Proc, Indian Acac1. Sci. (Anim. Sci.), Vol. 91, Number 5, September 1982, pp, 439-450.
© Printed in India.

Structure and seasonal changes in the testes of a freshwater crab,
Potamon koolooense (Rathbun)
P C JOSHI and S S KHANNA *
Department of Zoology, Government PG College, Pithoragarh 262501, India
* Joint Secretary, Ministry of Education, Lucknow, India
MS received 28 July 1981; revised 22 July 1982
Abstract. The paired' H '-shaped testes of Potamon koolooense show histomorphological changes during various stages of maturity, Seminiferous tubules
show different stages of spermatogenesis. A few undifferentiated or resting spermatogonia supply a new crop of germ cells for the next breeding season. In a tubule
the meiotic divisions occur more or less synchronously in all the primary or secondary spermaiocytes. Sperm consists of a head and mitochondrial vesicle which
encloses axial filament and distal centrosome. Spermatogenetic activity is seasonal.
Spermatogenesis begins in January-February, progresses slowly through March,
reaching its peak in April-May. However, all the tubules do not mature simultaneously. Spermiation occurs during May and June, the spermatogenesis ceases
gradually, and by December the testes enter a brief period of rest.
Keywords. Potamon koolooense ; testes; histology; seasonal changes.

1. Introduction
The structure of male reproductive organs in crustacea has been described by
Spalding (1942), Cronin (1947), King (1948), Ryan (1967), Wolfe (1971), Chiba
and Houma (1971) and Gupta and Chatterji (1976). There has been little information about the seasonal histomorphological changes in the testes of crustaceans
as investigators concerned themselves with specific study, such as spermatogenesis
(Binford 1913; Fasten 1926 ; Baker and Rosof 1927 ; Nath 1932) or measurement of male gonad index for assessment of reproductive cycle (Subrahmanyam
1963 ; Rahman 1967 ; Chandran 1968). Recently seasonal histological changes
have been reported in the crab, Pachygrapsus crassipes (Chiba and Honma 1972),
Barytelphusa cunicularis (Diwan and Nagabhushanam 1974) and crayfish, Oreonects limosus (Wielgus 1976). The present paper describes the seasonality in
the testicular activity in a freshwater crab, Potamon koolooense.
2. Material and methods
15 to 20 live specimens of adult male P. koolooense (carapace width 37 mm
to 45 mm) were collected every month during 1976-78, from a stream near
439
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Pithoragarh. The weight of each specimen was recorded immediately before dissection. The testes were removed and placed immediately in fixative. Their
length and weight were recorded after fixation. The gonad index (GI) was calculated using the formula (Giese 1959):
GI =

weight of the gonad
100
weight of the animal x
.

For histology, different regions of the testes were fixed in Bouin's fluid, Allen's
Bouin solution or Helly's fluid. Paraffin sections of 5-6 pm thickness were cut
and stained with Delafield's haematoxylin or Mayer's haemalum, using eosin as
counterstain in all the cases. Heidenhain's Azan, Mallory's triple stain and
periodic acid Schiff (PAS) were also used.
3.

3.1.

Observations
Morphology

The testes are paired elongated bodies, lying attached with the hypodermis of the
overlying carapace but the ventral side freely rests upon the hepatopancreas.
Testes of both the sides are connected together at their middle region by a cross
band of testicular tissue so that the pair appears 'II '-shaped. Occasionally
the testes of two sides are unequal in length and thickness. Each testis leads into
a" 100ig highly coiled vas deferens which opens outside through the penis situated
on the ventral subterminal region of the coxal segment of 5th leg.
3.2. Histology
Each testis is"made up of numerous convoluted siminiferous tubules of varying
sizes, held together by a thin layer of connective tissue. The intertubular space
contains a few blood vessels. Each tubule is covered by a thin layer of connective tissue, and in a transverse section shows two distinct areas, the germinative
region and the lumen (figure 1). Different tubules in the same section consist
of germ cells in different stages of development (figures 6, 7). Tubules at
posterior region of testes become narrow and have small or no germinal area,
while their lumen is full of sperms (figure 2). The tubules appear to be continuous, opening directly into the vas deferens.
In spermatogenesis, the sperm mother cells or primary spermatogonia are the
germ cells of first stage and are the largest of all. Each spermatogonium contains
a thin rim of cytoplasm around a vesicular nucleus containing peripheral chromatin granules (figure 3). The number of primary spermatogonia gradually increases soon after spawning (June), becoming abundant during November and
December (figure 11). Most of them later on divide mitotically and give rise to
the secondary spermatogonia that will differentiate into spermatocytes, but a few
remain undifferentiated till sperm formation and spermiation (figure 5). These
are the resting spermatogonia which divide soon after spermiation and supply a
new crop of germ cells for the next breeding season. The secondary spermatogonia are smaller than the primary ones and chromatin granules distributed homogeneously in nucleoplasm (figure 3). These cells undergo mitotic division (figure 4),
so that a large number of primary spermatocytes are formed.
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Figures 1-5. Portions of sections of testes. 1. Showing seminiferous tubules
2. Showing tubules of posterior testis, the germinal
area (GA) is reduce-d x 40. 3. Tubules showing primary (PSG) and secondary
spermatogonia (SSG), July specimen X 380. 4. Showing divicing spermatogonia
(SSG), in January x 6Oa. 5. Showing primary spermatocytes at synezesis knot
(sK)stage X 380. (GA, Germinal zone; L, Lumen; RSG, Residual spermatogonia;
S, Sperms, TW, Tubular wall.)
(T) in May (stage IV) x 90.

Figures 6-9. POrtions of sections of testes. 6. Showing primary (PSI') and secondary sperrnatocytes (ssp) bearing tubules x 380. 7. Showing secondary spermatocvtes
(ssp). speematids (ST) and sperms (s) formed in April x 380. 8. Showing structure
of sperms x 610. 9. Top view of sperms, stained with PAS x 610. (DC, Distal
centrosome; F, Axial filament; H, Head; v, Mitochondrial vesicle.)
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Figures 10-12. Portions of sections of testes, 10, Showing stage I in July X 90.
11. Showing tubules filled with spermatogonia in December (stage 1) x 140.
12. Showing tubules packed with sperrnatids (ST) and sperms (S) in May (stage
II!) x 90. (L, Lumen; PSP, Primary sperrnatocytes ; RS, Residual sperm'>: SPG,
Spermatogonia; T, Tubules.)
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The primary spermatocytes are smaller than the spermatogonia but have enough
eosinophilic cytoplasm and basophilic chromatin threads in the nucleoplasm
(figure 6). A secondary spermatocyte is nearly half the size of the primary spermatocyte and its cytoplasm is poorly stainable but cell boundary is clearly visible
in newly formed cells. The nuclei are small and have dense chromatin. This stage
is of short duration, as cells of all stages from prophase to cytokinesis are found
in the same tubule (figure 6). It is interesting to note that meiotic division occurs
synchronously in all the primary spermatocytes of a tubule and the same is true
for secondary spermatocytes. This is indicated by the presence of all the primary
or secondary spermatocytes of a tubule at approximately the same stage of development (figures 5, 6). Furthermore, a tubule at any time contains either one
type of spermatocytes or spermatids (figures 5, 6, 7).
The spermatids are small rounded bodies having deeply stained nuclei (figure 7),
the cytoplasm stains grey with haematoxyIin eosin. During spermiogenesis
they undergo morphological changes and at the end dome-shaped sperms are
formed. Each sperm consists of a head and the so-called mitochondrial vesicle
(figure 8). The head is deeply stainable with haematoxylin and represents the
nucleus. The vesicle is eosinophilic and contains a feebly staining axial filament.
At distal tip of axial filament is a thick blue-black staining transverse piece, the
so-called distal centrosome (figure 8). The proximal centrosome is not visible
as it is reported to be fused with nucleus. Pseudopodial rays which spread out
from head were not visible with the methods employed. When stained with PAS
all the cells except spermatids and sperms are negative to the stain. In sperms
both head and vesicle are PAS positive, while the axial filament is PAS negative
(figure 9).
3.3.

Seasonal cycle

The annual testicular cycle of P. koolooense can be divided into the following
four stages on the basis of histomorphological characters :
3.3a. Stage I (July to December): The size and weight of testes gradually
decreases reaching a minimum value in November and December (figure 13). The
testes are thin and translucent during September to December. On puncturing a milky
seminal fluid comes out through the vas deferens. Some of the tubules have large
number of spermatogonia and few residual sperms (figures 3, 10). Spermatogenesis
still continues to exist in some of the tubules of the same section (figure 10), but
the number of spermatocytes and spermatids decreases gradually and finally absent
during December. This indicates gradual cessation of spermatogenesis in testes.
The spermatogonia greatly increased in most of the tubules in October and were
in preponderance during November and December (figure 11). During this period
the dimension of tubules decrease and the wall of tubules becomes thick and
undulated (figure 11).
3.3b. Stage II (January to March): The spermatogenesis begins during January
and February with an accompanying increase in size, weight and opaqueness
of testes. Tubules slightly increase in diameter and their walls become comparatively thin. They contain a few primary spermatogonia and a large number of
secondary spermatogonia. Mitotic figures are generally seen in such tubules
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Figure 13. Showing seasonal changes in the gonad index (OSl) of male P. koolooense.

(figure 4). The primary and secondary spermatocytes are produced in some of
the tubules. A few residual sperms are still retained in the lumen of the tubules
and almost disappear in March. During March the spermatogonial population
decreases and actively dividing primary and secondary spermatocytes become
dominating cells in the tubules (figure 6). In a few tubules spermatids are formed
but sperms are not yet developed.
3.3c. Stage III (April to May): The testes have greatly increased in their size
and weight, being maximum during April (figure 13). They appear turgid and
opaque and their wall becomes so thin that the seminiferous tubules are visible.
The vas deferens also appears swollen, opaque and highly coiled and when ruptured the seminal fluid does not ooze out from it. This stage is characterized
by spermatogenetic and spermiogenetic activity. Spermatids and sperms are in
preponderance (figure 7). Sperms are developed for the first time in April and
tubules fully packed with sperms are seen in April and May (figure 12). Owing
to this the tubules are greatly enlarged and turgid and as a result their walls
become thin and intertubular spaces are decreased. However, the maturational
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changes do not occur simultaneously in all the tubules of testes, as most of the
tubules are filled with spermatids and sperms while some others are still at primary
or secondary spermatocyte level. This results in the production of sperms in
successive waves.
3.3d. Stage IV (May to June) : During this stage, the testes appear opaque and
vas deferens is packed with seminal fluid. Both maturing and mature tubules
are seen in the same section. Maturing tubules consist of dividing primary or
secondary spermatocytes or spermatids and produce sperms a little later. Mature
tubules undergo spermiation in Mayor June. In some of the specimens collected
during May, testes show decrease in size and weight (figure 13). Some of the
tubules contain primary spermatogonia and residual sperms (figure 1). This
indicates that spermiation has taken place. AU the specimens collected during
June show spawned conditions in a number of tubules of their testes.
Gonad index is minimum in November-December and reaches a peak in April
and is in conformity with the histomorphological changes in the testes
(figure 13).

4. Discussion
The above study on the testes of P. koolooense reveals many interesting features.
In the testes of crustaceans studied so far, the spermatogenetic cells are confined
in discrete bodies which are variously described as cysts, clusters, seminiferous
tubules or lobules, each containing germ cells at different stages of spermatogenesis (Binford 1913 ; Fasten 1926 ; Baker and Rosof 1927; Ryan 1967; Gupta
and Chatterji 1976) or at the same stage of maturation (Iyer 1933 ; Wolfe 1971;
Wielgus 1976). In Callinectes sapidus (Cronin 1947), Portunus sanguinolentus
(Ryan 1967), Paratelphusa masoniana (Vasisht and Relan 1971) and Scylla
serata (Gupta and Chatterji 1976) testes have several lobes and their seminiferous lobules or tubules open into a branched (Cronin 1947) or unbranched
seminiferous duct (Ryan 1967). This duct continues posteriorly as vas deferens.
In P. koolooennse the testes are not lobulated and contain numerous seminiferous tubules having germ cells at various stages of spermatogenesis. The tubules
become narrower towards posterior side of the testis, where their germ cell area
is reduced or absent. These tubules appear to open directly into the vas deferens.
Binford (1913) and Gupta and Chatterji (1976) observed the presence of both
spermatocytes and spermatids in the same tubule. Cronin (1947) and Gupta and
Chatterji (1976) found that all the spermatocytes of a tubule occur at the same
stage of differentiation. In P. koolooense the meiotic division occurs more or less
synchronously, as the individual maturing tubule contains either spermatids or
only one type of spermatocytes which occur at approximately the same stage of
differentiation.
The decapod sperm is bicentrosomal or tricentrosomal and aflagellated consist
ing of a head or nucleus and a vesicle variously described as primary vesicle
(Fasten 1926), mitochondrial vesicle (Nath 1932 ; Dhillon 1966) or acrosomal
vesicle (Brown 1966 ; Langreth 1969). In brachyura having bicentrosomal sperm,
the vesicle contains an axial filament (Nath 1932) or acrosomal tubule (Brown
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1966 ; Langreth 1969) which extends up to the distal centrosome (Nath 1932
Dhillon 1966). In P. koolooense also the sperm is a:fl.agellate consisting of a
head and a mitochondrial vesicle which encloses an axial filament and distal
centrosome. When stained with PAS all the cells except spermatids and sperms
were found negative to this stain. In sperms, the head and mitochondrial vesicle
are PAS positive and the axial filament is PAS negative, as also observed by Brown
(1966); Dhillon (1966) and Langreth (1969) on other species of Decapoda.
There is paucity of information regarding the origin of new crop of germ
cells in crustacean testes. A few primary spermatogonial cells (Binford 1913)
or residual spermatogonia (Aoto 1952) which remained" undifferentiated till the
spermatogenesis is over, undergo divisions shortly after spermiation so as to
produce a new batch of secondary spermatogonia. In P. koolooense also some
undifferentiated or resting spermatogonia are found throughout the year. It
appears that after spermiation the new crop of germ cells is supplied by the
division of such existing germ cells.
The testes of P. koolooense undergo seasonal histomorphological changes associated with change in testicular weight. The measurement of male gonad index
revealed two types of spawning patterns among decapods. In continuous breeders like Penaeus indicus (Subrahmanyam 1963) and Portunus pelagicus (Rahman
1967), the male gonad index was found constant throughout the year whereas in
Charybdis variegata (Chandran 1968) and Barytelphusa cunicularis (Diwan and
Nagabhushanam 1974) which breed discontinuously, definite peaks in gonad
index were observed. Histological studies revealed the presence of both continuous (Baker and Rosof 1927 ; Spalding 1942 ; Black 1966 ; Ryan 1967 ; Haley
1973) and discontinuous spermatogenetic cycle (Black 1966 ; Chiba and Honma
1972 ; Wielgus 1976) in crustaceans. Such variation in the testicular activity
may be due to the genetic differences and the local ecological conditions.
P. koolooense shows discontinuous spermatogenetic cycle. Spermatogenesis
begins during January-February, progresses slowly through March, reaching a
peak in April or May. However, all the tubules do not mature at the same time,
as both maturing and mature tubules were seen in the same section. The mature
tubules become filled with sperms whereas maturing tubules consist of dividing
spermatocytes or spermatids which produce sperms a little later. This results
in the production of sperms in successive waves and spermiation starts before all
the tubules are fully packed with sperms. The mature tubules undergo spermiation in Mayor June. Tubules soon after evacuation of sperms undergo spermatogonial proliferation. In other tubules of the same section of testis, meiosis is
still continued. The production of sperms in successive waves during breeding
season indicates that one male crab attempts to copulate more than once in a
single breeding season. This seems to be advantageous since the fertilization is
internal and that the number of males is comparatively fewer than females in a
population of P. koolooense.
Diwan and Nagabhushanam (1974) reported long resting phase in the repro-ductive cycle of Barytelphusa cunicularis. In P. koolooense the spermatogenesis
slows down gradually from July onwards and almost ceases by November. The
testes enter a brief period of rest during December. In Pachygrapsus crassipus
also spermatogenesis continues for a longer period during post-spawning period
as a result the recovery phase takes place gradually (Chiba and Honma 1972).
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