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POLYMORPHISM IN SPERM MORPHOLOGY- A SCANNING ELECTRON 
MICROSCOPIC STUDY ON Bufo himalayanas (ANURA : AMPHIBIA) 

S. Mukherjee, R.R. Roy and D. Ray 
Post Graduate Dept. of Zoology, Darjeeling Govt. College, Darjeeling -734101 

Sperm morphology of Bufo himalayanas (Anura : Amphibia) has been studied from surface 
morphology revealed from Scanning Electron Microscopic observation. Sperm were isolated by 
gradual centrffugation technique, fixed in 2.5% Glutaraldehyde vt.:h 0.1 M sodium cacodylate buffer. 
Post fixation was done with 2% osmium tetraoxide with same blf.fer. Typiocal sperm have a pointed 
head, a very short perforatorium, coiled tubules around neck and tail consisting of two axial filaments. 
Apart from pointed head, sperm with round, oval or elliptical head, absence of perforatorium and 
neck, tail with single axial filament etc. are some polymorphic faatures. A probable origin of such 
sperm have been suggested from hypo and hyperdiploid genial cells. Genetic control on sperm 
morphology has been suggested. 

Introduction 

58 

The basic morphology of an amphibian spermatozoon involves following structures in a linear anteroposterior 
sequence - acrosome, head, middle piece and tail. The morphology of spermatozoa is highly variable in 
amphibians. Ray et. al. {1986) and others have reported an unique phenomenon of hypo and hyper diploid 
gonia! population in amphibians apart from diploid genial cells. The fate(s) of these genial population in germ 
line propagation has a special significance in conservation of diploid chromosomal status of the species. 
In the present study an attempt has been made to record variations in sperm morphology as revealed from 
surface topographies. 

Materials and Methods 
Male toads, Bufo hima/ayanas (Anura : Amphibia) were collected from different location of Da~eeling district. 
Sperms were collected by gradual centrifugation after preservation in 2.5% glutaraldehyde with 0.1 M sodium 
cacodylate buffer for 4 hours. Post fixation was done in 2% osmium tetraoxide with same buffer. Surface 
morphology was studied under scanning electron microscope (Hitachi S530). 

Observation 
The study shows a unique array of sperm morphology. Under phase contrast microscope, a normal 
spermatozoon has deeply staining head consisting. of cylindrical nucleus and pointed needle like acrosome 
situated at its anterior tip. A short neck or middle piece is followed by head, where mitochondria are clumped 
together. Tail consisting of two axial filaments joined together as it an undulating membrane. The surface 
morphology as revealed from electron microscope unequivocally supports this observation (Plate 1; Fig. 1). 
The htlad region shows irregular elevations and avery rudimeniary perforatorium like structure. The neck 
shows spiral arrangement of tubules. 
Polymorphioc nature of the sperm mo,Phology can be boiled down as-
a) Spermatozoon with ovoidal head, without perforatorium and ill recognizable neck (Plate 1; Fig. 2). 
b) Spermatozoon with sickle shaped head, without neck and tail (Plate 1; Fig. 3). 
c) Spermatozoon with round highly conspicuous head and long tail (Plate 1; Fig. 4). 
d) Spermatozoon with tail consisting single axial filament (Plate 1; F1g. 5). 

Discussion 
The biological significance of differences in size and structure of spermatozoa in amphibians is unknown. 
Species specific differences in spermatozoa may be correlated with differences in the structure of egg 
membrane (Kawanura, 1953). There is also a positive correlation between spermatozoan head length and 
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Fig. 1: Spermato:;oon with elongated head, distinct middle piece and two axial tail filament. 

Fig; 2 : Spermatozoon with ovoidal head, without perforatorium and ill recognizable neck. 

Fig. 3 : spermatozoon woth sickle shaped head, without neck and tail. 

-Fig. 4 : Spermatozoon with round highly cnspicuous head and long tail. 

Fig. 5 : Spermatozoon wilh tail consisting single axial filament. 
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amount of nuclear material (Fawcett, 1970). Wortham et. al. (1977, B2) suggested that the long head is 
correlated with more nuclear material as well as evolutionary plasticity of the species or group. 
However, the polymorphism in sperm structure within a species be looked at from a different angle, i.e. from 
their ontogenic source. Roy and Ray (1989) from karyomorphological studies have shown a possible 
existence of polymorphic ceil population in amphibians. Such hypo and hyperdiploid gonial cells apart from 
normal diploid cell continue normal gametogenic progression will lead to a polymorphic structures in terms of 
sperm morphology. In no sense " be assumed that morphology of sperm is a mere developmental pattern 
without genetic control. 
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SCANNING ELECTRON MICROSCOPIC STUDY OF SPERMIOGENESIS OF 
HIMALAYAN TOAD, Bufo himalayan us (ANURA :AMPHIBIA} 

D. Ray, R.R. Roy and S. Mukherjee 
Post Graduate Department of Zoology, Darjeellng Government College, Darjeeling- 734101 

Stages of spermiogenesis of Himalayan toad, Bufo himalayanus have been studied from scanning 

electron microscopic observation. The early spermatids have round irregular surface structure as 

depression and evaginations. Mid sperrnatlds show smooth appearance of the surface. Late 

spermatids have 'short neck'. Tall appears as axial filaments. Mature spermatozoon consists of 

needle like head w~h barb like perforatorium, a very short neck wilh tubules and a tail with two axial 

filaments wnhout an undulating membrane. Polymotphic nature ol head, neck and tail structure are 
also recorded. 

Introduction 

55 

Spermatogenesis, a process of cellular differentiation (Clermont and Leblond, 1953) is divided into three 

stages : I) Spermatocytogenesis, ii)Spermatocytlc stage and lii)Spermiogenesis (Rossen • Runge, 1977). 
The events of spermiogenesis includes the differentiation with extensive morphological changes that convert 

the haploid spermatid into a mature spermatozoa. There are extensive IHerature on nuclear condensation or 
changes (Dixon, G.H. 1972), elaboration of cytoplasmic organelles (Bloom and Fawcett, 1975) and 

biochemical events during spermiogenesis (Olivieri, 1965; Gould-Somero and Holland, 1974; Erickson, 

1980). However, study on sequential events ot morphological changes through scanning electron microscope 

is mere and obscure (Picheral, 1979). 

Material and Methods 
Male specimens of June, July and August were sacmiced and sperms were collected by mild centmugatlon 

in amphibian saline. Then fixation was done In 2.5% glutaraldehyde wHh 0.1 M sodium cacodylate buffer. 

Post fixation was done 2% osmium tetraoxlde wHh same buffer and preserved in amylacetate. Surface 

morphology ot different stages of spermiogenesis was studied under scanning electron microscope (HHachi 
S530). . 

Observation 
Cytologically spermiogenesis of an amphibia is not ~o convincing as in mammals. Therefore, depending on 

.morphological shapes, It is divided into early, mlcl, late ancl mature stages having respectively round, oval, 

elliptical and rod like appearances. 

Under scanning electron microscope our observations are as follows : 
i) The early . so called round spermatids have as usual round but surface shows very irregular 

appearance. lnvaginations and buldges are the most prominent features. (Plate 1; Fig. 1). 
ii) AI mid stage, the spermatlds become somewhat elongated and become smooth in appearance. No 
invaginations or protrusions are found. This may be due to spreading of acrosomal cap over the primary 

surface (Plate 1; Fig. 2). 
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Plate 1. Photomicrographs of different stages of spermiogenesis of Bufo himalayanus under scanning 

electron microscope. 

Fig. 1 : Early (round) spermatid showing characteristic invaginations on the surface. 

Fig. 2 : Mid (ovoid) spermatid showing smooth suface. 

Fig. 3 : Late (elongated) spermatid showing transveres tubules in the neck region. 

Fig. 4 : A mature spermatozoon showing two axial filaments and rod like head with perforatorium at its tip. 
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iii) At late stage, neck part originates from the more broad posterior end as irregular band. Under higher 

resolution neck part is found to be featured by transversely arranged tubules in a zig-zag fashion (Plate 1; 

Fig. 3) . 

iv) The mature stage which marks the end of spermiogenesis shows appearance of two axial filaments 

coiled upon one another. The head part become more elongated to ;i assume a rod like appearance. A barb 

like perforatorium appears from the pointed anterior end (Plate 1; Fig. 4). 

Sperms have diHerent shapes and morphologies - oval megacephalic, tail with single axial filament etc. are 

most common apart from the rod like sperm with double axial filaments. 

Discussion 

Sharma and Dhindas (1955) recorded that in Rana the events of spermiogenesis started with condensation 

of the nucleus together with elaboration of cytoplasmic organelles, particularly the appearance of PAS 

positive acrosomal granule as acrosomal cap. The tail part originates from the posterior or distal centriole. 

The neck part marks the accumulation of mitochondria etc. 

Surface structures as revealed from scanning electron microscopic in present case unequivocally suggest 

that during spermiogenesis a progressive condensation of nuclear head takes place causing thining of the 

nucleus and sperm head assumes a rod like onfiguration. The presence of two axial filaments may have lead 

the postulation of presence of an undulating membrane in anuran sperm by earlier workers (Sharma and 

Sekhri, 1955). 

Morphological variations of sperm structure may be correlated with chromosomal variation found in 

spermatogonial cell population (Ray et al., 1986) or with morphogenetic factors (Fawcett et. al.. 1971; Risley, 

1981) influencing spermiogenesis (Mcintosh and Porter. 1967) . 
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ABSTRACf 

The kinetics of spennatogencsis in Himalayan toad, Bufo h;mattJyanas has 
been l!itUdied by monitoring the progression of labelled gonial cells 
through different stages of meiosis and spermiogenesis. The total duration 
of meiosis and spcrmiogeneo;is respectively. ~SO and 9.5 days. In winter 
species the meiotic tran.~ition found arrested at and around pachytene stage. 
The phYI<lSCnie significance or kinetics of spermatogenesis in vertebrates has 

been discussed. 

~he kinetics of spermatogenesis have 
been studied in a number of amphibian 
species by using various techniques a11d 
mcthod~•.'.',• 0,''· However, such account 
i< meager in anuran species found at high 
altitudes. The present communi~ation nar
rates the total duration of meio>is and 
spermiogenesis of Himalayan. Toad, Bufo 
ilima/ayanas (Gunther) [Anura: Amphibia I 
Bufo hlmalayanas is found in the hilly·regions 
of Darjeeling district and adjoining region 
of Sikkim at an altitude of 4000--8000 ft. 
Mal~ toads were collected during breeding 
season ( May - Augw.t ) administered with 
'H- Thymidine at a dose of 20 pCi (Sp. act. 
10,000 m Ci I m M , BARC, Trombay) I 
animal and were sacrificed at different time 
intervals (Table-!). Stages of spermatoge
nesis were eollected by the usual standard 
technique and radio activity was recorded 
by tracing the progression of each stage at 
variou• Intervals. 

The radioactivity of gonia! cells recorded 
soon after radioisotope application ( 0-25 d 
p.i. ) . The labelled leptotene, Zygotene, 
pachytene, diplotene and diakinesis were 
recorded first on 2,4,5.5,18,19 day post inje
ction respectively. The spermatids labelled 
only on 22 days post-injection and conti· 
nued to be labelled till 30 days post injec
tion at when the spermatozoa found labelled 
for the first time. Duration of leptotene, 
zygotene, pachytene, diplotene, diakinesis 
calculated on the basis of the method as 
stated earlier and the durations are •hown 
in the Table-t. Tbe total duration of 
spermiogenesis is about 9.5 days. The kine· 
tics of total spermatogenesis process i.e .. 
from on set of meiosis to completion of 
spermiogenesis is about 29 days. 

In amphibians spermatogenesis exhibit 
Cyclic changes and three different cycles 
arc known : continuous, discontinuous and 
contineo· discontinuous2, • ,5J, to, ••. 
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Table-!. The Progression or labelled 3H
thymidine gonia cells·through different stages 
of mdosis and spermiogenesis in Bufo hima-

IJI•anos (Gunther). (May-August season) 

Days Most ad van
post ced labelled 

injection stage 

0.25 Goni.l 
0.5 Gonia 
0.75 Gonia 
1 Gonia 
1.5 Gonia 
2 Leptotene 
2.5 Leptotene 
3.5 Leptotene 
4 Zygotene 
4.5 Zygotene 

5 Zygotene 
5.5 Pachytene 

7.5 Pachytene 
8.5 Pachytene 

9:5 Pachytene 
10.5 Pachytene 
J1.5 Pachytene 
13.5 Pachytene 
15 Pachytene 
18 Diplotene 

19 Diakinesis 
22 Spermatid 

Other labelled 
stage (s) 

Gonia 
Gonia 

Gonia, Leptotene 
-do-
-do-

Gonia, Leptotene, 
zygotene 

-do-
-do-
-do-
-do-
-do-
-do-
-do-

Gonia, Leptotene, 
Pachytene 

-do-
Gonia, Leptotene, 

Pachytene & Diplotene 
23 Spermatid -do-

25 Spermatid -do-

27 Spermotid -do-
29 Spermatid -do-

30 Spermatozoa Gonia, Leptotene, 
Pachytene & spermatid 

32 Sperm;.1tozoa -do-

:15 Spermatozoa -do-

Dme : 20 pCi I animal 
Sp. activity- 1000 Mci (BARC, Trombay) 

Table-2. The progression or 1H- thymidine 
labelled gonia cells thrdugh meiosis in Bufo 
himoloyono• (Gunther) (_Sept.- December) 

Days post Most advanced Other labelled 
injection labelled stage. slllge(s) 

0.25 Gonia 

3.5 Gonia 

0.75 Gonia 

I Gonia 

3 Leptotene Gonia 

5 Pachytene Gonia 

7 Pachytene Gonia 

to Pachytene Gonia 

15 Pachytene Gonia 
20 Pachytene Gonia 

25 Pachytene Gonia 

30 Pachytene Gonia 

35 Pachytene Gonia 

Dose : 20 pCi I animal 

Sp. activity- 1000 Mci (BARC, Trombay) 

Fig. I( a) Progression or 'H - Thymidine 
labelled spermatogonia through 
various stages of meiosis and sper
miogenesis in Bufo hlmoloyonos 
(Breeding sca,on, May-August) 
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fig. I (b) Progression of •H - Thymidine 
labelled spermatogonia duting 
winter season through meiosis 

Lt .. A,.,W"-ts 
urncunal,nnpltn'IJ l<fc. 

... ~ .. ~"··~ .) ·-/----·-· 
...... ,,.., 

foqiOOI(IC • .,en- tCIN>I ..x"f'l01 

fig. 2. Phylogenetic relationship between 
different vertebrate~. 

Bll/o hlmalayanal e1hibits a discontinuous 
cycle, I.e., in such species production of 
spermatozoa is confined to limited period of 
the y~ar (breeding season, May-August)'. 
Therefore, kinetics of the spermatogenesis 
has been studied only doting the breeding 
•cason. However, the species collected from 
lower altitudes ( 4000 ft. or low ) elthibit 
continuation of spermatogenic activity till 
September and spermatocyte• exhibit an 

arrest of meiotic transition beyond pachytene 
(Table-2). 

The kinetics of meiosis of this species is 
somewhat different from other anuranf spe
cies found in tropical and subtropical regi
ons. The longer duration of each leptotene, 
zygotene, pachytene, diplotene and diakinsis 
is somewhat similar to Xenopu8 laevis'. In 
contrast to meiosis, spermiogenesis is rema
rkably short and is only 9.5 days in duration 
(Diagram-Ia ). In some species the pachy
tene may last for few months until they dege
nerate at the onset of winter (Diagram-I b). 

The rapid transition and completion of 
spermatogenesis is somehow related with the 
habit of seasonal breeding which bas an 
e•tremly short duration at high altitude. 

Phylogcoetically amphibians are related 
to piscian group on one hand & with reptiles 
on the other. Their phylogenie relationship 
has been established by various methods 
and techniques. The kinetics of the sperma
togene>is can be used as a method to el'hibit 
t,UCh rclationsbip',n,u. 

Meiotic duration in piscian group is the 
shortest among the vertebrates and similar 
such duration of meiotic stages is found in 
aquatic amphibian forms viz., Rana. Bufo, 
Tylototrltlon etc. 1 , 12, "· On the other hand 
spermiogenesis of terrestrial amphibians is 
much longer as in reptiles (Diagram-2). 
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Abstract 

Gonadal differentiation patte rn during larval development period has been studied from SEM and TEM observations. The larval period has been 
categorized into four stages, viz .• '0' limb stage, '2' limb s!Jige, '4' limb stage and 'sub-adult' stage. The '0' limb stage gonad exhibits no sign of 
gonadal difterentiation and cells ell hi bit unifonnity a\ ultra-structural levels. Gonadal differentiation becomes evident around '2'1imb stage and '4' 
limb stage. Gonia I cell s also appear at late '4'1imb stage. 'Sub-adult' stage exhibilS appearance of primary and secondary spennatids. Appearance 
of scanty sperms is also evident at this stage which suggest a probable case of progenesis in this species. 

Abstrait 

Lc motif de differentiation gonad ale pendant Ia ~riode du dtveloppement larvaire a tt~ ttudit des observations SEM et TEM. La ~riode larvaire 
a ttt cattgoriste en quatre phases. c'est-l-<lire, phase '0' membre, phase '2' membre, phase '4' membre d phase 'sous-adulte'. La gonade de Ia phase 
·o· mernbre ne nontre nucun signe de difftrentiation gonadale et les ce\lules montrent l'unifonnite aux niveaWl ultra-structuraux. La differentiation 
gonadale est evidente vers les phases '2'-membres et '4'-membra. Desccllules gonadiques apparaissent aussi vers Ia fin de Ia phase '4'-membres, 
La phase 'sous-adulte' expose l'apparence des spennatides primaives et sc:condaires. L'apparence des spennes insuffisanlS est aussi tvidente l 
celle phase, c:e qui suggere un cas probable de proge~is danS cette espece. 

· Author for correspondence. 
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S 
permatogencsis in amphibians is usually identified with 

sexual maturity. However, in several anuran SI ~c ics. 

spermatogenic waves have been reported well before 

the sexual characters developed and even in the larval stage. 

ll1is phenomenon has been named as 'pre-spermatogenesis' 

or 'precocious spermatogenesis' o r 'juvenile spermatogenesis' 

(5. 6). 

In the pre sent text, a phemo non of j u ve nil e 

spermatogenesis has been described in an anuran species. 

Bufo hii1Ullayanus, found at high altitudes of Darjecling hills. 

The s tudy has bee n made under Scann ing E lec tron 

Microscope (SEM ) and Transmission Electron Microscope 

(TEM). 

Materials and Methods 

Tadpoles of Bv.fo himala_yanas were collected from 

different places of Darjeeling hills at an altitude of 18'00-
2300 mts. Tadpoles were reared in the laboratory conditions 

(tcmpcraturc20°C ). Following the metamorphic events. the 

tadpoles were classified as '0 ' limh stage, '2' limb stage. '4 ' 

limb stage and 'sub-adult' stage (Plate I. Fig. a-d). Gonadal 

masses fro m each s tage we re collec ted by surgica l 

operations for routine histological and ultra-micmscopic 

studi:.: s. 

A part o f gonada l mass were fix e d in 2.5% 

Glutaraldehyde in Cacodylate buffe r (pH 7 . I ) for SEM 

studies. whi le the rest mass was fixed in Gl utaraldehyde

Paraformaldehyde mi xture for TEM observations. In both 

the cases, the post-fixation was made with 0 .0 I M Osmium 

Tetr oxide in cacody late buffer (pH 7.1). Before critical point 

drying, the gonadal masses were superficial ly teased to 

expose the internal mass for SEM observations. SEM and 

TEM observations were made under Hitachi S-530 and 

Philips CM-10 Microscopes, respectively. 

Observations and Discussions 

· ... _ The larvae of the Bufo himalayanas from hatching to 

e~.'lergence of sub-adults can be categorized into 39 stages. 

However, the gonadal mass can only be recognized visually 

on and fc'Jm stage 2 1. called '0' limb stage. as a median 

oblong m.1ss around the developing kidneys. Fo r the 

.onvenien;.:e of the study, the larval developmental events 

has been summarized as '0' limb stage (i.e .. with limb bud), 

'2' limb ·;rage ( i.e., with hind limbs only). '4' limb stage (i.e .. 

with ~...ot h hind and fore limbs) and 'sub-adult' stage (i.e., 

j ust after culmination of metamorphosis). 

At '0' limb stage, the gonadal anlagen is visualized as 

an oblong mass at the antcro-median part of the developing 

kidneys. Under the SEM. the anlagen mass exhibits primordial 

germ cells of spherical shape. The gonads originate from an 

out pocket of ce lls on the ventral surface of the kidney. There 

i ~ no observable differences between males and females. 

The undifferentia ted an lagen mass is kept within solid oblong 

gonads with <.:lear cortex and medull a portion. 

At '2' limb stage, the gonadal mass assumes a globular 

shape and is lodged at the anterior end of the kidney. The 

developing gonad is morphologically indistinguishable as 

Testi s o r Ovary. However, under SEM. the developing 

anlagen was ex hibiting the appearance of the gonia I cells as 

spherical irregular cells o f about 7 - 10 mil in diameter. The 

surface morphology of the gonia\ cells is characterised by 

rough and irregular surface with numerous depressions and 

ridges at regular in te rvals (Plate I, Figs. a-d). 

The existence o f gonia] cells in the developing testis 

· has been sustained from TEM observations. The gonia! cells 

exhibit the characteristic features of gonia] cells as in other 

aWuTa'fiS ~~\<>.\~ 1., Ego:.. 11-~). \\',~-:.'\:. g-u'i'l:.'ll\ (.'1:.\h t:!\\'.:,b:,\ 
irregular surface morpho logy with myriad convolutions. 

TEM ultra-struc ture shows oval or e lliptical shape with oval 

nucleus and uniformly distributed chromatin granules. The 

nuc leolus is electron dense and spherical. Cytoplasm is 

homogeneous and contains ova l mitoc hondria, free 

ri bosomes, granular and agranular endoplasmic reticulum 

(Plate 2. Figs a. b & c). 

At '4' limb stage, gonia) cells show some characteristics 

as in '2' limb stage. Under SEM observations, goniaJs cells 

show irregular surface morphology and oval and spherical 

shape of about 5-8 mil in diameter. Here, at this stage, goniaJs 

cells along wi th primary and secondary spermatocytes are 

seen. TEM ohscrvations show gonia] cells of similar nature 

as fo und in '2' li mb s tage. Primary and secondary 

spermatocytes show spherical central nucleus without 

nucleous. The e lectron dense heterochromatin masses of 

nucleoplasm irregularly distributed and condensed at the 

periphery of the nuc leus. The cytoplasm shows 

characteristic electron dense droplets and vacuoles (Plate 

2. Figs. d, e. & f) . 

Sperm atogenesis is usually identified with sexual 

maturity. However, in several anuran species. spermatogenic 

activity has been recorded during early development before 

secondary sexual characters developed. Spermatogenesis 

has been recorded even in the larval conditions ( I. 2. 4). 
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lwasawa and Kobayashi (2) have described that the 
juvenile spermatogenesis usually ends with degeneration of 
spermatogenic nests before completion of spermatogenic 
cycle. However, others (3, 4, 5, 6, 7) have recorded that in 
some anuran species, the juvenile spermatogenic cycle may 
proceed to the formation of spermatozoon with no clear 

difference from the adult spermatogenic cycle. 

The present study indicates that in Himalayan toad 
(Bufo himalayanas). the spermatogenic activity starts in the 
larval stage, when the differentiation of the gonadal anlagen 
of '0' limb stage takes place into a distinct gonadal fate (i.e., 

either testis or ovary) around '2' limb stage, which is 
supported by the e11.periments of Hayes (8). Therefore, 
critical point of gonadal differentiation in this species is likely 
to take place at around '2' limb stage. 
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