, long 
axial filament and a single chromatoid body (Bouin iron-hrematoxylin). 

FIG. 32. Late spermatid, with elongated, condensed nucleus and lightly-stai,ning 
acrosome. There are five chromatoid bodies (Flemming with re~~d 
quantity of acetic acid, and iron-hrematoxylin). c._ 

FIG. 33. Late spermatid with elongated nucleus and prominent acrosome. Aggre
gated, prominent, large mitochondria and a single chromatoid body are seen. 
The manchette, surrounding the cytoplasm around the intra-cellular part of 
the axial filament, has also appeared (Fiemming-without-acetic and iron
hmmatoxylin). 

Fro. 34. Late spermatid with the elongated nucleus and the cone-shaped acrosome. 
Three chromatoid bodies are seen (Flemming-without-acetic and iron
hrematoxylin). 

FIG. 35. Late spermatid, showing the distal centriole travelling downwards along the 
axial filament (Champy iron-hffimatoxylin). 

PLATE IV 

FIG. 36. Late spermatid, showing the intra-cellular part of the axial filament, the 
manchette and the distal centriole (Champy iron-hmmatoxylin). 

FIG. 37. Late spermatid, showing the manchette getting fused with the plasma 
membrane of that region and the formation of prominent, large mito
chondria (Champy iron-hffimatoxylin). 

Fro. 38. Late spermatid with greatly elongat-ed nucleus and the acrosome (Champy 
iron-hrematoxylin). . , 

Fro. 39. Late spermatid, showing the cytoplasm contracting and travelling d~n
wards (Flemming-without-acetic and iron-hrematoxylin). 

Fro. 40. Sperm consisting of the acrosome, the nucleus, the middle-piece and the tail. 
Prominent mitochondria are seen around the axial £lament in the middle
piece. (Flemming-without-acetic and iron-hmmatoxylin). 

FIG. 41. Mature sperm with the mitochondria in the middle-piece less prominent than 
in figure 40 (Flemming-without-acetic and iron-hrematoxylin). 

FIG. 42. A still more mature sperm in which the mitochondria in the middle-piece have 
become very faint (Flemming-without-acetic and iron-h,rnatoxylin). 

FIG. 43. Small-sized abnormal early spermatid with the nucleus, the mitochondria, 
and the Golgi material in the form of chromophilic granules, each associated 
with a hyaline vacuole. Two of the Golgi vacuoles are about to coalesce 
(Champy iron-hrematoxylin). 
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FIG. 44. Small-sized abnormal early spermatid with the Golgi material in the form 
of completely hyaline vacuoles (Champy iron-hrematoxylin). 

FIG. 45. Small-sized abnormal spermatid in which the pro-acrosome and the nucleus 
have condensed. Uniformly dispersed mitochondria and two chromatoid 
bodies are seen (Flenuning with reduced quantity of acetic acid, and iron
hrematoxylin). 

FIG. 46. Large-sized abnormal spermatid, showing the acrosome and the condensed 
nucleus. The chromatoid bodies and uniformly dispersed mitochondria are 
also seen (Champy and iron-hrematoxylin). 

FIG. 4 7. Large-sized abnormal late spermatid, showing thick and long nucleus, the 
cone-shaped acrosome, the manchette and the distal centriole moving down
wards along the intracellular part of the axial filament. Uniformly dis
persed mitochondria and the chromatoid bodies are also seen (Flemming
without-acetic and iron-hrematoxylin). 

FIG. 48. Large-sized abnormal late spermatid, showing the distal centriole touching the 
nuclear membrane (Flemming-without-acetic and iron-hrematoxylin). 

PLATE V 

FIG. 49. Photomicrograph of an early secondary spermatogonium, showing the Golgi 
material in the form of granules of dark eontrast arranged in a juxta
nuclear mass. The nucleus contains small nucleoli. 

F. 0. Photomicrograph of a late secondary spermatogonium, showing the Golgi 
granules of dark contrast arranged in a loose circum-nuclear mass. 

FIG. 51. Photomicrograph of a late secondary spermatogonium, showing in focus the 
nucleus containing large nucleoli of varied sizes. 

FIG. 52. Photomicrograph of a tert.i~ry sperrnatogonill!TI, showing a crescent-shaped 
mass of greyish mitochondria and dark Golgi granules closely applied to 
the nucleus. 

FIGs. 53 

FIG. 55. 

FIG. 56. 

FIG. 57. 

FIG. 58. 

FIG. 60. 

FIG. 61. 

and 54. Photomicrographs of primary spermatocytes, showing the Golgi 
material in the form of dark granules, and dark granules associated with 
hyaline vacuoles. Each hyaline vacuole shows one or two dark granules. 
attached to its periphery. 
Photomicrograph of a secondary spermatocyte, showing in focus two dark 
Golgi granuJes associated with a hyaline vacuole. 
Photomicrograph of a secondary spermatocyte, showing in focus a Golgi 
granule of dark contrast associated with a hyaline vacuole. 
Photomicrograph of a secondary spermatocyte, showing in focus a completely 
hyaline Golgi vacuole and the chromatoid body. The chrornatoid body 
shows a duplex structure due to 'Edge-effect'. 
Photomicrograph of an early spermatid, showing in focus a completely 
hyaline Golgi vacuole in the mitochondrial mass sticking to the nuclear· 
membrane. 
Photomicrograph of an early spermatid, showing a completely hyaline 
vacuole depressing the nuclear membrane. Dark spherical bodies, on the· 
left side of this Golgi vacuole, are some foreign elements. 
Photomicrograph of a sperm, showing in focus the acrosome, the distal 
centriole and the tail. The tail possesses a thin cytoplasmic sheath. 
Photomicrograph of a complete sperm, showing the acrosome, the nucleus,. 
the middle-piece and the tail. Prominent mitochondrial granules are 
seen in the middle-piece. 

FIG. 62. Photomicrograph of the same sperm as that in figure 61, showing more· 
clearly the thin cytoplasmic sheath around the tail. 
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STUDIES IN THIOPEGANS 

By G. M. Sll:ARMA, I. SEN GuPTA and K. S. NARANG 

(Department of Chemistry, Panjab University, Hoshiarpur, Panjab, 
Inr£ia) 

Narang 1 et al. re~orted only one product from the reaction of 2-
carbethoxy phenyl thiourea I with ethylene bromide, though theoretically 
two products II and IH are possible. 

I 

Br-?H2 // 

+ I 
Br-bH2 '\_ 

Attempts have, th_erefore, been made to synthesize either of the 
products II and III by an alternate unambiguous method. 

The linear compound II could be synthesized2 by the condensation 
of 2-chloro-thiazoline With anthranilic acid. But 2-chloro-thiazoline could 
not be obtained in pure form from 2-amino-thiazoline according to the 
method used by Ganap<~,thi 3 et al. Attempted synthesis of II by condensa
tion of o-cftforo-Iienzoic acid with 2-amino-thiazoline, even in the presence 
of catalyst like copper Powder at 180°0., did not materialize. 

Attempts were theh made to synthesize angular compound III when 
~was thought to ccmdense 2-amino-thiazoline with o-chloro-benzoyl 
ilrt'loride giving the amide IV which on subsequent cyclization would yield 
the desired product. 

+ 
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The reaction, however, gave a product the nitrogen and sulphur values 
of which correspond to di-o-chloro benzoyl derivative. 

Another attempt in this direction was made by condensing ethylene 
chlorohydrin with ethyl anthranilate. It was thought that the hydro
chloride of the condensed product on treatment with potassium sulpho
cyanide would yield N'-,8-hydroxy ethyl-N'-2-carbethoxy phenyl thiourea 
V which on cyclization will give the angular product III. 

COOC2H5 
/'/ 
I I NH 

I I .~ 
""'/""'N/c""' 

/ SH 

CH2·CH20H 
v 

-->- III 

COOC 2H5 
/'\,/ KSCN 

II I --.. 

""'/""' NHHCI 
I 
CH2·CH2·0H 

The condensation of ethylene chlorohydrin with anthranilic acid was 
smooth. The hydrochloride of this product on treatment with potassium 
sulphocyanide could not give the required thiourea V in pure form. The 
reaction mixture, however, on refluxing in alcoholic solution for 24 hours 
yielded a product which is soluble in alkali. On acidification of the alkaline 
solution the product got precipitated. From this behaviour and from the 
analytical resu,lts of the product, it appears to be the tetrahydro com
pound VI. 

/,/co""' 
~ I N 

II I II ~ 
""'/""'N/c""' """' 

SH 

OH VI 
/ 

CH2-CHz 

Cyclization of compound VI by heating with phosphorous penta oxide 
or in presence of sulphuric acid has not materialized so far. 

The condensation of ethylene bromide in place of ethylene chloro
hydrin with ethyl anthranilate also gave no tangible results. The cycliza
tion of product VI is under invEstigation. 
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EXPERIMENTAL 

Attempted condensation of o-chlom-benzoic acid with 2-amino-thia.zoline :-

0-chloro-benzoic acid (3·13 gm.), 2-amino-thiazoline (2·04 gm.) and 
copper powder (0·3 gm.) were thoroughly mixed and heated for two hours 
at 160°0. when a green colour developed. The temperature was raised 
to 180°0. for 20 minutes. Mter cooling the reaction mixture was treated 
with sodium carbonate solution. The residue left behind could not be 
purified. 

In another trial the same amounts of the reactants were heated at 
180°0. for six hours without copper powder. 
made alkaline and the precipitate isolated. 
failed. 

The reaction mixture was 
All attempts to purify it 

Condensation of o-chloro-benzoyl chloride with 2-amino-thiazoline :-

0-chloro-benzoyl chloride (3-4 gm.) was added gradually to 2-amino
thiazoline (2 gm.) in dry benzene (20 c.c.). A precipitate appeared at 
o~ and the mixture was refluxed on a water bath for an hour. The 
~ipitate was filtered and crystallized from absolute alcohol m.p. 182°0., 
yield being 0·2 gm. 

The reactants when shaken in presence of 10% sodium hydroxide 
solution also gave the same product. 

Found: N, 7·4%, S; 8·0%. 0 17H 120 2N2012S requires N, 7·38%, 
S, 8·44%. 

Condensation of ethylene chlorohydrin with ethyl anthranilate:-

A mixture of ethyl anthranilate (100 g.) and ethylene chlorohydrin 
(24·3 g.) was heated at 120-130° for twenty hours. It was then decom
posed with sodium carbonate solution and extracted with ether. The 
ether extract was dried over sodium sulphate and distilled under reduced 
pressure. The first fraction distilled at 120-130°/5 mm., followed by 
second fraction at 167-180°/5 mm. The second fraction was dissolved in 
dry ether and the solution saturated with dry hydrochloric acid gas. A 
white crystalline product separated which was collected and crystallized 
from acetone, m.p. 113°0. 

<J Found: N, 5·4%. 0 11H 160 2N.H01 requires N, 5·7%. 

Attempted synthesis of 9 : 10-thiopeg-10-ene-4-one :-

Ethyl-(N-,8-hydroxy ethyl)-anthranilate hydrochloride (5 g.) was 
thoroughly mixed with potassium sulphocyanide (3 g.) in presence of water 
(1 c.c.) and the mixture got liquified. Mter five minutes, it again got 
solidified and was allowed to stand for 12 hours. Attempts to crystallize 
the thiourea failed and, therefore, the reaction mixture was extracted with 
absolute alcohol. The alcoholic extract was ref!uxed for 24 hours. Mter 
12 hours' ref!uxing, some precipitate appeared which-increased on further 
heating. The product was collected on cooling and crystallized from acetic 
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acid (1·2 g.), m.p. 280°. The compound is soluble in alkali; and it gets 
precipitated on acidification. It appears to be tetrahydro compound VI. 

Found: N, 12·01%, S, 14•3%. C10H100 2N2S requires N, 12·1%, 
S, 14-4%. 
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STUDIES IN SURFACE COMPLEXES OF CHARCOAL 

By BALWANT RAI Puru, Y. P. MYER and LEKH RAJ SHARMA 

(Department of Chemistry, Panjab University, Hoshiarpur, India) 

It has been known for some time that surface complexes on charcoal 
and carbon blacks can be removed on heating at high temperatures in 
vacuo (1, 2, 3, 6, 9, 10, 13). Lowry (10), on evacuating a number of char
coals at different temperatures, found that considerable amounts of CO, 
002 and water vapour were evolved up to 900° and that increasingly 
larger quantities of hydrogen were given out between 900° and 1,200°. 
Anderson and Emmett, using a similar technique, extended these observa
tions to a few commercial charcoals (2) and carbon blacks (3) . 
...I The presence of oxygen complexes is known to incre11se base-adsorption 
5ryacity of charcoal (4, 7, 15). Puri et al. (11, 12) regard 'base adsorption' 
by charcoal as a neutralizing reaction due to the presence of C02 in the 
complex. This, however, needs confirmation by measuring the amount 
of C02 actually evolved on high temperature evacuation of charcoal and 
comparing it with the amount of alkali neutralized by it. This point 
does not appear to have received adequate attention. Besides, a careful 
estimation of the gases evolved on evacuating different samples of char_ 
coal at increasing temperatures is also likely to be helpful in elucidating 
the number, nature, composition and stability of the oxygen complexes. 
The work described in this paper was undertaken with these objectives 
in view. 

ExPERIMENTAL 

Materials.-Three different varieties of charcoal prepared by the 
carbonization of pure sucrose (by means of pure sulphuric acid followed 
by exhaustive washings with hot distilled wat6r), coconut shell and pine 
wood (by heating at about 450° in a limited supply of air) were used in 
tltese investigations. Sugar charcoal was almost 'ash-less', while the other 
t\. o.samples were rendered ash free by HF-HCI treatment. All the samples 
were then exposed to an atmosphere of oxygen for about 24 hours at room 
temperature (11). 

METHODS 

(a) Neutralization of alkali.-It has been already shown (11) that 
charcoal can neutralize different alkalies in equivalent proportions. There
fore, only one alkali, namely barium hydroxide, was used in these experi
I!lents. The procedure adopted was essentially the same as described 
before. Briefly 1·0 g. of each sample was mixed with 100 ml. of 0·2 N 
Ba(OHh and the suspension shaken mechanically for about 48 hours. 
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The/amount of the unused alkali was estimated by titrating an aliquot of 
the blear supernatant liquid against a standard acid solution. 

{(b) Evacuation at different temperatures.-About 2 g. charcoal dried at 
150[ to constant weight was taken for evacuation at each temperature. 
Th(l apparatus employed was essentially the same as used by Anderson 
an4 Emmett (2). There was, however, one difference in the procedure. 
Wll.ereas Anderson and Emmett heated one and the same lot of a particular 
saihple to increasing temperatures, we took different lots for evacuations 
at/different temperatures. Thus at each temperature at which evacuation 
wls done, charcoal had its complex in full. The temperature of evacuation 
v:lried from 200° to 1,200° at intervals of 100°. The evolved gases were 
afalysed in the following sequence: water was removed in calcium chloride 
tubes and carbon dioxide in a series of Erlenmeyer flasks containing a known 
afnount of barium hydroxide solution. Hydrogen and carbon- monoxide 
in the rest of the gaseous . mixture were estimated by exploding with a 
linown excess of oxygen followed by measurement of contraction on cooling 
lnd on introduction of potash solution. This technique was standardized 

ty working with mixtures of C02, CO and H 2 of known composition. 
eplicate determinations were also made at some temperatures and fa~ 

oncordant results were obtained. 

RESULTS AND DISCUSSION 

The results of high-temperature evacuation experiments are recorded 
in Table I. It is interesting to note that each sample on evacuation at 
1,200° loses an appreciable amount of its weight--about 41 per cent in the 
case of sugar, 30 per cent in the case of coconut shell and 24 per cent in 
the case of pine wood charcoal-in the form of CO, C02, H 20 and H2. 
As regards the neutralization of barium hydroxide, it was noticed that 
while before evacuation these samples could remove 7·88, 3·92 and 3·85 
milli-quivalents of the alkali per g. respectively, they suffered a systematic 
decrease in this property on evacuating at progressively increasing tempera
tures and that the first sample at 800° and the other two at 700° lost this 
property altogether. 

Assuming that the interaction between barium hydroxide and charcoal 
is entirely due to the presence of C02 in the complex, the amount of the 
latter before and after evacuation at different temperatures can be eab y 
calculated. These values are given in Table II. The amount of C02 

evolved at the various temperatures are also reproduced from Table I 
in a separate column for each charcoal. It is highly significant that in 
the case of all the three samples, the sum of the amounts of C02 evolved 
and retained up to about 800° is almost the same and invariably close to the 
amount originally contained in the charcoal before evacuation. A slight 
though progressive decrease in the amounts of C02 evolved at higher tem
peratures is probably due to its partial conversion into CO by a secondary 
reaction as mentioned below. These results confirm the view that inter. 
action of charcoal with alkalies is almost entirely due to the presence of 

54 



carbon dioxide in the complex and that when the latter is eliminated, the 
resulting material loses this property altogether. 

TABLE I 

Gases evolved on evacuation of charcoals at different temperatures in g.f100 g. 

Temperature, Total Total 
'C. C02 co H20 H2 combined hydrogen oxygen 

Sugar Charcoal 

200 2·42 Nil Nil Nil 1·76 Nil 
300 7·82 Nil 0·71 Nil 6·31 0·08 
400 10·68 Nil 1·08 Nil 8·72 0·11 
500 15·76 1·59 3·39 0·02 15·37 0·39 
600 16·50 3·56 4·80 0·04 18·30 0·57 
700 17-18 4·93 5·09 0·08 19·83 0·64 
800 17·38 10·25 6·31 0·27 24,-11 0·97 
900 16·50 13·44 7·97 1·28 26·75 2·16 

1,000 14·34 16·14 8·23 1-43 26·96 2·35 
1,100 14-15 16·28 8·86 1-44 27·42 2·43 
1,200 13·37 17·37 8·97 1·48 27·62 2·48 

Coconut SheU Charcoal 

200 Nil Nil Nil Nil Nil Nil 
300 1-56 Nil 0·06 Nil 1·19 0·006 
400 7-17 Nil 0·81 Nil 5·93 0·09 
500 8·44 Nil 1·30 Nil 7·29 0·14 
600 8·46 0·81 2·90 0·004 9·19 0·32 
700 8·15 1·35 3·80 0·06 10·07 0·48 
800 7·93 5·43 5·90 0·22 14·10 0·87 
900 7·83 9·75 6·80 0·76 17·29 1·50 

1,000 7-70 11·82 7·68 1·01 19·19 1·86 
1,100 6·93 13·77 7·79 1·36 19·80 2·22 
1,200 6·39 14·60 7·80 1-51 19·92 2·38 

Pine Wood CharcoaJ 

200 Nil Nil 0·23 Nil 0·20 0·02 
300 1·82 Nil 0·72 Nil 1·96 0·08 
400 4·34 Nil 1·01 Nil 4·05 0·11 
500 6·98 Nil 1·37 Nil 6·30 0·15 
600 8·26 Nil 3·17 Nil 8·82 0·35 
700 8·44 Nil 3·33 Nil 9·10 0·37 
800 8·40 6·87 4·64 0·08 14-15 0·59 

.y 900 8·37 7·65 5·02 0·24 14·93 0·79 
1,000 7·69 8·79 5·65 0·32 15·85 0·94 
1,100 7·45 9·11 5·79 0·77 15·76 1·37 
1,200 7-17 9·61 5·87 0·97 15·92 1·60 

It is evident from Table I that while the evolution of C02 and H 20 
starts at 200' or 300' that of CO and H2 does not commence till a higher 
temperature (500' in sugar, 600' in coconut shell and 800' in pine wood 
charcoal) is attained. This shows that there may be more than one type 

_of complex on charcoal and that the composition of the evolved gases 
depends on the type and the amount of the complex decomposing at a 
particular temperature. 
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TABLE II 

Amounts of carbon dioxide evolved and retained * on e1;acuating charcoals at different tem,perotures in g.fiOO g. 

Sugar charcoal Coconut shell charcoal Pine wood charcoal 
Evacuation 

temperature, 
'C. Amount of Amount of 

Total Amount of Ammmt of Total Amount of Amount of Total C02 evolved C02 retained C02 evolved C02 retained C02 evolved C02 retained 

Before 
eva.cnation Nil 17·33 17·33 Nil 8·60 8·60 Nil 8·47 8·47 

200 2·42 14·90 17·32 Nil 8·60 8·60 Nil 8·46 8·46 
300 7·82 9·58 17·40 1·56 7·02 8·58 1·82 6·64 8·46 
400 10·68 6·63 17·31 7·17 1·38 8·61 4·84 4·14 8·48 
500 15·76 1·62 17·38 8·44 0·12 8·56 6·98 1·49 8·47 
600 16·50 0·89 17·39 8·46 Nil 8·46 8·26 0·24 8·50 
700 17·18 0·21 17·39 8·15 Nil 8·15 8·44 Nil 8·44 
800 17·38 Nil 17·38 7·93 Nil 7·93 8·40 Nil 8·40 
900 16·50 Nil 16·50 7·83 Nil 7·83 8·37 Nil 8·37 

! ,OOQ l4·3<l Nil l<l3<l 7·70 Nil 7·7() 7·69 }l:il 7·69 
1,100 14·15 Nil 14·15 6·93 Nil 6·93 7·46 Nil 7·45 
1,200 13·37 Nil 13·37 6·39 Nil 6·39 7·17 Nil 7·17 

* Calculated from the a::rnounts of barium hydroxide neutraHzed by the charcoals. 



The amounts of oxygen evolved as CO, C02 and H20 and of hydrogen 
evolved as H 20 and H 2 at the various temperatures are also presented 
in Table I (columns 6 and 7). It appears that while hydrogen continues 
to be evolved even up to 1,200°, total oxygen tends to acquire a constant 
value after 1,000°. This shows that combined oxygen on charcoal gets 
almost completely eliminated on evacuating above 1,000°. 

The fact that the amount of C02 evolved decreases on evacuating at 
temperatures above 800° shows the possibility of its reduction by one or 
both of the following reactions:-

(i) C02+C ~ 2CO 

(ii) C02+H2 ~ CO+H20. 

But since at higher temperatures, the relative increase in the amount of 
CO evolved is greater than that of H 20 and the latter acquires almost a 
constant value at 1,000°, the probability of the occurrence of the former 
reaction is greater. 

The results presented above indicate that there are probably two 
types of surface oxygen complexes, one that reacts with alkalies and starts 
decomposing at about 200° to 300° giving off C02 and the other that is more 
s;,ble and decomposes at higher temperatures with the evolution of CO. 
This is in conformity with the view put forward by Smith, Pierce and Joel 
in a recent publication (14). 

According to Long and Sykes (8) and Smith et al. (14), the possible 
atoms or groups chemisorbed on charcoal surface which provide for different 
types of complexes may be (0), (OH), (02), (H), (H2), etc., depending upon 
the state of surface carbon atoms and the number of residual bonds avail
able for interaction with other molecules. In the light of this, the first 
oxygen complex may be considered tentatively to have (02) fixed per' active' 
carbon atom and to decompose as C02 on heating. The second complex 
may be considered to have (OH) fixed per 'active' carbon atom and to 
decompose on heating, in the first stage to give H 20 involving two (OH) 
groups attached to neighbouring carbon atoms, and then at a higher tem
perature the intermediate product may. decompose to give CO. This view 
receives some support from the fact that the amounts of water and carbon 
monoxide (when corrected for the amount resulting from reaction (i) above) 
given out on complete evacuation are nearly in equi-molecular proportions 
to one another as required. 
' . It can be shown that the amount of CO evolved in terms of moles/g. 
is greater than that of C02, even when allowance is made for the secondary 
reaction mentioned above. This indicates that the second complex covers 
a larger portion of charcoal surface than the first. 

Surface areas of the charcoals, calculated by Harvey's method (5) 
from the ethyl alcohol isotherms determined at 25°, are given in Table III. 
Assuming that each surface carbon atom occupies 2·6 A0

2 (3) the number 
of carbon atoms on the surface can be easily obtained. The evolved oxygen 
and hydrogen can also be computed as atoms and the number of oxygen 
and hydrogen atoms combined per surface carbon atom can be readily 
obtained. The results of these calculations are included in Table III. 
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It is Jeen that the ratios of oxygen and hydrogen to carbon atoms are of 
the sa'rue order in all the three samples of charcoal. This is quite signi
ficant las it indicates that the concentration of surface complexes depends 
to a- large extent on the surface area of the charcoal. 

TABLE Ill 

\Surface area, total ocygen and hydrogen evol"ed and ratios of ocygen and 
hydrogen to surface carbon atoms in different charcoals 

: 

Amount of Amount of Ratios of oxygen 

Nlture of 

total com- total hydro- and hydrogen atoms 
Surface bined oxygen gen removed to carbon atoms 

ares. removed on on evacua~ c\)a.rcoa) 
(sq. m./g.) evacuation tion ' at 1,200° at 1,200° 0 H 

(g.fg.) (g.fg.) c c 
-
Sugar ch~rcoal .. 205·9 0·2762 0·0248 1·32 1·90 
Coconut shell charcoal 161·0 0·2001 0·0238 1·22 2·33 
Pine woof charcoal . . 126·4 0·1592 0·0160 1·24 1·99 

: 
I o 

The\ ratio of oxygen to carbon atoms is seen to vary between 1-22 
and 1·34 in the various samples. This appears to offer further support 
to the tentative formulae assigned to the two complexes, for if both the 
complex~s were present in equal amounts, the ratio should have been l-5, 
but sincJ the second complex covers a larger portion of the surface than 
the first,ts mentioned above, the ratio should lie between I and I-5 as is 
actually -he case. -

The atio of hydrogen to carbon atoms is seen to be about 2. This 
shows th~t an appreciable amount of chemisorbed hydrogen is held in some 
form other than (OH) as well. 

\ SUMMARY 

Evac~ations of three different samples of charcoal at temperatures 
varying fuom 200° to 1,200°, analyses of the gases evolved and interactions 
with barihm hydroxide before and after degassing at each temperature 
have bee~ described. The results indicate that 'base adsorption' of char
coal is almost entirely due to the presence of 002 in the complex and that 
there are perhaps two types of oxygen complexes, one which reacts ~ 
alkalies an'd decomposes to give 002 and the other which decomposes in 

I 

the first s~age to give H 20 and in the second stage at a higher tempera-
ture to giye CO. 
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STUDIES ON THE DIGENETIC TREMATODES OF MARINE 
FISHES FROM THE GULF OF MANAAR (INDIA) 

By N. K. GUPTA, Lecturer in Zoology, Panjab University College, 
Hoshiarpur, Panjab, India 

(From the Department of Parasitology, London School of Hygiene 
and Tropical Medicine, London) 

ABSTRACT 

The digenetic trematodes of some marine fishes from the Gulf ofManaar· 
(India) have been studied. Six new species, Stenopera pteroisi, Hamacrea
dium leiperi, Hamacreadium krusadaiensis, Opecoeloides manaarensis, Buck
leytrema indica and Steringophorus lethrini, have been described. In two 
already known forms, Plagioporus serotinus Stafford, 1904 and Mehratrema 

'1iillfusi Srivastava, 1939, some interesting features have been given. One 
new genus, Buckleytrema, has been erected. 

INTRODUCTION 

During the month of July, 1954, prior to my departure for the United 
Kingdom, I went to South India to visit Krusadai Island and Manda pam 
Camp (Gulf of Manaar, India) for the collection of research material. At 
these two places marine fishes belonging to 29 genera were dissected for 
examination of parasitic worms and a wide collection of trematodes, 
cestodes and nematodes was made. Nematode infection was comparatively 
scarce. In this paper I have given an account of eight digenetic trema
todes belonging to three different families, Allocreadiidae Stossich, 1903, 
Monodhelminthidae Dollfus, 1937 and Fellodistomatidae Odhner, 1911. 
Of these eight trematodes six are new to science and two already known. 
A new genus has been proposed for one of the new species. 

The work on this material was carried out in the Department 
of Parasitology, London School of Hygiene and Tropical Medicine, London, 
u~er the supervision and guidance of Professor J. J. C. Buckley, to whom 
I am greatly indebted. I am also grateful to Professor R. T. Leiper for 
the loan of some literature and Dr. Ben Dawes and Mr. S. Prudhoe for their 
keen interest in the progress of my work. My thanks are also due to the 
Director of Public Instruction, Pan jab (India), for granting me study leave 
(ex-India) and the Vice-Chancellor, Panjab (India) University, for award
ing me the research fellowship for carrying on research at this School. 

Family: Allocreadiidae Stossich, 1903. 
Genus: Stenopera Manter, 1933. 

The genus Stenopera was erected by Manter (1933) for the species 
Stenopera equilata recovered from the intestine of a marine fish, H olocentrus 
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ascensions, at Tortugas, Florida, U.S.A. S. equilata Manter, 1933, is the 
only species so far known to the genus. In having unipolar filamented 
eggs, the genus Stenopera stands close to the genus Helicometra Odhner, 
1902 nee. Travassos, 1928. On the basis of the shape and great length of 
the cirrus sac, far forward position of the ventral sucker and the elongated 
body with sides nearly parallel, Manter in 1933 differentiated the genus 
Stenopera from Helicometra. The writer has been able to obtain two 
digenetic trematodes having eggs with unipolar filaments and very much 
elongated cirrus sac. These specimens have been assigned to a new species 
under the genus Stenopera. 

Generic diagnosis.-Allocreadiidae Stossich, 1903. Body: elongate. 
Suckers: ventral sucker far forward. Gut: pharynx small; oesophagus 
moderately long; caeca narrow, extending to posterior end of body. Ex
cretory system: excretory vesicle extending to level of ovary. Reproduc
tive system: genital pore median or submedian, anterior to intestinal 
bifurcation near the base of pharynx. Cirrus sac slender, curved, very 
long, extending posteriorly behind ventral sucker. Testes tandem, median 
and slightly lobed. Ovary lobed, situated anterior to testes. Vitellaria 
lateral, . confluent behind testes, not extending anterior to intestinal f~ 
yolk reservoir anterior to ovary; receptaculum seminis either in front or 
dorsal to ovary. Metraterm present, shorter than cirrus sac. Eggs with 
unipolar filaments. 

Type species: Stenopera equilata Manter, 1933. 
Parasites of marine fishes. 

The generic diagnosis has been modified in respect of the position of the 
receptaculum seminis, which is dorsal in my specimen, and the vitellaria. 

Stenopera pteroisi n.sp. (Fig. 1) 

Two specimens of Stenopera pteroisi n.sp. were found in the marine 
fish, Pterois russelii, dissected at Mandapam Camp. The mounted speci
mens are 4·2-4·5 =· long and 0·32-1·25 mm. broad across the region of 
the testes. The anterior end is more attenuated than the posterior 
end. The integument is without spines or papillae. At the anterior 
end of each specimen are seen some fibrillar projections. The bal 
sucker is subterminal and. it measures 0·09-0·22XO·l6--0·22 mm. Pre
pharynx is absent. The oral sucker is directly followed by the muscular 
pharynx which is 0·06--0·08 mm. long· and 0·06-0·11 mm. broad. The 
oesophagus is 0·24--0·35 mm. long and 0·01-0·03 mm. broad. It forks into 
two intestinal caeca at a distance of0·23 mm. from the anterior border of the 
ventral sucker. The intestinal caeca run parallel to the lateral sides of. the 
body and terminate a little in front of the posterior end of the body. The 
ventral sucker lies at a distance of 0·69-0·83 mm. from the anterior end of 
the body. It is almost circular, i.e. 0·17X0·17 or 0·36X0·36 mm. Its 
aperture is small. The ratio between the diameters of the oral and ventral 
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suckers is nearly 1 : 1 in one specimen and 1 : 1·5 in the other. The ex
cretory pore is median and dorsally placed at the posterior end of the body. 
The excretory vesicle is dilated at first and then becomes narrow and 
uniform in width. 

~---'-4--- ~ -p. 
r"'-!!f-M t. 
-"ttrl:-- v. 6. 

FIG. l. Ventral view of Stenopera pteroisi n.sp. 

O.s.--cirrus sac; Eg.--egg; G.p.-genital pore; I.e.-intestinal caecum; M.gl.
lV1ehlis' gland; Mt.-metraterm; O.s.--oral sucker; Oes.-oesophagus; Ov.-ovary; 
Ph.-pharynx; R.s.-receptaculmn seminis; T1 .-anterior testis; T2.-posterior 
testis; V.s.-ventral sucker; Vit.-vitellaria. 

The genital pore is to the left of the median line, external to the left 
intestinal caecum and 0·19 mm. inward from the left body margin. In 
the second specimen the genital pore is almost median and placed near the 
point where the bifurcation of intestinal caeca occurs. The cirrus sac is 
very much elongated and is O·SS-0·92 mm. ill length. It extends both in 
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front and behind the ventral sucker. The seminal vesicle is coiled and 
fills either one. half or one. third of the cirrus sac. The prostate glands are 

. few in number. The cirrus is very prominent. The vasa efferentia are 
seen meeting close to the base of the cirrus sac. The t,estes are irregularly 
shaped· or may be lobed on their posterior aspects only. In the second 
specimen only one testis is present, the other seems to have atrophied. 
The anterior testis measures 0·17 x 0·19 mm. while the posterior measures 
0·27--0·28 X0·21--0·29 mm. 

The ovary is lobed and lies much in front of the anterior testis in the 
median line. It has three lobes on the left and four on the right. The 
Mehlis' gland ·lies in front and close to the ovary. The receptaculum 
seminis is partly dorsal to the ovary. The uterus is very much coiled but 
it is confined to the pre.ovarian region. It crosses the obliquely placed 
basal part of the cirrus sac and then turns to the right and proceeds forward 
dorsal to the acetabulum and opens at the genital pore through the metra
term which is a straight tube. The vitellaria extend from the level of the 
region between the intestinal fork and the ventral sucker back to the ends 
of the intestinal caeca or the posterior end of the body. In the post_
testicular region they coalesce in the median line. The eggs are provi<!td 
with unipolar non-motile filaments and are 0·038-0·041 mm. long and 
(}·IH9-iH\2u mm. broad. 

Relationships :-Stenopera pteroisi n.sp. differs from S. equilata 
Manter, 1933, in having a longer oesophagus, vitellaria extending from the 
posterior extremity of the body to the level of or a little in front of the 
ventral sucker; the ovary situated at an appreciable distance from the anterior 
testis, with seven lobes, three on the left and four on the right; and testes 
lobed especially on the posterior aspects. In S. equilata, the oesophagus 
is short, the ventral sucker is quite close to the intestinal fork, the vitellaria 
terminate a little behind the ventral sucker, the ovary is slightly lobed and 
is placed not far from the anterior testis and the testes are lobed almost on 
all sides. 

The new species is larger than S. equilata and has smaller eggs. It has 
been named after the genus of its host. 

Host: Pterois russelii (Bennett). 
Location: Intestine. 
Locality: Gulf ofManaar (India). 

Genus: Plagioporus Stafford, 1904 
Plagioporus serotinus Stafford, 1904 (Fig. 2) 

Only one specimen of Plagioporus serotinus Stafford, 1904, was found 
in the intestine of a marine cat-fish caught from the Gulf of Manaar. In 
this specimen the author finds that the testes are diagonally placed instead 
of tandem, the ovary is smaller than the testes and lies in front of the 
posterior testis, the vitellaria are confluent in the post-testicular region and 
the eggs )lleasure 0·068-0·084 X 0·038-0·045 mm. There were fifteen eggs 
seen in the uterus. 



Fm. 2. Dorsal view of Plagioporus serotinus Stafford, 1904 • 

.l, O.s.-cirrus sac; Eg.-cgg; G.p.-genital pore; I.e.-intestinal caecum; M.gi.
Mehlis' gland; Mt.-metraterm; O.s.-oral sucker; Oes.-oesophagus; Ov.-ovary; 
Ph.-pharynx; R.s.-receptaculum seminis; T.-testis; V.ef.-vas efferens; V.s.
ventral sucker; Ves. sem.-vesicula seminalis; Vit.-vitellaria. 

Genus: Hamacreadium Linton, 1910 
Syn.: Emmettrema Caballero, 1946 

The genus Hamacreadium was proposed by Linton in 1910 for four 
new species, viz. Hamacreadium mutabile, H. gulella, H. consuetum and 
H. oscitans. H. mutabile was recovered from the intestines of different 
marine fishes, namely Neomaenis griseus, N. apodus, Anisotremus virgini. 
cus, Ocyurus chrysurus and Pomacanthus arcuatus. The species H .. gulella 
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was foJnd together with H. mutlibile in the intestine of Neomaenis griseus, 
H. conshetum from the digestive tracts of Haemulon plumieri and Haemulon 
sciurus,\ and H. oscitans from the same hosts as of H. consuetum. 

Yabaguti (1934) added two new species to the genus, namely H. 
letkrini !from the stomach and intestine of Letkrinus kaernatopterus and H. 
epinepkbli from the intestines of Epinephelus akaara and Lethrin;,s haema
topterus) The hosts were obtained from the Inland Sea and Pacific coast, 
Japan. I Nagaty in 1941 recordeJi two new species, H. mehsena and H. 
interrup~us, the former from Lethrinus mehsena and the latter from Leth
rinus Jehsenoides of Red Sea. He also reported the occurrence of H. 
mutlibilelin five new fish hosts. He regarded H. epinepheli Yamaguti, 1934, 
as a synonym of H. mutlibile. Baz (1946) found a new species, H. morgani, 
from th~ intestine of Pagrus vulgaris caught in the Mediterranean Sea. 
He considered the interruption of vitellaria as noticed by Nagaty (1941) 
in his ndw species as an unstable character. This inconstant feature as he 
further Jaid might be the result of contraction and relaxation of one side 
of the p~rasite more than the other or the result of pressure exerted on it 
during t~e process of spreading and fixation. 

Cab~Uero in 1946 described a new species, Emmettrema lariosi, unde(' 
the new kenus Emmettrema from the large intestine of the host 'Mero' (an 
unidentified fish) obtained from the Pacific Ocean from Mexico. (This 
species h~s been transferred to the genus Hamacreadium Linton, 1910.) 
Yamagutl (1953) included also in the genus Hamacreqdium the species 
Distom,unl. palleniscum Shipley and Hornell, 1905, parasitic in Balistes sp. 
He made the genus Emmettrema a synonym of Hamacreadium. 

Hamacreqi/,ium leiperi n.sp. (Fig. 3) 

Two 
1
specimens of Hamacreadium leiperi were found in the intestine 

of a marine cat-fish dissected at Krusadai Island. The live worm is of 
whitish appearance. The body is flat and elongated and measures 3·5-
5·5 mm. ih length and 1·48-1·58 mm. in maximum breadth, which occurs 
across thJ testicular region. The cuticle is smooth without any spines 
or armatili:e. The oral sucker is somewhat spherical, subterminal and 
measures b-28x0·3-0·33 mm. The prepharynx is quite distinct and is 
crossed b~ the commissure of the brain ganglia. The pharynx, 0·16-0·19 
mm. long ~nd 0·17-0·22 mm. broad, is a muscular organ and lies behind t]W 
prepharyn±. The oesophagu~ is modera;tely long having a width of o·o§~ 
0·09 mm. ~nd length of 0·2-0·33 mm. The two intestinal caeca run parallel 

I 
to each other along the lateral sides towards the posterior end of the body 
where thei, terminate at about 0·14-0·16 mm. in front of it. The intestinal 
fork is 0-6h=0-72 mm. in front of the ventral sucker. The ventral sucker 
is larger th~n the oral sucker and lies in the posterior region of the first half 
of the bod)v. It measures 0·28-0·54 mm. in longitudinal axis and 0·48-
0·54 mm. transversely. 

The tJstes are spherical or ovoid with smooth or· slightly indented 
margins ana are situated obliquely in the middle of the post-acetabular 
region. T~e anterior testis is to the left of the median line, close to the 
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FIG. 3. Ventral view of Hamacreadium leiperi n.sp. 

O.s.-cirrus sac; Eg.-egg; Ex.ves.-excretory vesicle; G.p.-genital pore; I.e.
intestinal caecum; Mt.-metraterm; O.s.-oral sucker; Oes.--oesophagus; Ov.
ovary; P.ph.-prepharynx; Ph.-pharynx; R.s.-rooeptaculum seminis; T 1.-anterior 
te.t;tis; T2 .-posterior testis; V.s.-ventral sucker; Ves.sem.-vesicula seminalis; 
l'tt,-vitellaria.; Vit.d.-vitelline duct. 

left intestinal caecum and measures 0·29-0·51 x0·24-0·29 mm. The 
posterior testis is 0·33 X 0·25-0·29 mm. and is adjacent to the right intesti· 
nal caecum. From anterior aspect of each testis, the vasa efferentia run 
forward and meet at the base of the cirrus pouch to form the vas deferens. 
The cirrus pouch is well developed and lies obliquely in front of the ventral 
sucker. It measures 0·48-0·57 mm. in length and 0·14-0·16 mm. in 
maximum breadth. It encloses the coiled seminal vesicle, pars prostatica 
and the ejaculatory duct. The genital pore lies to the left of the median 
line much behind the intestinal fork and opens a little inward to the intesti· 
nal caecum. 
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The ovary is trilobed. It measures 0·2x0·3 mm. and is situated in 
front of the posterior testis and to the right of the anterior testis. All the 
three organs, namely two testes and the ovary, are arranged in a triangle. 
The Mehlis' gland complex is just in front of and adjacent to the left lobe 
of the ovary. The receptaculum seminis is to the right of the Mehlis' 
gland complex and anterior to the ovary. The vitellaria consist of small 
follicles which extend from the posterior end of the body to the level of the 
oesophagus and laterally external to the intestinal caeca. In • the post
testicular region the vitellaria of the two sides coalesce medially and are 
densely congregated. In the .pre-acetabular zone a few of the vitellaria 
invade the intercaecal zone. The uterus is confined to the pre-testicular 
region. While ascending, it first runs along the left intestinal caecum, 
then it takes a turn to the right, running along the intestinal caecum. It 
again bends to the left to run along the cirrus pouch and open at the genital 
pore through the metraterm. The eggs measure 0·07:4-0·076 x0·041-
0·053 mm. 

The excretory vesicle is !-shaped and its opening lies in the middle of 
the posterior end of the body. 

Relationships:-In having a trilobed ovary, the new species Hamacre4f 
dium leiperi differs from H. mutabile Linton, 1910 and H.lariosi (Caballero, 
1946) in which the ovary is much lobed; from H. gulella Linton, 1910, H. 
consuetum Linton, 1910, H. oscitans Linton, 1910, H. mehsena Nagaty, 
1941, H. interruptus Nagaty, 1941 and H. morgani Baz, 1946, in which the 
ovary is either tetra- or penta- or hexa-lobed or tetra- to penta-lobed or 
penta- to hexa-lobed, and from H. lethrini Yamaguti, 1934 and H. epine
pheli Yamaguti, 1934, which have irregularly lobed ovaries. 

T}l.e new species further deviates from H. gulella, H. consuetum and 
H. epinepheli in which the genital pore is median in position; from H. 
mehsena, H. oscitans and H. lariosi in which the genital pore lies at the 
intestinal bifurcation; from H. lethrini and H. morgani in which the genital 
pore is ventral to the left intestinal caecum; and from H. interruptus which 
has its genital pore external to the left intestinal caecum. In H. lethrini 
the vitellaria stop short of the intestinal fork, the cirrus pouch extends 
behind up to the middle of the ventral sucker, in H. mehsena and H. oscitans 
the vitellaria extend up to the region of the ventral sucker; there
fore, in these respects too, H. leiperi n.sp. stands apart from them. f 
the position of the genital pore, the new species resembles H. pallenisc'ftrtt 
(Shipley and Hornell, 1905) but it is also different from it in the extent of 
the vitellaria and the cirrus sac and in the shape of the ovary. 

The new species has been named after Professor R. T. Leiper. 

Host: Marine cat-fish. 
Location: Intestine. 
Locality: Gulf of Manaar (India). 

Hamacreadium krusadaiensis n.sp. (Fig. 4) 

One specimen only of Hamacreadium krusadaiensis n.sp. was found in 
the intestine of a marine cat. fish collected from the Gulf of Manaar. It is a 
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small worm of 1·19 mm. in length and 0·52 mm. in breadth across the 
region of the testes. The cuticle is non-spinous. The oral sucker, 0·1 X 

0·12 mm. in size, is subterminally placed. The prepharyn:x is apparently 
absent. The muscular pharynx is spherical and measures 0•06 X0·064 
mm. The oesophagus is 0·034 mm. long and 0·019 mm. broad. The 
intestinal caeca are dens!)ly covered with vitellaria and so their extent in 
the hinder region is obscured. 

The ventral sucker is strongly developed and it measures 0·19x0·27 
mm. It is more than double the size of the oral sucker. 

The two testes, very close to each other, are somewhat obliquely 
placed one behind the other in the anterior part of the second half of the 
body. The anterior testis is 0·1 x0·14 mm. in size, while the posterior 
testis is 0·16x0·17 mm. The cirrus sac is an elongated structure, 
posteriorly it extends up to the anterior one-third of the ventral sucker. 
The vesicula seminalis is coiled. The prostate glands are scanty. The 

FIG. 4. Ventral view of Hamacreadium krusadaiensis n.sp. 

Eg.-egg; G.p.-genital pore; O.s.-oral sucker; Ov.-ovary; Ph.-pharynx; 
Tt.-anterior testis; T2.-posterior testis; V.s.-ventral sucker; Vit.-vitellaria. 
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genital pore lies to the left of the median line, close to the pharynx and in 
front of the intestinal fork. 

The ovary is trilobed, the lobes are extended like the petals of a flow~r. 
Of the lobes, one is directed to the left and the other two to the right. It is 
situated to the right of the median line and ventral to the right intestinal 
caecum. It measures 0·16X0·12 mm. The M~hlis' gland complex and 
the receptaculum seminis are hidden by the vitellaria. The uterus extends 
posteriorly up to the second testis, while anteriorly it runs dorsal to the 
ventral sucker and through metratum it opens at the genital pore. The 
vitelline follicles extend laterally from the level of the base of the pharynx 
up to the posterior extremity of the body. Both in the post-acetabular 
and pre-acetabular regions the vitellaria of both sides become confluent. 

The eggs measure 0'053-0'06 x0·026-0·038 mm. 
Relationships:-The new species Hamacreadium krusadaiensis is 

characterised by having a trilobed ovary. Therefore in this character it 
differs from the following species, H. mutabile Linton, 1910, H. gulella 
Linton, 1910, H. consuetum Linton, 1910, H. oscitans Linton, 1910, H. 
epimpheli Yamaguti, 1934, H. lethrini Yamaguti, 1934, H. mehsenaNagaty, 
1941, H. interruptus Nagaty, 1941, H. morgani Baz, 1946 and H. lariost-' 
(Caballero, 1946). In this character it resembles H. palleniscum (Shipley 
and Hornell, 1905) and H. leiperi n.sp. It, however, stands apart from all 
of them in the position of the genital pore which in the new species, H. 
krusadaiensis, lies to the left of the median line, in front of the intestinal 
fork and close to the pharynx. It further deviates from H. leiperi in the 
ratio between the diameters of the oral and ventral suckers, size of the 
body and the eggs. 

The new species has been named after the place from the vicinity of 
which its host was caught and dissected. 

Host: Marine cat-fish. 
Location: Intestine. 
Locality: Gulf ofManaar (India). 

Genus: Opecoeloides Odhner, 1928 
Syn.: Cymbephallus Linton, 1934 

The genus Opecoeloides was proposed by Odhner in 1928 for Distomum 
furcatum Bremser, 1819 (in Rudolphi, 1819). He differentiated this genu!l 
from Opecoelus Ozaki, 1925, in the presence of an accessory sucker between' 
the acetabulum and the genital pore, in the absence of a cirrus sac and .the 
caeca entering the excretory vesicle instead of opening to the exterior. 
In the genera Anisoporus Ozaki, 1928, and Genitocotyle Park, 1937, the 
accessory sucker is also met with but in the former genus the intestinal 
caeca open through a single anus and not into the excretory vesicle. In 
the latter genus the acetabular papillae are absent. Pseudopecoeloides 
Yamaguti, 1940, has a pedunculated acetabulum and a uroproct but 
lacks both the accessory sucker and the acetabular papillae. 

Von Wicklen (1946) described a new form, Opecoeloides polymmi, from 
the intestine of Polymmus octommus Girard, a thread fin fish, obtained 
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from the Gulf of Mexico, Galveston, Texas. In the same paper he synony
mised the genus Oymbephallus Linton, 1934, with the genus Opecoeloides 
Odhner, 1928. The type species of the genus Oymbephallus, i.e. 0. vitel
losus (Linton, 1900) Linton, 1934, was also transferred to the genus 
Opecoeloides. As this specimen was restudied by him, he made clear that 
it has a pre-acetabular accessory sucker without a limiting membrane, 
the acetabulum when extended would be pedicellate, with three papillae 
on its anterior lip and two on· the posterior lip. The anus is absent. He 
also considered 0. mant.eri (Hunninen and Cable, 1940) Hunninen and 
Cable, 1941, as a synonym of 0. vitellosus (Linton, 1900) Von Wicklen, 1946, 
on the basis of common characters found in them, and Anisoporus eucinos
tomi Manter, 1940, should be 0. eucinostomi (Manter, 1940) Von Wicklen, 
1946. 

Read (1947) gave the diagnosis of a new species, Opecoeloides poly.fim
briatus, from the intestine of Synodus foetens obtained from the Gulf of 
Mexico. He pointed out that the accessory sucker in the new species lies 
on the right side of the body whereas in other members of the genus it is on 
the left. Manter (1947) in America added two new species, 0. brachyteleus 

-.tnd 0. elongatus, to the genus, the former species from the intestine of 
Mulloidichthys martinicus (Cuv. and Val.), a yellow goat fish, and the latter 
from the intestine of Pseudupeneus maculatus (Bloch), a red goat fish. He 
also suggested the transference of Anisoporus thrinopsi, which was described 
by him earlier in 1940 from the intestine of Thrinops pachylepsis (Gunther), 
to the genus Opecoeloides. 

Opecoeloides manaarensis n.sp. (Figs. 5 and 6) 

Opecoeloides manaarensis was found in the intestine of a marine fish, 
Upeneoides (Tamil name-Nagrai). It is a thin elongated worm, 3·45 mm. 
in length and 0·25 mm. in maximum breadth, which is across the level of 
the anterior testis. The body cuticle is smooth. · The oral sucker, 0·072 X 
o·072 mm., is placed at the anterior end of the body. Its opening is, how
ever, directed subterminally. It is about half the size of the acetabulum. 
The prepharynx is absent apparently. The pharynx measures 0·057 X 
0'068 mm., and is followed by an oesophagus, 0·13 mm. in length. The 
two intestinal caeca run along the sides of the body and in the post
_rsticular region they are densely covered with vitellaria. 

The acetabulum is situated on a short pedicle and measures 0·14X 
0·15 mm. It is larger than the oral sucker and is provided with nine 
well-marked papillae, of which four are placed anteriorly and the remaining 
five posteriorly. The anterior papillae are covered by a thin membranous 
fold. A similar fold extends from the body along the posterior border of 
the acetabulum but it only covers two of the papillae. All these papillae 
can be seen under different foci. Between the genital pore and the ace
tabulum there lies a very small and indistinct accessory sucker. 

There are two irregularly shaped testes placed one behind the other in 
the anterior region of the second half of the body. The anterior testis is 
0·19 x0-18 mm., while the posterioris 0·26 X0·19 mm. in size. The vesicula 
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FIG. 5. Ventro-lateral view of Opecoeloides manaarensis n.sp. 

Ac.s.-accessory sucker; Act.-acetabulum; Ex.ves~-excretory vesicle; G.p.
genital pore; I.e.--intestinal caecum; M.gl.-Mehlis' gland; O.s.-oral sucker; Oes.
oesophagus; Ov.-ovary; Ph.-pharynx; Ppl.-papillae; T 1 .-anterior testis; T 2.

posterior testis; Ut.-uterus; Ves.sern,-vesicula.seminalis; Vit.-vitellaria, 
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O•lmm. 

Fw. 6. Acetabulum of Opecoeloide& maruturensis n.sp. showing papillae. 

seminalis is sinuous and extends for about half or even more than half the 
distance between the acetabulum and the ovary. It is followed by the 
pars prostatica and the ejaculatory duct. The cirrus is protrusible and 
opens along the metraterm at the genital opening which is situated on the 
right lateral body margin at about the middle of the· pharynx and the 
acetabulum. 

The ovary is somewhat triangular in shape and lies in front of the 
testes, in the hinder region of the first half of the body. It measures 0·14 
rom. in length and O·ll rom. in maximum breadth. The Mehlis' gland 
complex and the yolk reservoir lie in front of the ovary. The vitellaria 
consist of fine follicles which extend along the lateral sides of the body 
from the level of the base of the vesicula seminalis back to the posterior 
extremity of the body. In the post-testicular region, the vitelline follicles 
are seen extending inwards filling the space between the body wall and the 
excretory vesicle. The uterus has an ascending limb only, which is both 
pre-ovarian and intercaeoal in position. The metraterm runs alongside 

bthe cirrus to open at the genital pore. The eggs are operculate. A few 
of them seem to have collapsed. They measure 0·049-0·053 x0·034-
0·04l mm. 

Relationships:-The genus Opecoelaides Odhner, 1928, comprises the 
species, namely Opecoelaides furcatus (Bremser, 1819), 0. vitellasus (Linton, 
1900) Von Wicklen, 1946, 0. eucinostomi (Manter, 1940) Von Wicklen, 
1946, 0. polynemi Von Wicklen, 1946, 0. polyfimbriatur; Read, 1947, 0. 
brachyteleus Manter, 1947, 0. elangatus Manter, 1947 and 0. thyrinopsi 
(Manter, 1940) Manter, 1947. The new species Opecoelaides manaarensis 
is characterised by having nine papillae on its acetabulum, of which four 
are placed anteriorly and five posteriorly; and by a somewhat triangular 
ovary. It, therefore, stands apart from all the species already known 
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except Opecoeloides vitellosus with which it resembles closely. Linton 
(1900) while describing D. vitellosum did not make mention of the papillae 
on the acetabulum. A year later, the same author emended his previous 
description and stated that the acetabulum of that parasite is notched at 
its posterior edge so as to form two or three blunt digitate lobes. Four 
years afterwards he further supplemented the description by describing 
the genital sucker in one specimen. In 1934, he again modified the earlier 
description of the same species by stating that the acetabulum is pedicellate 
and possesses four or five lobes on its posterior aspect and about four on 
the anterior. In 1940, he reiterated the same account but in the diagrams 
(Nos. 18 and 19) given on Plate 2, he has shown the presence of three 
anterior and two posterior papillae. 

Von Wicklen (1946) studied the material of this species obtained from 
the United States National Museum Helm. collection (No. 70760, old 
number 6351) and noted the following features: 

(i) The accessory sucker is quite distinct but without any limiting 
membrane and has no connection with the genital ducts. 

(ii) The acetabulum bears three papillae on its anterior lip and two 
on the posterior lip. (~ 

(iii) No anus could be seen and the ends of the caeca are obscured. 
by the vitellaria. 

It appears that No. (ii) character does not tally with the sketch given 
by Linton (1940). So it is confirmed that the acetabulum of 0. vitellosus 
has five papillae only. Thus the new species described in this paper is 
quite distinct in number of acetabular papillae in addition to the shape of 
the ovary and measurements of the organs. 

Host: Upenooides sp. (Nagrai). 
Location: Intestine. 
Locality: Gulf of Manaar (India). 

Family: Monodhelminthidae Dollfus, 1937 
Genus: Buckleytrema gen. nov. 

Dollfus in 1937 erected a new genus Monodhelmis for the new species, 
M. torpedinis; parasitic in the gut of a Narcacion torpedo. For the recep
tion of· this genus, he suggested the family Monodhelminthidae. 
Srivastava (1939) described a new species Mehratrema dollfusi from th~ 
small intestine of Scatophagus argus obtained from the Bay of Bengal and 
Arabian Sea and assigned it to the new genus Mehratrema under the family 
Monodhelmidae (Dollfus, 1937) instead of Monodhelminthidae. He 
differentiated the genus Mehratrema from Monodhelmis by the presence 

· of ·a well developed cirrus sac, a peculiar metra term, genital sucker and the 
anterior extent of the vitellaria. Chauhan (1943) gave an account of a 
new species Mehratrema polynemusinis from the intestines of the marine 
fishes, Polynemus indicus, Muraenesox talabonoides and Sciaena sp. at 
Bombay. 

Yamaguti (1952) reported the occurrence of Monodhelmis arii n.sp. 
in the small intestine of Arius sp. A year after, the same author included 

74 



two more genera in the family Monodhelminthidae, i.e. Prosogonarium 
Yamaguti, 1952 and Tandaniwla Johnston, 1927. 

So far, the family Monodhelminthidae comprises four genera, namely 
Mehratrema, Prosogonarium, Monodhelmis and Tandaniwla. In the new 
species, Buckleytrema indica, the testes are obliquely situated one behind 
the other and they are post-acetabular or the posterior testis alone is post
acetabular while the anterior testis is partly or completely superimposed 
by the acetabulum; a cirrus sac is present; the vitellaria do not extend 
behind the testes; the ovary is pre-acetabular; the intestinal caeca do not 
rea:ch the posterior end of the body. The species with these characters 
cannot be accommodated in any of the known genera of the family Monod
helminthidae. Since the acetabulum lies between the ovary and the 
testes, therefore the diagnostic characters of the family have also been 
emended. 

Family diagnosis (emended). 

Body: rather plump. Integument: spinous or non-spinous. Suckers: 
oral sucker well developed; acetabulum simple or complex in structure 

--fpart from anterior extremity. Gut: prepharynx and pharynx present; 
6esophagus distinct; intestinal caeca not reaching the posterior extremity. 
Reproductive systems: Male--testes two intercaecal, pre- or post-ace
tabular, obliquely or side by side placed; cirrus pouch present or absent; 
vesicula seminalis free or enclosed in cirrus pouch; pars prostatica distinct; 
no cirrus proper; genital atrium median, pre-ovarian with accessory organ 
directed posteriorly. Female-ovary pre-acetabular and pretesticular 
or may be partly intertesticular; receptaculum seminis and Laurer's canal 
present; vitellaria in two lateral groups of follicles; uterus in post-acetabular 
median field or more extensive. Excretory system: excretory vesicle 
U- or V-shaped. 

Parasites of fishes. 
Type genus: Monodhelmis Dollfus, 1937. 

Generic diagnosis.-Monodhelminthidae Dollfus, 1937 emend. Body: 
elongate. Integument: Smooth. Suckers: oral sucker distinctly larger 
than acetabulum which is partially or completely pretesticular. Gut: 
prepharynx, pharynx and oesophagus present; intestinal caeca terminate 

,Plindly in the second half of body but far in front of the posterior extremity. 
'-:Reproductive systems: Male-testes two, compact, obliquely situated one 
behind the other, post-acetabular or posterior testis alone post-acetabular 
and the anterior testis being partially or completely overlapped by the 
acetabulum; cirrus sac elongated, tubular, encloses the seminal vesicle 
and pars prostatica. Female-ovary pre-acetabular and pretesticular; 
vitellaria follicular, lateral, extra-or intercaecal, extending from the level 
of ovary to testes; uterus post-testicular. Eggs numerous. Accessory 
or the copulatory organ present. Genital atrium surrounded by a genital 
sucker-like structure continuous behind into an accessory organ. Ex
cretory bladder U-shaped with long cornua. 

Type species : Buckleytrema indica n.sp. 
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Buckleytrema indica n.sp. (Fig. 7) 

A few specimens of Buckleytrema indica n.sp. were recovered from a 
marine cat-fish at Krusadai Island. The live worm is of whitish appearance 
and can be easily detected in the intestinal contents. Some of the speci
mens were flattened under slight pressure for toto preparations and others 
after narcotising with a weak solution of alcohol were fixed in Bonin's. 
Those flattened were also fixed in Bonin's Picro-Formol or hot 70% alcohol. 
The flattened specimens were stained with carmine stain (Gower's modified 
method) and sections with Ehrlich's acid haematoxylin and eosin. These 
trematodes, however, do not pick up stain so readily as other trematodes. 

The fluke is elongated and it measures 2·69-4·94 mm. in length and 
0·53-1·06 mm. in maximum breadth which occurs at the region of the 
testes. The body cuticle is smooth. The acetabulum is much smaller 
than the oral sucker and it lies in between the ovary and the testes. In 
some specimens it may be overlapped by the latter organ. In this unique 
parasite, the ovary is pre-acetabular and the testes post-acetabular. The 
acetabulum measures 0·08-0·13X0·08-0·12 mm., lies behind the ovary 
and close to the Mehlis' gland complex. It is longer than broad in most of-
the specimens. \ 

The muscular oral sucker is comparatively much larger than the 
acetabulum and lies f!llbterminally at the anterior end of the body. It is 
0·28-0·4 mm. long and ·0·28-0·46 mm. broad. The oral aperture is some
what oval and is also directed f!llbterminally. The prepharynx measures 
0·032-0·048xo·os rom. The pharynx, 0·08-0·l4x0·08-0·14 mm. in size, 
lies behind the prepharynx. The oesophagus, with a width of 0·064-0·08 
mm., extends for 0·17-0·48 mm. It bifurcates into two intestinal caeca 
which run along the lateral margins of the body and terminate in the 
second half of it but far in front of its posterior end. 

The two somewhat spherical testes lie obliquely one behind the other 
in the intercaecal zone and behind the acetabulum. Sometimes the 
anterior testis may be partially covered over by the acetabulum. The 
anterior testis measures 0·096-0·28x0·096-0·24 mm. while the posterior 
testis is 0"096-0·28 X0·096-0·22 mm. From the anterior aspect of each 
testis arises a vas efferens, the vasa efferentia meeting to form the vas 
deferens before penetrating into the cirrus pouch. 

The vesicula seminalis is dumb-bell-shaped, its proximal portiorQ 
completely filling the basal part of the cirrus pouch while the distal part 
can be made out from the wall of the cirrus pouch. The pars prostatica is 
sufficiently long and is surrounded by the prostate gland cells. The 
anterior part of this duct gradually narrows down to open into the genital 
sinus which is 0·064-0·076 mm. long and 0·064-0·079 mm. wide. It is 
surrounded by concentric layers of thick muscle fibres and is continued 
behind into an accessory organ or the copulatory organ. It is a muscular 
organ of0·14-0·33X0·16-0·19 rom. in size and contains a prominent mus
cular papilla. The base of the accessory organ is surrounded by a cluster 
of gland cells. 

The ovary, 0 08-0·17 x0·08-0·14 mm., lies in the median line in front 
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FIG. 7. Ventral view of Buckleytrema indica n.sp. 

Ac.o.-accessory organ; Act.-acetabulum; G.s.-cirrus sac; Oop.o.-copulatory 
organ; Eq.--egg; G.p.-genital pore; I.e.-intestinal caecum; M.gl.-Mehlis' gland; 
0.•.-oral sucker; Oes.-----oesophagus; Ov.-ovary; P.ph.-prepharynx; Ph.-pharynx; 
T1.---..:.anterior testis; T2.-posterior testis; Ut.-uterus; Ves.sem.-vesicula semino.lis; 
l'it.-vitellaria. 
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of the acetabulum. The Mehlis' gland complex is placed posterior to the 
ovary. The receptaculum serninis is present. The uterus forms descend
ing and ascending limbs, the boundaries of which could not be made out on 
account of the numerous eggs present in them. In front of the ovary, the 
uterus runs forward along the accessory organ to open into the genital 
sinus. The vitellaria are scanty and they are both extra- and intercaecal. 
They extend from the level of anterior border of the ovary back to the 
posterior testis but not passing behind it. 

The eggs are operculate and measure 0·038-0·057 x0·019-0·026 mm. 

Host: Marine cat-fish. 
Location: Intestine. 
Locality: Gulf of Manaar (India). 

Genus: Mehratrema Srivastava, 1939 
Mehratrema doUfusi Srivastava, 1939 (Fig. 8) 

A few specimens of Mehratrema dollfusi were recovered from the 
intestine of a marine cat-fish dissected at Krusadai Island. These speci- · . 
mens differ from the original description of the parasite in the following ( 
features:-

(1) Oral sucker is slightly larger than the acetabulum. Oral sucker, 
0·22-0·32X0·25-0·33 mm. Acetabulum 0·22XO·l9-0·2 mm. 

(2) Ovary is O·ll-0·4XO·l4-0·19 mm. in size and trilobed: 
(3) Eggs measure 0·045-0·06 x 0·19-0·22 mm. 
(4) An internal valve-like structure at the junction of the oeso

phagus and the intestinal caeca has been noticed. 
(5) Copulatory organ is distinct. 

Family: Fellodistomatidae Odhner, 1911 emend. Nicoll, 1935 
Subfamily: Fellodistomatinae Nicoll, 1909 

Genus: Steringophorus Odhner, 1905 

The genus Steringophorus was erected by Odhner, 1905, for the species 
Distoma furcigerum Olsson, 1868, which he also described in detail. Nicoll 
(1909) gave the account of a new species Steringophorus cluthensis which he 
found in the duodenum and caeca of Pleuronectes microcephalus O 
(Lemon dale) from the Firth of Clyde. Odhner (1911) raised the 
genus Steringophorus to the ranks of subfamily Steringophorinae and 
family Steringophoridae. After having received the interpretation on the 
issue from C. H. W. Stiles, Stunkard and Nigrelli (1930) pointed out that 
Nicoll (1909) had already erected the subfamily Fellodistominae for the 
genera Fellodistomum Stafford, 1904 and Steringophorus Odhner, 1905, and 
since the ~oups are co-extensive, the proposing of the subfamily Steringo
phorinae was therefore a deliberate renaming of a previously validly named 
subfamily. 

Manter (1934) added two new species to the genus, Steringophorus 
magnus and Steringophorus profundus, the former being obtained from the 
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FIG. 8. Ventral view of Mehratrema doUfusi Srivastava, 1939. 

Ac.o.-accessory organ; Act.-acetabulum; O.s.-cirrus sac; Oop.o.-copulatory 
organ; Eg.-egg; I.e.-intestinal caecum; M.gl.-Mehlis' gland; O.s.-oral sucker; 
Oes.-oesophagus; Ov.-ovary; P.ph.-prepbarynx; Ph.-pbarynx; T.-testis; Ut.
uterus; Vit.-vitellaria. 

b . 
· intestine of an unidentified eel-like fish and the latter species from Argen-
tina striata from Tortugas, Florida. In the same paper, he also reported 
the occurrence of two unnamed immature forms of Steringophorus, one in 
the lizard fish, the other in Aleposomos. Yamaguti (1953) has considered 
the genus Steringophorus as a synonym of the genus Fellodistomum Stafford, 
1904, without assigning any reason and recognised the genus Steringotrema 
Odhner, 1911. If the former genus be considered synonymous with the 
latter, the validity of Steringotrema is questionable. The author has, 
therefore, retained the genus Steringophorus as a distinct genus. 

The author in this paper has also added another new species to the 
genus which he got from the intestine of Lethrinus sp. (Partevelamin). 
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Steringophorus lethrini n.sp. (Fig. 9) 

Four specimens of Steringophorus lethrini were recovered from the 
intestine of a marine fish, Partevelamin ('Lethrinus sp. ), at Krusadai Island. 
Of these, two were mature specimens and the remaining two immature. 

The body of Steringophorus lethrini n.sp. varies from 2·2-2·28 mm. in 
length and 1·14-1·33 mm. in breadth across the testicular region. Both 
its anterior and posterior ends are rounded. The integument is devoid of 
cuticular spines. The mouth opening is subterminal and the oral sucker, 
0·2-0·24 mm. in length and 0·25-0·35 mm. in breadth, is rounded or spheri
cal or may be more elongated transversely. The pharynx is either situated 
behind the oral sucker or may be overlapped by the latter organ. The 
pharynx measures 0·16-0·19X0·24 mm. Following the pharynx there is 
an oesophagus the length of which varies from 0·064-0·096 mm. The two 

FIG. 9. Ventral view of Steringophorus lethrini n.sp. 

Act.-acetabulum; G.s.-cirrua sac; G.p.-genital pore; M.gl.-Mehlis' gland; 
O.s.-oral sucker; Oes.-oesophagus; Ov.Z.-ovarian lobe; Ph.-pharynx; T.-testis; 
Ut.-uterus; Vit.-vitellaria. 
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simple intestinal caeca run posteriorly in the dorsal and lateral regions of 
the body ending blindly near its posterior extremity. 

The acetabulum, 0·24-0·27 mm. in length and 0·22-0·25 mm. in 
breadth, globular and peculiarly shaped, is situated at a distance of 0·12 
mm. behind the intestinal fork and 0·41-0·46 mm. from the anterior end 
of the body. The shape of the acetabulum seems to be peculiar in these 
trematodes. 

The excretory pore is at the posterior end ofthe body, leading into a 
cylindrical vesicle which receives two lateral cornua a little behind the 
acetabulum. 

The two testes are situated far behind the ventral sucker, one on each 
side and close to the intestinal caecum of the respective sides. The left 
testis may be a little advanced to the right, and measures 0·22-0·27 X0·19-
0·27 mm. The right testis is 0·22-0·25 x0·2--0·27 mm. in size. The 
cirrus sac is very elongated, extending in front, behind and along the lateral 
side of the acetabulum. The cirrus is prominent. The genital pore is 
median and ventral to the intestinal fork or may be slightly lateral to the 
median line. The ovary is trilobed, situated close to the right intestinal 
~ecum and in front of the right testis. The lobes are extraordinarily 
prominent. The first lolie measures O·ll-0·19X0·17; the second lobe 
0·14X0·16 mm. and the third lobe 0·64x0·16 mm. In one specimen, 
second and third lobes seem to have merged together. Thus they measure 
collectively 0·12X0·16 mm. The Mehlis' gland complex lies in front of 
the left testis and measures 0·14-0·16x0·22-0·28 mm. The receptaculum 
seminis is placed anterior to the Mehlis' gland complex measuring 0·24 X 
0·16 mm. in the type specimen. The vitelline reservoir lies at the anterior 
edge of the Mehlis' gland complex. The vitelline follicles are extracaecal, 
extending from the level of the acetabulum to a little in front of the pos
terior extremity of the body. The uterus is very much coiled and full of eggs. 
It forms both descending and ascending limbs. The folds of the uterus 
lying in the post-testicular region are arranged almost transversely. 
Anteriorly it finally runs along the cirrus sac to open at the genital pore. 

The eggs are operculate and measure 0·015-0·019 X0·007 mm. 
Relationships:-The genus Steringophorus Odhner, 1905, comprises so 

far four species, namely Steringophorus furciger (Olsson, 1868) Odhner, 
1905, S. cluthensis Nicoll, 1909, S. magnus Manter, 1934 and S. profundus 

~nter, 1934. The new species Steringophorus lethrini is characterised 
by the presence of a much elongated cirrus sac, the vitellaria extending 
from the level of the region a little behind the acetabulum back to a little 
in front of the posterior extremity and peculiarly shaped acetabulum. 
Therefore, in these characters, the new species remains distinct from the 
other species mentioned above. 

The new species has been given the name after its host. 
Host: Lethrinus sp .. (Partevelamin). 
Location: Intestine. 
Locality: Gulf of Manaar (India). 
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THE RELATIONSHIP OF THE SYMPHYTA (HYMENOPTERA) TO 
OTHER ORDERS OF INSECTS ON THE BASIS OF 

ADULT EXTERNAL MORPHOLOGY 

By G. L. ARORA 

(Department of Zoology, Panjab University, Hoshiarpur, Panjab, India) 

ABSTRACT 

The characters of a generalized Symphytan type have been elucidated 
by a comparison of 66 characters of the external anatomy of one represen
tative from each of the ten Symphytan families. The condition of each 
of these characters has been compared with the corresponding condition 
in the representatives of the Panorpoid complex and the Orthopteroid 

:fl,rders. This comparison reveals clearly that the Symphyta share many 
features with the Panorpoid insects and far fewer with the Orthopteroids. 
By excluding those features which the Symphyta share with all primitive 
Panorpoid types and those which are peculiar, among Endopterygotes, 
to the Symphyta, an attempt has been made to decide more precisely 
which Panorpoid orders are most like the Symphyta. This has revealed 
that the Mecoptera and Diptera show relatively few resemblances to the 
Symphyta, and that, even though further data are still required, the 
Neuroptera, out of the remaining Panorpoid orders, are most closely affiliated 
to the Hymenoptera, the latter having probably arisen from a stock more 
generalized than the existing Neuropteran groups. 

INTRODUCTION 

The problem of the relationship of the Hymenoptera to the other 
orders of insects has engaged the attention of entomologists for at least 
seventy years. The fossil record of the Hymenoptera is rather scanty. 
The oldest fossil is Liadoxyela praecox, founded by Martynov (1937) 
on the impression of the wings from the Lower Lias of Turkestan. It is 
c~parable to the primitive living Symphytan Macroxyela. There is 
also Pse1ldosirex from the Lias of Siberia and the Upper Jurassic of Solen
hofen. This, according to Handlirsch (1908), has the appearance of 
Sirex with its thorax as much evolved as the present-day Siricidae, 
but with a shorter ovipositor shaft and wings relatively poor in closed 
cells though with a system of fine longitudinal veins. The presence of 
these Siricoids together with the other Hymenoptera, such' as the Orussoids 
and Ichneumonoids, according to Carpenter (1930), 'makes it rather 
obvious that the order had been sometime in existence before that period'
a view also held by Handlirsch (1925). These fossils, however, throw 
no light on the origin of the group. 
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There may be said to be three chief views as to the origin and relation
ship of the Hymenoptera: 

I. Tillyard (1924) attempted to derive the order from the 
Lower Permian Protohymenoptera. This group is now 
admitted to belong to the Megasecoptera and to have no 
connection with the Hymenoptera (Martynov, 1930; 
Carpenter, 1930). 

2. Handlirsch (1925) attempted to derive the Hymenoptera 
from Protoblattoid ancestors, quite independently of the rest 
of the Endopterygota. Besides the objection to assuming a 
polyphyletic origin for the specialized type of metamorphosis, 
there are not, as shown later in the present work, such close 
anatomical resemblances to the Orthopteroid insects as has 
usually been supposed. 

3. Crampton (1921, 1927) and Carpenter (1930) have drawn 
attention to the importance of similarities between the 
Hymenoptera* and the Panorpoid orders. A suggestion of a 
co=on ancestry for all these orders (and also the Coleoptera) 
has the attraction of assuming that the Endopterygota are ~ 
monophyletic group. Ross (1936) has shown that the 
hymenopterous type of wing-venation could well be derived 
from that of the Megaloptera. 

The object of the present study is to compare in detail the external 
anatomy of the adults of some representative Endopterygota with that of 
the Orthopteroid orders. This will provide detailed evidence on which 
to assess the resemblance of the Hymenoptera firstly to the other Endop
terygota or to the Orthopteroids, and secondly to any particular order in 
either main group. 

AIMS AND METHODS 

It was decided that the first step in attempting to assess the affinities 
of the Hymenoptera on the basis of their adult skeletal morphology was to 
obtain a detailed morphological characterization of the generalized members 
of the order. In practice, this meant the characterization of a generalized 
Symphytan and to accomplish this end, 10 species, one from each of the 
10 larger families of Symphyta, were studied and the resulting data supple
mented by the work of Ross (1937) and of a few other authors mentio~d 
later. 

From the data obtained by studying the 10 representative Symphyta, 
it was easy to draw up a detailed morphological characterization of the 
generalized Symphytan. The next step was to compare the conditions 
found in the Symphyta with those obtaining in other orders. Representa
_tives of the P3!norpoid orders, Coleoptera and of Orthopteroid .orders 
were subjected to a detailed study and compared with the Symphyta point 

* As noted by Carpenter, certain features of the Hymenoptera, such as the 
polynephric malpighian tubes, tend to isolate the order from the other Endop
terygota, 
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by point. The information thus obtained has been supplemented by that 
given in the literature. 

The following insects were studied:-
I. Hymenoptera-Symphyta, Fam. Diprionidae, (1) Diprion p~m 

(Linnaeus); Fam. Tenthredinidae, (2) 8elandria serva (Fabricius); Fam. 
Cimbicidae, (3) Cimbex femorata (Linnaeus); Fam. Argidae, (4) Arge 
ochropus ( Gmelin in Linnaeus); Fam. Megalodontidae, ( 5) M egalodontes klugii 
(Leach) ; Fam. Xyelidae, (6) Xyela julii (Brebisson); Fam. Pamphiliidae, 
(7) Pamph-ilius stram·ineipes (Hartig); Fam. Cephidae, (8) Cepltus pY(!maeus 
(Linnaeus); Fam. Xiphydriidae, (9) Xiphydria prolongata (Geoffroy in 
Fourcroy); Fam. Siricidae, (10) Urocerus gigas (Linnaeus). 

lutaria 
Plani

(14) 

II. Neuroptera-Megaloptera, Fam. Sialidae, (ll) Sialis 
(Linnaeus); Fam. Raphidiidae, (12) Raphidia notata Fabricius; 
pennia, Fam. Hemerobiidae, (13) Hemerobius stigma Stephens, 
Micromus variegatus (Fabricius). 

III. Mecoptera, Fam. Panorpidae, (15) Panorpa germanica Linnaeus. 
IV. Diptera-Nematocera, Fam. Tipulidae, (16) Tipula fascipennis 

Meigen . 
.,. V. Trichoptera, Fam. Limnephilidae, (17) Limnephilus marmoratus 
Curtis. 

VI. Lepidoptera-Homoneura, Fam. Hepialidae, (18) Hepialus humu
li (Linnaeus). 

VII. Coleoptera-Adephaga, Fam. Carabidae, (19) Feronia madida 
(Fabricius). 

VIII. Dictyoptera, Fam. Blattidae, (20) Periplaneta americana 
(Linnaeus). 

IX. Orthoptera, Fam. Acrididae, (21) Nomadacris septemfasciata 
(Audinet-Serville). 

X. P1ecoptera, Fam. Perlidae, (22) Chloroperla torrentium (Pictet). 
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THE C0111P.A.R.A.TIVE MORPHOLOGY OF THE 8Yli1PHYT.A. .A.ND ITS RELA

TIO][SHIP WTTH OTHER INSECTS 

l. Maxilla 

A. Symphyta: (Pl. I, Figs. 1-9) 
An examination of the maxillae in the different families of Symphyta 

shows a fundamental plan with some interesting modifications. The cardo 
is always undivided in the Symphyta. It is triangular and extended 

* Submitted as part of the thesis for the Degree of Doctor of Philosophy of 
London University. 
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posteriorly in Diprion, Selandria, Arge and Xyela. It is elongate with its 
proximal part curved dorsally forward in Megalodonte~, Pamphilius and 
Cephus. In these cases the cardo stands almost at right angles to the 
stipes with only a small part of the distal portion visible in the ventral 
view. In Xiphydria and Urocerus, it is elongated laterally inward to 
meet its fellow from the other side on the ventral sm:face, their crarual 
articulations, however, remairung separate. 

The stipes is undivided and 'the narrow inconspicuous sclerite, the 
parastipes' mentioned by Ross (1937) in Macroxyela and Arge has not 
been observed in any species examined. There is, however, a lateral ridge 
along the inner margin of the stipes for the attachment of the muscles. 
The stipes is elongated and arched, more so in Megalodontes, Pamphilius 
and Cephus than in others. It is broad proximally and narrow distally, 
the distal portion giving a falsely two.segmented appearance to the galea 
that it carries terminally. In U rocerus a specialized condition is met with, 
where the two stipes broaden out laterally inward and are fused to form a 
bridge ventrally across the labium. 

The galea is always a terminal, undivided lobe except in Xyela in which 
its distal portion is partially divided into two lateral parts, an exterrra!t 
ectogalea and an internal endogalea (Crampton, 1923). The galea amongst 
the sawflies is quite variable in shape. It is an ov11J Iobe in Diprion, 
Sela.ndria, Cimbex and Arge, flask-shaped in Pamphilius with the basal 
stalk and the distal distended portion, long and blade-like in M egalodontes, 
long and finger-shaped in Cephus, a broad crescentic lobe in Xiphydria and 
a large conical structure with strong spines in Urocerus. 

The lacirua is a membranous lobe, lying inner and dorsal to the galea 
but at a slightly lower level. It is usually armed with setae and pubescence 
along its inner margin. It is a soft oval lobe, as large as the galea in Cimbex, 
rounded and smaller than the galea in Arge, blade-like in Diprion, small 
and conical in Selandria, somewhat quadrangular but. smaller than the 
galea in Megalodontes, Pamphilius, Cephus and Xyela, small and stump
like in Xiphydria, and missing in Urocerus. Roughly correlated to the 
enlargement of the galea, there is a corresponding reduction in the size 
of the lacirua, leading to its complete disappearance. 

The maxillary palp is, as a rule, six-segmented save in Xiphydria and 
Urocerus, in which it is five-segmented and one-segmented respectively. 
The length of the maxillary palp and the relative proportion of its vari~s 
segments are subject to variation. The palp is appreciably longer than 
the maxilla in Diprion, Selandria, Arge, Pamphilius artd Xyela, becoming 
smaller in Cimbex, Cephus and Megalodontes. A further reduction in size 
and number of segments is met with in Xiphydria and Urocerus. In the 
former, the second segment is exceptionally long but an incomplete dividing 
line persists, denoting its formation from two segments. Xyela is peculiar 
in having a small stump-like sixth segment. 

B. Comparison with other insects: (Pl. I, Figs. 10-13) 

All the investigated sawflies agree in possessing (1) an undivided cardo, 
(2) an elongate, undivided stipes, and (3) a simple lobed galea. If one accepts 
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Xiphydt·ia and Urocerus, one can add another two characters, viz. (4) a 
simple lacinia without terminal maxadentes and (5) a six-segmented maxil
lary palp, and as Urocer!ts and Xiphydria are usually considered to be 
somewhat specialized, the five characters may reasonably be regarded 
as the primitive features of the Symphytan maxiJla. 

If now one turns to the other non-Symphytan species studied, one 
finds that the only one to show all the Symphytan characters is Sialis, 
while a 90% similarity is found in Raphidia, Panorpa and Limnephilus, 
the three species which are identical in respect of the five main characters 
and differ from the Symphyta and Sialis only in the possession of a five
segmented palp. A six-segmented palp is known to be of sporadic 
occurrence in the Panorpoid orders as shown by Killington (1936) in 
Megalomus, Boriomyia, Wesmaelius and Sympherobius (Hemerobiidae), by 
Martynov (1914) in Paduniella uralensis (Psychomyidae), by Lestage (1926) 
in Paduniellinae, by Busck and Boving (1914) in Eriocraniidae, and by the 
author in Sialis and Hemerobius. It is, therefore, not unlikely that the five 
features quoted above for Symphyta and Sialis are, in fact, generalized 
Panorpoid characters. The strongly Panorpoid facies of the Symphytan 

,.maxilla is therefore clearly demonstrated. 
It is generally considered (Tillyard, 1937) that the Neuroptera-Mega

loptera and Mecoptera are the more generalized Panorpoids, so the fact 
that llemerobius, Tipula and Hepialus differ in certain respects from the 
Sialis-Symphytan pattern doe? not in any way invalidate the theory of a 
Panorpoid origin of the Hymenoptera; it merely means that the three 
species mentioned belong to groups which have, to some extent and in 
different way~, diverged in maxillary structure more from the primitive 
Panorpoid type than have the Symphyta. 

The second clear fact which emerges from this study is the considerable 
difference in maxillary structure between the Orthopteroids and the Sialis
Symphytan type, the former having a divided cardo, a divided stipes, a 
divided galea, a lacinia with maxadentes, and a five-segmented maxillary 
palp. There is thus little evidence here in support of any theory of Ortho
pteroid ancestry for the Symphyta. 

2. Labium 

A. Symphyta: (Pl. I, Figs. 14-20; Pl. II, Figs. 1, 4, 7) 
_}· The labium of Diprion (Arora, 1953) represents a generalized condition. 
Variations in the shape and relative sizes of the component structures are, 
however, met with in the different families of the group. The postmental 
region is broad and weakly sclerotized with the small centrally placed, 
setiferous postmental solerite, which is pear-shaped in Diprion, oval in 
Selandria and Cephus and na.rrowly spear-shaped in Cimbex. The post
mental solerite is broad and shield-shaped in Arge, Xiphydria and Urocerus, 
but occupies the whole of the postmental area in Xyela and Pamphilius. 
Megalodontes stands alone in having three small, triangular postmental 
solerites, arranged in a triangle. 

The prementum is a sclerotized plate, showing a faint division into 
two distally. It is smaller than the postmentum in Diprion, Selandria, 
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Cimbex and Arge, narrow and equal to the postmentum in Cephus, broad 
and slightly longer than the postmentum in Xyela, Xiphydria and Urocerus, 
and elongated and considerably longer than the postmen tum in M egalodontes 
and Pamphili1ts. The prementum carries the ligular lobes distally and 
the paired labial palps laterally, one on either side of the former. There 
are generally three ligular lobes, the median alaglossa formed by the com
bined glossae, and the two lateral paraglossae, with a varying degree of 
fusion of their basal parts. The alaglossa and the paraglossae are free 
and conical in Diprion, the former longer and slightly broader than the 
latter, and bear setae all over with a cluster of small spines at the tip in 
each. The alaglossa is cylindrical in Selandria whereas the paraglossae 
are crescent-shaped and slightly broader but shorter. These lobes are 
separate and their basal parts are beset with small, strong setae while the 
distal half of each lobe is marked into reticulations by transverse and longi
tudinal striae and carries short, thick pubescence at its extremity. The 
alaglossa in Cimbex is narrow and cylindrical and of nearly half the width 
of the paraglossa but equal to it in length. There is no fusion between 
the alaglossa and the paraglossae and they are covered with setae and 
striations as in Selandria. Basal fusion between the alaglossa and the para, 
glossae is quite marked in Arge, in which the thick and bluntly pointed 
alaglossa is one-and-a-half times as wide as the paraglossa but somewhat 
shorter. The setae and the striations, borne on the lobes, are similar to 
those in Selandria and Cirnbex. The alaglo~sa in Megalodontes is long and 
cylindrical and the paraglossae elongated and blade-like, the former twice 
as wide as the lattei· and resembling the tongue of the honey-bee. The 
lobes are free and provided with setae and striations as above. In Cephus 
the alaglossa is spatulate, broad distally and twice the width of the para
glossae. These lobes do not show any fusion and bear the setae and the 
striations as in Selandria and others. The lobes in Pamphilius are more 
or less rounded, the alaglossa again being twice as wide as the paraglossae. 
The lobes are united proximally and free distally and bear setae and mark
ings as above. Xyela has a distinct, broad and well developed alaglossa, 
twice the width of the paraglossae which are bent inward. Ross (1937) 
found the alaglossa to be missing in Macroxyela ferruginea, and according 
to him 'the alaglossa is represented by a membranous ·area connecting 
the bases of the paraglossae '. A further fusion of the proximal portions 
of the lobes is witnessed in Xiphydria, in which only the terminal pa~ 
of the lobes are distinctly separate, the broad and truncate apical part 
of the alaglossa projecting slightly beyond the comparatively narrow and 
bluntly pointed distal parts of the paraglossae. The lobes bear setae and 
striations as in Selandria and others. Urocerus represents an extreme 
case of fusion, where· the alaglossa and the paraglossae have formed a 
composite structure, the 'totaglossa ',clothed with long setae. Ross (1937) 
described a totaglossa in Incalia (Loboceridae), Decameria (Perreyiidae) 
and Urocerus (Siricidae). The labial palps are four-segmented, all segments 
carrying setae. In Xiphydria and Urocerus, the labial palps have been 
regarded as three-segmented. The broad third segment bears an oval area, 
described as 'a round, membranous, sensory area' by Ross (1937). A 
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closer examination of this area reveals that it is possibly a reduced stump. 
like fourth segment with its basal portion bearing long setae, like the setae 
borne on the third segment, and a terminal, probably sensory, circular 
patch. This reduction of the fourth segment would, perhaps, be expected 
in what are specialized genera in many other respects. Another deviation 
from the normal was recorded by Ross (1937) in Macroxyela, in which the 
labial palps are three-segmented, though the allied M egaxyela was reported 
by him to possess four-segmented labial palps like those in Xyela. The 
labial palps in most of the sawflies reach well beyond the tips of the lobes, 
except in Megalodontes and Cephus, in which they just reach the tips. 

A narrow membrane generally stretches between the inner margins 
of the cardo and the stipes on the one hand and the outer margin of the 
postmentum on the other, forming a maxillo-labial complex; the prementum 
ordinarily does not take part in the union except in Megalodontes, Pam
philius and Xyela. In Megalodontes and Pamphilius the membrane extends 
as far as the anterior third of the prementum while in Xyela the whole of 
the prementum is thus engaged. 

,.B. Comparison with other insects: (Pl. II, Figs. 2, 3, 5, 6, 8) 

From the study of the mwfly labia it will be apparent that the gene
ralized Symphytan labium is characterized by (1) an undivided postmentum, 
(2) fusion of glossae into alaglossa and (3) presence of a four-segmented 
labial palp. Xiphydria and Urocerus are specialized and show a reduction 
in the number of segments of the labial palps. A varying degree 
of fusion between the paraglossae and the alaglossa is evident. It is, in fact, 
possible to trace a series of forms from the condition in Cimbex and Selan
dria, where the alaglossa is narrower than the paraglossa, through one in 
Diprion, Arge, Xyela, Megalodontes and Cephus, where the alaglossa has 
grown wider than the paraglossa, leading to a condition of partial fusion 
of lobes as in Pamphilius and Xiphydria, and ultimately resulting in a more 
or less complete fusion of the lobes into a totaglossa as in Urocerus and 
others. 

A study of the labia shows that Sialis and Hemerobius from among 
the Panorpoids coincide entirely with the generalized Symphytan condition, 
differing from the latter only in the greater fusion of the ligular components 
which parallels the condition noted above in some of the sawflies, e.g. 
~phydria and Urocerus. The Mecoptera and the Diptera do not approach 
the Symphytan condition, having lost the ligula and specialized in having 
two-segmented, bulbous palps. Limnephilus differs from the generalized 
Symphytan in having three-segmented labial palps but four-segmented labial 
palps had been recorded by Martynov (1914) in Paduniella and by Lestage 
(1926) in the sub-family Paduniellinae, corresponding to the four-segmented 
condition of labial palps in Symphyta and some N europtera. J t may further 
be pointed out that the six-segmented maxillary condition is accompanied 
by a four-segmented labial palp. There thus exists a similarity between 
the Symphyta and the hypothetica,l generalized Trichopteran condition 
also, which suggests that the basal Panorpoid stock may have been 
closer to the Symphyta than are the recent Mecoptera and Diptera. The 
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Orthopteroid types studied deviate considerably from the Symphytan 
condition as they poss,ess the postmentum divided into submentum and 
mentum, free ligular lobes with the glossae tending to be reduced, and three
segmented labial palps. From the above, one may clearly consider the 
structure of the labium to indicate that the Symphyta have close affinities 
with the Neuroptera (especially Sialoidea and Planipennia) and probably 
also with the basal Panorpoid types. The close resemblance between the 
Diptera and the Mecoptera and the suggestion of a Panorpoid condition 
in the Coleoptera are other noteworthy features of the analysis of labial 
structure. Once again, it is. clear that the Orthopteroid condition is far 
removed from that of the Symphyta. 

3. Hypopharynx 

A. Symphyta: (Pl. I, Figs. 14--18, 20; Pl. II, Figs. 1, 4, 7) 

The hypopharynx is a small projection or raised lobe, intimately fused 
with the oral surface of the labium. According to Snodgrass (1947), the 
hypopharynx in the Hymenoptera has no independent movement. In 
the sawflies it lies on the dorsal surface of the prementum at the base of 
the alaglossa or the totaglossa. It is a large, ovate and weakly sclero-="' 
tized lobe with short spines in Selandria, a narrow sclerotized lobe with 
spinules in Diprion and Oimbex, a vase-shaped sclerotized lobe, covered 
with thickly set long pubescence in Arge, and a small oval weakly sclero
tized lobe with spinules in Xyela. It is a small disc-shaped strongly scle
rotized structure covered with spines in Pamphilius, Cephus, Xiphydria 
and Urocerus, while it is large and elongated in Megalodontes. According 
to Ross (1937), the hypopharynx in Urocerus is reduced to a small area 
of setae. 
• A pair of slender, lateral suspensoria! rods support the membranous 

region on the sides of the hypopharynx and extend posteriorly to the angles 
of the mouth. Anteriorly these rods run inward and almost meet in the 
mid-line. 

A salivary duct has been seen, in every case, entering the hypopharynx at 
its base and is traceable to its anterior end. No salivarium is formed and 
no part of the hypopharynx projects beyond the labium, to the dorsal wall 
of which it is united. 

B. Comparison with other insects: (Pl. II, Figs. 3, 9-13) -~ 

There is a uniformity among the Symphyta which agree in having 
a hypopharynx characterized by (1) a single undivided lobe with no super
linguae, (2) the lobe fused with the labium throughout and (3) the salivary 
duct opening at the distal end of the hypopharynx. 

The Symphytan hypopharynx resembles the hypopharynx in the 
Neuroptera, the Trichoptera, the Lepidoptera and the Coleoptera. Snod
grass (1947) pointed out. the resemblance among the Hymenoptera, the 
Neuroptera and the Coleoptera in having the hypopharynx intimately 
fused with the labium. To these three may be added the Trichoptera, 
the Lepidoptera and some Diptera like Borborus (Peterson, 1916), in which 
the hypopharynx is completely fused with the labium as well. Most of 
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the Diptera, however, possess a hypopharynx which is an elongated lobe 
and, according to Snodgrass (1944), without any muscles and probably 
serving principally for the hypodermic injection of the saliva into the wound 
made by other stylets. The Mecoptera are the only Endopterygotes, 
which have departed from the other Endopterygotes and possess a conical, 
membranous lobe hanging in the preoral cavity with the salivary duct 
opening at the base of the free lobe. 

The Symphyta differ from the Dictyoptera, the Orthoptera and the 
Plecoptera in the main hypopharyngeal features, the latter groups having 
the Orthopterous type of hypopharynx with a distal tongue-like lobe, 
capable of movement, and a proximal fixed part. 

The Symphytan type of hypopharynx appears to be almost universal 
in the Endopterygotes and therefore affords little information on the precise 
affinities of the Hymenoptera. It does, however, suggest that they are 
closer to the Neuroptera than to the Mecoptera. 

4. Tentorium 

A. Symphyta: (Pl. II, Figs. 14-22) ..,.... 
1 A typical Symphytan tentorium is H-shaped and is composed of three 

pairs of tentorial arms, the anterior, the posterior and the dorsal, with a 
tentorial bridge or body running across the occipital foramen. The anterior 
tentorial arms are short, broad and distally expanded in Diprion, Selandria, 
Gimbex and Arge, with a small, blunt, mesally directed process from each. 
These arms are proximally broad in the middle and narrow again distally 
in Megalodontes and Pamphilius, each with a hump of the inner margin. 
They are almost cylindrical in Cephus and Xiphydria, the former somewhat 
broader at their bases due to inwardly directed projections, in which respect 
they resemble the anterior arms of Xyela; the inner projections in Xyela, 
however, are more pronounced. In Urocerus the anterior arms are short 
and thick and have the inner margins of their proximal halves produced 
into broad truncate lobes. The anterior arms amongst the Symphyta are 
sclerotized and meet the tentorial bridge, one at either end of the latter 
at its antero-ventral margin. The mesal processes, which Ross (1937) 
calls 'mesal shelf-like processes on the pretentoria', do not meet in the 
mid-line. 
~ The short, solerotized posterior tentorial arms run inward from the 
posterior tentorial pits, at the sides of the occipital foramen, to meet in the 
middle, forming a narrow tentorial bridge across it. Each posterior arm 
is indistinguishably fused with the thickening on the side of the occipital 
foramen. 

The tentorial bridge is narrow in most of the forms. It is a compa
ratively broad band in Pamphilius and Megalodontes. In Xiphydria and 
Urocerus the tentorial bridge is exceptionally wide and tubular (with a 
cavity which is triangular in cross-section) and projects into the head. 

The dorsal tentorial arms, though mentioned by Ross (1937) to be 
' issning from the anterior or antero-dorsal margin of the corpotentorium ', 
arise, in fact, from the dorso-lateral margins of the anterior tentorial arms, 
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either at their bases or further up. They are quite thick in Diprion, Selan
dria, Cimhex and Arge, making obtuse angles with the corresponding 
anterior arms. They are short and finger-like in Megalodontes, Pamphilius 
and Xiphydria, with an acute angle between each and the anterior arm 
from which it arises. They are long and filiform in Urocerus, very slender 
in Cephus, and somewhat club-shaped in Xyela. The dorsal tentorial arms 
reach the cranial wall. 

B. Comparison with other insects: (Pl. III, Figs. l-5) 

The Symphytan tentorium possesses (l) H-shaped body, (2) anterior 
tentorial arms with mesal processes, which never meet in the mid-line, 
(3) dorsal tentorial arms arising from the anterior tentorial arms and (4) 
the tentorial bridge running across the occipital foramen and dividing the 
latter into two. 

All these Symphytan features are shared by a number of other 
Endopterygotes, such as Panorpa, Limnephilus and Hepialus. Sialis, 
Hemerobius and Feronia have the first three characteristics in common 
with the Symphyta and the others, but the tentorium is medianly placed 
and forwardly removed from the occipital foramen-a condition which,'~ 
according to Walker (1933) and Hudson (1945), is supposed to be primitive. 1 

Though Tipula has a reduced tentorium with short anterior tentorial arms 
and lacking the posterior and the dorsal tentorial arms and the tentorial 
body, a generalized Dipteran tentorium, as constructed by Peterson (1916), 
is H-shaped with slender tentorial arms and a short and slender tentorial 
bridge, e.g. in Tabanus and Simulium. As such the Symphyta as well as 
the Mecoptera, the generalized Diptera, the Trichoptera and the Lepidop
tera deviate somewhat from the Neuroptera and the Coleoptera. The 
Symphyta differ from the other four groups in having short and thick anterior 
tentorial arms (long and narrow in the others), in which respect they are 
a nearest approach to Neuroptera. There is a good deal of resemblance 
between the tentorium of Mecoptera and that of the generalized Diptera 
in so far that both possess very narrow tentorial bridges and that the dorsal 
tentorial arms are slender, tending to disappear. The presence of a pair 
of anterior divergent and a pair of posterior convergent processes from the 
ends of the tentorial bridge in Trichoptera and Lepidoptera bring the two 
together. 

The possession of the X-shaped tentorium, the presence of the front\' 
plate, and the body of the tentorium bounding the cephalic margin of the 
occipital foramen are the principal features of the Orthopteran tentorium, 
which separate it from the tentoria of the Symphyta and the other Endo
pterygotes. Snodgrass (1935) regards the H-shaped tentorium as primi
tive. Chloroperla agrees with the Orthoptera in having an X-shaped ten
torium with a narrow frontal plate, but has the tentorium, like Sialis, 
placed forward. Among other Plecoptera, as has been pointed by Hoke 
(1924), Walker (1933) and Hudson (1948), the cephalic margin of the occipi
tal foramen is bounded by the body of the tentorium. Thus the Plecoptera 
seem to be more intimately related to the Orthoptera than to the Endo
pterygotes. 
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The general conclusion is that the Symphytan tentorium, which 
is very uniform in its general features, closely resembles that of the more 
primitive Panorpoids but that this common type is probably a little more 
specialized than the Sialoid type. Whether this indicates that the Sym
phyta arose from basal Panorpoid stock, subsequent to the separation 
of the latter from a Neuropteran ancestor, is a question which can only be 
settled after other characters are taken into account. 

5. Mesothoracic and Metathoracic Terga 

A. Symphyta: (Pl. III, Figs. 6-10) 

The mesotergum is considerably larger than the metatergum. The meso
tergum is designated by Ross (1937) and other taxonomists as the mesono
tum. As has been described earlier in Diprion pini (Arora, 1953), the 
mesonotum comprises the prescutum, the scutum and the scutellum, and 
represents the generalized condition among the Symphyta. The prescutum 
is a diamond-shaped area in Diprion, Megalodontes, Pamphilius, Xyela and 
Cephus, bound laterally by the convergent sutures, which meet posteriorly, 

_,-'ltnd divided into two by a median suture; Cephus has a relatively small 
1 

prescutum. The prescutum in Selarulria, Cimbex, Arge and Xiphydria 
is not completely delimited but is confluent with the scutum because the 
median and the convergent sutures do not meet posteriorly. In Xiphydria 
the convergent sutures almost approach the trans-scuta! suture, a charac
teristic of the family. According to Ross (1937), these convergent sutures 
meet the trans-scuta! suture in Orussus as well-a condition shown by Snod
grass (1910) in Eurytoma (Chalcididae) and other higher Hymenoptera. 
Urocerus is the only one in which the prescutum remains undifferentiated 
and is fused with the scutum. Snodgrass (1910) described the mesoscutum 
of Tremex without a prescutal division but Ross (1937) in the same species 
mentioned the presence of faint traces of the prescutal sutures, also shown 
by Benson (1951) in a Siricid. The scutum in Diprion, Megalodontes, 
Pamphilius, Xyela and Cephus consists, in each, of two lateral areas con. 
nected by a transverse bridge between the prescutum and the scutellum. 
The parapsidal furrows in these forms are complete. In Selandria, Cimbex 
and Arge, in which the prescutum is continuous with the scutum, the parap
sidal sutures are either poorly or partially developed. In Xiphydria an 
~ditional trans-scuta] suture runs across and divides the scutum into an 
anterior and a posterior part. A pair of transverse ridges arises from the 
parapsidal sutures, each running posteriorly to divide the parascutellar 
area of its side into two. Urocerus, as has already been stated, is special
ized in having its scutum fused with the prescutum; the parapsidal furrows 
are distinct and a trans-scuta! suture is absent. The scutellum is a V-shaped 
sclerite, with the apex 9f the V directed forward, in all the Symphyta, 
except in Cimbex and U rocerus in which it is semilunar. A scuto-scutellar 
suture separates the scutellum from the scutum. In Diprion, Megalodontes, 
Pamphilius and Cephus, in which the post-tergite is a narrow cord, and in 
Xyela (with relatively broad post-tergite), the scutellum does not cover 
the postnotum or the metanotum. Though the post-tergite is likewise 
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narrow in Xiphydria and Urocerus, the scutellum is large and extends pos
teriorly to cover the postnotum and a part of the metanotum. The post
tergite is fairly broad in Selandria, Cimbex and Arge, and the scutellum 
covers only the anterior part of the postnotum. The post-tergite, according 
to Ross (1937), is absent in all Tenthredinoidea except the Diprionidae 
and the Tenthredinidae. A small lobe, termed the 'postscutellum' (post
tergite), on the posterior margin of the scutellum was described by Snodgrass 
(1910) in Tremex. 

The postnotum is a sclerotized band behind the scutellum with gener
ally a small membranous part in front between it and the latter. It is 
notched anteriorly and bears a bilobed phragma, which extends posteriorly 
beneath the metatergum ·or beyond. The postnotum is quite exposed 
(not invaginated) in Megalodontes, Pamphiliu~, Xyela and Cephus. Its 
membranous part is somewhat covered over by the scutellum in Diprion 
and Selandria. In Cimbex, Arge, Xiphydria and Urocerus, on the other 
hand, the anterior membranous part is completely obliterated and the 
postnotum is invaginated, partly in the former two and completely in the 
others. Ross (1937) mentioned the postnotum in the sawflies, 'most ~ 
which is invaginated', but that is really not the case as shown above. The · 
phragma, however, lies invaginated beneath the metatergum, sometimes 
extending to the first abdominal segment as in Diprion, Cimbex, Arge, 
.Cephus, Xiphydria and Urocerus. Laterally the postnotum runs outward 
and forward, each end connected with the epimeron of its side. Snodgrass 
-(1910) had also referred to the postnotum in the mesothorax of Tenthred
.inoidea as 'consisting of an exposed transverse plate behind the scutellum 
connected laterally with the mesothoracic epimera ', adding that 'it is 
visible externally also in Tremex but is less exposed here than in Tenthred
inoids'. 

The metatergum is much smaller than the mesotergum and is generally 
separated from the latter by mesopostnotum, except in Xiphydria and 
Urocerus in which the mesoscutellum extends posteriorly and covers a part 
·of the metatergum. The ~atter consists of the notum and the postnotum. 
The notum comprises the scutum and the scutellum, the prescutum being 
·prominent by its absence. The scutum is formed by two lateral areas 
connected by a transverse bridge in front of the scutellum. Each late~al 
area bears a prominent, membranous cenchrus. The parapsidal sutu~ 
are faintly indicated in Diprion and Pamphilius, strongly developed in 
Selandria and Megalodontes, incomplete in Cimbex, and absent in Xyela 
·and Cephus. The parapsidal sutures are strongly developed and bifurcate 
in Xiphydria (as in the mesonotum), while in Urocerus they are similar to 
those in X iphydria but are incompletely developed. The scutellum is 
almost triangular with rounded angles. It is broader than long and is 
provided with a small post-tergite. The postnotum is sufficiently narrow 
with a membranous strip in front in Diprion, Selandria and Megalodontes, 
while in others there is no membrane. The postnotum is invaginated 
in Xyela, Cephus, Xiphydria and Urocerus and is seen only on the sides. 
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B. Comparison with other insects : (Pl. III, Figs. 11-13; Pl. IV, Figs. 1-3) 

The generalized Symphytan pteroterga have (1) mesotergum larger 
than the metatergum, (2) meso-prescutum completely delimited by conver
gent sutures and divided into two by a median suture, (3) mesoscutellum 
triangular, separated from the mesoscutum by the scuto-scutellar suture; 
(4) a post-tergite, (5) no meta-prescutum and (6) well developed meso
and meta-postnotum. 

The above quoted characters are common to most of the Symphyta 
except some in which the convergent sutures, bounding the prescutum, 
are not complete (Selandria, Arge, etc.) or are missing (Urocerus). The 
condition in U rocerus is presumably a specialized one, considering that it 
is specialized in a number of characters. Another variation is the broad
ening of the scutellum, which assumes a semilunar shape (Oimbex and 
Urocerus). This again appears to be a modified condition of the generalized 
triangular shape, though it is difficult to decide which of the two is primitive. 

The Symphyta resemble Hemerobius and Hepialus the most, differing 
from them only in the presence of a post-tergite of the scutellum-a special
ized feature of the Symphyta (not possessed by any Panorpoid). Their 

rnext of kin are the Megaloptera and the Trichoptera, which lack the conver
gent sutures but have well-differentiated prescutal areas with the median 
suture. This may mean that 8iali.s, llapkidia and Limnepkilus have lost 
these convergent sutures secondarily, like some of the sawilies which have 
likewise lost them partially or completely. The Mecoptera and the Diptera 
also are not far removed from the Symphyta because the characters in which 
they differ from the generalized Symphyta (e.g. semilunar mesoscutellum 
and partial or complete disappearance of convergent sutures) are possessed 
by some of the sawilies. It follows, therefore, that the Symphyta and 
the Panorpoids could have descended from a common ancestral stock, 
varying but little in one character or the other, and that the Symphyta 
have their closest allies in the Neuroptera and the Lepidoptera, which a,re 
more primitive than them in the construction of the meso- and the metaterga. 

The Symphyta and the Panorpoids, though resembling the Coleoptera 
in some of the characters, differ from them in two fundamental characters, 
viz. (l) the possession by the latter of a mesotergum considerably smaller 
than the metatergum and (2) the possession of the meta-prescutum. 

The Symphyta and the Panorpoids show a complete departure from 
,the Orthopteroid type of pteroterga, the latter possessing a mesotergum 
as large as or slightly smaller than the metatergum, a nauow, transverse 
meso- and meta-prescutum, aU- or V-shaped mesoscutellum continuous 
with the mesoscutum, a reduplicated band of the meso- and metascutellum, 
and no mesopostnotum. Hence the Symphyta and the Panorpoids cannot 
be said to be at all closely related to the Orthopteroid insects. 

6. Mesosternum and its relation witk Mesopleuron 

The mesothoracic sternum in a generalized Pterygote insect, according 
to Snodgrass (1935), comprises the presternum, the basisternum, the furca
sternum and the spinasternum. These divisions have been demonstrated 
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to be present in most of the insects examined for this work. Ferris and 
his collaborators (Ferris and Rees, 1939; Ferris and Pennebaker, 1939; 
Rees and Ferris, 1939; Ferris, 1940, and Campau, 1940) have proposed a 
new theoretical interpretation of the mesosterna] components and define 
the sternum as part of the ventral surface between the sternal apophyseal 
pits, the sclerotized areas lying lateral to them being derived from the 
pleura. These pleural elements, which have caused the sternum to be 
greatly reduced and infolded in certain insects, have been named the 
pre-episterna and have been said, in conjunction with the katepisterna, to 
occupy the ventral part of the thoracic segment, meeting in t~e 'discriminal 
line' in the middle. It is not the purpose of this paper to go into the 
merits and demerits of Ferris's theory but suffice it to say that Snodgrass's 
scheme is being adopted. 

·A. Symphyta: (Pl. IV, Figs. 5-7) 

The mesosternum in the Symphyta consists of the four main divisions. 
The presternum is small and narrow in Diprion, Selandria, Cimbex, Arge, 
Cephus and M egalodontes. It forms a broad presternal bridge in Pamphilius 
and Xyela, which puts the katepisterna into communication with each"· 
other. In the case of Xiphydria and Urocerus, because of the absence 
of the sternopleural sutures, the presternal bridge is the region in front of 
the anterior end of the median longitudinal ridge which divides the basi
sternum (fused with the episterna) into two. 

The basisternum presents three conditions : 

(l) It is separated from the katepisterna by distinct sternopleural 
sutures as in Xyela, Pamphilius, Megalodontes, Arge and Cephu,s. It is 
trapezoidal in Megalodontes and Arge, long and triangular in Cephus, and 
short and triangular in Xyela and Pamphilius. In every case it is divided 
into two by a median ridge. 

(2) The sternopleural sutures are obsolescent and the basisternum 
is differentiated as a raised area as in Xiphydria and Urocerus. The median 
suture is present but does not reach the anterior limit of the sternum. 

(3) The basisternum and the katepisterna are fused to form a. composite 
plate, divided into two by the median suture. This condition is found 
in Diprion, Selandria and Cimbex and is probably a specialized condition. 

The mesopleuron on each side has a distinct pleural suture in mo~ 
of the sawflies except in Xiphydria and Urocerus, where it is incomplete.· 
The pleural suture divides the pleuron into the episternum and epimeron. 
From the antero.dorsal end of the episternum is demarked a more or less 
triangular piece which has been variously designated, as already mentioned 
(Arora, 1953}, and is the 'prepectus' of the taxonomists. Bird (1926) 
calls it the 'basalar sclerite' in Hoplocampa while R.eeks (1937) names it 
as probably representing 'an epipleurite' in Diprion. This piece probably 
corresponds to the anepisternum. The pleural ridge on the inner side of 
the pleural suture runs right up to the extremity of this piece, showing 
thereby that the latter is a part of the episternum. In Xyela the suture 
that divides the epistemum into two varts is not deep and the 'anepisternum' 
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is comparatively larger. In M egalodontes, where the ' pre pectus' is supposed 
to be absent (Ross, 1937), a faint incomplete suture dividing the episternum 
into two parts can still be made out; the an episternum is nearly as large 
as the katepisternum. Furthermore, the division of the meta-episterna 
into anepisterna and katepisterna suggests a similar division of the meso
episterna as well. The epimeron is narrow and divided into the anepimeron 
and katepimeron in a large number of sawflies, except in Megalodontes, 
Geph1ts, Xiphyd1'ia and Urocerus. 

The furcasternum lies behind the basisternum and bears the furcal 
arms internally in the sawflies. These furcal arms differ in shape and size 
in the different families. The furcasternum sends a pair of lateral processes 
backward and outward, each articulating with the inner coxal margin of 
its side, a little above and posterior to the trochantinal coxal articulation. 

The spinasternum is membranous, lying behind the legs and the diverg
ing processes of the furcasternum. It can be better seen when the legs 
are pulled up and apart. There is, however, no spine. 

B. Comparison with other insects: (Pl. IV, Figs. 4, 8-13) 

r The generalized Symphytan mesosternum with adjacent parts consists 
of (1) a differentiated presternum, (2) basisternum divided into two by a 
median suture and separated from the episterna by the pleurosternal sutures, 
(3) a narrow furcasternum, (4) episternum divided into anepisternum 
and katepisternum, and (5) is without a pre-episternum. 

The Symphyta resemble Raphidia, Pan01']Ja, Limnephilus and Hepialus 
in all the above characters. They differ from Sialis and Hemerobius in 
the latter having a faintly indicated presternum which is probably beginning 
to be lost. Tipula has specialized in one of the characters, i.e. the sterno
pleural suture is incomplete like some of the specialized sawflies. It 
is thus clear that the Symphyta and the Panorpoids have adhered quite 
closely to the generalized pattern. 

The Symphyta differ from the beetle Feronia which has an undivided 
basisternum and a pre-episternum delimited from the episternum-two 
characters in which the beetle resembles the Orthopteroid insects. 

The Symphyta differ from the Orthopteroid insects in so far that the 
latter possess a pre-episternum, undivided basisternum and episternum, 
and a furcasternum with broadly separated lobes. It is clear from the 
~odJove that the Symphyta-Panorpoid complex and the Orthopteroids have 
followed two divergent lines of evolution and have very little in common. 

7. Coxal Artimtlations 

A. Symphyta: (Pl. IV, Figs. 5-7) 

The coxal articulations present different modifications in the pro
and ptero-thoracic legs. The fore-coxae in the sawflies, in addition to 
the pleural articulation, have usually a sternal articulation which 
has been called the secondary sternal articulation by Weber (1933) 
in Athalia. Snodgrass (1910) was of the opinion that the trochantin, 
when it appears to be absent, as it does in the higher orders, might 'simply 
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be fused with the sternum in which case the apparent sternal coxal process 
may be really the trochantinal condyle'. This view is not acceptable 
because one finds in some sawflies mentioned below that the sternal coxal 
articulation coexists with the small reduced trochantin in the membrane 
in front of each coxa. If, as is presumed here, the condition of triple coxal 
articulation is the most primitive, one can say that most of the sawflies 
have retained two articulations, the pleural and the sternal, while the third, 
i.e. the trochantinal articulation, has disappeared with either the reduction 
of the trochantin to a mere vestige, lying in the precoxal membrane, or 
its complete disappearance. All the species of Symphyta have the pleural 
and the sternal articulations in the fore-legs, except M egalodontes and 
Pamphilius, in which there is the pleural articulation only. The first 
trochantin is a small sclerite lying in the membrane in front of each coxa 
in Xyela, Diprion, Selandria and Arge, while it is missing in the others. 
Snodgrass (1909) thought that a trochantin 'as a distinct sclerite was 
missing in all three segments' in the Hymenoptera but he mentioned a 
very small plate in Arge, on each side in front of the coxa, which from its 
position looks like the trochantin seen in the above Symphyta. 

The mid- and the hind-coxae have retained all the three coxal art~ 
culations, the pleural, the trochantinal and the sternal, in all the sawflies 
examined. The trochantin in each case, though fused with the sternum 
for most of its length, can still be recognized. Its internal articular knob, 
by means of which it articulates with the coxal rim, is quite distinct, lying 
ventral and anterior to the sternal coxal articulation. 

B. Comparison with other insects: (Pl. IV, Figs. 4, 8-13) 

The generalized Symphytan shows that (1) the fore-coxa has pleural 
· and sternal articulations, (2) the fore-trochantin, when present, is small 

and not articulating with the coxa, and (3) the mid- and hind-coxae have · 
triple articulations, viz. pleural, trochantinal and sternal. 

The significant fact resulting from this study is the uniformity among 
the Endopterygotes in· possessing three articulations for the mid- and 
the hind-coxae. This appears to be a primitive condition from which the 
other conditions have probably been derived. Ferris and Pennebaker 
(1939) designate the sternal articulation as the ventral articulation, and 
according to them, 'the presence of this ventral condyle is one of the major 
features of orders which share the line of development in which the Neuro~ 
tera lie near the base'. · 

The Symphyta have retained two articulations (pleural and sternal) 
in the first leg, which character is shared by the Coleopteran Feronia, but 
sawflies such as Megalodontes and Pamphilius have lost the sternal arti
culation as well and have thus reached a stage which corresponds to that in 
the Panorpoids (i.e. they retain the pleural articulation only). It may 
further be pointed out that the Endopterygotes do not possess a trochantinal 
articulation for the first leg and that the trochantin, when present, is 
small. 

The Symphyta and the other Endopterygotes differ in all respects 
from the Orthopteroid insects, the latter having the pleural and the 
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trochantinal articulations for all the legs, but never a sternal articulation. 
So the Symphyta., with the Endopterygotes, have followed a different 
line of evolution from that of the Orthopteroid insects. 

The nearest allies of the Symphyta, on .the basis of cox:al articulation, 
are Sialis, Hemerobius (Neuroptera), Panorpa (Mecoptera), Limnephilus 
(Trichoptera) and Femnia (Coleoptera), which, together with some of the 
Symphyta (e.g. Cimbex, Cephus, Xiphydria and Urocerus), have moved 
a little away from the parent stock on the road to specialization (reduction). 

8. Cenchri 

A. Symphyta: (Pl. III, Figs. 6-10) 

The cenchri are a pair of lateral membranous areas on the metascutum, 
one on either side of the middle line, near its anterior margin. Snodgrass 
(1909) mentions cenchri in Siricoidea and Tenthredinoidea as two smaU, 
oval lobes on the metanotum. They are membranous in Diprion, Selaruh·ia 
and Arge, elongated laterally in the former and egg-shaped in the other 
two. They are elliptical in Cimbex and Megalodontes but are elevated 
slightly in the former and appreciably in the latter. They are oval and 

....r-aised on hard basal areas in Pamphilius, Xyela, Xiphydria and Urocerus. 
( Cephus is the only genus which lacks the cenchri. 

B. Comparison with other insects: (Pl. III, Figs. 11-13) 

All the Symphyta possess lateral membranous cenchri on the meta
scutum ex:cept Cephus in which they are absent. 

Raphidia and Hemerobius (Neuroptera) are the only two forms among 
the Panorpoids with corresponding membranous areas on the metascutum. 
Sialis possesses a median triangular, membranous area on the metascutum, 
but whether it has anything to do with cenchri is uncertain ; if it has, then 
the condition in Sialis may either be primitive and has led to the paired 
areas by divergence and splitting, or may be specialized and is the result 
of the confluence of the two cenchri into a median area. The representatives 
of the other groups do not show any cenchrial areas. The presence, then, 
of lateral membranous areas in the Symphyta and some of the Neuroptera 
again places the Symphyta and the Neuroptera nearer each other. 

9. Tegula 

, Snodgrass (1909) defines the tegula as 'the scale-like plate overlapping 
-~e front angle of the base of the wing in Lepidoptera, Hymenoptera and 
Diptera, and its pad-like representative at the base of the wing in the other 
orders'. 

A. Symphyta: (Pl. III, Figs. 6-10) 

The tegula is well sclerotized in the Symphyta but its shape and arma
ture vary in the different families. It is like a pad, slightly longer than broad 
and beset with spines in Selandria, Arge, Xyela and Pamphilius. It is 
quadrant-shaped with its outer angle produced into a sharp point in Diprion, 
Cephus and Megalodontes, the surface bearing small setae in the first 
two, and long black spines in the third. The tegula is triangular with 
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rounded angles and furnished with small setae in Cimbex and Xiphydria. 
U roceri£s is the only one with a weakly sclerotized tegula of the shape of 
a rounded, elevated lobe, with setae and pubescence. 

B. Comparison with other insects: (Pl. III, Figs. 11-13; Pl. IV, Figs. 1-2) 

The study of the tegulae in the Symphyta shows the tegula to be a 
large, strongly sclerotized scale-like structure at the base of the anterior 
margin of the wing. It is variously shaped in the different sawflies and 
clothed with spines and pubescence. · 

The Symphytan tegula resembles closely that in Hemerobius (Neurop
tera) but differs from the Megalopteran tegulae, which are weakly sclerotized, 
raised lobes with setae (resembling the one in Urocerus). The Symphyta 
differ from the remaining Panorpoids which possess larger and more highly 
sclerotized and sculptured tegulae with stronger setae and thickly set long 
pubescence. One cannot say with certainty if the difference in the degree 
of sclerotization of the tegula and its armature throw any light on rela
tionships or help us decide as to which condition is more primitive. 

The tegulae of the Orthoptera and Dictyoptera on the other hand are 
distinctly unlike those of the Endopterygotes, being very small an~ 
membranous. 

10. Tibia and Tarsus 

A. Symphyta: (Pl. V, Figs. 1-6, 13) 

The tibial spurs are spine-like structures, articulating with the distal 
end of the tibia and as such are called the apical tibial spurs. They may 
be accompanied by similar spurs, placed at some distance higher up on the 
tibia, called the preapical tibial spurs. 

In the Symphyta, all tibiae possess one or two apical tibial spurs 
but the preapical tibial spurs are borne on the middle and the hind legs 
only. Ross (1937) mentions an exception in Acantholyda (Pamphiliidae), 
in which the front tibia is provided with a preapical spur. 

There are two similar apical tibial spurs on the front tibiae in Diprion 
and Cimbex, two unequal but similar in Arge and Megalodontes, and two 
dissimilar spurs in Selandria, Pamphilius and Xyela, one of which is flattened, 
bifurcate and somewhat sickle-shaped and the other simple. Cephus, 
Xiphydria and Urocerus have but one modified apical spur only. 

The middle and hind tibiae carry two similar apical tibial spurs i~ 
Diprion, Selandn:a, Cimbex and Xiphyd1·ia, which do not possess any' 
preapical spurs. Two equal apical tibial spurs with two preapical spurs 
are present in Xyela and Pamphilius, two unequal apical accompanied 
by two preapical spurs in Megalodontes and Cephus, and two unequal apical 
spurs with one preapical in Arge. Urocerus is specialized in having a 
different armature in the middle and the hind tibiae, the former carrying 
one apical spur and no preapical, and the latter carrying two unequal pointed 
apical spurs and no preapical spur. 

The tarsus is 5-segmented in all the sawflies, the first segment being 
the longest, the second, third and fourth progressively smaller, and the 
fifth longer than the second but smaller than the first. The tarsal pulvilli 
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.are present on the first four tarsal segments in Diprion, Selandria, Oirnhex, 
Arge, Cephus and X iphydria. The tarsal pulvilli are not fully ilifferentia.ted 

.and are represented by elevated ridges in Megalodontes and Pamphilius, 
while they are absent in Xyela. U rocerus has no pulvilli but its tarsal 
.segments are distally enlarged . 

. B. Comparison with other insects: (Pl. V, Figs. 15-17) 

The generalized Symphytan possesses (1) articulated tibial spurs, 
(2) a 5-segmented tarsus, and (3) first tarsal segment (basitarsus) as the 
longest. 

It is interesting to note that there is absolute uniformity among all 
the Endopterygotes examined in possessing the three above-mentioned 
characters, except for Hepialus, in which the tibial spurs are missing. The 
spurs in Hepialus have probably been secondarily lost as is borne out by 
the fact that allied Homoneura still possess them, e.g. the Prototheoridae 
and Anomosetidae (Turner, 1946), and the Micropterygoidea and the 
Eriocranoidea (Bourgogne in Grasse, 1951). 

Among the Panorpoids, preapical tibial spurs on the middle and hind 
legs, in addition to apical tibial spurs, are present in Linmephilus (Tri-

fchoptera) only, recalling a condition in some sawflies, e.g. Xyela and Pamphi
lius, etc. Preapical spurs on the front tibiae are present in Feronia, corres. 
ponding to the condition cited by Ross (1937) in Acantholyda (not found 
in any other sawfly examined). It cannot be ascertained which of the two 
conditions, with or without the preapical spurs, is primitive, so the precise 
relationship between the different Endopterygote orders cannot be 
established. 

Flap-like tarsal pulvilli, resembling those of certain Symphyta men
tioned earlier, have been noted in Tipula (Diptera), while distal tarsal 
enlargements, corresponding to the distal tarsal enlargements in the sawfly 
Urocerus, are present in the Megaloptera and the Coleopteran Feronia. 
Here again the primitive condition is difficult to determine and the tar-sal 
pulvilli do not afford a clue to relationships. 

The absence of articulated apical and preapical tibial spurs in the 
Orthopteroid insects separates them from the Symphyta and the other 
Endopterygotes; the former, instead, possess rows of large, flexible, hollow 
spines, quite different from the tibial spurs. In the matter of the tarsus, 
1J!.ough Periplaneta shows a resemblance to the Symphyta and its allies, 

·lJv omadacris and Ohloroperla iliffer from them in having a reduced 3-
segmented tarsus with the last tarsal segment the longest. 

ll. Pretarsus 

A. Symphyta: (Pl. V, Figs. 5-10, 13) 

A typical Symphytan pretarsus has already been described in Diprion 
pini (Arora, 1953). Minor ilifferences are noticeable in the ilifferent families 
of the group. All the Symphyta agree in possessing a highly sclerotized 
and sculptured unguitractor plate. In most of them this plate shows 
some grooves and ridges, except in Megalodontes, Pamphilius and Xyela. 
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The planta is a broad sclerotized plate in all, except Cimbex, where it is. 
a narrow band. There are two long spines on the plantain Xyela, Cephus, 
Diprion, Pamphilius, Cimbex and Xiphydria, and more than two in others. 

A sclerite, the orbicula, is present at the base of the arolium dorsally 
in all the sawflies. It is generally longer than broad and may be shield
shaped as in Selandria, Cimbex, Arge and Xyela, more or less triangular 
with rounded angles in Diprion, Megalodontes and Pamphilius, elongated 
and rod-like in Cephus, and elongated and pointed anteriorly in Xiphydria 
and Urocerus. 

A pair of basipulvilli (auxilia) is present at the bases of the claws, 
one on either side of the planta, in every species examined. 

The arolium is large and membranous, more or less trumpet-shaped 
and slightly bilobate, provided distally with a strong, well developed camera 
in Diprion, Xyela, Cephus and Xiphydria, and rather a weak one in others. 
Urocerus is the only genus without an arolium. According to Holway 
(1935}, no arolium is present in Tremex. 

Ungues or claws are simple in Xyela and Arge, while in others there 
is a tooth at the base of each claw. 

B. Comparison with other insects: (Pl. V, Figs. 11, 12, 14, 15, 18) 

The generalized Symphytan pretarsus is characterized by (1) a large 
strongly sclerotized planta with spines, (2) the presence of an orbicula, 
(3) the presence of basipulvilli, and (4) a large membranous arolium with 
a camera. 

Hemerobius is the only Neuropteran in which the pretarsus agrees 
closely with the Symphytan condition, differing only in having a narrow 
planta (found also in Cimbex). The other Neuroptera and the Panorpoids 
do not show such close relationship, differing from the Symphyta in more 
than one character. It is very difficult in the case of the pretarsus to 
say which condition of each character should be considered primitive, 
and consequently one is not sure whether the Symphyta;n pretarsus is prim
itive or specialized. As pointed out by Holway (1935), the number of 
spines and the sclerotization of the planta may be helpful in determining 
affinities. And surely this brings the Symphyta and the Neuroptera much 
closer than the other Panorpoids with a narrow planta. Also, the weakly 
sclerotized planta, with one or no spines, and the unsculptured unguitract~ 
plate, found among the Orthoptera and the Dictyoptera, remove these· 
orders from the Symphyta and its allies. 

The absence of a planta in the Diptera and the Coleoptera probably 
shows that these are specialized. The presence of setiferous pulvilli, 
covering the bases of the claws, sets apart another group of insects, the 
Diptera, the Trichoptera and the Lepidoptera, as more specialized than 
their Panorpoid and Symphytan relatives. 

Most of the non-Symphytan species possess simple claws like Xyela 
and Arge, but in Raphidia and Feronia each claw has a basal tooth (like 
most of the sawflies); Panorpa and Osmylus (Killington, 1936) have claws 
which are provided with basal teeth forming a pecten. The claws, as 
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such, do not afford any clues to precise relationships because one cannot. 
say which condition of the claw, the simple or the toothed, is primitive. 

The study of the pretarsus thus reveals that the Symphyta are much 
closer to the Neuroptera than the Mecoptera and other Panorpoids, that 
grouping within the Panorpoid orders can be obtained on the basis of certain 
characters, and that the Orthopteroid insects are far removed from the. 
Symphyta. 

12. Wings 

A. Symphyta: (Pl. V, Figs. 19-25; Pl. VI, Figs. 1-4) 

Ross (1936) has discussed the different systems of nomenclature for· 
the Hymenopterous wing. It is not intended here to go over the same 
ground again. Suffice it to say that the interpretations of Ross, based 
on the derivation of the Hymenoptera from Sialis-like Panorpoid, are 
accepted because they agree with the conclusions arrived at after a study
of a much wider range of characters, drawn from different parts of the 
body. 

The description of the wings of Diprion pini (Arora, 1953) is based on' 
~oss's system. There are a few venational variations met with in the, 

other families of the Symphyta. Ross (1936) considered a hypotheticall 
wing from which the wing-venation in the different families could easily 
be derived by atrophy of one or the other vein-presumably what must 
have happened during the course of evolution. 

A pterostigma is present in all the sawflies. The margins bear fine· 
pubescence. The costa runs along the anterior margin of the wing. The 
subcosta is fused with the radius in most of the sawflies except in 
Pamphilius. Ross (1937) mentions a free subcosta in Xyelidae as well, 
but this condition does not exist in Xyela julii, where the subcosta is fused 
with the radius for most of its length. Benson (1951) has also stated a 
similar fusion of the subcosta with the radius in Xyelinae. Rs is a simple 
vein in the group, except in Xyela in which it divides into two branches. 
Ross (1937) also describes the branching of Rs in Pleroneura (Xyelidae). 
There are two radial cross-veins in most of the sawflies but only one in 
Diprion and Arge. M and Ou1 run as a common vein for the basal part. 
M separates from Ou1 and meets Rs before the latter separates from R in 
Diprion, Selandria, Arge and Oimbex. M meets Rs after Rs has separated 
jlom R in the others, except in Urocerus, in which M does not meet Rs at 
all. The last condition, which is supposed to be primitive (Ross, 1937), 
is also met with in Pleroneura. There are two radio-medial cross-veins 
in every case, except in U rocerus in which there are three. Mter separating 
from Rs, M goes straight to the wing-margin unbranched. 

There are two medio-cubital cross-veins in all the sawflies, except 
again in Urocerus, where an additional third stub is present. 

Ou1 is divided into Ou1• and Ou1b in all cases. 
Ou2 is mostly absent except in a reduced condition in the hind-wings 

of Xyela. One cubito-anal cross-vein exists in all the wings. 
1A is always present but 2A and 3A are variously atrophied. The 

anal cross-vein is generally present and two anal cells are formed, except 
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in Selandria, in which the anal cross-vein is lost and there is one cell only. 
Urocerus, however, has the bases of all the three anal veins intact. 

The hind:wing bears the hook-shaped hamuli on its anterior margin 
near its middle and a few setae near its base. The hamuli catch on the 
·curved posterior margin of the fore-wing and form a coupling apparatus. 
There is a reduction in the size and number of veins and cross-veins in the 
hind-wing. There is no radial cross-vein in any of the species examined, 
though one has been mentioned by Ross (1936) in Adelomus. Rs and· 
M do not run together as they do in the fore-wing. There is only one 
medio-cubital cross-vein in all except Urocerus, in which there are- two. 
An anal lobe is present. 

B. Comparison with other insects : (Pl. VI, Figs. 5~9) 

The generalized Symphytan wing is characterized by (l) well developed 
pterostigma, (2) sa fused with R (free in Pamphiliidae and Xyelidae), (3) Rs, 
when branched, showing dichotomous branching, (4) M and au confluent, 
(5) au1 divided into au1• and a~t1 b, (6) au2, when present, very much 
reduced (generally absent), (7) variously atrophied anals, (8) two radial 
-~ross-veins, (9) 2 :adio-~edial cross.-veins (3 in u:ocerus and som.e Xye;._" 
lidae), (10) 2 medio-cub1tal cross-vems, (ll) a cub1to-anal cross-vem, (12) · 
reduction of veins and cross-veins in hind-wing, and (13) hamuli on hind
wing, forming the coupling apparatus. 

Of the above characters, the free condition of sa (in Pamphiliidae and 
Xyelidae), the division of Rs into two or more branches (Xyelidae), the 
reduced au2 (Xyelidae), and 3 radio-medial cross-veins as a result of M 
.and Rs not meeting each other (Siricidae and Xyelidae) are characters which 
.are probably primitive. Most of the Symphyta have specialized in the 
.same direction but these primitive features are retained by some, parti
•Cularly the family Xyelidae which has ,been regarded by Hymenopterists 
as a primitive family of the Symphyta. 

Ross (1936) derived the Hymenopterous wing from a Sialis-like ancestor 
on the basis of definite number of cross-veins between the longitudinal 
veins. According to him, 'a reduction of the longitudinal veins does not 
:necessarily imply a corresponding reduction of the cross-veins'. There 
is a close similarity between the wings of the Symphyta and the 
.Neuroptera and their allies. In characters such as 3 radial cross-veins, 
a~ normally developed and normal anals, in which the Symphyta diffll!_ 
.from Sialis and other Panorpoids, the latter are more primitive. Ol'' 
·.these primitive characters, there are a few (e.g. 3 radial cross-veins and 
.normal anals) which are present either in Sialis alone or in the Neuroptera . 
. Furthermore, Sialis or the Neuroptera do not possess any wing character 
.in which they can be said to be more highly specialized than the Symphyta. 
It follows, therefore, that the Neuroptera are the most primitive existing 
representative of the stock from which the Symphyta and the Panorpoids 
.arose. 

The Symphyta and the Neuroptera are again more primitive than the 
.i\1ecoptera and the Diptera in having au1 divided into au1• and au1b 

··(undivided in others). They are more primitive than Diptera, Trichoptera 
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and Lepidoptera in having two media-cubital cross-veins (only one in 
others). As such the latter groups cannot be ancestral either to the 
Symphyta or the Neuroptera. 

The absence of a pterostigma, the pectinate type of branching of Rs, 
the large number of cross-veins forming a network, Gu1 with more than 
two branches, the anals meeting proximally, and the comparatively larger 
hind-wing with more veins than in the fore-wing are some of the characters 
in which the Dictyoptera and the Orthoptera differ from the Symphyta 
and most of the Panorpoids. The Symphyta, thus, have very little in 
common with the Orthopteroid insects and so the suggestion of an Orthop
teroid ancestry for the Hymenoptera is unlikely. 

13. Ovipositor 

A. Symphyta: (Pl. VI, Figs. 10-17) 

There is a great uniformity in the structure of the ovipositor in the 
Symphyta. The ovipositor may be exserted or abbreviated and the valves 

,rpartly or completely fused in the different families. 
The seventh sternum is produced into a subgenital plate, which covers 

the base of the ovipositor, in most of the sawflies, except Megalodontes, 
Pamphilius and Cephus in which there is a very slight basal retraction, if 
any, of the ovipositor. 

The eighth sternal region is mostly membranous with a small sclero
tization in the middle, between the bases of the first valvulae. The venter 
of the eighth segment in Pteronidea, according to Snodgrass ( 1933), 'is repre
sented only by the membranous integument forming the anterior wall 
of the vestibulum containing the genital aperture'. 

The ninth sternum is reduced to a membranous strip, connecting the 
bases of the second valvifers. 

The ovipositor sha,ft in the sawflies is formed by the paired first and 
second valvulae. The first valvulae are always separate in most of the 
sawflies and lodged at rest in the ventral concavity of the partly or com
pletely fused second valvulae. Xyela is an exception in that the first 
valvulae are almost fused with the second valvulae and the two pairs 
f?rm a composite blade. 
;; The second valvulae are fused all along their length in Megalodontes, 
Pamphilius and Arge. They have their tips free in Diprion, Selandria, 
Xiphydria and Urocerus, while their distal one-third is free in Gimbex and 
Cephus. 

The third valvulae form the sheath for the other two valvulae, their 
length depending on the length of the saw. 

The ovipositor is short and scarcely projecting beyond the tip of the 
abdomen in Megalodontes and Pamphilius. The saws are small and hardly 
visible from above in Diprion, Seland1·ia and Arge. The valves are 
slightly exserted in Gimbex and Cephus, and strongly extruded in Xyela, 
Xiphydria and Urocems. 
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B. Comparison with other insects: (Pl. VII, Figs. 1-6) 

The Symphytan ovipositor is characterized by (1) being an appendicular 
ovipositor, (2) the seventh sternum more or less produced into a subgenital 
plate, (3) reduced eighth sternum, (4) ninth sternum reduced and occupying 
area between the bases of the inner ovipositor components, and (5) ovipo
sitor shaft formed by first and second valvulae, the third being sheath-like. 

There is a marked uniformity in the structure of the ovipositor in the 
Symphyta. 

The Symphyta resemble the Megalopteran Raphidia in all characters 
except the formation of the ovipositor sheath. Two processes are given 
off in Raphidia from the weakly sclerotized eighth sternum, on the 
sides and below. They unite posteriorly to form a slender median 
prolongation, the fused first valvulae, with flattened bases, the first valvi
fers; the median prolongation (very short in Ag11lla and called the eighth 
sternite by Ferris and Pennebaker, 1939) lies within and extends almost 
to the tip of the fused second valvulae. The ninth tergum extends laterally 
and ventrally and a more or less triangular sclerite, possibly the second 
valvifer, articulates anteriorly with it on either side. The inner margin 
of this second valvifer is produced posteriorly into an elongated second'"' 
valvula; the two valvulae are connected by a membrane throughout their 
length, except at their tips, where each bears a small lobe beset with strong 
setae. Grasse (1951) regards these two valves as possibly gonopods. The 
two valves (i.e. first and second), thus, in both Symphyta and Raphidia 
take part in the formation of the ovipositor shaft, but in Raph•:dia the 
third valve (sheath-like in Symphyta) is missing unless it be assumed that 
the small lobes at the end of the shaft are reduced third valvulae. The 
ovipositor in the other Panorpoids is vestigial and lacks valves, but there 
exists some sort of an apparatus for oviposition. Reduced sternal lobes 
or processes have been homologized differently by different authors and 
it is unsafe .to make comparisons. 

The Syniphyta, though they apparently resemble the Dictyoptera 
and the Orthoptera in the possession of an appendicular ovipositor, differ 
fundamentally from them in possessing an ovipositor shaft formed by two 

·valves. only; the ovipositor shaft in the others being formed by three valves. 
Furthermore, the ovipositor in the Dictyoptera is reduced and internal, 
while in the Orthoptera it is very much specialized with reduced second 
valvulae. In some of the Orthopteroid forms, even when the oviposit~ 
is typically formed by three pairs of well developed valves, e.g. in~ 

\Grylloblattidae and Tettigoniidae (Snodgrass, 1935, and Kramer, 1944), 
the third pair of valves is not sheath-like. From the above study it becomes 
clear that the Symphyta have their nearest relatives in the Neuroptera 
and that the Orthopteroid insects have followed a different line. 

14. Male Genitalia 

A. Symphyta: (Pl. VII, Figs. 7-15) 

Snodgrass (1941) gave a comprehensive comparative account of the 
male genitalia of Hymenoptera, devoting a section to the Chalastogastra, 
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Crampton (1920) and ]:toss (1937) had likewise dealt with the male genitalia, 
using a somewhat different tel'lninology. It is not intended here to give 
detailed accounts of the various component structures, but reference will 
be made only to the differences presented by the larger families of the group 
and to characters, which, on close study, appear to offer material for com
parison with the other orders of insects. The terminology of Snodgrass 
has been followed but corresponding names of parts by other authors have 
in some places been given as well, with a view to understanding homologies. 

The male genital apparatus of Diprion pini (Arora, 1953) is a genera
lized one for the Symphyta. Two types of genitalia are met with, viz. 
the strophandrious (inverted condition), represented by Diprion, Selarulria, 
Cimbex, Arge and Xyela, and the orthandrious (normal condition) met 
with in the others. Ross (1937) placed the Xyelidae with the Megalodon
tidae and treated it as orthandrious, but Snodgrass (1941) found Xyela 
minor and Pleroneura koebelei (Xyelidae) as strophandrious like Xyela 
julii. The Family Xyelidae, thus, is peculiar in having both the orthan
drious and the strophandrious types. 

The ninth sternum in the male forms a subgenital plate, convex exter
,-nally. In the concavity of this plate lies the phallus, loosely connected 
' to it by membrane. The phallus is a compact structure, with its parameres, 

volsellae and aedeagus borne on the basal ring. 
The parameres are articulated with the parameral plates in all the 

species studied, except in Cephus in which the parameral plates and the 
parameres form continuous structures without any line of division. It 
has been shown by Ross (1937) that the parameres (harpes) and parameral 
plates (gonostipes) in the Cephoidea are 'separated either by an indistinct 
suture or none at all', whereas Snodgrass (1941) regards the .parameres 
in Cephoidea as well as in Orussidae to be continuous with the parameral 
plates as in Cephus. Cupping disks (gonomaculae of Crampton, 1920) 
are present at the tips of parameres in Megalodontes, Pamphilius, Xyela, 
Xiphydria and Urocerus, and absent in the others. According to Snodgrass 
(1941), they are limited to some families with articulated parameres. 

The volsellae are ventral in orthandrious and secondarily dorsal in 
the strophandrious species. They generally terminate in a pincer-like 
structure (formed by the inner digitus and the outer cuspis) in Diprion, 

. Selarulria, Cimbex, Arge, Cephus and Xiphydria. The terminal volsellar 
J'art in Xyela is provided with corresponding lobe-like digitus and cuspis, 
while it is represented by a single setiferous digitus in Megalodontes, Pam-
philius and Urocerus, with the cuspis very much reduced. . 

The penis valves are of various shapes and sizes in the different families. 

B. Comparison with other insects: (Pl. VII, Figs. 16-21) 

The male genital apparatus in the Symphyta is characterized by 
(1) ninth sternum forms an exposed subgenital plate, without styli, 
(2) phallus is loosely connected with the ninth sternum, (3) phallus is 
compact, with parameral plates, etc. (gonocoxites and gonostyli) and 
aedeagus borne on the basal ring, and (4) volsellae are present. 
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Attempts at homologizing parts of the male genitalia throughout 
the orders of insects have been made by Newell (1918), by Crampton (1920) 
and by :Michener (1944). Snodgrass (1935) believes that certain structures, 
like the claspers, developed differently in the different groups. He, thus, 
regards the Hymenopterous outer claspers (parameres) as of phallic origin 
and the corresponding outer claspers of Diptera, Lepidoptera, etc., as 
periphallic organs. In 1941, he reviews the whole question of the origin 
of these claspers and finds the existing evidence inconclusive. According 
to him, the lobes which, in immature forms, give rise to the claspers in 
the Hymenoptera, divide incompletely and develop into the outer and the 
inner claspers, while in Trichoptera and Lepidoptera, as shown by Zander 
(1901 and 1903), the outer claspers arise from the outer division of such 
lobes and then migrate to establish their association with the ninth segment. 
From this it appears that the outer claspers of Hymenoptera, Trichop
tera and Lepidoptera (and possibly of others, like Diptera and Mecoptera, 
etc.) are homologous structures. Mehta (1933), however, claims that 
the outer claspers of Lepidoptera arise independently, and one is, therefore, 
not sure of the validity of the homologies. From the comparative morpho
logical study of the genitalia of the Holometabolous insects, it is apparent . 
that there is a uniform structural plan throughout and that 1\'lichener •';"., 
terminology is qnite satisfactory. 

There is a marked structural uniformity among the Symphyta. They 
resemble the Panorpoids in three out of the four listed Symphytan charac
ters, differing from them in the loosely connected phallus. While the 
Mecopteran shows the closest alliance with the Symphyta, the three charac
ters are also shared by one or the other Neuropteran as well, suggesting 
that the Symphyta, the Mecoptera and the Neuroptera have come from 
the same stock and that the Symphyta have specialized in having a loosely 
connected phallus-a character which the others have still retained in the 
primitive condition. On the basis of this study, oml cannot definitely 
say which one of the groups is ancestral to the Symphyta. 

Another interesting observation is the close resemblance between the 
Symphyta and the Coleoptera in that both possess a phallus loosely 
connected to the genital chamber. · 

The Orthopteroid insects, which possess a subgenital plate with styli 
(e.g. in Per·iplaneta) and a phallus with lobes and sclerites and lacking in 
t~e volsellae, do not show sufficient. resemblance to merit a close allian~ 
w1th the Symphyta or the Panorpmds. -

15. Abdominal Terminalia 

A. Symphyta: (Pl. VI, Figs. 10-17) 

The abdomen of the Symphyta possesses ten segments, the terminal 
one bearing the anus. The tenth segment bears a Jlair of appendages, 
the cerci (socii), which have been termed pygostyles by Snodgrass (1941). 
According to him, the eleventh segment in the larvae of Symphyta (Chala
stogastra) is absent and the pygopods of the tenth larval segment (as in 
Gilpinia polytoma) ultimately give rise to these pygostyles. Furthermore 
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.)le was able to observe a pair of small, similar, setigerous appendages on 
the everted anal vesicles in the male of the Ichneumonid Megarkyssa lunator, 
in addition to the pygostyles. He, therefore, regards the appendages 
of the tenth segment (the pygostyles) as different from the true cerci of 
the eleventh segment. It may be mentioned here that Megarkyssa ln'lUl.tor 
is the only example so far known in which both the structures are supposed 
to coexist and even then only in the male. 

In the absence of more convincing data, one can say that the cerci 
in the case of the Symphyta are borne on the tenth segment while in others, 
where there are more than ten segments, they are borne on the eleventh. 
One cannot easily dismiss the possibility of the eleventh segment having 
fused with the tenth or vice versa in the case of the Symphyta because 
this process of reduction seems to have gone still further in the higher Hyme
noptera, e.g. Lariopkagus distinguendns (Chalcididae), in which the terminal 
segment is apparently ninth but appears to be ninth and tenth fused and 
that it is this segment which bears the very reduced cerci. 

The cerci in the Symphyta are unsegmented processes bearing setae 
and trichobothria. They are small and pointed in Diprion, Selandria, 

r?_epkns and Xyela. They are short and conical in Gimbex, Arge, Megalo
dontes and Pampkilius, while they a~e short and stump-like in Xipkydria 
and Urocerus. 

B. Comparison with other insects: (Pl. VII, Figs. l-3, 6, 19, 22) 

The Symphytan abdominal terminalia is marked by (1) tenth segment 
being the terminal one, and (2) cerci being unsegmented and borne on the 
tenth segment. 

As has been pointed out earlier, there is no deviation from the above 
condition of abdominal terminalia among the Symphyta. The size of 
the cerci, however, varies, and in forms like Urocerus they are like small 
stumps. 

The Symphyta resemble the Diptera*, the Trichoptera and the Lepidop
tera in all respects but differ from the N europtera because the latter do 
not possess cerci as such and have, instea.d, elevated areas with trichobothria 
on the tenth segment. Similar elevated areas have been designated as 
cerci by Maki (1936) in Ghauliodes (Megaloptera) and by Grasse (1951) 
in Sialis. In the Megalopteran Corydalis (Grasse, 1951 ), however, unseg-

_,bented cerci have been mentioned. It appears, therefore, that the elevated 
areas of the Neuroptera are modified cerci. Furthermore, a very similar 
condition prevails in Lariophagus distinguendus in which there is a raised 
area or protuberance with three trichobothria on the terminal ninth segment, 
which shows that the elevated areas correspond to the cerci. It is difficult 
to say which condition of the cerci is more primitive but the one can easily 
be derived from the other. If tills is so, the Symphyta and all the Panor
poids, except Mecoptera, have complete uniformity and as such are closely 
related. The Mecoptera differ from Symphyta and other Panorpoids 
in having an ll-segmented abdomen and two-segmented cerci. Whether 

* Some Diptera, however, have segmented cerci (e.g. some Strat,iomyiidae). 
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this is a specialized or a primitive condition with them cannot easily bJ 
determined. Their resemblance to the Orthopteroids in these characters 
may purely be a matter of convergence, for they differ from the latter in 
most of the other characters examined. 

The Symphyta and the Panorpoids differ considerably from the 
Orthopteroid insects because the latter possess eleven abdominal segments 
and bear the multi-articulated cerci (unsegmented in Nomadacris, etc.) 
behind the tenth segment, in relation to the eleventh segment. 

GENERAL CoNcLUSIONS 

From the foregoing comparative study it is possible to make a detailed 
morphological characterization of a generalized Symphytan and this has 
been compared with seven Panorpoid insects, with the beetle Feronia, and 
with one representative each of the Dictyoptera, Orthoptera and Plecoptera. 

The character of the Symphyta is deduced from a study of sixty-six 
features of their external anatomy, drawn from different parts of the body. 
These characters are shown in the form of a chart. The generalized Sym
phytan may be characterized as having the condition (A) of the sixty-six 
characters (mentioned in column 2 of the chart), while deviations from t~ 
generalized condition (A) are represented by condition (B), (C) or (D) ' 
as the case may be. 

The morphological study has to some extent been supplemented by 
other published work for purposes of discussion, though the preceding list 
of characters in the chart is based on the present work alone. By ascribing 
arbitrary marks to each condition it has been possible to assess the degree 
of overall resemblance of the Symphyta to the other groups. In this way 
the following figures were obtained (also shown at the end of t4e chart) :-

Generalized Symphytan 100% 
Raphidia notata 79% 
Hemerobius· stigma 78% 
Limnephilus marmoratus 78% 
Sial is lutaria 77% 
Hepialus humuli 72% 
Panorpa germanica 68% 
Tipula fascipennis 63% 
Feronia madida 51% 
Chloroperla torrentium 39% 
Periplaneta americana 23% 
N omadac1·is septemfasciata 22% 

This clearly shows how much closer the characters of the Symphyta 
are to those of the Panorpoid orders than to those of the Orthopteroids. 

In order to examine whether the Symphyta are more closely related 
to one particular group of Panorpoids than to another, it is necessary first " 
to divide the sixty-six characters into four groups. These are:-

(a) 18 characters common to the generalized Symphytan and all 
the Panorpoid types studied: -

Nos. 2, 6, 9, 14, 17, 19; 22, 23, 24, 26, 28, 29, 30, 33, 36, 37, 44, 60. 
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(b) 20 characters of the generalized Symphytan which, though not 
occurring in all the Panorpoid types, are yet found in many of them and 
agree with what is probably the primitive Panorpoid condition: 

Nos. l, 3, 4, 7, 12, 15, 18, 25, 27, 32, 35, 38, 41, 42, 43, 46, 50, 55, 
63, 64. 

(c) 7 characters found only in the generalized Symphytan: 

Nos. 21, 31, 45, 48, 52, 59, 61. 

(d) 21 characters found in the Symphyta and in some Panorpoids 
but which are probably not primitive Panorpoid characters or are difficult 
to evaluate : 

Nos. 5, 8, 10, 11, 13, 16, 20, 34, 39, 40, 47, 49, 51, 53, 54, 56, 57, 58, 
. 62, 65, 66. 

. Characters in groups (a) and (b) demonstrate the Panorpoid affinities 
of the Symphyta and those in group (c) show the way in which the Symphyta 
are peculiarly specialized but cannot help in deciding which particular 
group of Panorpoids the Symphyta most closely resemble. Characters 

,.,~n group (d), while possibly including some which ought, if their significance 
. were properly understood, to be transferred to group (a) or (b), are never

theless those which have to be considered, in coniunction with characters 
of group (b), in deciding which Panorpoid types resemble the generalized 
Symphytan most closely. An analysis of these forty-one characters 
of groups (b) and (d) shows the following percentage resemblances, taking 
Symphyta equal to 100%:-

Group of insects Percentage resemblance 

Characters of Characters of 
group (b) group (d) 

Generalized Symphytan .. 
Sialis 

100% 
81% 
SO% 
75% 
95% 
87% 
82% 
73% 
56% 

100% 
71% 
77% 
83% 
94% 
68% 
44% 
64% 
50% 

Raphidia 
Hemerobius 
Generalized N europteran 
Limnephilus 
Panorpa 
Hepialus 
Tipula 

Total% of 
(b) and (d) 

100% 
76% 
79% 
79% 
94% 
77% 
63% 
68% 
53% 

The relatively small resemblance of Panorpa and Tipula is noteworthy 
aud the Symphyta are closer to the generalized N europteran than to the 
other Panorpoid orders particularly when one finds that out of the forty
one characters, thirty-seven are such as are possessed by one or the other 
Neuropteran. In the remaining four characters (Nos. 16, 49, 53 and 64), 
where a decision is possible, the Neuroptera are more primitive than the 
Symphyta in two characters (Nos. 49 and 53). In the third character (No. 
16), the primitive condition cannot be determined, while in the fourth 
character (No. 64, pertaining to cerci) the Symphyta are prob!l-bly more 
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primitive than any of the Neuroptera examined. It may be pointed out 
that unsegmented cerci, similar to the Symphytan cerci, are met with in 
the Neuropteran Corydalis (Grasse, 1951), as mentioned earlier under 
abdominal terminalia, so the generalized Neuropteran resembles the 
generalized Symphytan almost completely. This striking resemblance 
seems to suggest that the Symphyta and the Neuroptera probably arose 
from a common stock, more generalized than the existing groups. 
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ABBREVIATIONS 

A-Anal vein; Ab--Abdominal segment; Acr-Alacristae; Aed-Aedeagns; 
Aem-Anepimeron; Aes-Anepistemum; Agl-Alaglossa; An----Anus; Ar-Arolium; 
Ar. SeE-Arched sclerite; Ala--Anterior tentorial arm; Alp-Anterior tentorial pit; 
Ax.O-~illary cord; B.p--Basipulvilli; B.R-Basal ring; B.S-Basistemum; B.T
Body of the tentorium; 0-Costa; Oa--Camera; Od-Cardo; Oe-Cercus; Oen----Cen
chri; Ol-Claw; Ou-Cubitus; cua-Cubito-anal cross-vein; Oup.d-Cupping disk; 
Ox-Coxa; Dta--Dorsal tentorial arm; Dte-Distal tarsal enlargement; Eg-Egg
gnide; Ej.d-Ejaculatory duct; Epm-Epimeron; Epr-Epiproct; Eps-Episternum; 
F.P-Frontal plate; F.S-Fureasternum; Fu-Furcal arm; Ga--Galea; Gcx-Gono
coxite; Gl-Glossa; Gsty-Gonostyle; Gu-Gula; Ham-Hamuli; Hau-Haustellum; 
Hyp--Hypopharynx; Ju.l---.Tugal lobe; Kem-Katepimeron; Kes-Katepisternum; 
Lac-Lacinia; Lig-Ligula; Lp--Labial palp; L.phlm-Left phallomere; M-Media; 
Mb-Membrane; Mb.a-Membranous area.; mcu--Medio-cubital cross-vein; Me
Meron; Mt--Mentum; Mxd-Maxadentes; Mxl-Maxillaria; Mxp--Maxillary palp; 
Oc.O-Occipital condyle; O.F-Occipital foramen; Oe.t--Oesotendon; Orb--Orbicula; 
Pf-Palpifer; Pg!-Paraglossa; Phl-Phallus; Phlm-Phallomere; Phr-Phragma; 
Phlt--Phallotreme; Pl-Planta; Pl.R-Pleural ridge; P!.S-Pleural suture; Pm
Postmentum; Pm.p-Parameral plate; Pmr-Paramere; Pm.Scl-Postmental sclerite; 
P .N-Postnotum; Ppr-Paraproct; Preps-Pre-episternum; Prm-Prementum; 
Pr.N-Pronotum; Pr.S-Prestemum; Pr.S.B.-Presternal bridge; Pr.Sc-Prescutum; 
Pr.T-Pretarsus; Ps-Parapsides; "Ps.S-Parapsidal suture; Pt--Post-tergite; Ptp--;:-'"" 
Posterior tentorial pit; P.T.S-Preapical tibial spur; Pts-Pterostigma; Pul-Pul- · 
villus; P.V-Penis valve; R-Radius; Rd.B-Reduplicated band; Rs-Radial sector; 
r-Radial cross-vein; rm-Radio-medial cross-vein; r.phlm-Right phallomere; S
Sternum; S.a--Sternal articulation; SO-Subcosta; Sc-Scutum; SeE-Scutellum; 
Sl.D-Salivary duct; Sm-Submentum; Sp--Spiracle; Sp.R-Suspensorial rod; Sq
Squama; S.S-Spinasternum; St--Stipes; Sty-Stylus; T-Tergnm; Ta--Tarsus; 
Ta.d-Tarsal disc; Ta.S-:-Tarsal segment; Teg-Tegula; Tp--Tarsal pulvilli; Tr
Trochantin; Tr.a--Trochantinal articulation; Trb--Trichobothria; T.S-Tibial spur; 
T.Sp--Tibial spine; T.Sc.S-Trans-scutal suture; T.Sg-Terminal segment; U/
Ungnifer; Utp-Ungnitractor plate; V-Vannals; VI-Valvula; Vlf-Valvifer; Vol
Volsella; Vul-Vulva. 

EXPLANATION OF PLATES 

PLATE I 

FIG. l. Maxilla of Selandria serva. 
2. Maxilla of Oimbex femorata. 
3. Maxilla of Arge ochropus. 
4. Maxilla of Megalodontes klugii. 
5. Maxilla of Pamphilius stramineipes. 
6. Maxilla of Xyela julii. 
7. Maxilla of Cephus pygmaeus. 

"'' 
8. Maxilla of X iphydria prolongata. 
9. Maxilla of U rocerus gigas. 

10. Maxilla of Raphidia notata. 
11. Maxilla of Hemerobius stigma. 
12. Maxilla of Sialis lutaria. 
13. Maxilla of N omadacris septemfasciata. 
14. Labium of Cephus pygmaeus. 
15. Labium of Selandria serva. 
16. Labium of Oimbex femorata. 
17. Labium of Arge ochropus. 
18. Labium of Megalodontes klugii. 
19. Postmental sclerites of M. k!ugii. 
20. Labium of Xiphydria prolongata. 
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2 STIPES 
Undivided elongate (A) A A A A A A A A A A 
Divided (B) 
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. 3 GALEA 
Simple lobe (A) A A A A A A A A A A 
Divided (B) 
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l A A A A A A A A A A A A A B c c A Absent (C) 

4 LAOINIA 
Simple, without rnaxadentes (A) A A A A A A A A A c 
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With maxadentes (B) 

~ 
Absent (C) 

5 MAXILLARY P ALP 
6-segmented (A) A A A A A A A A B c !1. A A A A A A A B A B B B B B B A A B 

5-segrnented (B) 
Less than five (reduced) (C) 
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6 POST MENTUM 
Undivided (A) A A A A A A A A A A 
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7 LIGULA 
Lobes fused partially or com-

pletely (A) A A A A A A A A A A 
A A A A A A A A B A c B B B B B A B B 

Lobes free (B) 
Lobes absent (C) .· 8 LABIALPALP 
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Reduced or absent (C) 
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9 HYPOPHARYNX 
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10 FUSION WITH LABIUM 
Throughout (A) 
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ll SALIVARY DUCT 
Opening at tho distal margin of A A A A A A A A A A 

hypopharynx; no sa1ivarium 
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Opens at the base of free lobe 
A A A A A A A A A A A A A A A II c A A 

into a salivarium (B) 
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IX-TEGULA 

1 .35 TEGULA 
Large, strongly sclerotized plate A A A A A A A A A B 

with spines and pubescence 
(A) 

Large weakly sclerotbr.ed lobe 
with setae (B) 

Small membranous pad with or 
without pubescence (C) 

X-TIBIA AND TARSUS 

.36 TARSUS 
5-segmented (A) A A A A A A A A A A 
Reduction to less than five (B) 

.37 LONGEST SEGMENT 
First tarsal segment the longest A A A A A A A A A A 

(A) 
Last tarsal segment the longest 

(B) 

.38 TIBIA 
Apical tibial spurs, with or with~ A A A A A A A A A A 

out preapical spurs (A) 
r.ribial spines in rows all along 

tibia (B) 
No tibial spurs (C) 

XI-PRETARSUS 

.39 PLANT A 
Large, strongly sclerotized with A A B A A A A A A A p 

two or more spines (A) 
Narrow transverse band with 

spines (B) 
Weakly sclerotized with one 

spine or no spines (C) 
Not differentiated (D) 

40 ORBICULA 
Present (A) A A A A A A A A A A 1 
Absent (B) 

41 BASIPULVILLi 
Present, without pulvilli (A) A A A A A A A A A A ' 
Present with pulvilli (B) 
Absent (C) 

42 AROLIUM 
Large, membranous with ca.n;J.era A A A A A A A A A c 1 

(A) 
Sma.ll membranous area between 

the claws (B) 
Arolium undifferentiated (C) 
Large, cushion-shaped, without 

a camera (D) 

Xll-WINGS 



PLATE II 

FIG. 1. Labium of Xyela julii. 
2. Labium of Sialis lutaria. 
3. Labium of H emerobius stigma. 
4. Labium of Pamphilius stramineipes. 
5. Labium of Panorpa germanica. 
6. Labium of l!'eronia madida. 
7. Labium of Urocerus gigas. 
8. Labium of N omadacris septemjasciata. 
9. Hypopharynx of Panorpa germanica. 

10. Hypopharynx of Sialis lutaria. 
11. Hypopharynx of Limnepkilus marmoratus. 
12. Hypopharynx of l!'eronia madida. 
13. Hypopharynx of Periplaneta americana. 
14. Tentorium of Megalodontes klugii. 
15. Tentorium of Salandria serva. 
16. Tentorium of Xyela julii. 
17. Tentorium of Cephus pygmaeus. 
18. Tentorium of Xipkydria prolongata. 
19. Tentorium of Urocerus gigas. 
20. Tentorium of Cimbex jemorata. 
21. Tentorium of Arge ochropus. 

~'" 22. Tentorium of PampMlius stramineipes. 

PLATE III 

FIG. 1. Tentorium of Sialis lutaria. 
2. Tentorium of Hemerobius stigma. 
3. Tentorium of Feronia madida. 
4. Tentorium of Periplaneta americana. 
5. Tentorium of Limnephilus marmoratus. 
6. Pteroterga of Megalodontes klugii. 
7. Pt<Jroterga of Selandria serva. 
8. Pteroterga of X iphydria prolongata. 
9. Pteroterga of Cephus pygmaeus. 

10. Pteroterga of Urocerus gigas. 
11. Pteroterga of Hemerobius stigma. 
12. Pteroterga of Sialis lutaria. 
13. Pteroterga of Raphidia notata. 

PLATE IV 

JG. 1. Pteroterga of N omadacris septemjasciata. 
2. Pteroterga of Limnepkilus marmoratus. 
3. Pteroterga of l!'eronia madida. 
4. Mesosternum of Rapkidia notata. 
5. Mesosternum of Arge ochropus. 
6. Mesosternum of Cephus pygmaeus. 
7 . Mesosternum of Xyela julii. 

. 8. Mesosternum of Sialis lutaria. 
9. Meso- and metasternum of l!'eronia madida. 

10. Mesosternum of Limnepki.lus marmoratus. 
ll. Mesosternum of Hemerobius stigma. 

·" 12. Mesosternum of Panorpa germanica. 
13. Mesosternum of Nomadocris septemjasciata. 
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PLATE v 
Hind -leg of M egalodontes klugii. 
Fore-leg of Pamphi!ius stramineipes. 
Fore-leg of Xyela julii. 
Fore-leg of Cephus pygmaeus. 
Pretarsus of Selandria serva. 
PretaJ:Sus of Xiphydria prolongata. 
Pretarsus of Megalodontes klugii. 
Pretarsus of Xyela ju!ii. 
Pretarsus of Cimbex femorata. 
Pre tarsus of A rge ochropus. 
Pretarsus of Hemerobius stigma. 
Pretarsus of Panorpa germanica. 
Pretarsus of Urocerus gigas. 
Pre tarsus of Limnephilus marmoratus. 
Pretarsus and some tarsal segments of Sialis lutaria. 
Tarsus of N omadacris septemfasciata. 
Tibial spurs and tarsus of Feronia madida. 
Pretarsus of N omadacris septemfasciata. 
Fore-wing of Selandria serva. 
Fore-wing of Arge ochropus. 
Fore-wing of Xiphydria prolongata. 
Fore-wing of Megalodontes klugii. 
Fore-wing of Cimbex femorata. 
Fore-wing of PamphiUus stramineipes. 
Fore-wing of Cephus pygmaeus. 

Fore-wing of Xyela julii. 
Hind-wing of Xyela julii. 
Fore-wing of Urocerus gigas. 
Hind-wing of Urocerus gigas. 

PLATE VI 

Fore· wing of Panorpa germanica. 
Fore-wing of 8ialis lutaria. 
Fore-wing of Tipula fascipennis. 
Fore·wing of Limnephilus marmoratus. 
Fore-wing of Periplaneta americana. 
Genital segments and ovipositor of Selandria serva, lateral view. 
Genital segments and ovipositor of Urocerus gigas, lateral view. 
Genital segments and ovipositor of Oimbex femorata, lateral view. 
Genital segments and ovipositor of Arge ochropus, lateral view. 
Genital segments and ovipositor of Megalodontes klugii, lat.eral view. 
Genital segments and ovipositor of Xyela julii, lateral view. 
Genital segments and ovipositor of Cephus pygmaeus, lateral view. 
Genital segments and ovipositor of X iphydria prolongata, lateral view. 

PLATE VII 

Genital apparatus of Sialis lutaria, female, lateral view. 
Genital apparatus of Tipula fascipennis, female, lateral view. 
Tenninal abdominal segments of Pa.norpa gerrnanica, female, lateral view. 
Genital apparatus of Raphidia notata, female, ventral view. 
Terminal part of genital valves of Raphidia notata, female, ventral view. 
Genital segments and ovipositor of N omadarris septemfasciata, lateral vie' 
Phallus of Arge ochropus, dorsal view. 



FIG. 8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

" 
20. 
21. 
22. 

Phallus of CVmhex femorata, dorsal view. 
Phallus of Selandria serva, dorsal vie~. 
Phall11s of Xyela julii, dorsal view. 
Phallus of Urocerus gigas, ventral view. 
Phallus of Cephus pygmaeus, ventral view. 
P1utilu.s of Pamphi't~"us stram,i'neipes, ventral view. 
Phallus of Xiphydria prolongata, ventral view. 
Phallus of Megalodontes klugU, ventral view. 
Phallus of Panorpa germanica, ventral view. 
Phallus and genital segments of Tipula jascipennis, ventral view. 
Genital apparatus of Raphidia notata, male, ventral view. 
Genital apparatus of Sialis lutaria, male, lateral view. 
Phallus of Sialis lutaria, dorsal view. 
Phallus of Periplaneta americana, dorsal view. 
Terminal abdominal segment of Lariophagus distinguendus, female, lateral 

view. 
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THE NEMATODE SPERM 

By VISHWA NATH and SA.NT SINGH (Department of Zoology, 
Panjab University, Hoshiarpur, Panjab, India) 

ABSTRACT 

In this paper the authors have dealt with the spermatogenesis of Ascaris suilla 
and Porrocaecum angu.sticoUe. It has been shown that the well-known refringent 
granules, which appear in the growing primary spermatocytes of the nematodes, are 
formed directly from the Golgi spheroids, and are not secretory products of the latter. 
In spermateleosis the refringent granules progressively fuse together to form one large 
refringent body, the acrosome of the ripe sperm. This last is a cone·like cell having a 
small nucleus surrounded by mitochondria towards the broad end of the cone, the 
acrosome lying towards the narrow end. In Porrocaeeum the mitochondria remain 

,,.,granular and, more or less, inactive throughout spermatogenesis; but in Ascaris suilla 
' they grow into comparatively large vesicles towards the last phases of spermateleosis. 
It has been confirmed in both species that the last stages of the maturation of the 
sperm take place in the uterus of the female. 

l. INTRODUCTION 

The only paper, so far as the authors are aware, on nematode sperm, 
which fulfils the requirements of a modern investigation, is by Sturdivant 
( 1934) on the spermatogenesis of Ascaris megalocephala, with special 
reference to· the central bodies, Golgi complex and mitochondria. This 
work was carried out under the supervision of the late Professor E. B. 
Wilson, and is a comprehensiv;e piece of work on the subject. Sturdivant 
also gives an excellent review of the previous work on the nematode sperm. 

All the workers before Sturdivant (1934) were unanimous in regard to 
the existence of the 'refringent body' in the ripe sperm; but Sturdivant for 
the first time showed clearly that this enigmatic body was formed by the 
union of 'refringent granules', which had been secreted earlier in the 
chromo_phobe substance of the Golgi crescents. These granules are, there
~re, homologous with the proacrosomal granules of normal spermato
genesis, and the refringent body with the acrosome. 

Sturdivant (1934) figures the ripe sperm of Ascaris megalocephala as a 
cone-like cell with a broad base and a narrow apex. The nucleus with 
most of the mitochondrial vesicles lies towards the broad end, and the 
acrosome (refringent body) towards the narrow end. There is no Golgi 
material as such in the ripe sperm. 

Collier ( 1936) does not make any reference to the earlier paper of 
Sturdivant (1934) on Ascaris megalocephala, and she has given no account 
or figures illustrating the process of spermatogenesis in A. suilla. But she 
says: 'The refringent granules arise in the formation of the sperm as a 
differentiation product of the Golgi material in a manner comparable to the 
formation of the acrosome in flagellate sperm. As the granules are formed, 
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their connection with the Golgi bodies is severed and they collect in the 
cytoplasm in large numbers. Any relationship which they seem to have 
with the mitochondria is purely topographical. During the spermatid 
stage these numerous bodies come together and fuse to form one large 
refringent body, or, as I shall term it, an acrosome'. 

Collier (1936) figures the ripe sperm of Ascaris suilla more or less 
of the same form as in A. megalocephala, but she shows a smaller nucleus 
and granular mitochondria. She also includes a few Golgi elements, con
trary to the findings of Sturdivant (1934) in A. megalocephala. 

Walton (1940) states that 'the spermatozoa of nematodes are described 
as non-flagellated, frequently amoeboid cells, containing a considerable 
amount of stored material in the " refringent body", or acrosome. This 
type of spermatozoon is usually regarded as a simple modification of the 
fundamental structural plan of a flagellate sperm and has arisen second
arily during the evolution of this phylum'. Walton further states that 
'Passalurus ambiguus (Oxyuris ambigua) has spermatozoa that may almost 
be considered as flagellate (Meves, 1911; Bowen, 1925). Recently 
Chitwood (1931) has described the spermatozoa from Trilobuslongus which• 
seem to be of truly flagellate form'. Again, according to Walton, ' 
'Passalurus (Oxyuris) and Trilobus have the acrosomal body at the morpho
logically anterior end of the spermatozoon. It is perhaps to be expected 
that in Parascaris, and in related genera where chromosomal behaviour 
as well as other criteria point to a high degree of specialization, the 
acrosome likewise would tend to vary from the normal, as perhaps is shown 
by its unusual position behind the nucleus'. 

In the present paper we have recorded our observations on the 
spermatogenesis of Ascaris suilla from the pig and Porrocaecum angusti
colle from the vulture. We have employed the techniques of Champy and 
Bouin followed by 0·5% iron-haematoxylin, and Kolatchev. We have 
also studied the ripe sperms and spermatids with phase-contrast micro
scopy. 

II. 0BSERV ATIONS 

A. Porrocaecum angusticolle 

We obtained very satisfactory preparations of the testicular material 
of Porrocaecum with Champy followed by 0·5% iron-haematoxylin; brlt 
Kolatchev yielded poor results. We have examined primary and 
secondary spermatocytes, and maturing spermatids, as fixed in Champy 
andstained with iron-haematoxylin. We have also examined living late 
spermatids from the seminal vesicles of the male and living ripe sperms 
from the uterus of the female under the phase-contrast microscope. 

(a) Primary Spermatocytes 

Text-fig. 1, a represents an early primary spermatocyte from Champy 
fixed material. The mitochondria are extremely small granules, 
characteristically grouped round the nucleus. They invariably stain 
feebly, appearing as ill-defined, greyish granules. But for the fact that 
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they are collected in a circum-nuclear mass, it would be vety difficult to 
demonstrate them. In the region of the cytoplasm periJ?heral to the 
circum-nuclear ring of the mitochondria, are to be found Golgi bodies in 
the form of (l) granules, which are bigger than the mitochondria and take 
up a very much darker stain, and (2) Golgi spheroids, which in optical 
sections appear as rings. Each spheroid has a chromophobic sphere, 
completely ensheathed by a chromophilic cortex. There does not seem 
to be any doubt that the Golgi spheroids are evolved fr()m the Golgi 
granules. 

TEXT-FIG. 1. Porrocaecum angusticoUe; a, early primary spermatocyl;e; b, secondary 
spermatocyte. 

Lettering for all Figures 

A-acrosome; Ag-acrosomal granule; G-Golgi elements; M·-mitochondria; 
N-nucleus; N'-nucleolus; P.L-plasma lobe; Rg-refringent granules. 

We have not studied the growth stages of the primary spermatocytes 
in Porrocaecum; but iri Ascaris suilla we were fortunate er10ugh to have 
good preparations of the growth stages of the primary lspermatocytes, 
showing the direct metamorphosis of the Golgi spheroids into the well
known refringent granules. 

(b) Secondary Spermatocytes 

The secondary spermatocytes (Text-fig. l, b) are always choked with 
~efringent granules. It will thus appear that all the Golgi ~pheroids have 
been directly converted, into the refringent bodies during the growth 
stages of the primary spermatocyte. A refringent body is spherical like 
the Golgi spheroid, but it is completely devoid of a duplex structure. It 
always appears as a perfectly homogeneous sphere, staining rather feebly 
as compared with a Golgi spheroid. It is not possible to dElmonstrate the 
minute mitochondrial granules in the secondary spermato<Jytes, as they 
are uniformly spread out in the cytoplasm. 

(c) Spermateleosis 

Text-fig. 2, a represents an early spermatid from Champy fixed 
material. The mitochondria have now slightly grown in size and have 
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once more become circum-nuclear. The refringent bodies tend to become 
peripheral in position. The mitochondria continue to remain circum-

M 

TEXT-FIG. 2. Porrocaecwm angusticolle; ar-j, spermatids. 

nuclear in the spermatids studied from the male genital tract; but the 
refringent bodies progressively undergo an important process of coalescence 
to form fewer and bigger masses. At the same time there appears a sharply 
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staining granule, the acrosomal granule, in each refringent body, now 
much enlarged (Text-figs. 2, a-f; 3, a). Sometimes we have observed an 
-acrosomal rod instead of a granule in the interior of a refringent body (Text
figs. 2, e; 3, a). 

b 

Rg C 
Tl;xT-FIG. 3. Porrocoocum angusticolle; a-c, late spel'lllB.tids. 

A remarkable, probably unique, process of cytoplasmic reduction in 
-"the spermatid now ensues. The late spermatids put out pseudopodia! 

processes which are cut off (Text-fig. 3, b; and Pl. I, figs. l, 2). 
Very often the cut off pseudopodia! processes can be seen in the neighbour
hood of the spermatid from which they have been cut off. The 
pseudopodia! processes may be conveniently described as plasma lobes, 
which are absolutely devoid of both mitochondria and refringent bodies. 
The presence of a single refringent body containing an am:osomal granule 
(Pl. I, fig. 2) must, therefore, be considered accidental. 

Simultaneously with uhis process of cytoplasmic reduction, the 
refringent bodies get elongated and place themselves at the periphery of 
the spermatid cytoplasm. Each refringent body has a broad end pointing 
towards the cell membrane, and a narrow end pointing towards the nucleus. 
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The transformation of the spermatid into the cone-like sperm stops at 
the stage represented in Text-fig. 3, c, and will continue only after the 
spermatids have been removed to the uterus of the female after copulation. 

The final stages of spermateleosis are met with in the uterus of the 
female only. Text-fig. 4, ar-f represent spermatids maturing into the 

N 

b 

A 

c d 
M 

TEXT-FIG. 4. Porrocaecum angustico!!e; a-f, stages of spermateleosis in the uterus of 
the female. 
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ripe sperm, fixed with Champy and stained with 0·5% irori-haematoxylin. 
The acrosome has been fully formed although it has not yet assumed its 
final cone-like form. The mitochondria have now grown in size and 
become much more stainable. The nucleus has considerably shrunk in 
size. There are no traces of Golgi elements. 

But in the ripe living sperm studied under the positive phase-contrast 
microscope there are always a few granules, which give a much higher 
phase-change than the mitochondria (Pl. I, fig. 3). These are the Golgi 
granules. In this photomicrograph there are two Golgi granules lying 
close together on the cone-like acrosome. The mitochondria are very 
minute granules. They lie below the base of the acrosome, surrounding 
the tiny nucleus. Under the positive phase-contrast they appear slightly 
yellowish and have a very low phase-change. The acrosome invariably 
appears as a bright bluish cone-like body. 

B. Ascaris suilla 

We obtained very satisfactory preparations of the testicular material 
;;-of Ascaris suilla both with Kolatchev and Champy techniques. We have 

also examined the ripe sperms from the uterus of the female with phase
contrast microscopy. But we have not been fortunate like Sturdivant 
(1934) to have examined the meiotic stages when the acrosomal granules 
or rods appear in the interior of the refringent granules, as these stages 
were missing from our preparations. On the contrary, we were fortunate 
enough to have a series of satisfactory preparations to show that the re
fringent granules are formed directly from the Golgi elements, and are not 
secretory products of the latter as claimed by Sturdivant. 

(a) Primary Spermatocytes 

Text-fig. 5, a--c represent three primary spermatocytes in a progressive 
series of growth fixed in Champy and stained with 0·5% iron-haematoxylin. 
The Golgi elements are found in the form of deeply staining granules, 
which grow with the growth of the spermatocyte. But it is very difficult 
to demonstrate the mitochondria, which seem to exist in the form of very 
minute granules scattered all over the cytoplasm. Text-fig. 6, a represents 
an early primary spe~matocyte fixed in Kolatchev. The Golgi elements 
.:tppear in the form of jet black granules. 

With the growth of the primary spermatocyte the Golgi granules 
begin to grow directly into the Golgi spheroids, each having a duplex 
structure with a chromophilic cortex completely investing a chromophobic 
sphere. This is very clearly brought out in Champy iron-haematoxylin 
preparations (Text-fig. 5, d). Very soon, however, the Golgi spheroids 
are converted directly into refringent granules. In Champy iron
haematoxylin preparations (Text-fig. 5, e) the refringent granules stain 
very feebly; nor do they go black in Kolatchev (Text-fig. 5, f). In the 
fully grown primary spermatocytes all the Golgi spheroids seem to have 
been converted into the refringent granules, as is clear from the study of 
Text-fig. 5, f. 
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TEXT-FIG. 5. Ascaris BUilla; a-f, primary spermatocytes. 

(b) Secondary Spermatocytes 

In the secondary spermatocytes the refringent gr:tnules seem to grow 
in size and at the same time they become more chromophobic in both 
Champy iron-haematoxylin (Text-fig. 6, b) and Kolatchev preparations. 
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Jt is very difficUlt to demonstrate the mitochondria in the secondary" sper
matocytes also, as they are uniformly scattered all over the cytoplasm. 

TEXT·FIG. 6. Ascaris suilla; a, early primary spermatocyte; b, secondary spermato· 
cyte. 

(c) Spermateleosis 

Three outstanding events take place early in spermateleosis. Firstly, 
the refringent granules progressively fuse together to form the acrosome of 
the ripe sperm. Thus are formed big refringent masses, which stain 
slightly and appear spongy in Champy iron-haematoxylin (Text-fig. 7, 
a-c); but in Kolatchev the refringent masses show no differentiation in 
their internal structure, appearing as yellowish smooth bodies (Text-fig. 
7, d). 

Secondly, the mitochondria now become very prominent and are 
circum-nuclear in arrangement. They stain feebly in Champy iron
haematoxylin (Text-fig. 7, a-c); but in Kolatchev (Text-fig. 7, d), they 
appear yellowish. 

Thirdly, there is put out a cytoplasmic lobe devoid of any cytoplasmic 
inclusions (Text-fig. 7, a). This lobe is subsequently cut off. 

The ripe sperm from the uterus is a cone-like cell with a broad base 
and a narrow apex. Towards the base lies a small nucleus surrounded by 

)lhow very much enlarged mitochondria. In Kolatchev preparations (Text
fig. 7, e) the mitochondria appear as vesicles with a slightly blackened 
cortex and a yellowish medulla. The acrosome is a large cone-like body, 
appearing brownish in such preparations. In Bouin preparations the 
mitochondria are not destroyed. 

Plaoe I, figs. 4 and 5 are photomicrographs of living sperms of 
Ascaris suilla from the uterus of the female, studied with phase-contrast 
microscopy. In Plate I, fig. 4, the large acrosome lies towards the 
narrower part of the cone-like sperm. Just below the base of the acrosome 
lies the nucleus containing a tiny ' nucleolus'. Below and round the 
nucleus are the mitochondria. In Plate I, fig. 5, the acrosome and the 
mitochondria are very clear, but the nucleus is out of focus. 
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Lastly, we have not seen- any Golgi bodies in the ripe sperm of A. 
suilla either in fixed preparations or in the living material under the phase
contrast microscope. 

"'P.L b 

c 

TEXT-FIG. 7. Aacciris suilla; a-d, late spermatids; e, ripe sperm. 

Ill. DISCUSSION 

(a) Morphology of the Golgi Bodies 

Unfortunately Sturdivant (1934) employed Kolatchev and Weigl 
techniques for the study of Golgi bodies in the spermatogenesis of Ascaris 
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megalocephala. These and also the silver nitrate techniques introduce 
serious artifacts in the cell as pointed out by Nath (1944, 1956) and Baker 
(1944, 1949, etc.). Hence the observations of Sturdivant with regard to 
the morphology of the Golgi bodies and his account of the secretion of the 
refringent granules by the Golgi bodies are open to serious objection. 

According to Sturdivant (1934) in the primary spermatocytes 'the 
Golgi bodies often present a variable appearance; some appear as closed 
rings or variously bent rods, but often they appear as typical crescent
shaped Golgi bodies'. Again' slightly older cells show definite ring-shaped 
Golgi bodies scat.tered through the cytoplasm (fig. 54)'. In addition to 
these ring-shaped bodies, 'there are numerous smaller irregular granules 
scattered through the cytoplasm'. Sturdivant adds that in the later 
growth history of the cells, s!)veral more of the ring-shaped Golgi bodies 
can be seen in the cell. 'These bodies at this stage have a granular appear
ance, which would suggest that they are probably made up of several of 
the granule-like Golgi bodies (fig. 57)'. 

On the contrary, we have shown with Champy technique (a much less 
tr drastic procedure) that the' Golgi bodies in the young spermatocytes of 

Porrocaecum angusticolle and Ascaris suilla are invariably in the form of 
well-defined granules, and that in later growth stages several of these Golgi 
~anules grow into Golgi spheroids, each spheroid consisting of a chromo
phobic sphere completely ensheathed by a chromophilic cortex. This is 
in strict accord with the views of Hirsch (1939), as quoted by Bourne (1951), 
and of Nath and Gupta (1956) in Anadenus and Euaustenia. 

This has been fully confirmed by the junior author (Sant Singh), who 
has examined very recently under the phase-contrast the living sperm
forming cells from the testis as well as from the uterus of the female in a 
nematode (PolydelphiB sp.) from the python. Sant Singh's account will 
be published later on; but it is necessary to state here that his observations 
with phase-contrast microscopy fully confirm our observations based on 
material fixed with Champy and stained with 0·5% iron-haematoxylin. 
In the spermatogonia and the young primary spermatocytes alike the 
Golgi elements appear invariably in the form of dark, well-defined granules 
which under the positive phase-contrast give a very high phase-change. 
In older primary spermatocytes several of the Golgi granules have directly 

Jlrown into Golgi spheroids having a duplex structure. The cortex of each 
spheroid is complete and gives a high phase-change, whereas the internal 
sphere gives a very low phase-change. It is hardly necessary to add that 
in optical sections the Golgi spheroids appear as rings under the phase
contrast. 

(b) Origin of Refringent Granules 

By the use of 20 per cent acid fuchsin in anilin water on the Weigl 
or Kolatchev preparations for two minutes (a procedure which causes 
considerable shrinkage of the cell and its components) Sturdivant (1934) 
has claimed that the refringent granules appear for the first time in the 
chromophobic spheres of the Golgi bodies. Throughout the growth period 
of the spermatocytes, these granules have a very strong affinity for acid 
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fuchsin. After their secretion by the Golgi bodies, the refringent granules 
are released into the cytoplasm, while the whole of the Golgi material is 
cast off with the cytophore and the plasma lobe. 

On the contrary, we have shown in . Porrocaecum angusticolle and 
Ascaris suiHa that the Golgi spheroids undergo radical changes in their 
chemistry and are transformed directly into the refringent granules, which 
are homogeneous bodies when first formed, and are totally devoid of a 
duplex structure. 

This has been fully confirmed by Sant Singh in his studies under the 
phase-contrast on the nematode from the python. In late primary sperm. 
atocytes this worker has seen Golgi granules, Golgi spheroids and fully 
matured refringent bodies lying side by side in the whole cytoplasm of the 
living cell, leaving no doubt about the origin of the refringent bodies 
directly from the Golgi spheroids. This is further supported by the 
observations that the secondary spermatocytes have no traces of the Golgi 
elements, both granules and spheroids,· whereas the cytoplasm is now 
choked with refringent bodies. 

(c) Origin of the Acrosome 

As qupted by Sturdivant (1934), all the workers on the nematode 
sperm without exception (van Beneden and Julin, 1884; Scheben, 1905; 
Tretjakoff, 1905; Mayer, 1908; Romieu, 1911; Hirschler, 1913; Wildman, 
1913) have described these remarkable refringent granules. All agree 
without exception that these granules fuse to form one large refringent 
body (the acrosome) of the ripe sperm. 

According to Sturdivant (1934) the refringent granules, when first 
secreted, are homogeneous in structure, but during both the meiotic divi. 
sions each granule shows a sharply staining rod in its interior. Early in 
spermateleosis the rods disappear completely; and the refringent granules 
by a progressive process of coalescence form one large refringent body, 
the acrosome of the ripe sperm. 

Sturdivant interprets the. refringent spheres, when first secreted, as 
the acrosomal vesicles, the rods as the acrosomal granules and the final 
matured refringent granules as the proacrosomal granules. We entirely 
agree so far as Porrocaecum is concerned, except that the refringent spheres 
are formed directly from the Golgi spheroids and are not secretory product!~). 
of the latter. But we have been unable to observe the acrosomal granules 
in Ascaris s-uilla, as our preparations were lacking in meiotic stages. 

(d) Cytophore and Plasma Lobe 

Sturdivant (1934) has described a cytophore as well as a plasma lobe 
in the spermatogenesis of Ascaris megalocephala. 

The cytophore, according to Sturdivant, is a cytoplasmic projection 
formed at the close of meiosis II towards that part of the earliest spermatid, 
which is in contact with its sister celL 'It seems probable that the forma. 
tion of this structure is an extrusion of cytoplasmic material in the region 
of separation, because some of the Go1gi bodies, which are at this time 
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collected in this region, and a few mitochondria are carried out into it 
during its formation' (ref. figs. 63 and 64). 

We must confess that we have not seen the cytophore as described by 
Sturdivant in Ascaris megalocephala either in A. suilla or in Porrocaewm 
angusticolle, much less the casting off of the Golgi bodies and mitochondria. 
Sturdivant's figures 63 and 64 are not at all convincing; and we get the 
impression that the author is unduly influenced by the sloughing off of 
some of the Golgi elements and the mitochondria, which is almost universal 
in normal spermatogenesis of a flagellate sperm. 

The plasma lobe, according to Sturdivant, is a large cytoplasmic pro
jection formed toward the posterior portion of later spermatids. It 
consists of 'a great part of the cytoplasm of the cell'. In the meantime 
the remaining Golgi elements, according to Sturdivant, have fused into one 
large mass, the Golgi remnant, which is pushed into the plasma lobe. 

According to our observations, there is a plasma lobe in Porrocaecum 
angusticolle and in Ascaris suilla; and sometimes we have seen more than 
one lobe in the former species changing their form like the pseudopodia of 
~n Amoeba. But in both the species, the plasma lobes are absolutely 

devoid of Golgi bodies and mitochondria. 

(e) Ripe sperm 

Sturdivant (1934) describes the ripe sperm of Ascari& megalocephala as 
a cone-like cell with a broad base and a narrow apex. The nucleus With 
most of the mitochondrial vesicles lies towards the broad end, and the 
acrosome (refringent body) towards the narrow end. There is no Golgi 
material in the ripe sperm. 

We also did not find any Golgi elements in the ripe sperm of A. suilla, 
either in the fixed cell or in the living cell examined under the 
phase-contrast. But Collier (1936) includes a few Golgi elements in 
the ripe sperm of A. suilla. 

Nevertheless we have seen a few Golgi elements in the living ripe 
sperm of Porrocaecum angusticolle examined under the phase-coqtrast 
(Pl. I, fig. 3). . 

(f) Mitochondria 

IJ, It has been shown that in Porrocaecum angusticolle the mitochondria 
remain granular and stain feebly throughout spermatogenesis. Hence 
they cannot be demonstrated unless they are circum-nuclear in arrange
ment (Text-figs. 1, a; 2, a-f; 3, a-c; and Pl. I, fig. 3). The same is true of 
A. suilla except that in the late spermateleosis the mitochondria grow into 
prominent vesicles (Text-fig. 7, a-e). 
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V. ExPLANATION OF PLATES 

All the photomicrographs were taken with a Leitz 'Dialux' phase·contrast micro4 
scope fitted with a Heine condenser. The photomicrographs were taken either under 
Pv Apo. 90/1·15 oil immersion or Pv Apo. 70/0·90 objectives and lOx ocular employ
ing a Leica camera and Leitz photomicrographic attachment. The photomicrographs 
were further enlarged four times and are nntouched. 

PLATE I 

Lettering same as for Text-figures 

FIG. I. Two living spermatids of Porrocaecum from the male, showing clear pseudo
podia-like plasma lobes. 

"2. Same as in fig. I. Here a refringent body containing an acrosomal granule 
has accidentally wandered into the plasma lobe. 

3. Ripe living sperm of l'orrocaecum from the uterus of the female. 
Fws. 4 AND 5. Ripe living sperms of Ascaris suilla from the uterus of the female. 
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was allowed at 17°, 25°, and 30° respectively. These flasks were sterilized 
by autoclaving for 15 minutes at lO lbs. steam pressure. The felts were 
removed and thoroughly washed with water. The washings were made to 
a known volume with distilled water and the amount of the residual sucrose 
was determined. The felts were dried in air and then at 60° till the weight 
became constant. The mycelial mass was then ground and thoroughly 
extracted with petroleum (b.p. 40-60°). The solvent was removed from 
the extracted fat by distillation and the last traces of petroleum were 
removed by heating in vacuo for 15 minutes at 100°. Chemical character
istics of the fat were determined according to British Standard Methods of 
Analysis of Oils and Fats (1950). Spectrophotometric examination of the 
mixed fatty acids was conducted according to the method of Hilditch et al. 
(1951). 

Ill. RESULTS 

The effect of temperature on the weight of felt and fat produced is 
recorded in Table I. The calculations are based on the average contents 
of one Glaxo flask and the standard deviation is ,given beneath the mean 
felt weight. 

TABLE I ~ 

Effect of temperature during incubation period an the .formation of felt and fat 
by Aspergillus nidulans in 176 ml. of ~<lium ., 

' 

In cuba- Weight 
Economic Temperature tion Weight Weight of sugar Fat as Fat 

period of felt of fat con- %of C'<>effi- coeffi-
('C.) (g.) (g.) sumed felt , ~~ient cient (days) 

(g.) 

17 .. 15 7·523 l-166 26·74 15·50 4·:!' 28·1 
( ±0·546) . 

25 .. 9 I4·ll6 6·310 43·45 44·7 14·5. 32·5 
( ±0·514) 

30 .. 7 13·253 4·834 43·10 36·5 ll·2 30·7 
(±0·331) 

The chemical characteristics of the fat synthesized at different 
temperatures are given in Table II. 

TABLE II 

Chemical characteristics of the fat of Aspergillus nidulans at different temperatureB 

Temperature Acid Saponifica- Saponifica- Iodine % Unsapo-
tion tion nifiable 

('C.) value value equivalent value matter 

17 .. 2·5 196·5 285·5 95·8 4·45 

25 .. 0·84 193·3 290·3 73·7 1·3 

30 .. 0·63 195·1 287·6 78·6 2·0 
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EFFECT OF TEMPERATURE OF INCUBATION ON THE 
CHEMICAL COMPOSITION OF ASPERGILLUS NIDULANS FAT 

By. J. SINGH* and T. K. WALKER 

(College of Techrwlogy, University of Manchester) 

ABSTRACT 
1 

The changes in the amounts of component fatty acids of the fat of Aapergillua 
nidulanB produced at 17~: 25° an~ 30° have been studied. The fat synthesized at 17° 
was more nnsaturated""thall!~t.~'5°, but more unsaturation was also observed in th& 
fat produced at 30° than at 25°. 

l. INTRODUCTION 

Ivanow (1926) was the first to demonstrate that the oil produced from 
d linseed grown in a colder- climate was more unsaturated in character than 

that grown in a warmer locality. Pearson and Raper1(1927).studied the 
':-~;-. ..-,_,_ 

effect of temperature op. the degree of unsaturation of the fatty acids pro-
duced by moulds and they also observed more unsaturation in the fatty acids 
at lower temperatme. On the other hand- Prill et al. (1935) could not 
confirm these findings with A .. fischeri. Unfortunately in all these investi
gations iodine a.bsorption has been used to assess the degree of 
unsaturation, ar:A the proportions of the different fatty acids were not 
determined.~Recently Barker and Hilditch (1950) have carried out 
detailed stuu.y of the influence of environmental conditions on the com
position of sunflower seed oils. During our investigations (1955) of the 
component fatty acids of Aspergillus nidulans fat, it was observed that 
this micro-organism gr(Ye ' . yield of fat '!hen grown on a simple 
medium containing sugar ndrganic sali~~Pwas thought desirable . 
to study the effect of temperature on the composition of Aspergillus nidulans 
fat, as the substrate and cultural conditions can be properly controlled. 

II. EXPERIMENTAL 

Aspergillus nidulans Eidam was grown under static conditions o:i:t the 
following medium (g./100 ml.): sucrose, 34; NH4N03, 0·6; K2S04, 0·044; 
MgS04.7H20, 0·5; ZnS04.7H20, 0·005; FeCl8.6H20, O·'tH6; NaH2P04. 

2H20, 0·73, made up to volume with distilled water and adjusted to pH 
3·8. During these investigations a set of Glaxo flasks, each containing 
175 ml. of the medium was employed. The number of flasks employed 
at a particular temperature depended upon the mycelial growth. It was 
necessary to take 20 flasks at 17°, 5 at 25° and 10 at 30° in order to get 
sufficient fat for detailed analysis. Incubation period of 15, 9 and 7 days 

*Present address: Department of Chemistry, Panjab University, Hoshiarpur, 
India. 
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The component fatty acids of the fat samples procured from the felts, 
harvested at different temperatures, are shown in Table III. 

TABLE III 

The component fatty, acids of the fat produced by Aspergillus nidulans at 
different temperatures 

Mixed fatty acids Composition of acids (% wt.) 

Temperature 
(00.) 

Iodine El% @ 
value 

1 em. Saturated Oleic Linoleic Linolenic 
234mJ.<. 

17 .. 93·9 213 22·1 53·7 22·4 1·8* . 
2.5 . . 73·7 155 35·5 47·4 17-I .. 
30 . . 74·8 156 34·4 48 4 17·2 .. 

1% -d • E 1 em. @ 268 ml-' was 9, and values less than 5 in other cases were neglected. 

The actual weights of the individual fatty acids of the fat, synthesized 
per Glaxo flask at different temperatures, are recorded in Table IV. 

TABLE IV 

Actual weights of individual fatfly acids of Aspergillus nidulans fat synthesized in 
175 ml. of medium at different temperatures 

Temperature Felt weight Fat Saturated Oleic Linoleic 
acids acid acid (oC.) (g.) (g.) (g.) (g.) (g.) 

17 .. 7·5 1·2 0·2 0·6 0·3 

25 .. 14·1 6·3 2·1 2·8 1·0 

30 .. 13·3 4·8 1·5 2·2 0·8 

It will be observed from Table I that the optimum temperature for fat 
,!ormation in the case of Aspergillus nidulans is 25°. The amount of fat in 
'the mycelium is 44·7% at 25°, 36·5% at 30° and 15·5% at 17°. From the 
chemical characteristics recorded in Table II it is also clear that the per
centage amount of unsaponifiable matter is minimum when the formation 
of fat is maximum. Under adverse conditions the percentage amount of 
unsaponifiable matter increases. The iodine value is maximum at 17°. 
Larger proportions of unsaturated acids are synthesized at the lowest 
temperature, whereas the amounts at 30° show a slight increase over the 
amounts at 25° as given in Table III. From the actual weights of indivi
dual fatty acids recorded in Table IV, it is quite clear that the amounts of 
all the component acids, i.e. linoleic, oleic, and saturated acids increase as 
the temperature rises from 17° to 25°, and the amounts of all the acids 
decrease, when the temperature rises from 25° to 30°. 
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IV. DISCUSSION 

Barker and Hilditch (1950) noted that in the case of sunflower seeds 
the amount of saturated acids remained constant and relative proportions 
of oleic and linoleic acids varied according to the environmental conditions. 
Recently Stansbury and Hoffpauir (1952) carried out detailed investiga
tions on the influence of environments upon the composition of cotton-seed 
oil. 48 samples of cotton-seed from eight varieties and different localities 
were examined. They observed that with the increase in the iodine value, 
the linoleic acid content increased while oleic acid and saturated acids 
decreased. In the present studies it has been found that the relative 
proportions of all the acids vary with different temperatures. The actual 
weight of each individual fatty acid synthesized in the case of AspergiUus 
nidulans is maximum at the optimum temperature (25°) and at other 
temperatures each component acid registers a fall. 

The authors take this opportunity to thank the Committee on 
Chemical Micro-biology of the British Medical Research Council for 
financial assistance. 
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SPERMATOGENESIS OF THE DOMESTIC FOWL, GALLUS 
DOMESTIGUS 

By G. P. SHARMA, B. L. GuPTA and K. K. NAYAR, Department of :&ology, 
Panjab University, Hoshiarpur, Panjab, India 

ABSTRACT 

During a careful study of the process of spermatogenesis in the domestic fowl, 
it has been observed that the mitochondria which appear granular in the fixed pre
parations are definitely fibrillar in the spermatocytes. They role themselves during 
spermateleosis to form big gr=ules some of which arrange themselves along the axial 
filament between the two centrosomes to form the middle-piece. All the Golgi ele
ments which are definitely gr=ular in form are consumed in the formation of the 
vacuole-like proacrosome. This is then directly transformed into the triangular 

-<! acrosome of the ripe sperm. 

INTRODUCTION 

Zlotnik (1947), who has reviewed the earlier literature on the subject, 
seems to be the only worker to employ modern cytological techniques to 
work out the spermatogenesis of the domestic fowl. According to him, 
the Golgi material 'is in the form of a localized body, composed of rods and 
granules which lie on the surface of the archoplasm'. He further states 
that the acrosome is formed by the proacrosome which 'originates within 
the archoplasmic vacuole inside the Golgi material of the spermatid'. 
After the acrosome has been formed the Golgi remnant is sloughed off with 
the residual cytoplasm. , 

Since 1947, three more papers dealing with avian spermatogenesis in a 
modern way have come out. Two of these are by Mehrotra (l95la and b) 
and the third is by Gupta (1955). Mehrotra has worked out the process of 
spermatogenesis in the domestic pigeon and the mynah. According to 
him, the Golgi elements, though' localized in their distribution being limited 
to the archoplasm (idioplasm)', are spherical in form. Similarly Gupta, 

. who has carefully studied the spermatogenesis in the domestic duck from 
·I, the fixed as well as the living material under the phase-contrast micro

scope, states that the Golgi elements are in the form of distinct granules or 
spheroids but these are never localized in the earlier stages. In the sper
matid, however, they reveal a distinct tendency to come together till 
ultimately by their fusion a large round or oval chromophilic body-the 
proacrosome-is formed. Gradually the proacrosome is differentiated into 
a clear vacuole which is directly transformed into the acrosome of the ripe 
sperm. As no Golgi remnant could be detected by him in either the fixed 
or the fresh material, it seems that all the Golgi elements are consumed in 
the formation of the acrosome. 

In view of this recent work which has been carried out in this very 
laboratory the present investigation was undertaken to throw some more 
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light on the process of spermatogenesis in the domestic fowl, Gallus 
domesticus. 

MATERIAL AND TECHNIQUE 

Most of the material for the present study was obtained from a small. 
scale poultry farm but sometimes a local restaurant also came to our rescue 
with a donation of the required material. 

The material was fixed from the end of March to the beginning of 
August. The study of the fresh material under the phase-contrast micro
scope was also undertaken in the middle of September. It was thought 
.advisable to have the testicular material of the younger specimens only. 

The animal was killed by violent twisting and pulling off of the neck 
ur by pithing the head. The testes were quickly dissected out and removed 
to the Ringer's solution ·immediately. By the use of a sharp safety razor 
blade the material was then cut into very small pieces which were instantan
eously transferred to a variety of fixing fluids. Soon the material along 
with the fixative was poured into a deep watch glass and it was teased with 
the help of fine needles into still 'smaller pieces. 

The fixatives used for the present investigation were Champy, 1Y 
Champy-Kull, F.W.A. (full strength), F.W.A. (diluted), Kolatchev, 
Aoyama and Bouin. The material was fixed in these fluids for varying 
periods but Champy (24 hours) and dHuted F.W.A. (48 hours) gave the 
best results. 

After proper dehydration and clearing, the material was embedded in 
paraffin wax and the sections which were cut 4-6 microns thick were 
stained with 0·5% Iron-haematoxylin. The stained sections were mounted 
in Canada balsam. The sections of the material fixed in Aoyama and 
Kolatchev were, however, mounted unstained. 

Smears of the testicular material were also prepared in F.W.A. 
diluted with an equal quantity of the distilled water .. In this case too 
0·5% Iron-haemat.oxylin was employed for staining. 

Many a time the material was found to be tinged with the colour of 
the fixing reagents. To remove this defect bleaching of the sections with 
l% KMn04 followed by 5% oxalic acid was resorted to. 

OBSERVATIONS 

Bertoli cells.-The sertoli cells in the testicular material of the domestic 
fowl vary in shape and structure. To begin with, they are somewhat 
.spherical (Pl. I, Fig. 1), the circular outline later flattening at angles (Pl. I, 

· Figs. 2 to 4). Each of them possesses a large nucleus which is usually 
stained lightly and reveals inside it a prominent nucleolus besides some 
fine chromatin granules. In the cytoplasm the Golgi material first appears 
at one pole of the nucleus in the form of a big osmiophilic granule. This 
particular pole is directed towards the lumen of the tubule. The mito
chondria at this stage are too faint to be clearly made out (Pl. I, Fig. I). 

Soon the single large Golgi granule divides into a variable number of 
duinps of smaller granules (Pl. I, Figs. 2 to 5). The mitochondria also 
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now put in their appearance in the form of lightly staining and fine, dust
like particles (Pl. I, Fig. 4). 

During the subsequent stages of development the sertoli cell begins to 
elongate at that pole which contains the Golgi elements and the mito
chondria (Pl. I, Fig. 5). With the elongation of the cell both these inclu
sions also spread uniformly throughout the elongating part of the cytoplasm. 
Finally the groups of very late spermatids become embedded in the grown 
out cytoplasm of the sertoli cell and the previously scattered Golgi elements 
can very often be seen approaching the sperm heads (Pl. I, Fig. ii). 

Spermatogonia.-The spermatogonia are generally situated at the 
periphery of the seminiferous tubule. In their earliest stage (Pl. I, Fig. 7), 
th!;ly are elliptical in shape, each with a comparatively large nucleus which 
hardly reveals any structure save for the presence of a deeply staining 
prominent nucleolus and a few very small chromatin granules. The· 
nucleus is not exactly central in position, the thin film of cytoplasm 
surrounding it being a bit wider on 'one side of it, where a few fine granules 
are found scattered. The rest of the cytoplasm is clear and does not reveal 

, any granulation whatsoever. At this stage there is no visible differentia
tion of granules into different categories. Most probably they are all 
mitochondria. 

In a comparatively later stage (Pl. I, Fig. 8), however, it is possible to 
differentiate one or two bigger and more chromophilic granules embedded 
amongst the remaining smaller ones. These bigger, darkly stained 
granules are assigned to the category of the Golgi elements, while the rest 
of them are the mitochondria. In the nucleus, the nucleolus and a few 
chromatin granules have become more prominent. 

The fully grown spermatogonia are more or less rounded cells (Pl. I, 
Fig. 9). The thin film of cytoplasm surrounding the nucleus is much 
wider at one pole, thus placing the latter in an excentric position. This 
wider cytoplasmic area reveals an aggregation of a number of faintly 
stained fine granules, especially around a darkly stained mass. A few of 
these granules are ·also present on the sides of the nucleus, thus forming a 
110rt of horse-shoe. Tbwe gmnulw are the mitochondria. In the centre 
of this horse-shoe of the mitochondria there is the localized mass of the 
chromophilic Golgi material which is composed of a number of closely 

_
4 

packed granules. In some cases the Golgi granules can be very clearly 
made out, there being, of cour11e, no other structure amongst them. The 
background of the Golgi mass which is comparatively darker than the rest 
of the cytoplasm seems to contain fine mitochondrial granules embedded 
amongst the bigger and dark Golgi granules (Pl. I, Fig. 9). 

These observations on the composition of the Golgi mass of the 
spermatogonium are substantially supported by the study of the living. 
spermatogonia under the phase-contrast microscope where the Golgi 
granules can be ea~ily demonstrated. 

Primary -spermatocyte.-The primary spermatocyte which is the largest 
cell of the testis is also met with near the wall of the tubule just next to the 
spermatogonia (Pl. I, Fig. 10). It generally possesses a large vesicular 
nucleus often containing a prominent nucleolus. The layer of cytoplasm 
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surrounding the nucleus is wider at one pole at which, in the resting stages, 
can be seen the Golgi material in the form of a localized body formed, of 
course, by a number of darkly staining granules. This Golgi material 
shows a dense cortical region composed of granules placed very close to 
each other. The comparatively lightly staining central part owes its 
appearance to the slightly loose arrangement of the granules. The mito
chondria which are in the form of faintly staining granules are present 
mostly around the Golgi material but some of them can be seen scattered 
down the sides of the nucleus also (Pl. I, Fig. 10). 

Besides these cell components, there is often visible in the cytoplasm 
a small, darkly staining, spherical body. This, in the absence of a more 
suitable name at the present moment, may be called the 'accessory body' 
as Zlotnik (1947) terms it (Pl. I, Figs. lO and 11). 

In preparation for the forthcoming first meiotic division, the whole 
cell, particularly the nucleus, undergoes a series of systematic changes. 
In the early prophase stages the Golgi elements show signs of dispersal. 
In some cases it has been observed that the Golgi material spreads out 
assuming the form of a cap. Inside this cap is visible a deeply staining, ,..
small and spherical granule which is most probably the 'accessory body' 
(Pl. I, Fig. 12). In another case, in addition to the 'accessory body', a 
similar granule can also be seen on the margin of the Golgi cap (Pl. I, Fig. 
13). 

The Golgi material subsequently breaks up into a number of clumps 
which, in turn, further break up into granules (Pl. I, Figs. 14 to 17 and 
Pl. II, Fig. 18). These granules, with the beginning of the metaphase, 
become more or less evenly distributed in the cytoplasm. 

Some similar observations regarding the Golgi elements have also 
been made in the living spermatocytes under the phase-contrast micro
scope (Pl. IV, Figs. 57 and 58), but the mitochondria in them, unlike those 
in the fixed preparations, are fibrillar instead of granular. 

Only a few division stages have been noticed and figured by us. In 
the metaphase I (Pl. II, Fig. 19 and Pl. IV, Fig. 59) the chromosomes are 
arranged at the equator. In this position they appear as a darkly stained 
compact mass in the centre of the cell. Two centrosomes are also visible, 
one at each pole of the spindle which, however, is not very well defined. 

With the arrangement of the chromosomes at the equator, further ~
dispersal of the individual Golgi elements takes place. But, during theJ 
division stages, these are visible in a comparatively much smaller number 
than seen originally in the resting primary spermatocyte. 

In the telophase I (Pl. II, Fig. 20) the two chromosomal masses, 
destined to form the corresponding nuclei of the daughter cells, are seen 
occupying the respective poles. As the Golgi elements and the mito
chondria remain in a state of dispersal, apparently outside the spindle area, 
they seem to be distributed almost equally to the two daughter cells. The 
'accessory bodies' could not be differentiated during the division stages. 

The division of the cell, thus, cuhninates in the formation of two 
daughter cells-the secondary spermatocytes, each with its approximately 
equal share of the cytoplasmic contents derived from the parent cell. Soon 
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the originally dispersed Golgi elements reassemble to form the localized 
Golgi material of the secondary spermatocyte. 

In several cases, a departure from the normal phenomenon of division 
has been noticed. It results in the formation of a cell with two nuclei, 
each with its separate mitochondria and the Golgi elements (Pl. II, Figs. 
21 and 22). Most probably it is caused by a failure of the cytoplasm to 
divide after the nuclear division of the cell. But for their size, such cells, 
of course, are not abnormal as assumed by Zlotnik (1947). Their cytoplasm 
will divide at a little later stage· resulting ultimately in the formation of 
normal spermatozoa in due course of time. 

Secondary spermatocyte.-The secondary spermatocyte is a much 
smaller cell than the primary but it is slightly larger than the spermato
gonium. The Golgi material in it is present in the form of a cap at one 
pole of the nucleus (Pl. II, Fig. 23). Usually a darkly stained granule is 
also visible in the cytoplasm, lying in the vicinity of the Golgi material. 
This is the 'accessory body' (Pl. II, Figs. 23 and 24). The mitochondria 
are present in a scattered state. 

'• Just before and during meiosis II, the Golgi elements and the mito-
chondria behave in a similar manner as seen at the time of the division of 
the primary spermatocyte (Pl. II, Figs. 25 to 27). 

Besides the normal cells, formed as a result of the mitotic and meiotic 
divisions, several large cells with two or more nuclei have been observed 
(Pl. II, Figs. 28 to 31). The cell with four nuclei results from two consecu
tive nuclear divisions of a particular cell without any corresponding division 
of the cytoplasm. In one such case two chromosomal masses have been 
observed to undergo division, having their own separate spindles and the 
centrosomes (Pl. II, Fig. 32). It will not be superfluous to add here that 
each chromosomal mass has its usual complement of the mitochondria 
and the Golgi elements. 

During the study of the fresh material under the phase-contrast 
microscope also many such large cells containing more than one nucleus 
are encountered. 

Spermatid and its metamorphosis.-The earliest spermatid, which is 
formed as a result of the second maturation division, is a comparatively 
small cell with a spherical and slightly excentric nucleus. In the beginning, 

-(~he nucleus reveals inside it four or five darkly stained chromatin granules 
scattered through the nucleoplasm. The complement of the Golgi 
elements received by the newly formed cell is originally in a dispersed 
state (Pl. II, Fig. 33). Soon, however, they show a marked tendency to 
come closer together, the granules clumping into smaller groups and the 
latter, in their turn, jointly form a mass at one pole of the nucleus (Pl. II, 
Figs. 33 to 36). The dense cortical layer of the Golgi mass is composed of 
small granules packed closely together, whereas the central part is com
paratively lightly staining owing to the slightly loose arrangement of its 
constituents. This localized mass of the Golgi material formed by the 
progressive regrouping of the granules undergoes hereafter a series of very 
important changes. 
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The faintly staining mitochondria of the spermatid maintain their 
granular form and are seen scattered throughout the cytoplasm but mostly 
around the Golgi material. 

Sooner or later the loosely arranged granules of the central area of the 
Golgi mass move to its periphery-giving it the appearance of a horse-shoe, 
surrounding a small clear space in the centre (Pl. II, Fig. 37). This space 
gradually grows to take up the form of a hyaline vacuole to be known 
hereafter as the proacrosome (Pl. III, Figs. 38 to 40 and Pl. IV, Fig. 64). 
Since the entire horse-shoe disappears in the meanwhile and as no Golgi 
remnants could be detected in any of the later stages, it appears that all 
the Golgi elements of the spermatid are consumed in the formation of this 
vacuole-like proacrosome. A deeply staining gra~ule is, however, seen at 
a much later stage, on the posterior side of the late spermatid nucleus 
(Pl. III, Figs. 51 and 52). Keeping in view its staining reaction which is 
similar to that of the Golgi material, this granule should be considered as a 
part of it. It is undoubtedly homologous to the granules which in the 
preceding account have been described under the term 'accessory bodies'. 
But as regards its function and position in the ripe spermatozoon Zlotnik's 
description cannot be supported as it is no longer visible at that stage.-.~ 
There is every likelihood of its disappearance in the final stages of sper
mateleosis. 

In the meanwhile a deeply staining granule is differentiated in the 
proacrosomal vacuole towards its top (Pl. III, Fig. 41). This is the aero
somal granule. During the subsequent stages it slowly travels through the 
hyaline vacuole (Pl. III, Fig. 42), till ultimately it comes to lie in the centre 
of the nuclear depression (Pl. III, Fig. 43). This depression in the nuclear 
membrane is caused i~ one of the preceding stages (Pl. III, Fig. 39) due to 
the pressure exerted by the proacrosome on the anterior part of the nucleus. 

Now that part of the nucleus where the acrosomal granule had taken 
up its position begins to grow inside the proacrosome (Pl. III, Fig. 44). 
In the meanwhile the proacrosome itself is condensed to form a deeply 
staining acrosome which is triangular in shape in the ripe sperm (Pl. III, 
Figs. 45 to 54 and Pl. IV, Figs. 60 to 63, 65 and 66). For a long time the 
acrosomal granule can be clearly made out at the anterior tip of the elongat
ing nucleus just at the base of the condensing proacrosome (Pl. III, Fig. 46 
and Pl. IV, Fig. 61). But, as there is no trace of it in the ripe sperm, it 
seems to spread a little to form the narrow base of the acrosomal triangle. /~-

The continued elongation of the nucleus without any corresponding 
response from the cytoplasm results in the coiling up of the former (Pl. III, 
Figs. 47 and 48) to give rise ultimately to S-and Z-like figures. On account 
of the subsequent elongation of the cytoplasm is seen a similar phenomenon 
of uncoiling which leads to the straightening up of the nucleus inside the 
cell (Pl. III, Fig. 49). A downward attenuation and shrinkage of the 
cytoplasm helps the nucleus to become free of the former, but its posterior 
end still retains some of it in the form of the residual cytoplasm (Pl. III, 
Figs. 50 to 52). A study of both the fresh and sectioned material-clearly 
reveals that the maturing spermatozoon becomes free of its cytoplasm by 
the shrinkage and sloughing off of the latter on the one hand and by the 
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attempts of the former to cast it off on the other. While studying the 
living material under the phase-contrast microscope it is very interesting 
indeed to observe the spermatozoon struggling hard to get rid of the 
residual cytoplasm. 

In the spermatid when the scattered Golgi elements are collecting 
together two centrioles can also be clearly made out in its posterior part 
(Pl. II, Fig. 35). It seems that these are formed as a result of the division 
of the originally single centrosome. Soon one of these moves towards the 
nucleus and comes to lie on that pole of it which is opposite the proacrosome 
(Pl. III, Figs. 38 and 39). This is the proximal centriole. The other, 
now knmvn as the distal, also lies nearby and the two are connected by 
means of an intra-cellular filament which is continued outside the cell in 
the form of a thin axial filament. As the proximal centriole becomes one 
with the posterior end of the nucleus it cannot always be clearly 
differentiated from it. The distal centriole gradually travels down the 
elongating spermatid till ultimately it comes to lie at a place which is the 
posterior limit of the future middle-piece (Pl. III, Figs. 40 to 4.5, 47, 49, 
60, 52 and 53). Since the thin axial filament arising from the proximal 

. .,. centriole seems to pass through the distal· centriole it appears that the 
latter is in the form of a ring which is, however, not so conspicuous in this 
material as in the mammals. 

The lightly staining mitochondria of the early spermatid are restricted 
to the anterior half of the cell (PI. II, Figs. 33 and 36). With the formation 
of the proacrosome, however, they appear to be divided into two groups, 
each situated on either side of it and the nucleus (PI. III, Figs. 38 to 40). 
Subsequently when the acrosomal granule moves from the top to the 
bottom of the proacrosome, the mitochondria become arranged in four 
groups-two forming the sides of the proacrosome and two covering the 
postero-lateral margins of the nucleus (Pl. III, Figs. 42 to 44). Gradually 
all the mitochondria move backwards (Pl. III, Figs. 45 to 52) and with the 
simultaneous shrinkage of the cytoplasm to the posterior side of the nucleus 
they come to lie just at the base of it. At this stage, however, the mito
chondria are comparatively deeply stained. Very soon, they arrange 
themselves along the axial filament, constituting later, the spiral sheath 
of the short middle-piece of the ripe sperm. 
_ During the last stages of the phenomenon of uncoiling of the nucleus 

{ .. clear zone is sometimes observed at the posterior end of it (Pl. III, Fig. 51 
and PI. IV, Fig. 63). This is very clear indeed at· a later stage when the 
nucleus is almost free from the residual cytoplasm. Since the mitochondria. 
arrange themselves along the axial filament in this clear zone it appears 
that the lateral boundaries of the middle-piece are formed by it. 

It is always very interesting to note that in several cases the develop
ment of the two spermatids proceeds without their complete separation 
from each other after the second meiotic division (Pl. III, Fig. 55). Similar 
stages have also been met with during the fresh study under the phase
contrast microscope (Pl. III, Fig. 56). 

Ripe sperm.-The fully ripe sperm is a moderately long structure, com
posed of a deeply staining and slightly curved head, followed by a short 
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middle-piece and a thin vibratile tail (PL III, Figs. 53 and 54 and PL IV, 
Figs. 58 and 66). Normally it is always difficult to differentiate the two 
structures constituting the head of the sperm, namely the acrosome and 
the nucleus, but in a slightly less stained sperm a conical acrosome, situated 
at the anterior end of the cylindrical nucleus; can be clearly made out. 
Immediately behind the head is the short middle-piece, the posterior 
boundary of which is formed by the distal centriole (PL IV, Fig. 65). The 
proximal centriole, forming the anterior boundary of the middle-piece, is 
not always clear but a dark point is sometimes present at the posterior 
extremity of the head of the sperm. Very often a spiral mitochondrial 
sheath is also visible in the middle-piece region of the sperm. Such an 
appearance of the sheath is due to ·the irregular distribution of the mito
{)hondria along the axial filament. The tail is extremely thin and com
paratively very long. Consequently in the sectioned material it is 
difficult to trace out the whole of it. But under the phase-contrast 
microscope it can be clearly demonstrated in the form of a long thread 
(PL III, Fig. 54 and PL IV, Fig. 66). 

A study of the fresh material under the phase-contrast microscope' 
reveals all these structures with great clarity, each sharply demarcated •
from the others. It is very fascinating indeed to see the living sperm 
making worm-like but slightly jerky movements. 

DISCUSSION 

Golgi material.-Zlotnik (1947), while working on the cytoplasmic 
components of the germ cells during spermatogenesis in the domestic fowl, 
has described the Golgi material 'in the form of a localized body, composed 
of rods and granules which lie on the surface of the archoplasm'. So far as 
the localized condition of the Golgi material is concerned we are in com
plete accord with Zlotnik, but we have never come across his rods, the 
Golgi elements being always in the form of distinct granules. As has been 
shown earlier by Sharma et al. (1953), the rod-like form of the Golgi elements 
,seems to us to be an artifact, produced by the close alignment of the Golgi 
granules and excessive deposition of silver or osmium not only on the 
surface of the individual Golgi elements but also in the narrow spaces 
be~ween them. 

Our observations on the form of the Golgi elements are strong!~ 
supported by the recent work in this laboratory on the domestic duck by 
Gupta (1955), according to whom the Golgi elements are in the form of 
distinct granules and spheroids but these are never localized in the earlier 
stages. Similarly Mehrotra (l95la and b) describes the Golgi elements in 
the domestic pigeon and the mynah as distinct spheres which, according to 
him, 'are localized in their distribution being limited to the archoplasm 
(idioplasm) in the spermatogonia and the spermatocytes'. His figures, 
however, especially those for mynah, do not clea,rly show the archoplasm. 
In our own preparations also we have not been able to make out a distinct 
archoplasm as is generally met with in the mammals. The background of 
the Golgi mass is, however, comparatively darker than the rest of the 
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cytoplasm and it seems to contain fine mitochondrial granules embedded 
amongst which are the bigger and darker Golgi elements. 

Acrosome.-In the earliest spermatid of the domestic fowl the Golgi 
elements are, at first, dispersed but soon they collect together on one side 
of the nucleus and finally arrange themselves in the form of a horse-shoe, 
enclosing a clear space in between two of its arms. Gradually this space 
grows into a hyaline vacuole-the proacrosome, in the formatiGn of which 
are consumed all the Golgi elements of the spermatid. Consequently 
there are no Golgi remnants. Soon afterwards a deeply sj;aining granule 
is differentiated in the proacrosomal vacuole. This is the acrosomal 
granule. The conical acrosome of the ripe sperm is directly formed by the 
proacrosome and the acrosomal granule, the latter formi:og the narrow 
base of it. 

Our observations on the domestic fowl are strongly supported by those 
of Mehrotra (195la and b) on the domestic pigeon and the mynah. Accord
ing to him, the 'complex of the vesicle (our proacrosome) and the granule 
becomes applied to the wall of the nucleus and gives rise to the acrosome'. 
His figures for mynah, showing the direct formation of the acrosome from 

..,the vesicle and the granule, are very convincing indeed. Similarly Gupta 
(1955) has also clearly shown that the Golgi elements in the spermatid of 
the domee.tic duck -reveal a die.tin.<lt ten.den.<ly to <lome tog;ethe-r till ulti
mately by their fusion a large, round or oval, chromophilic body-the 
proacrosome-is formed. Gradually the proacrosome is differentiated into 
a clear vacuole which is directly transformed into the acrosome of the 
ripe sperm. 

On the other hand, Zlotnik (1947), working on the testicular material 
of the domestic fowl, states that 'the acrosome is formed from the pro
acrosome' (our acrosomal granule) which 'originates within the archo
plasmic vacuole inside the Golgi material of the spermatid' probably as a 
result of secretion because after the formation of the acrosome the Golgi 
material moves posteriorly and is sloughed off with the residual cytoplasm 
as the Golgi remnant. Since, however, the Golgi remnants are conspicu
ous by their absence in our own material as well as in that of Gupta (1955) 
and Mehrotra (1951a and b) we find it difficult to believe the above account of 
Zlotnik. It appears to us that he has been led to this erroneous conclusion 
fn account of his earlier work on mammals (Gresson and Zlotnik, 1945). 

. Accessory bodies.-It will be recalled that we described a deeply 
staining spherical body in the cytoplasm of the sperma.tocytes-both 
primary and the secondary. As it has been seen to cmne out of the 
localized Golgi material, it appears to us to be just a part of it. Similar 
are the views of Zlotnik (1947). 

Sharma et al. (1953) had also described the passing out of a big Golgi 
granule from the idiosome when most of the Golgi granules in it had fused 
to form the forerunner of the acrosome and they compared it to the acces
sory body described by Gresson and Zlotni:k (1945 and 1948). They 
further felt that some of those Golgi granules also which did not come 
together to be in the localized condition and remained dispersed throughout 
the cytoplasm of the spermatocytes and the spermatids might have been 
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labelled as the chromatoid bodies by the earlier workers. Gupta (1955), on 
the other hand, has described during the spermatogenesis of the domestic 
duck an enigmatic chromatoid body which, according to him, is quite 
distinct from the Golgi elements. 

Mitochondria.-The behaviour of the mitochondria in the present 
material is more or less the same as has been described earlier by Zlotnik 
(1947), Mehrotra (1951a and b) and Gupta (1955). In our fixed prepara
tions the mitochondria have been observed to be in the form of very fine, 
dust-like particles from the earliest spermatogonium to the spermatid. 
During spermateleosis, however, they are appreciably bigger in size and 
are much more deeply staining. On the other hand, a careful study of 
the fresh material under the phase-contrast microscope has clearly shown 
that the mitochondria in the earlier stages of spermatogenesis are distinctly 
filamentous in form but as they roll over during the later stages they form 
quite big spheres giving a dark contrast. 

During the last stages of the phenomenon of uncoiling of the nucleus 
a clear zone is observed at the posterior end of it. This zone becomes 
much more distinct at a little later stage when the nucleus is almost fre~ 
from the residual cytoplasm. Since the bigger and deeply staining mito
chondria of the late elongating spermatids arrange themselves along the 
axial fila.ment in this clear zone it seems that the lateral boundaries of the 
middle-piece ar\) formed by it. Zlotnik (1947), therefore, rightly compares 
it with the manchette of the mammalian spermatids. 

Centrosomes.-During the present study, the centrosomes in the earlier 
stages were observed only at the time of the division in the form of distinct 
granules, each situated at the respective pole of the spindle which was, 
however, never very conspicuous. In the spermatid when the scattered 
Golgi elements are collecting together two centrioles can also be clearly 
made out in its posterior part. They seem to be formed as a result of the 
division of the originally single centrosome. Soon one of these moves 
towards the nucleus and comes to lie on that pole of it which is opposite 
the proacrosome. This is the proximal centriole. The other, now known 
as the distal, also lies nearby and the two are connected by means of an 
intracellular filament which is continued outside the cell in the form of an 
axial filament. As the proximal centriole becomes one with the posterior 
end of the nucleus, it cannot always be clearly differentiated from it. T% 
distal centriole gradually travels down the elongating spermatids tiil 
ultimately it comes to lie at a place which marks the posterior boundary 
of the middle-piece. Since the thin axial filament, arising from the proxi
mal centriole, seems to pass through the distal centriole, it appears that the 
latter is in the form of a ring which is, however, not so conspicuous in this 
material as in the mammals. Zlotnik (1947), on the other hand, has 
described a clear, ring-like distal centriole in the same material. 

SuMMARY 

1. In this paper, the spermatogenesis of the domestic fowl, Gallus 
domesticus, has been worked out with special reference to the cytoplasmic 
inclusions. 
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2. The mitochondria, in the fixed preparations, are in the form of 
lightly staining granule~ with a distinct tendency to gather on one side of 
the cell, especially around the Golgi material, excepting, of course, during 
the division stages when they are dispersed throughout the cytoplasm, 
apparently outside the spindle. In the fresh material, on the other hand, 
the mitochondria are distinctly filamentous in form during the earlier 
stages of spermatogenesis but, as the filaments roll over during the later 
stages, they form quite big spheres. These move to the posterior side of 
the elongating nucleus and most of them soon become arranged along the 
axial filament to form the middle-piece of the ripe sperm. The remaining 
mitochondria are slougbed off along with the residual cytoplasm. 

3. The Golgi material is present in the form of a localized mass com
posed of closely packed and darkly staining granules. During the 
maturation divisions the localized Golgi material breaks up gradually into 
a number of clumps and finally into granules which become dispersed in the 
beginning of the metaphase and are subsequently sorted out, a.Imost 
equally, to the two datlghter cells. Mter the completion of each division 

_Jhe scattered Golgi ele!llents reassemble to form the localized mass of the 
daughter cells. As the process of spermateleosis begins the Golgi granules 
of the localized mass of the spermatid become arranged in the form of a 
horse-shoe which encloses a small clear space between two of its arms. 
This space gradually grows to take up the form of a hyaline vacuole-the 
proacrosome, in the for!llation of which are consumed all the Golgi elements 
of the spermatid. The acrosome of the ripe sperm is directly formed from 
the proacrosome and the acrosomal granule which is differentiated in the 
former at an earlier stage. 

4. The so-called accessory body which is, in fact, a part of the Golgi 
material is present in the cytoplasm of the primary spermatocyte and 
some later stages. 

5. Two small ce!ltrioles are also present in the early spermatids. 
As the proximal of these becomes one with the posterior end of the elongat
ing nucleus it cannot be always clearly differentiated. The distal centriole 
gradually moves down and marks the posterior limit of the short middle
piece. Since the thin axial filament, arising from the proximal centriole, 
seems to pass through the distal centriole, the latter appears to be ring-like. 
-} 6. The ripe sperlll consists of a deeply staining head with a conical 
aG>Tosome situated at the anterior tip of the cylindrical nucleus, followed 
by a short middle-piece and a thin vibratile tail. 
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EXPLANATION OF LETTERING IN PLATES 

A-Acrosome; A.b-Accessory body; A.f-Axial filament; A.g-Acrosomal 
granule; 0--Centrosome; 0 1-Proximal centriole; 0 2-Distal centriole; Ch
Chromosomes; Chr--Chromatin; G-Golgi elements; H-Head; M-Mitochondria; 
M.p-Middle-piece; N-Nucleus; n--Nucleolus; P-Proacrosome; S.f-Spindle 
fibres; T~ Tail. 

EXPLANATION OF PLATES 

All the figures on Plates I to III except Figs. 45, 46, 54 and 56 on Plate Ill have 
been selected from the sectioned testicular material of the domestic fowl, fixed in 
Champy's fixative, followed by 0·5% iron-haematoxylin and have been drawn wit\_. 
Beck's camera Iucida at the table level, using Beck's lOX eye-piece and a 2 mm. oil 
immersion objective, giving a total magnification of approximately 1,350 times. 

Figs. 45, 46, 54 and 56 on Plate III are free hand drawings from the living material, 
studied under the phase-contrast microscope. 

All the figures on Plate IV are the photomicrographs of the living cells, taken with 
a Contax 35 mm. camera and Carl Zeiss photomicrographic camera attachment, fitted 
on a C~rl Zeiss stand 'W' phase-contrast microscope. The photomicrographs were 
taken under 1·25/100 oil immersion objective and K 8 X ocular and they were further 
enlarged four times, giving a total magnification of 1,600 times. 

'PLATE I 
Fios. I cro 5. Sertoli cells. 
Fro. 6. A part of a sertoli cell showing the sperm heads embedded in its cytoplasm. 
Fros. 7 To 9. Spermatogonia. 

10 TO 13. Primary spermatocytes showing the localized mass of the Golgi 
elements and the accessory body. 

14 cro 17. Primary spermatocytes showing the dispersal of the localized Golgi 
material in the form of granules. 

PLATE II 
·~· 

FIG. 18. Late primary spermataeyte. 
19. Primary spermatocyte-metaphase. 
20. Primary spermatocyte-telophase. 

FIGs. 21 A.ND 22. Primary spermatocytes--syncytia. 
23 "'O 26. Secondary spermatocytes showing the dispersal of the localized 

Golgi material in the form of granules. 
FIG. 27. Secondary spermatocyte-metaphase. 
FIGs. 28 A.ND 29. Spermatids--syncytia. 

30 A.ND 31. Secondary spermatocytes--syncytia. 
FIG. 32. Metaphase II-syncytium. 
FIGs. 33 oro 36. Early spermatids showing the progressive ~egrouping of the Golgi 

elements into a localized mass. 
FIG. 37. Spermatid showing the arrangement of the Golgi elements in the form of a 

horse-shoe enclosing a clear space. 
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PLATE III 

Fros. 38 TO 40· Spermatids showing the vacuole· like proacrosome. • 
41 TO 49. Spermatids showing the acrosomal granule inside the proacrosome. 

FIG. 44. Spermatid showing the protrusion of the nuclear m~mbrane in the form of 
~ ~~~~~ ~~th. t\:\.~ M.'l~mmoc.,l ~~~\.oo ~\.t~"n.t.N. <n,t,.. \.W. t,).~. 

, 45. Spermatid showing the condensation of the proacrosome with the 
acrosomal granule lying at its base. 

FIGs. 46 TO 48. Late spermatids showing the elongation and coiling of the nucleus 
and the differentiation of the acrosome. 

49 TO 5~· Very late spermatids showing the uncoiling of the elongated nucleus 
and further differentiation of the acrosome. 

53 AND 54. Ripe sperms. 
55 AND 56. Very late spermatids-syncytia. 

PLATE IV 

FIG. 57. Prinrary spermatocyte. 
58. Prinrary spermatocyte and a ripe sperm. 

, 59. Metaphase I (side view). 
Fros. 60 AND 61. Spermatids showing the elongation of the nucleus and the con· 

..J densation of the proacrosome. 
Fro. 62. L9te spermatids showing the differentiation of the acfosome. 

.. 

63. L9te spermatids showing the uncoiling of the nucleus <OUd a clear space at 
\.-1;£ \\<1~'tR.'1\.Q'1 ~~d. 'r.\.\.'0 M-'1<1%<'.-m.'O \.%'a,~ ~\.'0%.'1\.'"j' m.'U!.~ Q..lJJ.&. W~®~Q.f +J..!P..m... 

64. Ettrly spermatid showing the vacuole.Jike proacrosome. 
65. Ripe sperm under the negative phase·contrast showing the distal 

centrosome. 
66. Ripe sperm . 
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PARTITIONS IN TERMS OF COMBINATORY FUNCTIONS 

By HANSRAJ GUPTA 

(Department of }JI[athematics, Panjab University, Hoshiarpur, Panjab, India) 

I. In connection with our Introduction to the Partition Tables1, Dr. 
Miller and the writer obtained three sets of formulae expressing for values 
of m < 12, the number p(n, m) of partitions of n into at most m non-zero 
summands, in terms of combinatory functions. It was finally decided to 
include Dr. Miller's set in the Introduction, as it had some advantages 
over the others. The other two sets are not, however, without an interest 
of their own and are given here for record. 

2. Notation. The circulator 

A,(n) = (ao, a1, a2, aa, ....... , ar-l) 

is defined for integral values of n (positive, negative or zero) in the following 
manner. 

Let n = k (mod r), 0 < k < r-1; 

then A,(n) = ak. 

It would thus be seen that A,(n) is a periodic function of n. In fact 

A,(n+r) = A,(n) 

for all integral values of n. 

. 3. The first set. Writing 0, for (n;r). 

we have 

p(n, 1) = 1 

1 1 
p(n, 2) = 2 01 + 2(1, 0) 

1 1 1 1 
p(n, 3) = (i 02+ 4 0 1 + 4 (1, 0) + 3 (1, 0, 0) 

1 1 f {l 1 } p(n, 4) = 
24 

Oa+ 8 G2+ 9 + 
16 

(2, 1) 0 1 

1 - l 1 + 8 (1, 0) + 9 (2, l, 0) + 4 (1, 0, 0, 0) 

1 . 1 31 1 13 
p(n, 5) = 

120 
04+ 

24 
0 8+ 

288 
0 2+ 

64 
(13, 11) 0 1+ 64 (1, 0) 

1 1 l 
+ 9 (1, 0, 0) + S (1, I, 0, 0) + 5 (l, 0, 0, 0, 0) 

l f 1 17 1 
p(n, 6) = 

720 
G5+ 

96 
0 4+ 

432 
0 8+ 

3456 
(349, 331) 0 2 

1 Tables of Part.itions (in press with the Royal Society). 
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{
I 1 I ~ 5 

+ 25 + 256 (37, 25) + I
62 

(5, 2, 2) 1a 1 + 
256 

(I, OJ 

+ 8\ (8, I, O) + 1~ (3, 1, 2, O) + ;
5 

(4, 3, 2, 1, O) 

1 
+ 6 (1, 0, 0, 0, 0, 0) 

1 1 47 161 
p(n, 7) = 5040 Ce+ 480 Os+ 4320 °•+ 4320 °3 

+ { 6~~ + 3~4 (10, 9) }az+{ 7!8(34, 9) + 1!2(25, 24, 23) fa1 

1 1 1 
+ 4, (1, 0) + 

324 
(52, 21, 0) + 

128 
(3, 0, -5, 0) 

1 1 
+ 25 (2, 1, 2, 0, 0) + 12 (0, 1, 0, 0, -1, 0) 

I 
+ 7 (1, 0, 0, 0, 0, 0, 0) 

1 1 83 25 
Jl(n, 

8
) = 40320 °7 + 2880 °6 + 34560 °5 + 2304 °4 

+ { !~~- 30I72(468, 469) }as + { 2~ + 1!2 (10, 9) }a2 

f 74 1 1 
+ ~ 1225 + 4608 (23• 4) + 162 (2, 1• 1) 

1 } 1 1 
+ 128 (16, 11, 15, 11) 01 + 4 (1, 0) + 9 (1, 0, 0). 

1 1 
+ 512 (-1, 8, -37, 0) + 25 (2, 1, 1, 1, 0) 

I · I 
+ 162 ( -5, 10, 0, 4, -8, 0) + 49 (6, 5, 4, 3, 2, 1, 0) 

1 . 
+g(1,0,0,0,0,0,0,0) 

1 1 319 1843 
p(n, 9) = 362880 °8 + 20160 °7 + 725760 °6 + 725760 °5 

929377 f 1 215 } 
+ 87091200 °4 + 112288 (1977• 1975l-f70I 03 

-f :
9 

+ 24!76 (207, 289)-
14

1
58 (232, 23I, 23I) }o2 

r 5 235 I 
+I 32 + 16384 (1, -Il + 2916 (84, 43, 41) 

+ 23I04 (8, 1, -1, -8) }o~ + 1;;84 (1, OJ 

• 1 1 1 + 2916 (28, 43, 0) + 
512 

(53, 38, 5, 0) + 
25 

(1, 0, 0, 0, O) 
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1 1 + 72 (15, 2, 9, 8, 7, 0) + 49 (3, 2, 4, 2, 3, 0, 0) 

1 1 + i6 (2, 1, 2, 1, 1, 0, 1, 0) + 9 (1, 0, 0, 0, 0, 0, 0, 0, 0) 

1 1 199 2867 
p(n, 

10
) = 3628800 °9+ ill28o08+ 2903040 °7+ 5806080 °6 

161111 { 599 1 l 
+ 62208000 Os+ 30375- 122880 <1137, 1139) f04 

{ 1031299 1 <532 5 }o { 174 + 13395375 - 12288 ' 37 ) s- 6125 

1 1 l 
- 294912 (2103, 685)- 4374 (481, 480, 479) (02 

{ 
21 1 1 

+ 65536 + 73728 (9, 14) + 26244 (1060, 883> 
748) 

1 1 l + 
512 

(81, 63, 80, 62) + 
1250 

(7, 2, 2, 2, 2) fol 

29 7 1 
+ 65536 (1, 0) + 13122 ( -20, 11, 0) + 512 (29, 24, 0, 0) 

1 1 + 625 (39, 8, 7, 1, 0) + 72 (9, 4, 9, 0, 11, 0) 

1 1 + 49 (2, 0, 2, 2, 1, 0, 0) + 32 (2, 1, 3, 2, 2, 1, 1, 0) 

1 1 + 27 (6, 2, 2, 5, 1, 1, 4, 0, 0) + 10 (1, 0, 0, 0, 0, 0, 0, 0, 0, 0) 

1 1 1 95 
p(n, ll) = 39916800 °10 + 1451520 °9 + 107520 °8 + 1161216 °7 

114221 2262473 { 10961 
+ 217728000 °6 + 870912000 Os- 107163 

1 . } { 5104 -
6144000 

(691471, 691421) c,-
107163 

1 } { 1641 -
12288000 

(989971, 986921) 0 8+ 
30625 

1 1 } + 2949120 (53711, 43255) + 13122 (203, 200, 200) 02 

{ 
1 1 + 655360 (787, -897) + 26244 (441, 256, 248) 

1 1 } - 512 (45, 60, 46, 60) + 1250 (339, 338, 337, 336, 335) 01 

55 16 1 
+ 131072 (1, O) + 6561 <53' 4' O) + 512 <28, 3,-4,0) 
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1 I 
+ I250 (128, 25, 56,-39, 0) + 36 (1, 0, 0, 0, 0, 0) 

+ 4~(2, 1, 1, 1, 2, 0, 0) + 3~ (7, 1, 7, 2, 7, 1, 7, 0) 

I I 
+- (0, I, 2, 0, 2, 1, 0, 0, 0) + 

10 
(0, 1, 0, 1, 0, 0, 0, 0, 0, 0) 

. 27 

l 
+ 11 (1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 

1 1 583 
p(n, 12) = 479001600 On + 14515200 °10 + 522547200 °9 

3077 355619 121219 
+ 261273600 °8 + 3919104000 °7 + 223948800 °6 

{ 
17701 (6327' 6325) t f 217349 

+ 40186125 + 2949120 5°5 +~4465125 
_ (3I61, 3I63l}c -{ I482 _ (1203187, 1188419) 

81920 4 30625 35389440 

__ (7390, 7387, 7387)} c 
157464 3 

f 58529 + (4, 33) - (4526, 4635, 4639) 
+ 8028160000 1105920 I57464 

(716, 688,715, 688)}0 +{ 110 + (2394, 2411) 
+ 6144 2 5929 39321600 

(127,-155,-326) (312, I67, 287, 165) 
+ 944784 + 4096 

(132, 131,132,130, I3ol (3, 33, 37, 7, 35, 35l}c 
+ I250 - 2592 1 

_7_ (1 0) + (-73, 508, 0) + (3403, 216,-1979, 0) 
+ 262144 , 236196 73728 

+(-14,~2~4,5,0) + (207, 16, 1!~858, 128,0) 

1 1 
+ 

49 
(2, 1, 1, 1, 1, 1, 0) + 32" (1, 1, 1, 1, 1, I, 1, 0) 

I I _,, 
+ 

81 
(2, I, 3, 2, 4, 3, 2, I, 0) +

50 
(2, 3, 2, 3, 0, 6, 0, 4, -3, 0) 

I + 121 (10,9,8,7,6,5,4,3,2, 1,0) 

l + 12(1,0,0,0,0,0,0,0,0,0,0,0) 

Writing Glaisher's1 formula for p(n, m) in terms of combinatory functions 
we would get 

1 J. W. L. Glaisher (1909). Formulae for Partitions into Given Elements, derived 
from Sylvester's Theorem. Quarterly Journal of Pure and Applied Mathematics, 40, 
275-348. 

156 



1 1 583 
p(n, 12) = 479001600 On+ 14515200 Cro+ 522547200 °9 

3077 () 355619 c 121219 
+ 261273600 Js+ 3919104000 ' 7+ 223948800 °6 

{
. 3404664443 (1,-1) 1 f 368650483 

+ 13168I8944000 + 2949120 {05 + 136578304000 

(I,-1)} f 5l0662ll487ll 923 
+ 8I920 °4 + l580I8273280000 + 4423680(!,-l) 

(2,-I,-I)} { I3435995840307 4921 
+ 157464 °3 + I580I8273280000+22ll840(l,- 1) 

(74,-35,-39) 1 } 
+ I57464 + I2288 (1, 0,-1, O) 02 

+ {2~~~~~~~~78~7:::06~~0 + 7182684I352~30 (1,-I) 

+ (I5070,-6635,-8435) + (25, 2,-25,-2) 
1889568 8192 

+(I, o, 1,-1,-1) + (2, 1,-1,-2,-I, 1l}c 
1250 ~592 1 

29903093 
+ 176947200 (I, O) 

l l 
+ 472392 (60361, 7577, 0) + 73728 (4399, 1368,-3031, 0) 

1 1 
+ 2500 (172, 81,142, 10, 0) + 648 (13, 7,-I2,-25,-19,0) 

1 1 
+ 49 (2, 1, 1, 1, 1, 1, 0) + 64 (1, 1, 1, 2, 1, 1, 1, 0) 

l 1 
+ 81 (2,1, 3, 2, 4, 3, 2, 1, 0) + 100 (2, 3, 4, 6, 6, 4, 3, 2, 0, 0) 

l 
+121 (10,9,8, 7,6, 5,4,3, 2, 1,0) 

l 
+ 72 (2, 0, 1, 0,-1, 0,-2, 0,-I, 0, 1, 0) 

To obtain the simpler forms recorded above, I had to play a lot with the 
~irculators. 

4. The second set. With 

N
_ 2 +m(m+1) 
- n 2 ' 

"'D = D _ (<N+k-1)/2) 
k- k- k 

we have the following formulae for p(n, rn) for values of m = 1, 2, 3 ... , 12. 

O! llp(n, I) =1 
1 

1! 2!p(n, 2) = D1 + 2(1, -1) 

3 
2! 3!p(n, 3) = 2D2 - 4; -3(0, I)+ 4(1,0,0) 
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3! 41 p(n, 4) = 6D3-(2, ll) D1 +16 (1, 0,-1)+18 (1, 0,-1, 0) 
' 45 

4!5!p(n, 5) = 24D4-50D2 +45(1,-1)Dt + 2 + 320 (1,0,0) 

-360 (0, 0, 1, 1)+576 (1, 0, 0, 0, 0) 

{
16763 } 5! 6!p(n, 6) = 120D5-425D3+225 (1,-1) D 2+ 48+1600(1,0,0) D1 

4725 1600 - T (1,-1)+ -
3
- (0, 1,-1)+5400 (0, 1,-1, O) 

+3456(2, 1, 0,-1,-2)+7200(1, 0, 0,-1, 0, 0) 

6! 7! p(n, 7) = 720D6-3990D4 +{ 
62~43 + 9450(1, 0) lD2 

+ 22400(1 0 _ 1)D + 1235381 _ 127575 (1 O) 
' ' 1 64 4 ' 

+246400 (0, 1, 0)+226800(1, 0, 0, 0)-145152(0, 1, 0, 2, 2) 
-604800(0, 0, 0, 0, 1, 0)+518400(1, 0, 0, 0, 0, 0, 0) 

7! 8! p(n, 8) = 5040D7-4ll60D5 + { 153762+66150(1, 0)} Da 

-{537200+1808100(1, 0)-1254400(1, 0, 0) 

-1587600(1, 0, 0, O)}D1-5017600(0, 1,-1) 
+1587600(0, 1, 0,-1)+8128512(1, 0, 0, 0,-1) 
+ 11289600(0, l, 0, 0, 0,-l) 
+4147200(3, 2, 1, 0,-1,-2,-3) 
+12700800(1, 0, 0, 0,-1, 0, 0, 0) 

8! 9!p(n, 9) = 40320D8 -463680D6 +2919336D4 +ll90700(1,-1)Ds 
f3472875 

-{16735200-10035200(1, 0, 0)} D2-l 2 (1,-1) 

-5017600(0, 1,-1)-57153600(0, 1,-1, 0) }Dt 

-
21712~325 

-863027200(1,0,0)+142884000(1,0,0, 1) 

+585252864(1, 0, 0, 0, 0)+203212800(0, 1, 1, 0,-1,-1) 
+298598400(3,2,4,2,3,0,0)+914457600(1, 1, 1, 1,0,0,0,0) 
+1625702400(1, 0, 0, 0, 0, 0, 0, 0, 0) 

9! 10! p(n, 10) = 362880D9-5670000D7+47960073D0 
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+10716300(1,-1)D4-
23400

;
5459 D3-{317023875(1,-l)~ 

-301056000(1, 0,-1)}D2-{542798954rJtro 
+1053696000(0, 1, 0)-2571912000(1, 1, 0, 0) 

-5267275776(1, o, o, 0, O)}D1 +1456747031t(l,-1) 
-15153152000(1, 0,-1)+34720812000(0, 0, 1,-1) 

+21069103l0i(O, 4, 3,-3,-4) 
+18289152000(0, 1, 0, 0,-1, 0) 
+26873856000(1,-1, 1, 1, 0,-1,-1) 
+82301184000(0, 0, 0, 1, 0, 0, -1, 0) 
+48771072000(1, I, 1, 0, 0, 0,-1,-1,-1) 
+65840947200(1,0,0,0,0, -1,0,0,0,0) 



10! 11!p(n, ll) == 3628800D10 -74844000D8 + 828419130D6 

- {5968325673!+1178793000(0, 1)}D4 

+ {57051441358l21,--52701870375(1, 0) 

+ 33116160000(1, 0, 0)} D2 
+ {22077440000(0, 1,-1)+141455160000(1, 0,-1,0) 

+ 115880067072(2, 1,0,-1,-2)}D1 

+ 7344543313T'tfl4 -913794398704H(o, 1) 
- 2289154560000(1, 0, 0)+3677834160000(0, 0, 0, 1) 
+ 57940033536(10,-7,-6,-7, 10) 
+ 670602240000(2, 1,-1,-2,-1, 1) 
+ 2956124160000(1, 0, 0, 0, 1,-1,-1) 
- 9053130240000(0, 0, 0, 0, 0, 0, 0, 1) 
+ 5364817920000(0, 0, 1, 0, 1, 0, 0,-1,-1) 
+ 1448500838400(2, 3, 2, 3, 2,-2,-3,-2,-3,-2) 
+ 13168189440000(1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0) 

11! 12! p(n, 12) = 39916800D11 -1061121600D9 +15033775680D7 

- {144842873340+12966723000(0, 1)} D5 

+ {767171091071+656980632000(0, 1) 

+ 364277760000(1, 0, 0)} D3 

+ {242851840000(0, 1,-1) 

+ 1556006760000 (1, 0,-1, O)}D2 

+ {2653051372309i+917377642912i(O, 1) 
- 5221314560000(1, 0, 0)-9336040560000(0, 0, 0, 1) 
+ 15296168853504(1, 0, 1,-1, -1) 

- 44259747840000(0, 0, 0, 1, 0, 0)} D1 

- 154747216213333!(0, 1,-l) 
- 425373348015000(1, 0, -1, 0) 
+ 38240422133760(3, 0, -3, 1, -1) 
+ 206545489920000(0, 0, 1, 0, -1, 0) 
+ 390208389120000(1, 0, 0, 0, 0, 0, -1) 
+ 298753297920000(0, 0, 0, 1, 0, 0, 0, -l) 
+ 708155965440000(0, 0, 0, 0, 1, 0, 0, 0, -1) 
+ 191202110668800( -1, 0, 1, 3, 3, 1, 0, -1, -3, -3) 
+ 158018273280000(5, 4, 3, 2, 1, 0,-1,-2,-3,-4,-5) 
+ 796675461120000(1, 0, 0, 0, 0, 0, -1, 0, 0, 0, 0, 0). 
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