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Primary Spermatocytes. 
The repeated divisions of the spermatogonia result in the production 

of a large number of cells which, at  a particular generation cease to divide 
further and enter on a phase of growth and internal differentiation whose 
culmination is the two divisions of the meiotic process. The peculiarity 
of these divisions and their general significance are now found in all 
treatises on Cytology. A review of the literature on Amphibian sper- 
matogenesis revea ls  a large amount of work done in the Urodela and 
Anura while the interesting group Apoda has not been examined at  all. 
So the facts which a member  of this group reveal may be of interest. 

I t  has already been remarked (SESHACHAR, 1936) tha t  spermato- 
gonia occur either singly (primary spermatogonia) or in groups (secon- 
dary  spermatogonia) along the wall of the locule. The initiation of the 
processes of growth and differentiation takes place when the cells are 
arranged in two rows along the walt of the locule (fig. 3) and most of the 
earlier prophasic changes take place when the cells are in this position. 
The cells are conical with the apices turned towards each other while 
their bases are turned away. The leptotene and very often the amphitene 
as well as the pachytene stages are passed through while in this position 
and it is only when the compact pachytene chromosomes are showing 
signs of becoming resolved into their component threads, i.e., when the 
diplotene stage begins, that  the cells leave their peripheral position and 
abandon their compact arrangement migrating deeper into the locule. I t  
is also to be noticed that  in later stages the cell mass encloses a space 
within it, unoccupied by the fa t ty  matrix that  fills the rest of the space 
in the locule. This is probably to be explained by the fact tha t  the 
original conical cells of the leptotcne stage become converted into those 
of the rounded or hexagonal shape, thus developing intercellular spaces, 
which by a simultaneous rearrangement of the cells themselves, become 
fused to form a single large space. The two divisions of the meiotic 

Z. f. Zellforschung u. mikr. Anatomie. Bd. 2 7. 10 



134 B.R. Seshachar: 

phase as well as spermateleosis take place while in this position, with 
the cells embedded in the intraloeular  matr ix .  Fig. 1 shows the arrange- 
men t  of cells in different stages of spermatogenesis in the locule. 

A section of a testis lobe a t  any  t ime of the year  except during winter  
reveals all stages of spermatogenesis and  we shall begin our account  of 

F i g .  1. A loeu le  of  t he  t e s t i s  of Ichthyophis glutinosus s h o w i n g  cells in  d i f f e r e n t  s t ages  of  
s p e r m a t o g e n e s i s .  The  cel ls  are s c a t t e r e d  i n  t h e  f o r m  of g r o u p s  in  t h e  f a t t y  m a t r i x  of t h e  
locule .  I n  t h e  c e n t r e  is  a g r o u p  of  cel ls  i n  w h i c h  t h e  n u c l e i  are i n  m e t a p h a s e  I .  There  are 
t h r e e  s p e r m  masses  a b o u t  to  be  shed. Nuc le i  i n  t h e  p a c h y t e n e  a n d  d i f fu se  s tages ,  rec ta-  
p h a s e  p l a t e s  of t he  second  d i v i s i o n  as  wel l  as s p e r m a t i d s  i n  v a r i o u s  s t ages  of  d e v e l o p m e n t  

are also seen. • i 50 .  

the meiotic divisions where we left off in the first par t  of this s tudy,  i.e., 
the spermatocytes of the first order or p r imary  spermatocytes.  

Many authors (M~v~s, 1897; MAcGReGOR, 1899; JA~SSENS, 1901, 1905; KILO, 
1907; CJZAMrY, 1913 and SA~z, ROJAS and D~ ROB~RTIS, 1936) describe a stage of 
rest which is of a variable duration and which is intercalated between the last 
generation of secondary spermatogonia and the primary spermatocytes. In this 
stage, the nucleus shows a number of chromatin blocks, angular in outline, arranged 
in the form of a coarse network. Some authors (WITSe~I, 1924; SA~z and others, 
1936) find a diminishing in the staining capacity on the part of the nucleus. 

This stage of rest is of some importance and  can be recognised easily 
in a mass of cells like the spermatogonia which pass through their  
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divisions more or less rapidly and where no regular stage of rest is seen 
for any considerable length of time. The resting stage, therefore, where the 
nucleus, having definitely abandoned further divisions under a stimulus 
yet unknown, enters upon a period of growth and differentiation, can be 
said to initiate the meiotic processes. The number of divisions that the 
spermatogonia pass through before they become spermatocytes is limited 
to 8 (SEsHAcHAR, 1936) though it varies in other Amphibia. 

In Ichthyophis, a stage of rest occurs in the nuclei after the spermato- 
gonial divisions but the staining capacity on the part of the nucleus does 
not diminish. The nucleus 
is filled with coarse and 
angular blocks of chroma- 
tin (fig. 2) which are con- 
nected with neighbouring 
blocks by thin linin threads. 
The cells are still conical 
and the nucleus which is 
rounded and never poly- 
morphic lies at the base 
while the sphere is situated 
at the apex. 

Prophase. The prophase Fig. 2. A p r imary  sperma-  Fig. 3. P r i m a r y  spermato-  
toc~-te a t  the beginning of cyte  showing the  nucleus 

of the first meiotic division growth  ; the  nucleus is in a with fine chromat in  grains 
is probably t h e  longest stage of rest,. The  chroma-  F i lament  fo rmat ion  is not  

t in  is i n t b e f o r m  of la rge  ye t  seen. • 2400. 
that  occurs in any cell and angular blocks. • 2400. 
J~SSENS (I901) iS not far 
wrong when he says that it extends to weeks or even months. While 
it is possible to estimate the time taken by these prophasic changes in 
certain amphibians where there is a regular and restricted breeding 
season and a seriation of stages in their testis, it is a matter of im- 
possibility to do it in Ichthyophis where breeding extends almost 
throughout the year and the ripening of the germ cells is an almost 
continuous process. But from the fact that  in a locule with groups of 
cells in various stages of spermatogenesis most of them are either in 
the prophase of the first meiotic division or in spermateleosis, one 
would be not far wrong in concluding that these stages extend over a 
great length of time. 

The initiation of the processes of prophase consists in a disintegration 
of the large coarse blocks of chromatin into very small ones so that  the 
nucleus takes on the more or less homogeneous appearance of a fine net- 
work (MsvEs, 1897; KING, 1907; TER~I, 1911; STIEV~, 1920). The 
granules are very small and thin linin threads pass between them and 
connect them. This stage where as yet no formation of threads and no 
polarisation of any kind is seen is characteristic of Ichthyophis (fig. 3 

10" 
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and 4) and is probably of longer duration than in certain other Amphibia 
like Desmognathus (KINGSBURY, 1902), Triton (JANSSENS, 1901) and 
Alytes (JA~sS]~NS and WILLEMS,  1909) where the formation of the fila- 
ments and the polar orientation quickly follow the resting stage. 

Spindle bridges connecting the spheres of adjacent spermatoeytes 
(presumably the descendents of a single spermatogonium) described in 
a number of Amphibia by MEVES (1897), I~AWlTZ (1895), MACGREGOR 
(1899), EISEN (1900), TERNI (1911) and CHAMPY (1924) are conspicuously 
absent in Ichthyophis. One would expect to see them in this animal 

where the products of division of a cell lie huddled 
together but  careful examination has always 
revealed the spheres of spermatocytes quite 
independent from one another and unconnected 
in any manner with those of neighbouring cells. 

Leptotene. The next stage shows the granules 
being built up into threads. This building up 
of the leptotene threads is very interesting in the 
pr imary spermatocytes of Ichthyophis. In  most 
Amphibia the threads make their appearance 
first and are later orientated towards the pole at 

Fig. 4. Primary spermato- which the sphere is located, so tha t  the early 
cyte showing the begin- leptotene is eharacterised bv an unpolarised tangle 
nings of fi lament forma- 
tion. I t  will be seen tba t  of threads. The time which elapses between the 
the filaments begin to be tWO processes is very little but many  authors 
~ormed at the proximal 
pole and become directed (JANsSENS, 1901 and 1905; KING, 1907 ; JANSSENS 
towards the sphere even as 
they are forming. • 2400. a n d  WILLEMS,  1 9 0 9 ;  STIEVE, 1 9 2 0 ;  WITSCHI,  1924 

and SAEZ and others, ].936) have figured a direction- 
less skein of leptotene threads directed towards the pole. Ichthyophis differs 
from these animals in this respect. The construction of the leptotene fila- 
ments takes place in such a manner tha t  the polar orientation is seen even 
from the start. The granules are seen organised into threads first at  or 
near the proximal pole while deeper inside the nucleus and at  the opposite 
pole, the small granules are discrete and are not formed into filaments. 
Fig. 4 shows this feature of the early leptotene nucleus very clearly. 
I t  will be seen tha t  this figure in similar to fig. 10 of Geotriton by TERN][ 
(1911) and fig. 13 of Amblystoma by CARRICK (1934) where also probably 
the two processes of filament formation and polar orientation go hand 
in hand as in Ichthyophis. 

Two or more nucleoli are usually seen in the nucleus. Their position 
in the nucleus is not definite and though many  times a distinct space 
may  be made out around the nucleolus, nueleoli without this space and 
apparently connected with the filaments are not uncommon. As filament 
formation proceeds from the proximal to  the distal pole, the nucleus 
takes on the characteristic appearance noticed in many  Amphibia where 
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the polar or ienta t ion  is more or tess clear. This has been cMled the lepto- 
tene bouquet  by  JANSSENS (1905) and  by  the t ime f i lament  formation 
is complete the leptotcne bouquet  has a t t a ined  its perfect orientat ion.  
The f i laments  can be studied very clearly a t  the proximal  pole where 
they do not  interlock bu t  lie parallel with their  ends point ing towards 
the nuclear  membrane  nearest  the sphere and  each of them is seen to 
consist of irregular granules s t rung together in  a l inear  series (fig. 5). No 
dua l i ty  of either the f i lament  or the granules can be seen a t  this stage. 

SATO (1932) describes in .Diemyctylus pyrrhogaster a flattening of the nuclear 
membrane at the proximal pole. I know of no other author who has described such 

Fig. 5. Fig. 6. Fig. 7. 
Fig. 5. Primary spermatocyte showing the nucleus in early leptotene. At the proximal pole, 
the filaments are clearer than at the distal where the nucleus still exhibits the appearance 

of a tangle of threads. • 2400. 
Fig. 6. A typical leptotene bouquet. The filaments show a beaded appearance and all of 

them point towards the pole. • 2400. 
Fig. 7. An amphitene nucleus. The parallel union of the filaments at the pole is seen. 

Distally the filaments are free. • 2400. 

a phenomenon in any other amphibian nor have I found it in Ichthyophis. This 
same author (1934) has figured the prophase stages of the primary spermatocytes in  
Triturus ensicauda and does not show polar orientation of the chromosomes at any 
stage. Probably it does not occur in this animal. If so, Triturus is one of the most 
unique among amphibians, for I do not know of any other amphibian example 
where the polarisation of the filaments either at the leptotcnc or at the pachytene 
stage has not been described. 

I n  Ichthyophis polarisation of the threads begins very  early in the 
history of the spermatocytes and  is in  evidence for a long time. The 
nuclear  membrane  a t  the proximal  pole retains a spherical contour as in 
the rest of its surface and  is not  f la t tened as in  Diemyctylus pyrrhogaster 
(figs. 4, 5, 6, 7 and  8). 

The nucleus with the fully formed leptotene f i laments  has a characte- 
ristic appearance and  is a deeply s taining tangle of numerous  th in  threads.  
I t  is impossible to count  the n u m b e r  of threads even in  th in  sections 
passing through the proximal  pole of the nucleus par t ly  on account  of 
their very  large n u m b e r  (presumably 84 parallel threads occur a t  the 
pole, two for each chromosome) and  par t ly  on account  of their  dense 
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crowding.  I t  is also impossible  to t race  the  th reads  from the pole in to  
the  body  of the  nucleus all  th rough  thei r  ramif ica t ions  in this  region back  
again  towards  the  pole. I n  the  d is ta l  a spec t  of the  mlcleus the  indi- 
v idua l i t y  of the  th reads  is not  clear on account  of thei r  repea ted  crossing. 

Amphitene. Now a ve ry  character is t ic  t r ans fo rma t ion  takes  place 
in the  nucleus. A t endency  to a th ickening of the  f i laments  a t  the  proxi-  
mal  pole is ev iden t  and  g radua l ly  this  th ickening becomes more and  more 
clear. 

The th ickening  of the  th reads  resul ts  from a s ide-by-s ide union of 
the  th in  th reads  a t  the  pole as well as from thei r  con t rac t ion  and  conden- 
sat ion.  Two th reads  come together ,  the  fusion beginning a t  the  ends 
neares t  the  polar  membrane  of the  nucleus and  proceeding inwards.  This 
process of conjugat ion  of two of the  lep to tene  th reads  to form a th icker  
t h r ead  is called Synaps is  and  is the  process t h a t  resul ts  in the  fo rmat ion  
of the  th ick  b iva len t  chromosomes of the  nucleus of the  la te r  stages.  

Many authors (KING, 1907; L~v:r 1915; WITSCItI, 1924; STOI~L~, 1928) have 
described in relation with synapsis, a more or less pronounced contraction of the 
chromosomes and a restriction of the filaments to one pole of the nucleus. This 
stage which has been called Synizesis, is according to these authors, of normal 
occurrence in spermatogenesis. Contrary is the opinion of MEv~s (1897), Ki~as~tmY 
(1902), JA~SS~NS (1901, 1905, 1909) and S ~ z  and others (1936) that wherever 
these stages occur they are not in the nature of normal nuclear phenomena but are 
caused by imperfect fixation. The present position of our knowledge regarding 
the status of synizetic condensation of nuclear matter is still quite indecisive and 
while evidence has accumulated on the one hand for the belief that synizesis, at 
least in plants, is a normal feature of meiotic phenomena, it is becoming increasingly 
clear that the nucleus during synapsis being of a highly sensitive nature, is most 
liable to break down under the violent action of many of the fixatives used, giving 
us pictures similar to the synizetie contractions observed by those authors who 
regard them as normal occurrences. 

I n  Ichthyophis I have  never  found such a synizet ie  con t rac t ion  in 
no rma l  spermatocy tes .  Even  Bouin ' s  f luid and  i ts  modif ica t ions  have  
no t  p roduced  the  a r te fac t s  t h a t  SAEZ and  others  (1936) have observed  in 
Bu/o arenarum. I t  is h ighly  p robab le  t h a t  the  nuclei  of the  p r i m a r y  
spe rma tocy te s  of Ichthyopltis are more  res is ten t  to  the  ac t ion  of the  
f ixa t ives  t h a n  those of m a n y  o ther  A m p h i b i a  and  i t  is not  unl ike ly  t h a t  
when the  h i s to ry  of the  na tu re  of the  synizet ie  phenomena  comes to  be 
wr i t t en ,  i t  will u l t i m a t e l y  res t  on the  quest ion of the  res is tance t h a t  the  
nuclei  of the  spe rma tocy te s  offer to  the  f ixing ac t ion  of the  f luids employed.  

I n  Ichthyophis the  process of synapsis  can be easi ly  followed as the  
ser ia t ion  of the  different  s tages  is ve ry  clear. The crowded th reads  of 
the  ear ly  lep to tene  become condensed and  each t h r e a d  appears  more or 
less d i s t inc t ly  like a s t r ing of beads,  all  the  th reads  po in t ing  towards  the  
pole. A typ ica l  l ep to tene  bouque t  is shown in fig. 6 and  i t  will be seen t h a t  
in the  d is ta l  region the  th reads  stil l  p resent  a ne tworkl ike  appearance  on 
account  of the  r epea ted  crossing and  intercrossing of the  threads .  I t  
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will also be noticed tha t  the beaded nature of the threads is not so regular 
in the rest of the nucleus as it is at  the proximal pole. 

I t  is just about this time that  the process of side-by-side union of the 
threads occurs. The conjugation begins at  the pole and first affects the 
two beads of the apposing threads nearest the nuclear membrane and 
travels down the threads. In  fig. 7 the fusion of the threads has already 
advanced some way down them though the doubleness of each thick 
thread at  the pole is very clear. I t  corresponds to the typical amphitene 
stage shown by JANSSENS (1905) in his fig. 36 and in fact is even earlier, 
for the doubleness of the threads at  the pole is far more clear in my  figure 
than in JANSS~NS'S. There is hardly any doubt 
tha t  the thick thread at  the proximal pole is 
formed by  the fusion of two thinner threads 
into which, in fact, the former can be traced. 
The course of the latter can be followed to a 
considerable distance into the nucleus and it 
will be noticed also that  the threads have be- 
come cleared up in this region in fig. 7 as com- 
pared with tha t  in fig. 6, which represents the 
typical leptotene nucleus and where the interior 

Fig.  8. A t yp i ca l  p a c h y t e n e  
was still a mass of intercrossing threads, bouquet. All trace of a du- 

In  Ichthyophis the polarisation of the threads aHty of the threads is lost. 
x 2400. 

continues to be evident for a long time, i.e., even 
when the condensation and conjugation of the threads has advanced so far 
as to mask all duality of the threads tha t  have resulted from conjugation 
(fig. 8), so that  while a pachytene bouquet is not seen in forms like Bu/o 
arenarum (SAEz and others, 1936), it is clearly in evidence in Ichthyophis. 

Pachytene. The duality of the pachytene threads appears to vary  in 
different animals and so far as is known, in the Amphibia, the duality 
disappears sooner or later in the pachytene (Batraehoseps, JANSSENS and 
DUMEZ, 1903; Bu/o arenarum, SAEZ and others, 1936); in some cases, 
the duality disappearing even in the amphitene stage so tha t  the stem of 
the Y in the amphitene already shows a more or less complete fusion of 
the threads that  entered into the association. The case of Ichthyophis 
shows that  while in the amphitene stage, the stem of the Y shows a very 
clear longitudinal cleft (fig. 7) the pachytene loops do not show any 
(fig. 8). But  cases may  sometimes occur where a faint indication of such 
a cleft is seen even in late pachytene. I t  is more than probable that  as 
Wmso~ (1928) says, the question of the fusion of the apposing threads is 
largely bound up with tha t  of the type of technique employed and pro- 
bably "the seeming fusion of the conjugants is deceptive and that  in 
internal structure the bivalents are all double structures" (p. 555). 

While the leptotene loops do not lend themselves to counting the loops 
of the pachytene stage can be counted. In  very thin sections passing 
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through the polar region of the pachytene nucleus horizontally, the ends 
of the thick threads directed towards the pole appear as dots and can b e  
counted with ease. Fig. 9 shows such a view from a 3 microns section and 
42 such dots can be counted. Such countings have become very popular 
since the work of the SC]=II~EI~TERS (1905) on Tomopteris and offer one of 
the best methods of making a count of the pachytene loops, assuming 
that  all the loops direct both their ends towards the pole. There is hardly 
any doubt about this latter fact, for in addition to the findings in many  
animals (Orthoptera) tha t  even short rod-shaped chromosomes elongate 
at  the leptotene and pachytene stages and become V shaped loops directing 

the two limbs towards the pole, there is the fact 
that  in the pachytene stage, the nucleus is clearer 
towards the distal pole (only the longer loops ex- 
tending as far as this) and does not show the 
ends of any complete threads at  this region. 

The pachytene stage is probably of long 
duration, - -  longer than either the leptotene or 
the amphitene, - -  as, in a section of a testis locule, 

Fig. 9. Polar view of a many  groups of cells are seen in this stage, which 
typical paehytene nucleus can be distinguished even under the low power 
showing the 42 ends of the 
21 pachyteno loops, all di- of  t h e  microscope by  t h e  c h a r a c t e r i s t i c  parallel 
rected towards the pole. arrangement of the darkly staining filaments 

x 2400. 
pointing towards the proximal pole. 

Much has been written about the role and fate of the nucleolus (Eis]~z:, 
1900; JA•SSENS, 1905; CHA~PY, 1913; CARR:CK, 1934) in the Amphibia. 
In  Ichthyophis the nucleolus is clearly seen in the leptotene as a smooth 
body but it does not occupy any definite position inside the nucleus as 
indicated in the work of JANSSEZ~'S (1905) on Batrachoseps and of CHAMPY 
(1924) on Discoglossus where the nucleolus occupies the distal pole of the 
leptotene nucleus. In  Ichthyophis the leptotene nucleoli may  be multiple 
or there may  be a single nneleolus occupying any  position in the nucleus. 
There is some evidence to show that  it may  take par t  in the formation 
of the filaments but it is seen that  as prophase advances the nucleolus 
breaks up into small bodies adhering to the nuclear membrane in the 
form of small hemispherical bodies. How these bodies disappear is not 
known and after all it is likely that  as C~AMP:z observes, a change in 
reaction results in the loss of the nucleolus to the view. 

A contraction and eondensation of the threads results in a closer 
drawing together of the successive double row of granules composing the 
pachytene threads which is the essential feature of the pachytene processes. 

The next stage is not heralded till the conjugation of the leptotene 
filaments is complete throughout their extent and till the condensation 
is very marked. The most significant change that  occurs now is a loss 
of the polar orientation of the threads. This is brought about by a widening 
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out of the two limbs of each thread (fig. 10). Whether the peripherally 
placed loops widen out first, the central ones following soon after, is a 
point I have not been able to determine. I t  is probable tha t  this widening 
out is a quick process affecting all the loops almost simultaneously, with 
the peripherally placed loops initiating the process. However, the result 
of this widening out is a loss of the characteristic polar orientation and 
a scattering of the threads in the nuclear cavity spanning it from end to 
end (fig. 11). The breaking up of the polar orientation is, as I said, a 
quick process, for in the same group of cells one can see both types of 

Fig. 10. Fig. 11. Fig. 12. Fig. 13. 

Fig. 10. Nucleus showing the beginnings of the  loss of polar  orientat ion.  Many of the loops 
are  widening out. A reappearance  of dual i ty  is seen in some of the threads,  especial ly 

distally, where  the  condensat ion is less t h a n  a t  the pole. x 2400. 

Fig. 11. Nucleus showing complete  loss of polar  or ientat ion and  the loops dis t r ibuted inside 
the nucleus wi thout  any  regular  a r rangement .  The  dual i ty  of the  th reads  is clear, x 2400. 

Fig. 12. Four  chromosome threads  f rom a nucleus which is just  losing polar  or ientat ion.  
• 2400. 

Fig. 13. A nucleus in ear ly  diplotene. The split t ing of the th reads  is clear. • 2400. 

nuclei, - -  those where the polar disposition is clear and those where this 
direction is lost. 

Diplotene. Associated with the loss of polar orientation is the very 
important  process of the separation of the two filaments that  compose 
each pachytene thread. In  good preparations the doubleness of the 
threads makes its appearance while the threads are exhibiting the first 
signs of breaking away from the pole and very thin sections will reveal 
the clearly dual nature of the granules that  make up each thread. Four 
such threads are shown in fig. 12. I t  will be noticed that  the space between 
the two filaments is very clear though not very wide. But it is to be 
observed tha t  the filaments themselves have not diverged from each 
other though many  of the granules have. A distinction between the 
filament and the granules that  compose it is becoming increasingly im- 
portant  (see D~emI~GTON, 1932; p. 291 and 302), and the separation first 
affects the granules and later on, the filaments. The separation of the 
filaments themselves occurs when the polar orientation is almost com- 
pletely lost. The breaking apart  of the exconjugants can be seen in 
fig. 13. I t  will be noticed that  the separation does not take place all 
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along the f i lament  a t  the same t ime so t ha t  a heterogeneous appearance 
is presented by  the threads a t  this stage, - -  a t  some par ts  clearly double 
and  the f i laments separated by  a space, at  others still a t tached,  though 
the granules show clear duali ty.  

I t  is interest ing to note tha t  while the conjugat ion of the leptotene 
f i laments begins a t  their  ends, their separat ion after the pachytene stage 
begins inters t i t ia l ly  and  is never  te rminal  as revealed in fig. 13. 

The spl i t t ing of the threads indicates the beginning of the diplotene 
stage. I t  mus t  be ment ioned tha t  the spli t t ing does no t  completely 
separate the exeonjugants  which remain  a t tached at  various points  
along their  length. The interest  a t tached to the diplotene in Ichthyophis 
is more t h a n  a mere passing one, for very  soon changes begin to occur in 
the nucleus. The exconjugants  become pulled apar t  (except a t  places 
where they  still re ta in  connection with each other) and  associated with 
this is a loss of s taining power on the par t  of the fi laments.  

WiLsos (1923) in his outline of the meiotic processes in plants and animals 
refers to a "diffuse or confused stage" following the separation of the exconjugants, 
which, though not of universal occurrence is nevertheless pronounced in some 
animals (Insects) and whose important feature is a diminished basophily of the 
nucleus. In the majority of animals however, the diplotene passes more or less 
clearly into the next stage, - -  Diakinesis, - -  without the chromosomes being obs- 
cured in any manner. The Amphibia arc an instance in point. The work of Mv.vv.s 
(1897) on Salamandra, of MAcGReGOR (1899) on Amphiuma, of JA~ss~s  (1901) 
on Triton, of KI~OS~Y (1902) on Desmognathus, of K I ~  (1907) on Bu[o lentigi- 
nosus, of JANSSE~S and WILLX~S (1909) on Alytes, of C~AMPY (1913, 1924) on a 
number of Amphibia, of S~OOK and Logo (1914) on Aneides. of STI]~V~ (1920) on 
Proteus, of WiTscm (1924) on Rana temporaria, of SATO (1932) on Diemyctylus ~nd 
of SAEZ and others (1936) on Bu/o arenarum all show that the pachytene chromo- 
somes become those of diakinesis with little or no change in their appearance (except 
great condensation). SA~z and others (1936) report a slight loss of staining power 
in the nucleus but no diffuse stage as such has been noticed by them. The only 
work in which such a stage occurs is, I believe, that of JANSS~S and DUMEZ (1903) 
on Batrachoseps. These authors have figured and described a condition which makes 
the nearest approach to it. Their photographs 16 and 17 recall to my mind stages 
described in insects. They call this the stage of nuclear tension and in Batrachoseps 
it is of very short duration because this stage is met with only occasionally. On 
careful examination, it is seen that in this stage of nuclear tension, many of the 
individual chromosomes can be made out clearly though some are obscure and lose 
themselves in an indecipherable deeply staining knot. 

My observations on Ichthyophis are very interest ing in this respect. 
An examina t ion  of the testis under  low power will show groups of large 
rounded nuclei  showing all the characters of a resting stage. No trace 
of any  chromosomes can be observed, though the chromat in  is disposed 
in the form of irregular angular  blocks with fa int  s t rands runn ing  be- 
tween them, and  on the whole the entire nucleus presents the appearance 
of a fa in t ly  s taining network. Seeing tha t  one encounters  m a n y  nuclei  in 
this stage it mus t  be one of long durat ion.  
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Now, the diffuse stage, wherever it occurs, presents various degrees 
of diffusion of chromatin. In  the Amphibia generally, where the pachy- 
tene or diplotene chromosomes are never lost to view, there can hardly 
be said to be any diffusion of the nucleus. Even in Batrachoseps, where 
probably the nearest approach to diffusion of all the Amphibia is seen, 
most of the chromosome complex can be made out. In the spermato- 
cytes of some insects on the other hand (certain Hemiptera), a very pro- 
nounced diffuse stage is noticed. In  many cases, it has been noticed that 
even in the greatest diffusion, the chromosomes are distinctly double, 
though widely separated and though stain- 
ing very feebly and WILSOn; (1928) con- 
cludes that "probably therefore the diffuse 
stage should be regarded as a highly modi- 
fied diplotene in which the duality of the 
early diplotene however it may be obscured, 
in some manner persists throughout" (p. 545). 

The diffusion of chromatin in the sper- 
matoeytes of Ichthyophis is probably the 
most pronounced in all Amphibia and pre- 
sents in its greatest development all the 
appearance of a true resting stage. Fig. 16 
shows such a nucleus. I t  will be noticed Fig. 1~. Nucleus showing the be- 

g inn ing  of diffusion of ch romat in .  
that  the large angular blocks of chromatin Though some of the widely se- 

parated b iva len t s  can  be m a d e  
send off fine processes which span the out, the chromosomes on the 
nuclear cavity. No trace of either the chro- whole appear faintly ~taining and 

ir regular ly  p laced in the  nucleus.  
mosomes of the diplotene that  preceded it • 2400. 
or those of diakinesis that  follows it is seen. 
There is no doubt that  in this stage, the individuality of the chromo- 
somes becomes masked and the whole nucleus presents the appearance 
of a network. 

While the nucleus in its greatest diffusion shows these features, an 
earlier stage than this shown in fig. 14 gives us the clue to the meaning 
and significance of the diffuse stage. In thick sections the nucleus shows 
all the characters of a feebly staining network but the basophily being 
not yet so feeble the strands composing the network are more uniform 
and the outlines of some of the chromosomes may still be seen. The 
correct interpretation of this stage can be understood if thin sections of 
the nucleus are examined. In  5 microns sections of the testis, in a group 
of cells in this stage, some nuclei appear thick while in others the razor 
has cut the nucleus into thin sections some of them including only a 
few strands of the nuclear network. Figs. 14 and 15 are from the same 
group of cells revealing the same stage of development. And while in 
the former, the nucleus is cut into fairly thick sections, in the latter only 
a few of the chromosomes are seen. The difference in appearance presented 
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by these two figures is ve ry  great.  While in the th icker  sections as 
figured in 14 it  is difficult to make  out  the outlines of the individual  
chromosomes, in t h e  thinner ,  as shown in fig. 15, they  are clear. I t  will 
be noticed in the lat ter ,  t ha t  the two exconjugants  which separa ted  a t  
the diplotene are still clearly visible though they  are placed wide apart .  
Three such bivalents  are seen and in each the components  are clear. 

I t  is possible t ha t  the  ident i ty  of the individual  chromosomes becomes 
obscured by the superimposit ion of a large number  of these feebly staining 
and widely separated exconjugants  which can be seen clearly in sections 
of the nuclei where only a few of the peripheral  s trands are included. 

Fig. 15. Fig. 16. Fig. 17. 
Fig. 15. Three of the bivalents from a nucleus showing the first signs of diffusion. The 
nucleus was cut in such a manner that these three chromosomes were separated from the 
others. The exconjugants have moved wide apart and show a diminished basophily. • 2400. 

Fig 16. The "Diffuse Stage" in its typical, development. • 2400. 
Fig. 17. Nucleus emerging from the diffuse condition. The filaments are becoming 

clarified. • 2400. 

It  is probable that the condition of diffusion found in Batrachoseps by JA~ss~s  
and DIIMI~Z (1903) corresponds to what I have just described'. In both cases, there 
is a certain amount of diffusion and diminished basophily but in both cases, many 
of the chromosomes can be made out though some lose themselves in the tangle 
and do not lend themselves to interpretation. But while in Batrachoseps the stage 
of diffusion stops here and later gives place to the strepsinema, in Ichthyophis, on 
the other hand, it is carried farther along the road of diffusion till, even in thin 
sections, the individuality of the different chromosomes becomes completely lost. 

Inc identa l ly  I may  ment ion  tha t  I have  examined the testis of 
Uraeotyphlus menoni, another  Caecilian obtainable  in India  and find 
such a stage in the spermatocytes  of this animal  also, so tha t  it is not  
unlikely tha t  the diffuse stage characterises the spermatocytes  of the 

Apoda.  
The emergence of the bivalents  f rom this fa int ly  staining mass is 

a process which is the  obvious reverse of t h a t  which conver ted  the  
diplotene into the diffuse stage, - -  a regaining of basophi ly  and a gradual  
condensat ion of the chromosomes. The manner  in which the threads  
emerge can be studied in the same group of cells where usual ly  all stages 
f rom the  diffuse condit ion to early diakinesis are seen. I t  is probable 
t h a t  this emergence therefore,  is a rapid process occupying not  a long 
t ime. Fig. 17 shows wha t  is p robab ly  the first  stage in the unravel l ing of 
the network.  The individual  chromosomal  threads  are clearly visible 
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and  take  a deeper  s ta in  t han  before and  the associa ted  pairs  lie more or 
less close together ,  though  cer ta in  deeply  s ta ining masses  are  stil l  unable  
to  be classified and  identif ied.  P r o b a b l y  t hey  are,  like JA~CSSENS's figures, 
caused by  faul ts  in the  technique and  i t  is l ike ly  t h a t  in the  l iving condi- 
t ion and  in perfect  p repa ra t ions  these blobs  
do no t  occur. 

The emergence of the  chromosomes from 
the  diffuse condi t ion is often associa ted  
with  the  appearance ,  in the  centre of the  
nucleus of a s t range  knot  a t  which most  of 
the  chromosomes,  a t  leas t  the  longer ones, 
meet .  This has  been not iced among the 
A m p h i b i a  in Batrachoseps and  Alytes and 
has  been careful ly  examined  b y  JANSSENS 
and  his col labora tors  (1905 and  1909). Often, Fig 18. Later stage. The fila- 

ments are c learer  a n d  m a n y  of  
according to  them,  this  kno t  is closely asso- them tend to meet at the centre. 
c ia ted  with  the  chromoplas t  or i ts  r emains  Clear indications of a twisting 

axe seen, x 2400. 
(Batrachoseps; JANSSENS, 1905). I have 
found such a grouping  of the  chromosomes a round  a centra l  mass  
in some cases in Ichthyophis (fig. 18) bu t  I have not  not iced in re la t ion 
with  this  kno t  any  remains  of the  chromoplas t .  The view has  been 
held by  some au thors  t h a t  the  or ienta t ion  of the  chromosomes in 
the  ea r ly  s t reps i tene  a round  a cent ra l  knot ,  in s t ruc ture  of ten obscure 
and  indis t inguishable ,  is in the  na tu re  of a second cont rac t ion  or syni- 
zesis. Bu t  JANSSE~S crit icies this  view and  feels 
t h a t  no such impor t ance  can be a t t r i b u t e d  to  it. 
The grouping  of the  chromosomes a round  the  
cent ra l  kno t  is never  ve ry  pronounced  in Ichthyo- 
phis, a n d  in al l  cases the  chromosomes being 
more or less clear,  i t  cannot  be said t h a t  i t  is in 
the  na tu re  of a con t rac t ion  figure. 

Strepsitene. The chromosomes now exh ib i t  
F i g .  ][9. A t y p i c a l  s t repsi -  

signs of twis t ing  abou t  one ano ther  and  indicate  nema. Only a few of the 
the  unmis takab le  appea rance  of wha t  is known chromosomes are shown. 

x 2~00. 
as the  s t repsi tene.  Clear s t reps i tene  s tages  are  
f igured in a number  of Amphib ia ,  b y  JA~CSSE~S and  his col labora tors  in 
Triton (1901), Batraehoseps (1905) and  Alytes (1909), b y  SATO (1932) in 
Diemyctylus, b y  CHAMI~Y (1913) in a number  of A m p h i b i a  and  by  CARRICK 
(1934) in Amblystoma. The twis ted  appearance  of the  chromosomes be- 
comes more conspicuous in Ichthyophis where the  chromosomes become 
more  condensed a n d  the i r  contours become more  even (fig. 19). I t  has  
no t  been possible for me to de te rmine  the  number  of ch iasmata  in 
each chromosome in Ichthyophis, bu t  in the  larger  ones the  ch ia sma ta  
m a y  be as m a n y  as 6 or 7. As diakinesis  progresses,  the i r  number  becomes 
reduced  ti l l  in late  diakinesis,  i t  is a t  a min imum.  
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Generally, a longitudinal split appears in each of the two chromosomes of the 
bivalent about the end of the diplotene or the beginning of diakinesis. WITsc~I 
(1924) has noticed this split in Rana temporaria and SAEz and others (1936) appear 
to have seen it in Bu]o arenarum at the beginning of diakinesis but I do not think 
that this split is noticed clearly in any other amphibian till very much later, very 
often, until the anaphase of the first division. Amphibia, as a rule, do not form such 
advantageous material as, for instance, insects do, and though recent researches 
have brought to light the important fact that this split does occur, it  is very pro- 
bable that in many amphibians, at any rate, it must be taken more for granted than 
observed, due to the inadequacy of our staining methods or the inherent consti- 
tution of the chromosomal material itself. I have with great diligence and 
anxiety looked for this split in each dyad of Ichthyophis at this stage but have 

not found it till the anaphase of the first division. 

Diakinesis. WILSON (1928) dis t inguishes  th ree  
different  phases  dur ing diakinesis  and  is of opinion 
t h a t  the  beginning of the  f irst  phase  is to  be 
reckoned from the m o m e n t  the  chromosomes are  
emerging f rom out  of the  confused stage.  The 
essential  features  of diakinesis  arc  a consol idat ion 
and  cont rac t ion  of the  t e t r ad s  so t h a t  t h e y  come 
to lie evenly  d i s t r ibu ted  in the  nucleus,  and  a 

Fig. 20. reduc t ion  in the  t o t a l  number  of ch ia sma ta  in the  
St reps inema showing 

chromosomes  wi th  large chromosomes.  
number of chiasraata. W h e n  the  chromosomes are  emerging f rom 

• 2400, 
the  diffuse s tage t h e y  are  thin,  long and  have  

a large number  of chiasmata .  On account  of the  large number  of chromo- 
somes i t  has not  been possible for me to  de te rmine  the  number  in each 
b iva l en t  a t  dif ferent  s tages  in Ichthyophis as i t  has been done in a large 
number  of p lan t s  and  some insects bu t  one of the  easiest  th ings  is to 
sa t i s fy  oneself abou t  the  fac t  t h a t  in ea r ly  diakinesis ,  the  chromosomes 
are  longer and  the ch ia sma ta  more numerous  t h a n  in the  la te r  stages.  
I t  is also p robab le  t h a t  the  ch iasmata ,  as diakinesis  advances ,  become 
g radua l ly  t e rmina l  till ,  j u s t  when the  chromosomes are get t ing on to 
the  spindle, the  t e rmina l  ch i a sma ta  are  most  numerous  while the  t o t a l  
n u m b e r  of ch ia sma ta  has  become reduced.  

The chromosomes of ear ly  diakinesis  present  an  i r regular  beaded  
appea rance  caused b y  an  a l t e rna t ion  be tween  l ight  and  da rk  areas  along 
them.  The condensat ion  and  cont rac t ion  of the  chromosomes can be 
followed g radua l l y  in the  same group of cells a n d  a t  the  end of diakinesis  
the  t e t r ads  are d a r k l y  staining,  g rea t ly  con t rac ted  bodies whose compo- 
nents  cannot  be made  out  easi ly  (except  in case of the  large chromo- 
somes) and  which are a r ranged  along the  pe r iphery  of the  nucleus (figs. 21, 
22, 23). I t  is in the  middle  diakinesis  t h a t  the  charac ter i s t ic  forms of 
t e t r ads  can be made  out.  Rods,  r ings and  crosses are  in g rea t  numbers ,  
fo rmed from the  smal ler  chromosomes while the  larger  ones form com- 
pound  rings (figs. 21, 22, 23). 
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The spermatogonial  chromosomes, as shown by  me (1936) are 42 in 
n u m b e r  and  an  examina t ion  of the metaphase  plate of a p r imary  sper- 
matogonium shows tha t  they can be arranged in two series. The large 
ones are six in  number ,  of which four are V shaped and  the other two are 
elongated rods. Of the remaining 36 chromosomes, six are small  V 
shaped chromosomes. They also occupy the periphery of the plate like 
the large chromosomes and  are quite as conspicuous. The rest  of the 
complex, consisting of 30 chromosomes is made up of ei ther small rods or 
dots occupying for the most  part ,  the centre of the plate. 

Fig. 21. Fig. 22. Fig. 23. 
Fig. 21. Early diakinesis showing some tetrads. Simple and compound rings and rod tetrads 

are seen. • 2400. 
Fig. 22. A cell showing the nucleus in diakinesis. • 2400. 

Fig. 23. Primary spermatocyte showing nucleus in diakinesis. The tetrads are disposed 
peripherally. • 2400. 

So far as the chromosome number is concerned, Ichthyophis occupies a unique 
position in the Amphibia. Among the Anura, the diploid chromosome number, so 
far as is known, tends to vary between 22 (species of Bu/o; STOHL~, 1928; MAKI~O, 
1930; M~NoucrrI and IRIKI, 1932; WiTscrg, 1933; SA~z and others 1936) and 26 
(species of Rana; SWINGLV.~ 1917; WITSCrrt, 1924; IsIxI, 1932; M ~ o ,  1932; SATO, 
1933, andRhacophorus, MAxIy.o, 1932); Alytes (JANssr~s and WILL,MS, 1909) being 
the only known example where the number is the highest among the Anura, - -  32. 
The Urodela, on the other hand, appear to fall into two very definite series: species 
of Salamandra (FLEMMI)rG, 1887; VOM RATH, 1893; Mrv~s, 1897; A. and K.E.  
SCm~IN~R, 1906; CI~tMpy, 1913); Triton (Jx~ssENs, 1901); Batrachoseps (JA~ss~cs, 
1905); Amblystoma (CARRICK, 1934); Amphiuma (MAcGreGOR, 1899); Aneides 
(S~ooK and LONG, 1914); Desmognathus (KI~cOSBtTRY, 1902) ; Diemyctylus (SAgo, 
1932); Geotriton (T~R~I, 1911); Plethodon (JANss~Ns and DvM~z, 1903) all have 
chromosome numbers which vary between 24 and 28, while forms like Hynobius 
(M~KINO, 1932 and 1934; SAgo, 1936); Cryptobranchus (MAKINO, 1935); Megaloba- 
trachus (IR~KI, 1931); Salamandrella (M~KINO, 1932) and Pachypalaminus (SATo, 
1936) have a very large number of chromosomes, varying between 40 of Hynobius 
retardatus (MAxII~o, 1932) and 64 of Megalobatravhus ]aponious (I~Ixr, 1931), the 
latter being the largest number reported among the Amphibia. 

Recently attempts have been made for the Amphibia (M~K~o, 1932; SAgo, 
1936) on the lines done in Reptiles (MATTH~EY, 1931) to homologise the chromosome 
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numbers in different species by assuming that the small rod and dot shaped chromo- 
somes result from ~ fragmentation of the large V shaped chromosomes so that a 
certain uniformity in the chromosome number can be arrived at by treating two 
rod-shaped chromosomes as equivalent to a single V shaped chromosome, for pur- 
poses of counting. If this is accepted, the facts offered by the chromosonms of 
Ichthyophis glutinosus are very interesting; of the 42 chromosomes, ten are V 
shaped chromosomes and 32 are rods and dots. If the latter are treated as equi- 
valent to 16 V shaped chromosomes, the total number of V's arrived at is 26, a 
figure strikingly near that of many Urodela and Anura where the chromosomes are 
all either large or small V shaped ones. In this way the apparent chromosome 
differences between the Anura and Urodela on the one hand and an example of 
the Apoda on the other can be bridged. 

The la te r  diakinesis  is m a r k e d  b y  a g rea t  condensat ion  of the  t e t r ads  
a n d  the i r  d i s t r ibu t ion  along the  pe r iphe ry  of the  nucleus. The spl i t  
be tween the  two b iva len t s  which compose each t e t r a d  can be made  out  
in the  longer t e t r ad s  while in the  smal ler  ones the  fusion of the  b iva lents  
is so close and  in t ima te  t h a t  the  spl i t  cannot  be seen. The condensat ion  
in case of the  smal ler  t e t r ads  t akes  place in different  ways  according to.  
the  k ind  of t e t r a d  we are  deal ing with.  I n  case of small  rings, the  space 
enclosed by  the  r ing becomes g radua l ly  smaller  as in the  case of the  
smal ler  chromosomes of Bu/o arenarum inves t iga ted  b y  S ~ z  and  others  
(1936) t i l l  no spl i t  is in evidence.  I n  the  ear l ier  stages,  l ight  a reas  can 
be recognised (fig. 22) in the  posi t ion in which the space enclosed b y  the  
r ing was present .  Gradua l ly  this  space becomes smaller ,  by  the  r ing 
condensing and  closing up  t i l l  the  whole t e t r a d  looks like a single deeply  
s ta in ing round  or quadr i l a t e ra l  body.  I n  the  case of the  crosses, the  
condensa t ion  is essent ia l ly  a process b y  which the arms of the  cross 
become shor tened  and  d rawn  to the  centre  t i l l  in the  f inal  s tages the  
condensa t ion  is so g rea t  t h a t  no a rms  can be dis t inguished and  the 
whole t e t r a d  assumes the  appearance  of a block of chromosome mater ia l .  
I n  the  case of the  rod  te t rads ,  the  app rox ima t ion  of the  para l le l  pairs  
g r adua l l y  becomes so close t h a t  the  components  becomes h a r d l y  dist in-  
guishable.  This followed b y  a l inear  cont rac t ion  of the  t e t r a d  resul ts  in 
an  a p p a r e n t  f inal  shape not  different  from t h a t  der ived  from the  r ings 
or  crosses. I n  the  ease of the  larger  pa i r  of rod-shaped  chromosomes,  
the  t e t r ad  is a l inear  body  wherein even in the  f inal  s ta te ,  four  eh ia sma ta  
can be dis t inguished,  the  loops of the  successive eh ia sma ta  lying a t  r ight  
angles to one another .  The a t t a c h m e n t  is t e rmina l  in this  case and  the  
t e t r a d  lies a t  the  pe r iphery  of the  spindle in me taphase  (fig. 29). The 
four large V shaped  chromosomes seen in the  spe rma togon ium give rise 
to  two similar  compound t e t r ads  and  in bo th  cases the  spindle a t t a c h m e n t  
is median.  Of the  three  smal ler  t e t r ad s  formed b y  the  six smal ler  V 
shaped  chromosomes of the  spermatogonium,  I bel ieve one has a s l ight ly  
submed ian  a t t a c h m e n t  while the  o ther  two have med ian  a t t achment s .  I n  
the  case of the  small  chromosomes the  spindle a t t a c h m e n t  is, in some, 
median  a n d  in others,  t e rmina l .  
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I believe t h a t  some a t  any  rate,  of the  smaller te t rads  form single rings with 
a median a t tachment ,  reminding us of figures found in certain insects (Hemiptera).  
I have not  noticed such te t rads  figured by any  worker on amphibian  spermato- 
genesis. The reason for this  is t h a t  in many  Amphibia  rod and  dot  shaped chromo- 
somes are not  seen in the  spermatogonial complexes. Many Urodela and Anura  
have V shaped chromosomes with atelometic a t tachments .  
In  some Urodeles, however, with large chromosome number  
like species of Hynobius, Salamandrella, Paehypalaminus, 
Cryptobranchus and Megalobatrachus (IRIKI, 1932; M_AKI~O, 
1932,1934, 1935 ; SATe, 1936) ; dot  like chromosomes appear  
in the  centre of the spermatogonial metaphase plates. Bu t  
none of the above authors  has described the details of 
spermatogenesis or the behaviour of the small rod te t rads  
inAnaphase  I. I t  is probable t ha t  such single ringed te t rads  
with median spindle a t tachments  are found in these animals 
also. Fu ture  work on these interesting urodeles will show this. 

T h e  g r o w t h  of t h e  n u c l e u s  h a s  r e a c h e d  a m a x i -  

m u m  n o w  w i t h  a d i a m e t e r  of 15 m i c r o n s .  T h e  d ia -  
m e t e r  of t h e  n u c l e u s  in  d i f f e r e n t  s t a g e s  of s p e r m a -  Fig. 24. Spindle forma- 

tion. The nuclear mem- 
t o g e n e s i s  is g i v e n  b e l o w :  brane has disappeared 

and the tetrads are free 
Pr imary  spermatocytes a t  rest  . . 10.0 to 10.5 microns in the cell and show a 

in the pachytene 11.0 to 12.5 massing together. 
" " " • 2400. 
. . . .  in diffuse stage . 13.0 to 14.0 ,, 
. . . .  in diakinesis . . 14.0 to 15.0 ,, 

Early secondary spermatocytes . . 10.0 to 10.5 ,, 
Late secondary spermatocytes . . 10.5 to 11.0 ,, 
Ear ly  spermatids . . . . . . . .  7.0 to 7.5 ,, 

T h e  c o m p l e t e  c o n d e n s a t i o n  of t h e  c h r o m o s o m e s  

m a r k s  t h e  e n d  of d i a k i n e s i s  a n d  t h e  b e g i n n i n g  of t h e  

d i s s o l u t i o n  of t h e  n u c l e a r  m e m b r a n e .  I c a n n o t  s a y  

if t h e  n u c l e a r  m e m b r a n e  b r e a k s  d o w n  f i r s t  a t  t h e  

po le  n e a r  t h e  s p h e r e  a s  CARRICK (1934) a p p e a r s  t o  

h a v e  n o t i c e d  in  Amblystoma, b u t  e v e n  if  i t  does ,  i t  
is a f a i r l y  r a p i d  p r o c e s s  a f f e c t i n g  t h e  e n t i r e  n u c l e a r  
wa l l  a l m o s t  s i m u l t a n e o u s l y .  

Fig. 25. Same as Fig. 24. 
T h e  c h r o m o s o m e s  a p p e a r  i r r e g u l a r l y  d i s t r i b u t e d  The spindle probably ta- 

i n  t h e  cell  a t  t h e  t i m e  t h e  n u c l e a r  m e m b r a n e  d i sap -  kes its origin inside the 
s p h e r e  substance which 

p e a r s  (fig. 24). I h a v e  a l so  n o t i c e d  a c o n d e n s a t i o n  envelops it. A few of the 
of t h e  c h r o m o s o m e s  to  f o r m  a m o r e  or  less i n d i s t i n -  smaller tetrads are seen .  

• 2400. 
g u i s h a b l e  k n o t  in  w h i c h  t h e  i n d i v i d u a l  t e t r a d s  c a n n o t  

b e  i den t i f i ed .  W h e t h e r  t h i s  is a n  a r t e f a c t  o r  w h e t h e r  i t  is i n  t h e  n a t u r e  
of a n o r m a l  o c c u r r e n c e  in  s p e r m a t o g e n e s i s ,  I c a n n o t  say .  I t  is  n o t e -  
w o r t h y ,  h o w e v e r ,  t h a t  t h i s  g r e a t  c o n t r a c t i o n  a n d  c o n d e n s a t i o n  a r e  s een  
in  m a t e r i a l  p r e p a r e d  b y  a v a r i e t y  of f i x a t i v e s ,  - -  B o u i n ' s  f lu id ,  Co r ros ive  
s u b l i m a t e - a c e t i c ,  C a r n o y ' s  f l u i d  a n d  o the r s .  I t  is  a l so  s e e n  t h a t  a f ew 

of t h e  s m a l l e r  t e t r a d s  m a y  a p p e a r  c lea r  a n d  s e p a r a t e  f r o m  t h e  c o n d e n s e d  
k n o t  (fig. 25). I t  is  t h e r e f o r e  i m p o s s i b l e  t o  d e t e r m i n e  t h e  d e f i n i t e  f o r m s  

Z. f. ZeUforschung u. mikr. Anatomie. Bd. 27. 11 
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of the tetrads at this stage but in favourable preparations, the characte- 
ristic shapes of the larger tetrads can be seen. 

The centrioles, it will be noticed, remain in a position they occupied 
at  the beginning of spermatogenesis, - -  close to each other, but distinct 
enough to be made out clearly. Till the beginning of the dissolution of 
the nuclear membrane the centrioles remain in this condition and only 
when the nuclear membrane is about to disappear, the centrioles move 
apart .  The migration of the centrioles and the formation of the central 
spindle are processes which take place very rapidly and in a single group of 
cells, every stage from the middle diakinesis to the metaphase can be seen. 

Fig .  26. F i g u r e  showing  the  inc lus ieu  of the  
t e t r ad s  on the  spindle. The smal ler  chromo-  
somes  h a v e  a l ready  t a k e n  the i r  places on it. 

• 2400. 

Fig ,  27. S a m e  as Fig ,  26, showing  an ir- 
r egu la r  d i s t r ibu t ion  of the  t e t r ads  on the  
spindle before  the i r  be ing a r r anged  to f o r m  

a regular  equa tor ia l  plate.  • 2400. 

The formation of the spindle in the pr imary spermatocytes follows 
the same plan outlined for the spermatogonia but a clear space about 
which the beginnings of the spindle are laid, is probably not present. The 
chromosomes get on to the spindle very rapidly and the elongation of 
the spindle as well as the inclusion of the chromosomes in it take place 
simultaneously. The smaller tetrads take their position on the spindle 
earlier than the larger ones (fig. 26) and tha t  is probably how they come 
to occupy a more or less central position on the plate. By the time the 
spindle is fully formed with the centrioles at  the opposite ends, the 
arrangement of the chromosomes on it is complete. At first the tetrads are 
irregularly placed on the spindle (fig. 27) and only later take up the 
perfectly equatorial position seen in metaphase. 

Metaphase. The metaphase is a stage of fairly long duration and in 
favourable preparations, the individual tetrads remain distinct. FLE~- 
MIIqG, HERMANN and LINDSAY-JoHNSON preparations usually reveal very 
clear figures while in Bouin sections the tetrads tend to clump together 
obscuring the distinctness of the individual tetrads. But  I have obtained 
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a number of preparations where the chromosomes in metaphase are 
exceedingly clear and lend themselves to counting with ease. 

Likewise, the effect of fixatives on the appearance of the spindle is 
considerable. In preparations where the contraction of the chromo- 
somes in metaphase is so intense that  they form an indistinguishable 
knot, the length of the spindle also is small, probably brought about by 
the same process of contraction, while in good preparations where the 
chromosomes are distinct, this contraction of the spindle is not noti- 
ceable. In this connexion it should be remembered that  a time of fixation 
which preserves the metaphase plates with clearness is often different 

from that  which preserves the rest 
of the stages of spermatogenesis 

Fig.  28. P o l a r  v iew of  a m e t a p h a s e  p la te  of Fig .  29. Side v iew of the  spindle  i n  e a r l y  
the  p r i m a r y  s p e r m a t o c y t e  showing  the  21 a n a p h a s e .  The  t e r m i n a l l y  a t t a c h e d r o d  t e t r a d  

t e t r ads .  • 2400. is seen to  t he  r igh t ,  x 2400. 

with the same amount of clearness. This is especially so with fixatives 
which act rapidly, like Carnoy's fluid and Bouin's fluid. 

A split in the tetrad indicating the two dyads which compose it, is 
not clear at this stage, though in many other Amphibia, this split never 
disappears and is always visible (CARRICK, 1934). The arrangement of 
the chromosomes in the metaphase is such that,  as already noticed, the 
larger chromosomes lie in the periphery while the smaller ones are placed 
in the centre. Fig. 28 illustrates a polar view of the metaphase plate of 
a primary spermatocyte. The two large V shaped tetrads, one large 
rodshaped tetrad and three smaller V shaped tetrads occur in the peri- 
phery while the 15 smaller tetrads derived from the small rods and dots 
of the spermatogonial complex occupy the centre. I t  is also noticed that  
amongst themselves the tetrads do not occur in any regular fashion on 
the plate so that  any two metaphase plates differ from each other so far 
as the arrangement of the chromosomes are concerned. This feature has 
been noticed by WITSC•I (1924) in Rana temporaria and more recently 
by SAEz and others (1936) in Bu/o arenarum who have published a number 
of figures of metaphase plates of the first division. 

Anaphase (figs. 29 and 30). The beginning of the anaphase is marked 
by the reappearance of the split in the tetrads and it is also now that  

11" 
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we notice the spindle at tachments  of the chromosomes. As already 
indicated, the large rodshaped te trad shows a terminal a t tachment  and 
the two large V shaped tetrads have a median at tachment.  Of the three 

small V shaped tetrads, I believe tha t  in the case 
of two, the a t tachment  is median and in the third, 
it is submedian. With regard to the smaller te- 

trads, I believe some 
have a terminal attach- 
ment  while others have 
a median one, the lat ter  
giving rise to forms of 
tetrads like those found 
in some insects (certain 
Hemiptera), giving sing- 
le ring figures in ana- 
phase. Dumbell-shaped 
figures, long or short, 
according to the size 
of the chromosome, 

Fig. 30. La te r  anaphase  showing the  division of the  three  
largest tetrads, x 2400. occur in the case of 

Fig. 31. Anaphase  p la te  showing 21 te t rads ,  the doubleness terminally attached te- 
of each of which  is cear. • 2400. 

trads. 

The first indications of the secondary split separating the two monads 
composing each dyad make their appearance at  the beginning of the 
anaphase and as the two dyads move away from each other towards the 
poles, the split becomes greatly accentuated, till in late anaphase, the 

two monads have become completely 
separate (fig. 30). Necessarily, this can 
be seen better  in the larger tetrads 
than in the smaller ones but in the 
anaphase plate at  each pole (fig. 31), 
a stage slightly in advance of tha t  
figured in 30, the dual nature of each 
dyad is very clear and reminds us of 
the condition figured by MATTH~Y 

Fig. 32. Side v iew of la ter  s tage showing (1936) in certain mammals.  In  the case 
the  beginning of the  mass ing  of the  o f  the large chromosomes the two 

chromosomes.  2 2400. 
monads lie close together in different 

planes, while in the case of the smaller ones, a light area indicates the 
split between the two monads. 

Telophase. Once more, a severe contraction of the chromosomes 
takes place involving a massing together of the dyads and resulting in 
an indistinguishable knot from which the ends of only the larger chromo- 
somes protrude (fig. 32). This massing of the chromosomes in early 
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telophase probably does occur and is not solely the result of the 
contraction brought about by the fixative, for it has been obser- 
ved by me in preparations made in a variety of ways and also 

Fig.  33. Fig .  3~. Fig .  35. 

Fig.  33. Telophase I .  Granules  appea r  a long the  spindle f ibres  in  the  centre .  A clear  space  
sur rounds  the  te lophase mass .  • 2400. 

Fig.  3~. L a t e r  s tage.  The  br idge  body  is in  the  f o r m  of a plate,  x 2i00.  

Fig .  35. Nuc lea r  m e m b r a n e  is f o r m e d  and  the  ch romosomes  are  discrete.  F i l a m e n t o u s  
pro jec t ions  are seen be tween  the  chromosomes .  • 2400. 

a space around the telophase mass and the final separation of the two 
daughter cells are similar to what I have described in the spermatogonia 
and to what other authors have noticed (figs. 33, 34, 35). The bridge- 
body makes its appearance at first in the form of 
a number of discrete granules (fig. 33) which, as 
the constriction advances and as the daughter cells 
separate, unite to form a deeply staining plate 
(fig. 34). Later  the bridge-body with a conical 
remnant  of spindle fibres attached to each side 
is cast off and probably degenerates. 

The picture one sees of the nucleus imme- 
diately after the nuclear membrane is formed 
clearly shows all the chromosomes inside the mem- Fig. 36. Telophase meta- 

morphosis. Nucleus  show- 
brane sending off fine processes connecting one ing a resolution of the 
another, - -  picture strikingly similar to what telophasechromosomes. 

• 2400. 
has been figured in Salamandra maculosa (MErEs, 
1897) and Geotriton ]uscus (TE~NI, 1911). Such a nucleus is shown in 
fig. 35 where the individual chromosomes are seen putting out processes. 
The telophase metamorphosis is rapid and a vacuolation of the chromo- 
somes (fig. 36) results in a diffusely staining network which characterises 
the main stage of interkinesis (fig. 37). 
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Interkinesis. 
In the Amphibia the length of duration of interkinesis varies in different 

species and probably also in the same species and even in the same individual. In 
forms like Desmognathus (KINGS~URu 1902), Salamandra (MEvEs, 1897), Bu]o 
lentiginosus (KING, 1907) and Bu/o arenarum (SAEz and others, 1936), the chromo- 
somes of the telophase of the first division enter on the spindle of the second division 
without any marked alteration. In others like Amphiuma (MAcGR~GOa, 1899) 
and Amblystoma (CARRICK, 1934), a diffuse network results from a branching of 
the chromosomes though in these two animals this stage of diffusion is not of any 
considerable duration. Probably the extreme in this respect is seen in Rana, 
Alytes and Bombinator (CHAMPu 1913) where the chromosomes become greatly 
branched, lose most of their staining capacity and remind us of the resting 

nucleus of the primary spermatogonium. Nucle- 
oli are also seen. 

The condi t ion in Ichthyophis resembles  
the  th i rd  k ind  desc r ibedabove  and  I am 
sure a s tage of g rea t  diffusion of the  chro- 
mosomes,  resembl ing r e m a r k a b l y  the  res t ing 
stage, in tervenes  be tween the te lophase  of 
the  f irst  divis ion and  the  p rophase  of the  
second. Such a s tage is shown in fig. 37. 
I t  can also be seen t h a t  i t  is of long dura t ion  
as the  nuclei  of a group of cells are  all  in 
this  s tage and  also a n u m b e r  of cysts  in 

Fig.  37. A nuc leus  in t y p i c a l  
interkinesis. • 2400. this  s tage are encounte red  in a p r e p a r a t i o n  

of the  testis .  
The impor tance  once a t t a c h e d  to  this  s tage is now lessened af te r  the  

rea l i sa t ion  of the  i m p o r t a n t  fact  t h a t  the  chromosomes of me taphase  I I  
are  essent ia l ly  the  same as those of Anaphase  I .  Fu r the r ,  a va s t  b o d y  
of evidence has accumula ted  to  show t h a t  eve ry  t r ans i t ion  be tween  
cases where the  chromosomes af te r  one divis ion en te r  on to  a second 
wi thou t  a n y  change and  those where ex t reme  diffusion takes  place,  
occurs in bo th  p lan t s  and  animals .  

Secondary spermatoeytes.  

The h i s to ry  of p rophase  I I  is the  same as  t h a t  of p rophase  I f rom the 
t ime of emergence of the  chromosomes from the  "d i f fuse  s t age" .  The 
nucleus regains  basoph i ly  which had  been t empora r i l y  lost  dur ing  inter-  
kinesis and  f i laments  become organised.  At  f irst  t h e y  are  i r regular  and  
uneven  in the i r  appea rance  bu t  g r adua l l y  t hey  become uni form and  
show a pe r iphera l  d i s t r ibu t ion  in the  nucleus (fig. 38). They  are all  
d i s t inc t  bu t  no dua l i t y  can be seen a t  th is  stage.  The resolut ion of the  
chromosomes,  the  d i sappearance  of the  nuclear  m e m b r a n e  and  the  
p lacing of the  chromosomes on the  spindle are processes which t ake  
place rap id ly ,  for s tages indica t ing  every  one of these processes occur in 
the  same group of cells. 
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Some authors describe the formation of a filament directed towards the pole 
in the secondary spermatocytes emerging out of the diffuse interkinesis, very much 
like that seen in the primary spermatocytes, though not so pronounced (Bomblnator: 
CHAMPY, 1913). I have never noticed such a condition in Ichthyophis and I believe 
it does not exist. 

A stage similar to the knotting of the chromosomes into a mass during 
spindle formation, observed in the primary spermatocytes is seen in the 

Fig. 38. Fig. 39. Fig. 40. 
Fig. 38. Prophase  I I .  The  chromosomes havee  merged  f rom the  ne twork  and are clear.  • 2400. 
Fig. 39. Spindle format ion .  The  nuclear  m e m b r a n e  is lost and  the  chromosomes  have  again 

massed together ,  x 2400. 
Fig. t0 .  Polar  v iew of a me taphase  plate  I I .  21 dyads ,  each  double, a re  seen. • 2400. 

secondary spermatocytes also. In this mass (fig. 39) no details can be 
seen and the individual chromosomes cannot be made out. The dyads 
can be observed clearly only in metaphase when they are arranged 

Fig. 41. Ea r ly  anaphase  I L  • 2400. Fig. 42. L a t e r  anaphase  I I .  • 2400. 

equatorially on the spindle. A figure of this stage is depicted in 40. I t  
will be noticed that  in a polar view 21 dyads can be seen and the doubleness 
of each dyad is also clear. The distribution of the chromosomes in meta- 
phase is the same as that observed in spermatogonia and primary sper- 
matocytes, with the larger chromosomes occupying the periphery and the 
smaller ones placed in the centre. The different chromosomes can also 
be reeognised, one large rodshaped chromosome, two large V shaped 
chromosomes, three smaller V shaped chromosomes and the rest, rods 
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and dots. Here also no regularity in the arrangement of the chromo- 
somes with reference to one another can be noticed. 

The separation of the dyads into the constituent monads takes place 
in Anaphase II .  Figs. 41, 42, 43 illustrate the successive stages in the 

Fig.  43. F ig .  44. 

Fig .  43. S tage  la te r  t h a n  t h a t i l l u s t r a t e d  in  fig.  42. Al ready  a m a s s i n g  of the ch romosomes  
is in evidence.  • 2400. 

Fig .  44. Ea r ly  anaphase  p la te  of second divis ion showing  21 monads .  • 2400. 

process and at  the end of division each daughter cell has 21 monads. 
In  early anaphase pictures, the 21 monads can be counted with ease 

(fig. 44), while in later anaphase (fig. 43) and 
in telophase (fig. 45) the same massing of the 
chromosomes seen in the first division is noticed. 

Fig.  45. Telophase ;  Side Fig.  46 .Te lophasevacno l a t i on  Fig.  47. An c a r l y s p e r m a t i d  
view.  • 2400. of the  chromosomes ,  x 2400. nucleus.  • 2400. 

The telophase changes in the chromosomes of the two daughter 
nuclei after division I I  consist essentially of the same processes as those 
described for spermatogonia and pr imary spermatocytes consisting of 
a vacuolation of the chromosomes (fig. 46) and their branching to give 
rise ult imately to a diffuse network characteristic of the early spermatid 
(fig. 47). 

Summary. 
The pr imary spermatocytes which are the products of division of 

the spermatogonia embark on the prophase of the first division after a 
brief period of rest. The leptotene filaments are formed soon after and 
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the  polar  or ien ta t ion  of the  f i laments  resul ts  in a lep to tene  bouquet .  
Para l le l  conjugat ion  of the  lep to tene  f i laments  gives rise to the  th icker  
pachy tene  threads ,  the  conjugat ion  beginning a t  the  p rox ima l  pole. When  
the fusion be tween the  appos ing  f i laments  is more or less in t imate ,  the  
polar isa t ion is lost  and  immed ia t e ly  af ter ,  spli ts  appea r  a long the  t h reads  
a t  in tervals ,  giving rise to  the  d ip lo tene  stage. The d ip lo tene  is followed 
by  a pronounced  and  conspicuous diffuse s tage where all  i nd iv idua l i t y  
of the  chromosomes is t empora r i l y  lost,  the  nucleus itself becoming a 
fa in t ly  s ta ining re t iculum,  in i ts g rea tes t  development .  Soon, the  chromo- 
somes emerge from the  diffuse mass  and  the  b iva len ts  which now 
appea r  more or less clear,  twis t  abou t  each o ther  giving rise to  the  strepsi-  
nema.  A condensa t ion  and  cont rac t ion  of the  chromosomes give rise to  
the  diakinesis  where 21 deeply  s ta ining t e t r ads  of different  forms are  seen 
a r ranged  per iphera l ly  inside the  nuclear  membrane .  The spindle is formed 
between the centrioles,  the  nuclear  m e m b r a n e  is lost  and  the  t e t r ads  t ake  
thei r  place on the  spindle. 21 t e t r ads  can be c lear ly  seen in the  meta -  
phase  pla tes  of the  division,  the  four components  of each t e t r a d  being 
seen clear ly  for the  f i rs t  t ime in anaphase .  A conspicuous in terkines is  
separa tes  the  f irst  and  second divisions,  when the nucleus resumes the 
appea rance  of a fa in t ly  s ta in ing network.  The second divis ion follows 
quickly  separa t ing  each d y a d  into  two monads .  21 dyads  are  seen in 
the  me taphase  p la tes  of this  division while 21 monads  can be counted  
in the  anaphase  plates.  The resul t ing cells are the  spermat ids .  
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