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Abstract

The gonadal morphology and reproductive strategy of Abudefduf 
vaigiensis, a reef-associated damselfish, collected from Maraikayar 
Pattinam, Mandapam, Tamil Nadu, India, was investigated. A total of 120 
specimens were examined through gross anatomical and histological 
analyses to assess gonadal structure and sexual characteristics. 
Among the 110 mature fish (70 males and 40 females; 10–15 cm TL), 4 
individuals (10–12 cm TL) exhibited intersex gonads; 10 were unsexed. 
Typical gonochoristic features were recorded in both sexes in many of 
the cases (92%), whilst other fishes were found with immature gonads. 
Mature testes appeared bilobed and asymmetrical, with histological 
sections revealing active spermatogenesis and well-defined 
seminiferous lobules. Ovaries exhibited asynchronous development, 
containing vitellogenic, lipid vesicles, and perinuclear oocytes, 
suggesting batch spawning potential. Intersex gonads displaying 
testicular tissue distributed in the developing ovarian lobe were 
identified and confirmed histologically. This indicates the first 
histological evidence of intersex in this species. These findings 
challenge the previously held assumption of strict gonochorism in 
Abudefduf spp. and highlight the need for broader temporal and spatial 
sampling to understand the ecological and captive breeding 
implications of reproductive plasticity in this taxon. The results indicated 
the presence of either a sequential hermaphroditism or potential 
endocrine disruption in the species.

Keywords: Sergeant major, hermaphrodite, endocrine disruption, 
intersex, reproductive strategy, histology

Introduction

Reproductive biology is fundamental to effective captive 
breeding and aquaculture development. Understanding 
reproductive traits enables the optimisation of broodstock 
management, hormone-induced spawning, and controlled 
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breeding, thereby improving seed production and stock 
enhancement (Mylonas et al., 2010). Additionally, it provides 
insights into the effects of environmental stressors on 
reproductive success (Schreck, 2010). The sexual development 
of teleost fishes reveals their wide-ranging and flexible 
breeding strategies. Many teleost fishes are gonochorists, 
meaning they remain either male or female in their entire lives. 
However, other teleost species are hermaphroditic, producing 
both male and female gametes at some point in their life 
cycle (Devlin and Nagahama, 2002). Apart from these two 
strategies, intersex conditions have also been documented 
in fish species belonging to 17 families in several field survey 
studies (Bahamonde et al., 2013).

Hermaphroditism is a reproductive strategy wherein individuals 
possess both male and female reproductive tissues; it occurs 
widely among teleosts. It can be simultaneous or sequential, 
with the latter including protogyny, protandry, and bidirectional 
sex change, often influenced by environmental or social factors 
(Sadovy and Shapiro, 1987; Warner, 1984). This strategy enhances 
reproductive flexibility and fitness, particularly in species with 
complex social structures or limited mate availability (Munday 
et al., 2006). Intersex is defined as the simultaneous presence 
of male and female gonadal tissue in a gonochoristic species 
(Tyler and Jobling, 2008), either simultaneously (ovotestis) or 
in transitional stages during sex reversal.

Intersex condition can occur naturally as part of the life history 
in hermaphroditic species or be induced by environmental 
factors, especially endocrine-disrupting chemicals (EDCs) 
in aquatic systems. Endocrine disruption in fish refers to the 
interference of normal hormonal processes by exogenous 
substances, often leading to altered development, physiology, 
behaviour, and reproduction. These substances, known as 
endocrine-disrupting chemicals (EDCs), include natural 
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hormones, synthetic estrogens, industrial compounds, and 
pharmaceuticals introduced into aquatic environments.

Ornamental fish keeping is a rapidly expanding industry 
driven by the demand for newer species with diverse sizes 
and striking colour patterns. Among marine ornamental 
fishes, the family Pomacentridae is particularly valued for 
its small body size, bright colouration, and adaptability to 
captive conditions. Damselfishes (Pomacentridae), including 
the genus Abudefduf, one of the youngest clades within the 
family, are both ecologically significant and commercially 
important in the ornamental fish trade, where Pomacentridae 
is the most dominant family (Wabnitz et al., 2003; Allen, 1975; 
Randall, 2005). While hermaphroditism is well documented 
in families such as Serranidae and Labridae, Abudefduf 
species belonging to the Pomacentridae family have been 
considered gonochoristic, with fixed sexes throughout life. 
Abudefduf vaigiensis, commonly known as the Indo-Pacific 
sergeant major fish species, is one of the important marine 
ornamental fish species in the genus, which contributes 
significantly to the total marine ornamental fish trade in India. 
In A. vaigiensis, males (9.44 cm) attain length at first maturity 
shorter than females (10.32 cm) (Canini and Metello, 2024). 
The present study provides the first evidence of intersex in 
A. vaigiensis, challenging the long-held assumption of strict 
gonochorism within the genus and opening new avenues 
for reproductive and aquaculture research.

Material and methods

Collection of samples

The fish samples for the present study were collected from 
Maraikayar Pattinam, Mandapam, Tamil Nadu, India, from 
October 2019 to September 2021. The representative specimen 
and the collection site are indicated in Fig. 1. A total of 120 

samples collected from the site were transported to the 
laboratory in oxygenated packs. Morphometric indices such 
as length and weight of the samples were noted before 
aseptically removing the gonads for observation.

Gross examination gonads

The fish were anesthetised using 0.01% clove oil in seawater 
(32 ppt) for 2 minutes. The anesthetised fish were aseptically 
dissected, and the gonads were removed. The morphology 
of the gonad was recorded using a digital camera (Nikon 
Coolpix P7100 digital camera, Japan). The middle portion of 
the gonads was excised and fixed in neutral buffered formalin 
for further histological evaluations

Histology

Longitudinal ovarian sections were cut at a thickness of 5 µm, 
then dewaxed and rehydrated through a graded ethanol series. 
The sections were stained with hematoxylin and eosin, and 
permanent slides were prepared according to the protocol 
described by Gabe (1976). Photomicrographs were taken 
using a Zeiss Axio Scope A1 compound microscope fitted 
with a Jenoptik ProgRes C3 digital camera to identify and 
confirm the stages of ovarian maturation.

Results and discussion

Intersex in fish can arise from both natural biological processes 
and anthropogenic influences. Its increasing detection in 
wild fish populations highlights the importance of monitoring 
aquatic pollution and understanding endocrine disruption to 
protect aquatic ecosystems. In some teleosts, intersexuality 
is a normal physiological phase associated with sequential 
hermaphroditism. For instance, species like Thalassoma 
bifasciatum (bluehead wrasse) change sex as part of their 

Fig. 1. a) A mature specimen of Abudefduf vaigiensis, b) location of sample collection
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reproductive strategy (Sadovy and Shapiro, 1987). These 
transformations are typically well-regulated and linked to 
social and environmental cues. Intersex conditions have been 
increasingly reported in wild populations of gonochoristic 
fish (those with fixed sexes) and are often attributed to 
exposure to xenoestrogens and other EDCs, such as those 
found in agricultural runoff, sewage effluent, and industrial 
waste (Jobling et al., 1998). These chemicals can mimic 
natural hormones and disrupt normal sexual differentiation 
and reproduction. Histologically, intersex gonads may show 
oocytes embedded within testicular tissue or vice versa. 
Severity is often graded based on the extent of opposite-sex 
tissue presence. In severe cases, full ovotestis formation can 
impair gametogenesis and fertility (Hinck et al., 2009). The 
widespread occurrence of intersex in sentinel species such 
as Cyprinidae (e.g., roach, Rutilus rutilus) raises concerns 
about population-level impacts. Reduced reproductive output, 
skewed sex ratios, and compromised reproductive behaviour 
are potential consequences that can affect fish population 
dynamics and aquatic biodiversity (Kidd et al., 2007).

Details of the morphometry, length at first maturity and sex 
ratio of the samples examined are given in Table 1. In the study, 

110 samples exhibited mature gonads, comprising mature 
males (n=70) and mature females (n=40). The remaining 10 
individuals possessed immature or undifferentiated gonads 
and were therefore considered unsexed. Mature individuals 
predominantly fell within the 10–15 cm total length (TL) range, 
whereas immature or unsexed individuals were generally 
<10 cm TL. Among the mature specimens, 4 individuals 
(10–12 cm TL) exhibited intersex gonadal characteristics. 
This observation suggests a potentially significant incidence 
of gonadal intersexuality within this population, warranting 
further investigation into developmental and environmental 
factors contributing to this condition.

The gross and histological characteristics of the mid-region 
of the testis in A. vaigiensis are illustrated in Fig. 2. The ripe 
testis (Fig. 2a) was compact , whitish, and bilobed, with 
notable asymmetry; the right lobe being more elongated. This 
morphology aligns with descriptions of mature male gonads 
in many perciform teleosts (West, 1990; Nagahama, 1983).

Histological analysis (Fig. 2b) revealed well-organised 
seminiferous lobules containing spermatocytes, spermatids, 
and abundant spermatozoa, confirming active spermatogenesis. 
The presence of a well-defined lumen filled with spermatozoa 
is indicative of full gonadal maturation (Billard, 1986; Grier, 
1981). The arrangement of spermatogenic cysts along the 
lobules reflects the cystic mode of spermatogenesis typical of 
teleosts with tubular testes (Grier, 1993). These features support 
the classification of A. vaigiensis as a gonochoristic species, 
with mature individuals exhibiting typical male reproductive 
anatomy and no histological evidence of intersexuality. 
This is consistent with previous reports on reproductive 

Fig. 2. Gross morphology of mature testis, a) and the histological details, b) of the mid portion of the testis with elongated testicular lobules having spermatozoa 
(Sz); spermatocytes (Sc), spermatids (St) (dark purple dotted structures)

Table 1. Details of the morphometry, length at first maturity and sex ratio of A. vaigiensis

Parameters Male Female Intersex

Samples (No.) 70 40 4 (6 are undifferentiated)

Average length (cm) 12.52 12.21 12.30

Average weight (g) 36.43 34.32 34.88

Sex ratio 1.75 1 -

Length at first maturity (cm) 11.8 11.8 -

a b
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Fig. 3. Gross morphology of a mature ovary, a) and the histological details, b) of the mid portion of the ovary with mature oocytes. N- nucleus; Lv – lipid vesicles; 
Zn – zona radiata; Yg -yolk granules

bstrategies in Abudefduf spp. though seasonal and size-related 
variation should be further investigated to explore potential 
reproductive plasticity.

The gross morphology and histological features of the mid-
region of the ovary are shown in Fig. 3. The mature ovary (Fig. 
3a) appeared cylindrical and dark orange, with prominent 
vitellogenic oocytes visible on the surface. Asymmetry in 
ovarian lobe length was observed, similar to patterns seen in 
other marine teleosts (West, 1990). Histological sections (Fig. 
3b) showed numerous large vitellogenic oocytes containing 
well-developed yolk granules and a distinct zona radiata, 
indicating readiness for spawning (Wallace and Selman, 
1981). Additionally, the presence of perinuclear and cortical 
alveolar stage oocytes suggests asynchronous ovarian 
development, a feature associated with prolonged or batch 
spawning in teleost fishes (Tyler and Sumpter, 1996; Murua 
and Saborido-Rey, 2003). The absence of any testicular 
tissue at both gross and histological levels further supports 
the gonochoristic nature of these individuals. However, the 
detection of asynchronous oogenesis may reflect adaptive 
reproductive traits commonly observed in damselfishes 
(Sadovy and Shapiro, 1987).

The gross and histological examination of a gonad revealed 
characteristics consistent with a functional ovotestis (Fig. 
4), revealing the intersex condition. Grossly, the gonad was 
bipartite, with a regressed testicular lobe and a prominent 
ovarian lobe (Fig. 4a). Histological analysis (Fig. 4b–d) 
confirmed the presence of spermatogenic tissue, characterized 
by germinal cells (spermatogonia and spermatocytes), and 

proliferation of interstitial connective tissue, coexisting with 
early-stage oocytes (chromatin nucleolar and perinucleolar 
stages) in the ovarian lobe.

These findings are indicative of testicular tissue in the 
developing ovary, consistent with either a protandrous sex 
change (Sadovy and Shapiro, 1987; Devlin and Nagahama, 
2002; Munday et al., 2006) or due to endocrine disruption. A 
notable example is the feminisation of wild male roach (Rutilus 
rutilus) in UK rivers receiving treated sewage effluent, linked 

Fig. 4. Gross morphology of ovo-testis, a) and histology of inter sex gonad, b-d) 
showing testicular tissue (T) distributed in maturing ovary having developing 
oocytes (O). The gonad was characterized by the large mass of connective 
tissue (CT)

a b

a b
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documented in Dascyllus reticulatus, where initial observations 
by Schwarz and Smith (1990) were later corroborated by Schwarz 
(1995). In contrast, non-functional protogynous development 
has been described in Dascyllus albisella. Asoh et al. (2001) 
reported that although ovarian development initiates along 
a protogynous pathway, sex transition to male occurs before 
completion of vitellogenesis, typically between the cortical 
alveolus stage and final oocyte maturation, before spawning.

The present observation of an ovotestis in A. vaigiensis represents 
the first histological evidence suggesting the potential for 
sequential hermaphroditism in this species. These finding 
challenges traditional views on the reproductive strategy of 
Abudefduf and underscore the need for broader sampling across 
size classes, seasons, and populations to assess the extent and 
ecological significance of sexual plasticity in this taxon.

While the present study primarily aimed to document the 
occurrence of intersex conditions and their associated 
morphological features, we recognise that identifying the specific 
causative agents would provide a more robust understanding 
of the phenomenon. Accordingly, we have expanded the Future 
Research Directions section to emphasise the critical need 
for comprehensive environmental contaminant screening 
in this region. This includes targeted analyses of estrogenic 
compounds, industrial pollutants such as polychlorinated 
biphenyls (PCBs) and polycyclic aromatic hydrocarbons 
(PAHs), agricultural runoff containing pesticides and herbicides, 
pharmaceutical residues, as well as relevant abiotic stressors. 
Such integrative investigations are essential to elucidate the 
potential etiological links between environmental exposure 
and endocrine disruption in local fish populations.

Conclusion

The study provides insights into the gonadal morphology and 
reproductive strategy of A. vaigiensis. Gross and histological 
examinations confirmed the presence of distinct testes 
and ovaries in mature individuals, supporting the species’ 
gonochoristic classification. However, the discovery of a 
transitional gonad exhibiting both regressed testicular and 
developing ovarian tissue presents the first histological 
evidence of sequential hermaphroditism in this species. This 
unexpected finding suggests the potential for protandrous sex 
change in A. vaigiensis. Further research involving extensive 
temporal, spatial, and size-based sampling is essential to 
determine the prevalence and ecological significance of 
sexual plasticity in this taxon.
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