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Histologically Confirmed Intersex (Ovo-testis) in the 
Freshwater Crab Travancoriana schirnerae (Bott, 1969) 
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ABSTRACT
This paper provides the first report of an intersex condition in the freshwater crab Travancoriana schirnerae, 
a gonochoristic species commonly distributed in the paddy fields of Wayanad.  Of the 165 males examined 
morphologically and histologically, one displayed intersex condition. The intersex individual investigated 
was a fully functional male revealed by its male-like morphology and the presence of paired testes, vasa 
deferentia, androgenic glands and mature spermatozoa but histological examination disclosed the presence 
of a previtellogenic oocyte in one of the testicular acini. The condition reported here did not present an 
internal bilateral division of the reproductive system into male and female components, instead the 
occurrence of a previtellogenic oocyte amid normal spermatogonial cell lineages. The gonadosomatic index 
and vas deferens factor of the intersex male were closer to normal male values indicating that the intersex 
condition might have occurred by feminization of a male crab. 
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1. Introduction
Intersexuality is a phenomenon whereby an individual of a species with separate sexes has 
morphological or anatomical characteristics that are intermediary between true male and true 
female forms of that species.  According to Nolan et al. [1] and Blazer et al. [2], intersex is an 
abnormal gonadal condition, characterized by the presence of oocytes in primarily testicular 
tissues.  Intersex in naturally gonochoristic (sexes separate) species is defined as the presence of 
both male and female reproductive features within the same individual [3].  Ladewig et al. [4] and 
Vasquez and Lopez Greco [5] defined intersex as an individual that develops modifications in 
primary and/or secondary sexual characters, so that it possesses both male and female 
characteristics.  The alterations in primary sexual characteristics include oogenesis taking place 
in the testes as reported in talitrid amphipods or in opposition, spermatogenesis taking place in 
the ovaries, which has never been observed.  The variations in secondary sexual characteristics 
may include anomalies in chelae and cheliped dimensions or the location of gonopores which 
result in nonfunctional hermaphroditism [6]. According to Bateman et al. [7], an intersex 
individual possesses oocytes at various stages of development within the normal testicular 
tissue, which is considered as the termination of endocrine disruption.  Intersexuality may also 
be part of a functional protandric, protogynic or synchronized hermaphroditism in the isopod 
Gnorimosphaeroma oregonense, caridian shrimp Lysmata amboinensis and in the crayfish 
Samastacus spinifrons [ 8, 9, 10].  
The phenomenon of intersex has been evidenced in several animal groups, from invertebrates 
such as mollusks [11] and crustaceans [12, 13] to vertebrates including humans [14]. Intersexuality 
has been extensively studied in several species of freshwater, estuarine and marine teleost fish 
[15, 16, 17].  It is common among crustaceans but comparatively uncommon amongst gonochoristic 
crustaceans [18]. Among the non-decapod crustaceans, intersexuality has been reported as a 
common phenomenon in amphipods from a wide range of aquatic habitats [18]. In the amphipod 
Echinogammarus marinus, intersex individuals appear as two phenotypes - intersex male and 
intersex female [19]. Intersex individuals of Gammarus minus display protogynic 
hermaphroditism, typical of many amphipods [20]. Reports regarding intersexuality are also 
known from copepods [21, 22] and isopods [23, 24]. Among isopods, intersex condition was 
described in Mesidotea sibirica where the intersex individuals resembled mature females 
morphologically [24]. 
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Sant’ Anna et al. [25] investigated intersexuality in the hermit 
crab Clibanarius vittatus using anatomical, histological and 
electron microscopic techniques.  In majority of these cases, 
intersexuality has been described as a manifestation of various 
anomalies in the external morphology of the abdomen and its 
appendages [22].  
In decapod crustaceans, one manifestation of intersexuality 
involves the presence of externally discernible male and 
female genital openings [25].  In the Australian red-claw 
crayfish Cherax quadricarinatus, several types of intersex 
animals can be found in which both male and female genital 
openings occur in unusual combinations [26, 27].  Achuthankutty 
[28] has reported the incidence of intersex individuals in the 
sergestid shrimp Acetes sp.  Peer Martin and Gerhard Scholtz 
[29] described a fully functional intersex female, which 
possessed male-like first pleopods in the freshwater crayfish 
Marmorkrebs sp.  Study on the American lobster Homarus 
americanus by Sangalang and Jones [30] demonstrated 
histological intersexes with testes containing previtellogenic 
oocytes inside the testicular acini packed with distinct 
spermatogonial cell lineages. Stentiford [31] noticed the 
prevalence of intersexes in the European lobster H. gammarus.    
Intersexes are relatively infrequent among brachyurans.  
Imposex (imposition of male characters in females on 
exposure to certain chemicals) phenomenon has been found to 
occur in males and females of the Japanese freshwater crab 
Geothelphusa dehaani [32].  In the same species, Takahashi et 
al. [33] observed dual gender intersex characterized by the 
existence of penis-like appendages in females and gonopore-
like openings and ovo-testis in males collected from 
contaminated sites.  There are a number of studies on intersex 
crustaceans dealing primarily with the morphological and 
physiological characteristics [27, 34]. The present study is the 
first report on intersexuality in the freshwater crab 
Travancoriana schirnerae.  
 
2. Materials and methods 
Adult intermoult male specimens of T. schirnerae  (4.0-5.5 cm 
in carapace width (CW) and 34.910-60.910 g in body weight 
(BW))  were collected from the paddy fields near Mary Matha 
Arts & Science College campus, Mananthavady (Wayanad, 
Kerala) over a period of two years (June 2009-June 2011) to 
study the annual cyclicity in spermatogenesis.  The external 
morphology of each specimen was analyzed prior to 
dissection.  The morphological analyses included the size of 
the animal (CW and BW), chelae size (length of left and right 
chelipeds, length and width of propodus) and shape of the 
abdomen. The gonopods, external genital organs and 
gonopores were checked for abnormalities under a stereo 
zoom microscope.  
For histological analysis of spermatogenesis, every month 5-
10 specimens (a total of 165 males) were sacrificed.  The 
gonads were quickly dissected out; their size, form and colour 
were recorded.  The wet weights of gonads and vasa deferentia 
were recorded to calculate the gonadosomatic index (GSI) and 
vas deferens (VD) factor respectively. The testes were 
immediately fixed in Bouin’s fluid, dehydrated in graded 
series of ethanol and embedded in paraffin.  Sections 6 μm 
thickness were stained with hematoxylin-eosin, examined 
under a Leica DM 500 Research microscope and digital 
images were taken using a DG 330/210 camera attached to the 
microscope. Measurements of germ cells in various 

spermatogenic stages were made using an image analysis 
system of Biowizard software. 
  
3. Results  
The results concerning the morphological observations 
indicated that all the males selected were morphologically 
normal and possessed normal abdominal shape (T-shaped), 
gonopods, external genital organs and gonopores.  All animals, 
including the intersex male had gonopores on the coxae of the 
5th pereiopods, typical of male brachyuran crabs. The CW (5.4 
cm) and BW (57.3 g) of the intersex male were within the 
range reported for normal adult males (4-5.5 cm and 34.910-
60.910 g respectively) which showed that the intersex 
individual was a sexually mature male specimen.  Data 
regarding chelae and cheliped dimensions of the intersex male 
were in accordance with the normal male values (see Table 1). 
 

Table1: Cheliped and chelae dimensions of normal and intersex male in 
Travancoriana schirnerae. 

Cheliped size Normal range (cm) Intersex (cm) 
Major cheliped length 7.1-12.2 11.5 
Major propodus length 1.7-3.1 3.0 
Major propodus width 1.6-3.3 3.2 
Minor cheliped length 6.4-10.0 7.2 
Minor propodus length 1.3-2.1 1.7 
Minor propodus width 1.2-2.4 1.4 

 
3.1 Reproductive system of normal and intersex male  
Morphological observations of the male reproductive system 
from normal and intersex individuals presented an identical 
pattern.  Both normal and intersex males had paired testes with 
vasa deferentia divided into anterior, middle and posterior 
regions. Morphologically, the testis of intersex specimen 
showed no structural abnormalities. The testes were creamy 
white, elongated and lobulated structures positioned in the 
cephalothoracic region. The size (length and width 23.0 and 
2.3 mm respectively) of the intersex gonad conformed to that 
of normal adult males (length 20-26 mm and width 2.0-2.5 
mm). The paired vasa deferentia, creamy white in colour, 
arose from the posterior ends of the testes and extended 
posteriorly in the form of thick coiled tubules.  The posterior 
vas deferens narrowed to form a thin ejaculatory duct which 
pierced the muscles of the 5th pereiopod to open at the base of 
the coxa through external penis.  The wet weight of testis (110 
mg) and vas deferens (330 mg) of the intersex specimen lie 
within the range reported for normal adult males (80-160 mg 
and 220-400 mg respectively). The GSI (0.191) and VD factor 
(209) of the intersex male were very close to normal male 
values (GSI 0.155-0.316; VD factor 101-254). 
 
3.2 Histology of testis of normal and intersex male  
Our observations revealed that the gonads from normal and 
intersex males had identical histoarchitecture.  Histological 
evaluation of the testes bestowed the normal lobular structure 
of seminiferous tubules and germ cells in all stages of 
spermatogenesis (primary and secondary gonia, primary and 
secondary spermatocytes, spermatids and spermatozoa) were 
present in all the samples assessed (Figs. 1A-F and 2A-F).  
The germ cells in various developmental stages could be 
identified by their nuclei size. Each acinus was lined by a 
single layer of germinal epithelium.  The gonia cells were seen 
arranged either towards the periphery of the acini or fully 
packed in individual acinus. The primary (9.1-12 µm in 
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diameter) and secondary gonia (6.1-9 µm) possessed large 
nuclei surrounded by thin rim of cytoplasm. Spermatocytes 
(primary 5.1-6.0 µm and secondary 3.1-4.0 µm in diameter) 
are polygonal cells with oval nuclei and have more amount of 
cytoplasm than the gonia cells.  Spermatids were spherical 
cells measuring 2-3.5 µm in diameter.   
Mature sperms (4-5 µm in diameter) were noted fully packed 
in acini of the intersex gonad as in normal males. Highly 
condensed residual sperms were seen arranged either towards 
the periphery or towards the centre of the acini. The presence 
of mature spermatozoa in the seminiferous tubules indicates 
that normal spermatogenesis is taking place in the intersex 
male. The only difference noticed in histology was the 
presence of a previtellogenic oocyte in one of the testicular 
acini of the intersex male (Fig. 2D). The previtellogenic 
oocyte was closely associated with secondary spermatocytes 
within the acinus in which it was present. The oocyte 
measured 71 μm in diameter, possessed oval, multinucleolated 
basophilic nucleus (26 μm in diameter). The nucleoli 
positioned towards the periphery of the nucleus and the 
chromatin was granular in nature.  This oocyte exhibited the 
characteristic features of the chromatin nucleolus stage II of 
previtellogenic phase in oogenesis. There were no signs of 
yolk accumulation in the ooplasm. 
 

 
Fig 1: Testis of normal adult male Travancoriana schirnerae with acini 

containing various spermatogenic stages. 
(A) Primary gonia, (B) Division of primary gonia (C) Secondary gonia (D) 
Primary spermatocytes, (E) Spermatids undergoing spermiogenesis, (F) 
Mature spermatozoa. PG: Primary gonia; DG: Dividing gonia; SG: Secondary 
gonia; BL: Basal lamina; AC: Accessory cells; PS: Primary spermatocyte; SD: 
Spermatid; SZ: Spermatozoa; Arrow indicates spermiogenesis (H & E) 

 

Fig 2: Testis of intersex male Travancoriana schirnerae with acini containing 
various spermatogenic stages. 

(A) Testicular acini containing primary gonia, (B) Secondary gonia, (C) 
Primary spermatocytes undergoing meiosis, (D) Previtellogenic oocyte 
interspersed among secondary spermatocytes, (E) Spermatids under 
spermiogenesis, (F) Mature spermatozoa tightly packed inside the acini. PG: 
Primary gonia; SG: Secondary gonia; DP: Dividing primary spermatocyte; SS: 
Secondary spermatocyte; PVO: Previtellogenic oocyte; N: Nucleus; SD: 
Spermatid; SZ: Spermatozoa (H & E) 
 
4. Discussion 
The present investigation showed that the intersex individual 
investigated was a functional male indicated by its male like 
morphology and the presence of paired testes, sperm ducts, 
androgenic glands and viable spermatozoa.  No evidence was 
observed for the presence of an atrophied male reproductive 
system, neither testicular tissue nor vasa deferentia. The 
condition reported here did not present an internal bilateral 
division of the reproductive system into male and female 
constituents, alternately by the presence of a previtellogenic 
oocyte among normal spermatogonial cell lineages. The GSI 
and VD factor of the intersex male were within the range 
reported for normal male values indicating that the sampled 
intersex was a sexually mature male specimen.  In crustaceans, 
intersex individuals are most often reported to be males based 
on the presence of testicular tissue and male reproductive tract 
with rudimentary female characteristics [13]. In the American 
lobster H. americanus, Sangalang and Jones [30] demonstrated 
histologically confirmed intersex males with testicular lobules 
containing previtellogenic oocytes intermingled among 
spermatogenic stages. In C. quadricarinatus, the 
morphological, biochemical and endocrinological studies of 
intersexes have demonstrated that the intersex individuals are 
functional males with previtellogenic oocytes [27, 35].  In several 
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species of teleost fish, intersex condition manifests as the 
presence of ovo-testis, a combination of male testicular tubules 
containing different spermatogenic stages and oocytes in 
various stages of vitellogenesis [16, 17]. On the other hand, 
among gammaridean amphipods, intersexes usually function 
as females [18]. Female intersexes possessing male genital 
apophyses and male intersexes with oostegites have been 
described in amphipods [36] and isopods [37].  In the hermit crab 
C. vittatus, intersex individuals carried both male and female 
reproductive systems with functional male and female gonads 
in the same individual and ducts opened to the gonopores [25].  
In T. schirnerae, only 0.6% of the males sampled exhibited 
intersex condition.  The pattern of intersexuality is considered 
abnormal in most decapod species with a typical background 
incidence of <1%, excluding hermaphroditic crayfish in which 
a higher incidence is normal [13].  
 Different causes have been attributed to intersexuality.  
Previous researches suggest that contact with anthropogenic 
chemicals and mimics of estrogen and testosterone may 
modify sexual development in many vertebrate groups 
including fishes [38], amphibians [39], reptiles [40] and birds [41].  
Among invertebrates, molluscs show the imposex condition 
which is linked to tributyltin contamination [42]. Water 
pollution may also persuade intersexuality in crustaceans [22].  
Olmstead and Le Blanc [43] demonstrated that intersex 
condition can be induced chemically in crustaceans by 
juvenile hormone (JH) mimics.  
Though there are scattered references to intersexes in the 
literature, very little work has been carried out on their cause 
or function in crustaceans.  Parasitism has been linked to 
intersexuality in several crustaceans [44]. The parasites that 
cause intersexuality in crustaceans include microsporidians 
and digeneans in amphipods and rhizocephalans in 
brachyurans.  Rhizocephalan and epicaridean parasites were 
found to feminize some male brachyurans and completely 
modify their secondary sexual characteristics [45, 46]. A direct 
link between microsporidean infection and decline in 
androgenic gland hormone (AGH) production has been 
noticed in the amphipod G. duebeni [47]. Parasitism may be a 
plausible elucidation for the intersex condition in the isopod 
M. sibirica [48]. Rigaud and Juchault [49] had stated a direct link 
between intersexuality and the presence of bacterial 
endoparasites.  Male shore crabs of Carcinus maenas are 
known to exhibit an intersex condition caused by parasitic 
castration by the thoracian barnacle Sacculina carcini [50]. 
Environmental factors such as photoperiod and temperature 
are also accountable for the induction of intersexuality in 
crustaceans [45, 51]. Furthermore, crustacean intersexuality has 
been correlated to viral infections [52] and genetic 
abnormalities [53].  
Ford et al. [54] related crustacean intersexuality to an irregular 
production of AGH secreted by the AG.  The AGH in 
crustaceans plays a major role in male sex differentiation and 
development and the expression of primary and secondary 
sexual characteristics [55]. It has been reported that intersexes 
could be created by the manipulation of the AG in the crayfish 
C. quadricarinatus [55]. Intersexuality can be stimulated in 
amphipods by the extirpation or implantation of AGs 
from/into males and females respectively [56]. The intersex 
condition described in the present investigation may possibly 
be elemented to a malfunction of the sex determining 
mechanism controlled by the AG. 

In gonochoristic crustaceans, the AG is also linked to 
intersexuality where the co-occurrence of various male and 
female characteristics has been established.    Previous studies 
on AG ablation in amphipods led to the initiation of oogenesis, 
development of oviducts and female gonopores [57]. In isopods, 
it has been suggested that intersex individuals that are 
functional males are the products of a belated expression of 
AGH in genetic males [58].  Sagi et al. [27, 59] revealed that the 
AG which controls the primary and secondary sexual 
characteristics in males is also an imperative factor in the 
formation of intersex individuals and sexual plasticity in 
crustaceans. 
The occurrence of intersexes has major inference for studies 
on the evolution and ecology of sex ratios and the use of 
crustaceans as indicators of environmental quality [19].  
Intersexes might also manipulate the size of crustacean 
populations by causing population increases in cases where 
they function as members of the limiting sex [60] or population 
decline in cases where costly intersex forms occur at the 
expense of normal animals [61]. Ford et al. [62] detailed a 
number of costs associated with intersexuality at the individual 
level, which include reduced fecundity and fertility and 
belated maturation.  Intersexes offer a unique opportunity to 
study various endocrine irregularities and development. 
 
5. Conclusions 
We conclude that the intersexuality in T. schirnerae does not 
indicate a case of parasitism or viral infection or endocrine 
disruption. The case of intersexuality described here presents a 
sole model for the study of the role of the AG in the regulation 
of sex differentiation in crustaceans. Our investigation is in the 
preliminary stage and further research is needed before the 
effects can be attributed with any degree of certainty. 
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