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1 | INTRODUCTION

Teleost fish shows a wide array of sexual patterns (Alonso-
Ferndndez, Alos, Grau, Dominguez-Petit, & Saborido-Rey,

2011) and reproductive development.

Abstract

The annual reproductive cycle of picnic seabream, Acanthopagrus berda (Forsskal,
1775), one of the potential aquaculture candidate from estuarine waters of Calicut,
Kerala (India) was studied. Based on the morphological and histological studies, the
ovotestes of A. berda were classified as active male, active female, inactive male,
inactive female, transitional and undifferentiated. Histological observation of tran-
sitional gonads showed signs of degeneration in the testicular lobe, proliferation of
connective tissue and empty sperm ducts indicating protandrous hermaphrodit-
ism in A. berda. Ovary was classified into seven maturity stages (virgin, developing
virgin, developing, maturing, mature, running, spent) and testis into five maturity
stages (resting, maturing, mature, running, spent). Gonadal development in A. berda
indicated resting phase (February-July), pre-spawning phase (March-August) and
spawning phase (August-December). Inactive (24.6%) and active males (21.6%) were
observed as dominant in smaller length classes (140-250 mm TL), whereas inactive
(18%) and active females (51%) were observed as dominant in larger length classes
(251-450 mm TL). Few primary females (28.1%) were observed in smaller (below
250 mm TL) and few primary males (28.5%) were observed in larger length classes
(above 250 mm TL). From the present study, it can be concluded that in A. berda,
most of the individuals function first as males and then change sex to female, but few
continue to function as either male or female throughout their lifespan indicating

digynous protandrous hermaphroditism.
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hermaphroditism are continually being reported in certain
families of teleost namely, Sparidae, Scaridae, Scarinae and
Serranidae (Buxton, 1990). Diverse expressions of sexuality
are found in Sparidae fishes, which exhibit protandry (Abou-

New accounts of Seedo, Dadzie, & Al-Kanaan, 2003), protogyny (Kokokiris,
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Bruslé, Kentouri, & Fostier, 1999), simultaneous hermaphrodit-
ism (Alonso-Ferndndez et al., 2011), rudimentary hermaphrodit-
ism (Hughes, Stewart, Kendall, & Gray, 2008) and gonochorism
(Francis & Pankhurst, 1988) and this diverse array of reproduc-
tive strategies caught the attention of reproductive biologists
many decades ago (Buxton & Garratt, 1990).

According to Buxton (1992), identification of sex change is im-
portant since sex change has serious implications for their manage-
ment and survival. Most of the commercially exploited sea breams
are reported to change sex during their life cycle (Buxton, 1989) and
there is evidence of significant changes in sex ratios brought about
by selective exploitation. High fishing pressures on protandrous
or protogynous fish have an undesirable effect such as removal of
larger males and females respectively from a population (Buxton,
1993). This has resulted in considerable debate on the possibility
that fish with such reproductive styles require special management
and some valuable research has been undertaken in this direction
(Punt, Garratt, & Govender, 1993).

Sparids are important candidates for aquaculture (Ingram,
McKinnon, & Gooley, 2002) and they also make a significant con-
tribution to recreational and commercial fisheries (Smallwood &
Sumner, 2007). But the sex change in the Sparidae family is consid-
ered to be the most complex than in any other family of fish (Garratt,
1993a). The structural morphology of sparid gonads makes it diffi-
cult to determine sex change in sparid fish. Though sex change is well
documented in Sparidae by Buxton and Garratt (1990), a systematic
study on reproductive biology of many sparid fish is still lacking. The
need for detailed descriptions of sex differentiation, gonad devel-
opment and spawning behaviour in this family has been identified
by a number of workers in this field (Atz, 1964; Buxton & Garratt,
1990; Garratt, 1993b; Hesp & Potter, 2003). Even within the same
species of Sparids, different sexual expression can occur at differ-
ent geographical locations (Alonso-Fernandez et al., 2011; Hesp &
Potter, 2003).

The Picnic seabream, Acanthopagrus berda (Forskkal, 1775) is
a fairly small, estuary-dependent (Begg, 1978; Van der Elst, 1988)
seabream with a wide distribution throughout the tropical Indo-
West Pacific region (Iwatsuki & Heemstra, 2010). A. berda, com-
monly known as the gold-silk seabream is native to the Indian Ocean
and is distributed along the estuarine and shallow coastal waters of
India. The flesh of A. berda is excellent and therefore they are locally
exploited by artisanal fisheries both in cast net and hook and line
along the Indian coasts (FAO, 1984) and are sold fresh in markets
(Shilta et al., 2018). This species is considered as an important com-
mercial sparid fish (Kasahara, 1957) because of its recreational value,
excellent meat quality, high economic value, ability to tolerate wide
variations in salinity and temperature, easy adaptation to captivity
and fast growth rate (Anonymous, 2012; Battaglene & Fielder, 1997;
James, Mann, Beckely, & Govender, 2003; Rahim, Abbas, Ferrando,
Gallus, & Ghaffar, 2017; Sadek, Osman, & Mansour, 2004; Samuel
& Mathews, 1987; Thorogood & Blackshaw, 1992). This species in
tropical Indian waters has the potential to attract commercial inter-
ests in the near future.

Acanthopagrus berda has been identified as a priority species for
mariculture in India (Suresh Babu, Shilta, Asokan, & Vinod, 2017).
Even though A. berda is one of the popular table fish in the country,
reports on its reproductive biology are unavailable. The reproduc-
tive biology of each fish species is critical for the conservation and
fish resource management (Tesfahun, 2019). It is reported that the
breeding season of A. berda varies with geographic location. A. berda
spawns between May and August in Africa (Kyle, 1986; Wallace,
1975); February and March in Hong Kong (Mok, 1985); June and
September in Australia (Tobin, Sheaves, & Molony, 1997). Identifying
the breeding season of fish species is important for their aquaculture
development.

An understanding of the reproductive biology, especially de-
tailed information on the changes in gonad during the reproductive
cycle is a necessary component for species management in both wild
and captive populations. Therefore the present study using histolog-
ical methods was undertaken to describe the reproductive pattern
and annual reproductive cycle of A. berda from Indian coast.

2 | MATERIALS AND METHODS

A total of 720 specimens of A. berda was obtained by random sam-
pling from commercial cast net catches operated at a depth of 5 m
from Korapuzha estuary from January to December 2016. The
Korapuzha estuary (11°39.858N and 75°74.294E) is located about
10 km north of Calicut city, Kerala, India. The specimens were kept
in wooden boxes and brought to the laboratory within 15 min. Fish
were mopped with a filter paper before they were weighed to re-
move excess water from their body in order to ensure accuracy.
Weight and length of each individual fish were measured using a
sensitive digital weighing balance and a measuring board respec-
tively. For each specimen, the total length (TL) was measured to
the nearest mm, total fish weight (TW) to the nearest 0.1 g and the
weight of the gonads (GW) was recorded to the nearest 0.01 g.

Sex and maturity stages were determined macroscopically. The
gonads were examined macroscopically to determine whether they
were active male, inactive male, active female, inactive female, tran-
sitional and undifferentiated. Examined male specimens were di-
vided following the method of Grandcourt, Al Abdessalaam, Francis,
and Al Shamsi (2004) into (I) Resting, () Maturing, (Ill) Mature, (IV)
Running, (V) Spent and female specimens were divided following the
method of Abou-Seedo et al. (2003) into (I) Virgin, (I) Developing
virgin, () Developing, (1V) Maturing, (V) Mature, (V1) Running, (VII)
Spent. Variation in the monthly composition of maturity stages was
used to describe the reproductive cycle.

Gonad of five representative samples from each macroscop-
ically determined different reproductively distinguished groups
of ovotestes (active male, inactive male, active female, inactive
female, transitional and undifferentiated) and five representative
samples from each macroscopically determined maturity stages of
both male (resting, maturing, mature, running, spent) and female
(virgin, developing virgin, developing, maturing, mature, running,
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TABLE 1 Number of male and female Acanthopagrus berda per month and the results of the chi-square ()(2)

Month Jan Feb Mar Apr May
Number of males 28 22 8 20 10
Number of females 36 20 10 22 16
Male:Female ratio 1:1.29 1:0.91 1:1.25 1:1.0 1:1.6
Male: Female No No No No No
significance

Different from 1:1 (P) ~ <0.05 <0.05 <0.05 <0.05 <0.05
Chi-square (3 0.86 0.82 0.56 0.81 0.64

spent) were fixed in 10% neutral buffered formalin (NBF). Three
sub-samples were taken from the anterior, middle and posterior
portion of both the gonadal lobes and subsequently processed for
histology. All the tissues were then washed in tap water for 6-8 hr
and loaded in an automatic tissue processor (Leica, TP 1020) and
dehydrated in different gradient solutions of isopropyl alcohol, xy-
lene and finally embedded in paraffin wax. The embedded tissues
were moulded into blocks and were trimmed and transverse sec-
tion of 3-5 um were obtained using microtome. The sections were
stained with Harris haematoxylin and counterstained with eosin in
compliance with the accepted procedures (Gabe, 1976). The slides
were observed under a Zeiss Axio Lab A1l light microscope at mag-
nifications of x10 to confirm whether A. berda gonads were active
male, inactive male, active female, inactive female, transitional or
undifferentiated. The histological observation of different matu-
rity stages of gonads was measured using Zeiss Axio Lab A1l light
microscope at magnifications of x40.

To quantify the changes in gonad weight during the annual sex-
ual cycle and to determine the spawning season, monthly gonado-
somatic index (I;) (De Vlaming, Grossman, & Chapman, 1981) was

calculated using the formula:

_ Gonad weight (g)

= x 100
G Body weight (g)

2.1 | Statistical analysis

Statistical differences in monthly I, were tested using analysis of
variance (ANOVA), while Tukey's test was performed at a signifi-
cance level of 0.05 (Zar, 2010). Monthly sex ratio, expressed as male:
female, was analysed. Deviations from 1:1 null hypothesis were sta-
tistically tested using Xz—test.

3 | RESULTS

3.1 | Sexratio

It was found that of the 720 specimens measured, 334 were females
(46.39%) and 276 (38.33%) were males, 40 (5.56%) were transitional

Jun Jul Aug Sep Oct Nov Dec
20 8 30 24 58 22 26

38 26 42 28 60 16 20
1:1.9 1:3.2 1:14 1:1.17 1:1.03 1:0.73 1:0.77
No No No No No No No
<0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
0.81 0.56 0.87 0.84 0.93 0.82 0.85

and 70 (9.72%) were undifferentiated. But the gonads of 152 males
(active males) had only testicular tissue while the gonads of 124 males
(inactive males about 1.72% in all specimens) had partly developed
ovaries together with testes. On the basis of Koc, Cakir, and Aka (2002)
study, these individuals were considered as males. Smaller length class
(below 250 mm TL) were dominated by male (46.3%) followed by fe-
male (28.1%), undifferentiated (17.5%) and transitional (8.1%). Larger
length class (above 250 mm TL) were dominated by female (69.0%) fol-
lowed by male (28.5%) and transitional (2.5%). The overall male: female
ratio (1:1.2) was similar with expected 1:1 ratio (;(2 =9.39, p > 0.05).
Male: female ratio and corresponding chi-square (;(2) values for each
month are presented in Table 1.

3.2 | Types of ovotestes in A. berda

The gonad of A. berda is classified into following ovotestes types

based on the morphological and histological studies.

3.2.1 | Active males

Active males on slight abdominal pressure release semen from the
testicular region. The morphological observation revealed that this
type of ovotestes possesses dominant active white testicular lobes
and small inactive ovarian lobes, lying within the grooves in the dor-
somedial surface of the testis. The ovarian lobes are invisible in the
case of completely ripe male specimens since the testicular tissue
completely encircles the ovarian lobes (Figure 1a). The transverse
section of active males showed extended lobules in which sper-
matogonial cells were distributed in crypts; tubule space and interior
lumen dominated with more advanced gametogenic stages namely
spermatocytes, spermatids and spermatozoa. Spermatogonia were
absent in ovotestes of active males. Small ovarian lobes with oocytes
in chromatin nucleolar and perinucleolar stages were observed, but
no active oogenesis had taken place (Figure 2a). The active males
were observed in individuals of 14.1-34.6 cm TL weighing 70-859 g
(Figure 3a) from August to February (Figure 3b).

3.2.2 | Inactive males

In the case of inactive males, no free running of semen from the

testicular region was observed. The morphological observation
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FIGURE 1 Classification of ovotestes
of Acanthopagrus berda based on
morphological observation (a) active
male (b) inactive male (c) active female
(d) inactive female (e) transitional (f)
undifferentiated ovotestes (O, ovary; T,
testis)

FIGURE 2 Classification of ovotestes
of Acanthopagrus berda based on
histological observation (a) active male (b)
inactive male (c) active female (d) inactive
female (e) transitional (f) undifferentiated
ovotestes (CT, connective tissue; O,
ovary; PO, Perineuclear oocyte; SC,
spermatocytes; ST, spermatids; SZ,
spermatozoa; T, testis)
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revealed that this type of ovotestes possesses dominant testicular
lobes and inactive small or similar size ovarian lobes, lying within the
grooves on the dorsal surface of the testis (Figure 1b). The histologi-
cal studies revealed that testis of inactive males contain both ovar-
ian and testicular portions. The testicular portion is characterized
by spermatogonia with lesser spermatogenic activity. The ovarian
portion contains oocytes of chromatin nucleolar and perinucleolar
stage with further developments arrested (Figure 2b). Inactive males
were observed in individuals of 14.0-28.7 cm TL (50.5-458.5 g)
(Figure 3a) dominant from January to July (Figure 3b).

3.2.3 | Active females

The gonad of active females was cylindrical in shape, character-
ized by light to dark orange colour. The morphological observa-
tion revealed that the ovotestes were mostly dominated by ovarian
lobes, whereas the reduced inactive testicular lobes appeared as
a very thin band of tissue along the ventrolateral surface of the
ovary (Figure 1c). The transverse section of active female ovotestes
showed advanced stages of oogenesis (a large number of vitellogenic
oocytes with some previtellogenic oocytes). No spermatogenic cells

Total Length (cm)

m Active male
m Undifferentiated

® Inactive female
® Transitional

Jan Feb Mar Apr May Jun Jul
u Active Male
Inactive Female

Aug Sep Oct Nov Dec

u Active Female = Inactive Male

® Transitional = Undifferentiated

were observed in the remnant testis (Figure 2c). The active females
were observed in individuals of 21.2-43.2 cm TL (109-1,753 g)
(Figure 3a) from August to January (Figure 3b).

3.2.4 | Inactive females

The ovotestes of inactive females was dominated by ovarian
lobes whereas testicular lobes appeared as a thin band of tissue
along the ventrolateral surface of the ovarian lobes (Figure 1d).
Histological sections of inactive female ovotestes showed nu-
merous well developed ovarian lamellae with oocytes of chro-
matin nucleolar and perinucleolar oocytes. Remnants of testis
appeared with no spermatogenic activity (Figure 2d). Inactive
females were observed in individuals of 16-37.7 cm TL (100.4-
1,250 g) (Figure 3a) dominant from January to July after the
spawning period (Figure 3b).

3.2.5 | Transitional ovotestes

The transitional gonads were characterized by testicular and ovar-
ian lobes of similar size or testicular lobe, reduced in size compared
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with ovarian lobe (Figure 1e). Microscopical observation showed
signs of degeneration in the testicular lobe, proliferation of con-
nective tissue and empty sperm ducts. The ovarian lobes were
characterized by oocytes of chromatin nucleolar and perinucleolar
stages (Figure 2e). The transitional gonads were observed in indi-
viduals of 18.7-27.1 cm TL (Figure 3a) from January to July after
the spawning (Figure 3b).

3.2.6 | Undifferentiated ovotestes

In this group, morphological observation of ovotestes was dif-
ficult to classify either as male or female. These ovotestes were
thread-like structures containing an equal portion of testis and
ovary (Figure 1f). Histological observations revealed testicu-
lar lobe containing spermatogenic cells and ovarian lobes with
inactive oocytes of the chromatin nucleolar and perinucleolar
stages. (Figure 2f). There was a simultaneous proliferation of
gonial cells in both male and female elements, but further de-
velopment was more rapid in the male element. A few previ-
tellogenic oocytes were evident amongst proliferating gonia
in the female element, but development in the male element
included all stages of spermatogenesis, including the produc-
tion of sperm. Undifferentiated gonads were observed in in-
dividuals of 15-25.4 cm TL (Figure 3a) from January to July
(Figure 3b).

FIGURE 4 Different maturity stages
of Acanthopagrus berda ovary based on
morphological observations (a) virgin

(b) developing virgin (c) developing

(d) maturing (e) mature (f) running (g)
spent

3.3 | Morphology of ovary of A. berda

The ovary of A. berda is a paired organ suspended by a thin mes-
orchium from the dorsal side of the peritoneal cavity. The ovar-
ian lobes were fused posteriorly to form a short oviduct but are
free anteriorly. The ovaries were cylindrical in shape with the right
lobe larger than the left. The immature ovary was with smooth
contours (Figure 4a-c), while the ripe ovary exhibited undula-
tions with a heavy network of dilated blood vessels to meet the
increased need for blood circulation (Figure 4e). Since A. berda is
a protandrous hermaphrodite, remnants of testis lobe appeared
as thin bands of tissue lying on the ventrolateral surface of ripe

ovaries (Figure 4f).

3.4 | Maturity stages of the ovary

About seven maturity stages of the ovary were identified and the
stages observed were virgin, developing virgin, developing, matur-

ing, mature, running and spent.

3.4.1 | Stagel - Virgin

The macroscopic observation of ovary stage | revealed a small
thread-like structure, translucent with slight brownish colouration

(Figure 4a). Both ovarian and testicular tissues were present and
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FIGURE 5 Gonad transverse sections showing different maturity stages of Acanthopagrus berda ovaries (a) virgin (b) developing virgin (c)
developing (d) maturing (e) mature (f) running (g) spent (EPO, early perinucleolar oocyte; LPO, late perinucleolar oocyte; PYG, primary yolk
granule; SYG, secondary yolk granule; TYG, tertiary yolk granule; LVS, lipid vesicle stage)

it occupied about 10% of the peritoneal cavity. The microscopic
examination of virgin ovary revealed the presence of oogonia,
early perinucleolar oocytes and few late perinucleolar oocytes
(Figure 5a). Virgin females were observed from March to August
with peak availability during the month of June (monsoon season)

(Figure 6a).

3.4.2 | Stage Il - Developing virgin

Stage Il ovary occupied about 20%-25% of the peritoneal cavity.
The developing virgin ovary is cylindrical in shape with light orange-
brown colouration (Figure 4b). Few blood capillaries were visible
around the ovary. Microscopically, large-size late perinuclear oo-
cytes (Figure 5b) were found dominant in this stage. The developing
virgin was observed from February to July with peak availability dur-
ing June (monsoon season) (Figure 6a).

3.4.3 | Stage lll - Developing

At this stage blood capillaries were visible around the ovary
and the ovary was cylindrical in shape, orange in colour and oc-
cupied about 40% of the peritoneal cavity (Figure 4c). In the
histological sections of developing ovary, lipid vesicle stage oo-
cytes made their appearance in addition to perinucleus oocytes
(Figure 5c). The developing females were observed from May to
September with peak availability during July (monsoon season)
(Figure 6a).

3.4.4 | StagelV - Maturing

The ovary was yellowish orange to reddish-orange in colour at this
stage (Figure 4d) and occupied about 50%-60% of the peritoneal cav-
ity. The ovaries showed undulations and oocytes were with a slightly
granular appearance. Microscopically, oocytes with lipid vesicles and
yolk granule were found dominant at this stage with few oocytes in
perinuclear stages (Figure 5d). Such females occurred from January to

December with peak availability during August (monsoon) (Figure 6a).

3.4.5 | StageV - Mature

The ovary of a mature females appeared swollen, pale orange to red in
colour with a heavy network of blood vessels surrounding the organ,
occupying about 70% of the peritoneal cavity (Figure 4e). The ovaries
showed greater undulations with large vitellogenic oocytes clearly
visible through the ovarian wall. Histological observations revealed
numerous large, advanced vitellogenic oocytes with few early and
late perinuclear oocytes and large lipid vesicle oocytes (Figure 5e).
Mature females occurred from August to January (monsoon and post

monsoon) with peak availability during September (Figure 6a).

3.4.6 | Stage VI - Running

The ovary occupied about 80%-95% of the peritoneal cavity, dark
yellowish-brown in colour, with an extensive network of blood ves-

sels surrounding it. Large-size vitellogenic oocytes were clearly
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visible beneath the transparent ovarian wall (Figure 4f). Microscopic
observation revealed the presence of very large-size vitellogenic oo-
cytes with coarse yolk granules in the cytoplasm (Figure 5f). Running
females were observed from August to December (monsoon and

post monsoon) with peak availability during October (Figure 6a).

3.4.7 | Stage VII - Spent

The spent ovary was observed as flabby, purplish-brown in colour
with a sudden decrease in size with few translucent oocytes remain-
ing in the ovary (Figure 4g). Histological sections revealed ovigerous
folds containing a large number of ruptured, postovulatory follicles
and atretic follicles (Figure 5g). These females occurred in December
to March samples (post monsoon) (Figure 6a).

3.5 | Maturity stages of testis of A. berda

About five maturity stages of the testis were identified and the
stages observed were resting, maturing, mature, running and spent.

3.5.1 | Stagel - Resting (Immature)

The macroscopic observation of testis stage | revealed it as thin,
creamy white colour (Figure 7a), occupying about 10% of the

Aug Sept Oct

Aug Sept

FIGURE 6 Monthly distribution

of maturity stages in Acanthopagrus
berda throughout the period from
January to December 2016 (a) male (b)
female

Nov Dec

Maturing

Oct Nov Dec

H Spent

peritoneal cavity. The microscopic examination of resting testis re-
vealed the presence of nests of spermatogonia, each spermatogo-
nium with a spherical nucleus (Figure 8a) small lobules, many with
no lumens. The resting males were observed from February to July
with peak availability from March to April months (pre-monsoon)
(Figure 6b).

3.5.2 | Stage ll - Maturing

The testis occupied about 20%-40% of the peritoneal cavity at this
stage. The morphology of maturing testis is cylindrical, white col-
oured with no milt (Figure 7b). Active spermatogenesis begins at
this stage. Histology revealed the presence of continuous germinal
epithelium throughout the testis with all stages of spermatogenesis
(Figure 8b). The seminiferous tubules of the testes were filled with
spermatozoa. The maturing testis was observed from January to
December with peak availability during the month of August (mon-
soon) (Figure 6b).

3.5.3 | Stage lll - Mature

The testis appeared swollen and white with milt, but not free
running and occupying about 50%-60% of the peritoneal cav-

ity (Figure 7c). Histological observations revealed continuous
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FIGURE 7 Different maturity stages
of Acanthopagrus berda testis based on
morphological observations (a) resting
(b) maturing (c) mature (d) running (e)
spent

FIGURE 8 Gonad transverse sections
showing different maturity stages of
Acanthopagrus berda testis (a) resting
(immature) (b) maturing (c) mature (d)
running (e) spent (GE, germinal epithelium;
SC, spermatocytes; SG, spermatogonium;
ST, spermatids; SZ, spermatozoa)
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germinal epithelium throughout the testis with all stages of sper-
matogenesis. The seminiferous tubules had expanded with a
copious amount of spermatozoa in lumen and ducts (Figure 8c).
Mature males occurred from August to February (monsoon and
post monsoon) with peak availability during December (post mon-
soon) (Figure 6b).

3.5.4 | Stage IV - Running

At this stage, the testis occupied about 75%-80% of the peritoneal
cavity and milky white, with milt freely flowing when cut (Figure 7d).
Histological observations revealed distended seminiferous tubules
filled with numerous mature spermatozoa in lumen and ducts
(Figure 8d). Running males occurred from August to February with
peak availability from August to December (monsoon and post mon-

soon) (Figure 6b).

3.5.5 | StageV - Spent

The spent testis had a brown bruised appearance with a very small
amount of residual milt (Figure 7e). Histological sections revealed
that the seminiferous tubules were no longer distended with only
a few spermatozoa present in the lumen of the primary sperm duct.
(Figure 8e). Spent males occurred from October to February samples

with peak availability in January (post monsoon) (Figure 6b).

3.6 | Gonado-somatic index (I;)

Monthly evaluation of I of male and female of A. berda showed
an increasing trend from August to December with the maximum
I during October. From January to July there was a sharp drop in
the I (Figure 9). Intersex individuals were observed from January to
July with maximum I observed during February (Figure 9). A highly
significant (p < 0.05) increase was recorded in October correspond-
ing to vitellogenesis when a mean value of 3.9 was reached. I was
generally lower in individuals with predominantly testicular tissue.
A significant increase occurred in August (maturing stage) when
active spermatogenesis was recovered, followed by a rapid, highly
significant increase (the maximum value of 1.68) in October, during
spawning.

Thus the results of the present study indicate that the reproduc-
tive cycle of A. berda collected from the wild consisted of the follow-
ing phases: resting phase lasting from February to July (dominance of
immature male; virgin and developing female gonads); pre-spawning
phase occurring from March to August (dominance of maturing gonads)
and a spawning phase from August to December (dominance of run-
ning gonads). Reproductively active males and females (running) were
observed between August and January (monsoon and post monsoon),
with the highest percentage of spawning activity during October (post
monsoon), coinciding with the highest values of I (Figure 9). Atretic
oocytes were observed from December to March; their incidence in-
creased during January (post-monsoon), towards the end of the repro-
ductive season, indicating the end of spawning activity.
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FIGURE 9 Monthly variation in Gonado-somatic Index (/) of
Acanthopagrus berda collected from Korapuzha from January to
December 2016

4 | DISCUSSION

The present study focuses on the annual reproductive cycle of wild-
caught A. berda from Korapuzha estuary, Calicut, India from January
to December 2016. In our previous report, we reported the occur-
rence of different reproductively distinguished groups of A. berda
(active male, active female and transitional stages) at a particular
season (December and January months) (Shilta et al., 2018). In the
present study, the occurrence and prevalence of these sex variants
throughout the annual reproductive cycle with emphasis on the vari-
ous developmental stages in the testis and ovary were evaluated.
The microscopic and macroscopic investigation of the gonad
structure through observations of complete annual reproductive
cycle showed that the gonad of A. berda possesses “ovotestes”,
where the testis and ovary are simultaneously present within the
gonad separated by a connective tissue similar to the gonadal
structure observed in other Sparids such as Acanthopagrus latus
(Abou-Seedo, Dadzie, Al-Kanaan, & Jalaja, 2003); Rhabdosargus
sarba (Hughes et al., 2008); Coris julis, Serranus scriba, Diplodus
annularis (Alonso-Fernandez et al., 2011) and Chrysophrys auratus
(Saunders, Fowler, & Gillanders, 2012). The morphological and
the histological observations of different sections of the gonads
of A. berda revealed the presence of active male, inactive male,
active female, inactive female, undifferentiated and transitional
individuals. The ovotestes of active males were dominated by tes-
ticular lobes almost completely encircling the inactive small ovar-
ian lobes, whereas, in case of active females, ovotestes are mostly
dominated by ovarian lobes, whereas the reduced inactive testic-
ular lobes appear as a very thin band of tissue along the ventro-
lateral surface of the ovary. A similar type of ovotestes have been
described for many other protandrous and protogynous sparid
fishes (Buxton & Clarke, 1989; Chang & Yueh, 1990). One sexual
area (either testis or ovary) predominated over the other through-
out the annual cycle, a characteristic which is common among
the sparids (Buxton & Garratt, 1990), has also been reported for
A. berda from other areas (Tobin et al., 1997). Buxton and Garratt
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(1990) reported that the presence of ovotestes in Sparidae family
is a pre-adaptation for sex change in which reproductive success
is size related.

The ovotestes obtained from few individuals of 15-25 cm
TL are classified as ‘Undifferentiated’ where the morphological
observation of these ovotestes was difficult to classify them as
either male or female. Histological examination of undifferenti-
ated gonad revealed that the gonad is differentiated into juvenile
ovotestes with separate male and female elements indicating the
possibility of juvenile hermaphroditism in developing ovotestes of
A. berda. Histological evidence presented in this study suggests
that A. berda in Indian waters follow similar patterns of gonadal
development of this species in the African waters (Garratt, 1993a).
In both the studies, it was found that undifferentiated (immature)
gonads are composed of roughly equal volumes of male and fe-
male tissue and there was a simultaneous proliferation of gonial
cells in both male and female elements with further development
more rapid in the male element. Garratt (1993a) also observed
that all gonads towards the end of the first year of life or early
in the second year (length class of 100-149 mm) in A. berda were
bisexual (ie, differentiation of male and female germinal tissues),
further, the reduction division is initially in the male direction and
all fish appear to mature first as males. Thereafter, the propor-
tion of females increases rapidly with a proportional decrease in
males. Similar developments were reported in other sparids Mylio
macrocephalus (Okada, 1965) and Boops boops (Michele & Lafaurie,
1974).

In our study, oocytes in the female ovotestes of inactive males
and active males were arrested in the early perinucleolar stage
throughout all seasons. Similarly, in the ovotestes of other protan-
drous sparids of Acanthopagrus genus namely, Acanthopagrus
schlegeli (Kinoshita, 1936), M. macrocephalus (Okada, 1965), A. latus
and A. cuvieri (Abu-Hakima, 1984), the oocyte development never
passed the previtellogenic stage until sex separation was almost
complete and the testis had completely regressed.

According to our data, the inactive and active males (140-
250 mm TL) were observed dominant in smaller length classes
whereas inactive and active females (251-450 mm TL) were ob-
served dominant in larger length classes. These results were in
accordance with those of Abu-Hakima (1984), Abol-Munafi and
Umeda (1994), Abou-Seedo et al. (2003) and Hesp, Potter, and Hall
(2004) in other Acathopagrus species. These observations indicated
that in A. berda, the juvenile ovotestes appeared to mature as a
male in most of the individuals, although a few primary females
were observed in smaller length classes (below 250 mm TL) and a
few primary males were observed in larger length classes (above
250 mm TL). Similarly, Vahabnezhad, Kaymaram, Taghavi Motlagh,
Valinassab, and Fatemi (2016) reported few primary males amongst
the larger size class in A. latus. Further, Hesp et al., (2004) reported
that in A. latus, after the spawning period, the testicular tissue will
regress markedly and will become a gonad that is predominantly
characterized either by a testicular zone containing spermatids or
an ovarian zone containing oocytes. The fish will remain as a female
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throughout the rest of its life once the fish becomes a functional
female (Vahabnezhad et al., 2016).

Further, histological observation of transitional gonads in the
current study showed signs of degeneration in the testicular lobe,
the proliferation of connective tissue and empty sperm ducts which
further confirms the protandrous sex change in A. berda collected
from tropical Indian waters. The protandrous hermaphroditism in
A. berda has been reported earlier in the African (Garratt, 1993a;
James et al., 2003) and Australian waters (Tobin et al., 1997). Sadovy
and Shapiro (1987) stated that the gonads of fish undergoing sex
change may be expected to show degeneration of the germinal tis-
sue of the primary sex accompanied by the proliferation of the tissue
of the opposite sex. Most of the Acanthopagrus sp namely A. latus
(Abou-Seedo et al., 2003), A. australis (Pollock, 1985), A. schlegelii
(Lee et al., 2001), A. bifasciatus (Etessami, 1983) are reported as
protandrous hermaphrodites.

The size advantage model by Ghiselin (1969) explains that se-
quential hermaphroditism occurs when an individual reproduces
most efficiently as a member of one sex when small or young, but
as a member of the other sex when it gets older or larger; it pre-
dicts protogyny where there is sexual selection for larger males and
protandry where the young stages must hunt for a suitable environ-
ment. In accordance with the above statement, the juvenile phase of
A. berda is spent in unstable and often harsh estuarine environments
(sudden fluctuations in temperature and salinity) (James, 2001) and
therefore the evolution of a mating system has overcome the ne-
cessity to move out into the marine environment to spawn, may
have led to strong selection pressure favouring protandry in this
species (Garratt, 1993a). In order to survive harsh environments in
estuaries it may be essential to direct most of the metabolic energy
into somatic growth and in such circumstances it would be better
to be male first and change to female only when and if a large size
is attained or remains as male if stressed (Garratt, 1993a; Warner,
1988). Therefore in the present study, A. berda which mature as
males from the juvenile ovotestes, function first as males and then
change sex to female, but few continue to function as either males or
females throughout their lifespan indicating digynous protandrous
hermaphroditism. A similar reproductive style has been reported
in Acanthopagrus australis (Pollock, 1985); Diplodus sargus (Micale &
Perdichizzi, 1994) and Salpa salpa (van der Walt & Mann, 1998).

The overall sex ratio obtained in the present study was 1:1.2
(M:F). Tobin (1998) also observed 1.01:1 (M:F) unbiased sex ratio for
A. berda collected from the site Deluge Inlet of Australian waters
whereas all the other sites namely, Mendel creek (1.25:1), Cocoa
creek (2.92:1), Blacksoil creek (3.4:1), Cattle creek (5.52:1), Alligator
creek (6.14:1), Meunga creek (6.58:1) of Australian waters showed
male-biased sex ratio. Garratt (1993a) reported male-biased sex
ratio for A. berda from South Africa (8.8:1). Earlier studies by Sadovy
and Shapiro (1987) and Garratt (1993a) confirmed that bimodal size-
frequency distributions and sex ratios which differ from unity are
evident in many hermaphrodite species, but these are not reliable in-
dicators of sex change. Therefore, sex ratio is certainly not a reliable
tool to conclude the sex change pattern in A. berda.
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The gonadal developmental stages of male A. berda conforms
similar to most other teleosts (Abou Shabana, Abd EI Rahman, Al
Absawey, & Assem, 2012; Al-Absawy, 2010) with slight modification
as resting, maturing, mature, running and spent. The stages of matu-
rity of the ovary were observed as seven, similar to the observations
of Abu-hakima, Al-Abdl| Elah, and El- Zahr, (1980) and Abou-Seedo
et al. (2003) in other Acanthopagrus species. One of the interesting
observations made during this study is that even though, A. berda
is a protandrous hermaphrodite, all the specimens dissected during
the spawning period (August-December) showed clear structural
dimorphism and no transitional gonads were observed during the
spawning period. Tobin (1998) also reported a similar observation in
A. berda collected from Australian waters.

Different factors determine the season of fish breeding. Many
fish species have one peak breeding period in a year, while others
have two peaks (Dadebo, 2000). Both monthly gonado-somatic indi-
ces and macroscopically determined ovarian stages strongly indicate
that spawning of A. berda in tropical Indian waters starts during mon-
soon season (August) and continues till post monsoon (December),
with one peak spawning during October (post monsoon). The
spawning season of A. berda in the present study coincided with the
monsoon season of the South west coast of India (June-August).
Environmental factors are key determinants of spawning season in
the natural aquatic environment and in tropical countries, rainfall
associated factors such as fluctuations in water level and seasonal
flooding play a significant role in the timing of intensive breeding
of fish (Admassu, Abera, & Tadesse, 2015). Further, Kolding, Tirasin,
and Karenge (1992) and Dadebo (2000) reported that the peak
spawning of fish takes place during the rainy season when there is a
rich source of food supplied by a flood of terrestrial origin.

Contradictory to our results, Wallace (1975) and Kyle (1986) re-
ported that A. berda spawns between May and August, with peak
spawning in May and June in St. Lucia Estuary, Republic of South Africa;
Mok (1985) reported that the peak spawning period of A. berda in Hong
Kong lasts only for few weeks between February and March whereas
Tobin et al. (1997) reported that the spawning of A. berda in Australian
waters was observed from June to September. The change of spawn-
ing season of A. berda across various countries may be due to change
in the environmental parameters such as sea surface temperature and
the photoperiod since the duration of spawning season is negatively
correlated with these environmental parameters (Tesfahun, 2019).

Earlier reports indicate that the spawning season of Sparids vary
with species, season and geographic locations. Sparodon durbanensis
has a restricted breeding season between August and January, during
spring and summer (Buxton & Clarke, 1991); spawning season of
Chrysoblephus puniceus in South Africa extends from July to November
with peak spawning occurring in August-September (Garratt,
Govender, & Punt, 1993);Sparus auratus spawn in autumn from
November to January (Cowden, 1995); Diplodus puntazzo (Sharpsnout
sea bream) spawn from September to October (Micale, Perdichizzi, &
Basciano, 1996). The spawning season of yellowfin bream, A. australis
from Townsville (Australia) was found to extend for a period of at least

10 weeks, from mid-June to early September (Cowden, 1995) whereas

from Moreton Bay (Australia) this species has a short spawning sea-
son from April to August, with a peak period between July and August
(Pollock, 1982). Crossland (1981) observed that Pagrus auratus spawn
between October and January in Hauraki Gulf in New Zealand when
the water temperature is between 16 and 21°C whereas Cowden
(1995) observed that the spawning season is in spring, from mid-April
to early June when water temperatures range between 12 and 25°C.

The sex change in Sparid fish is most likely to occur in the months
immediately following spawning (Cody & Bortone, 1992; Micale &
Perdichizzi, 1994; Pollock, 1985). Similarly, in the present study,
the presence of transitional ovotestes during the post spawning
season (January-July) indicates the possibility of sex change after
the spawning in A. berda. Sex reversal, in S. aurata takes place at
the end of the spawning season from May to September (Moretti,
Fernandez-Criado, Cittolin, & Guidastri, 1999), whereas sex reversal
begins in the transitional of A. latus from July to August, after spawn-
ing in functional males, at 14.9-20.2 cm standard length (Abou-
Seedo et al., 2003).The studies conducted by Tobin et al. (1997), also
stated that A. berda in Australian waters reproduce between June
and September and transitional individuals are observed during the
post spawning period (October onwards).

From the present study, it can be concluded that A. berda col-
lected from the wild in the Indian waters exhibits digynous protan-
drous hermaphroditism and their reproductive cycle consist of
resting phase, lasting from February to July; pre-spawning phase,
occurring from March to August and spawning phase from August
to December. The simultaneous availability of running males and fe-
males of A. berda from August to December indicates the opportu-
nity for the development of captive breeding, seed production and
hatchery technology for this important commercial food fish during
this season. At present, India is looking for potential native food fish
for mariculture development and A. berda is considered as one of the
priority species due to its high market demand. Understanding the
reproductive strategies of A. berda is important in developing stan-
dardized protocol for their brood-stock development and the biolog-
ical information derived from the present study will be a benchmark

for developing commercial mariculture activities of A. berda.

ACKNOWLEDGMENTS

The authors are grateful to Dr. A. Gopalakrishnan, Director, ICAR-
Central Marine Fisheries Research Institute, Kochi, India, for provid-
ing facilities, continuous support and encouragement for carrying

out this study.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

ETHICAL APPROVAL

All applicable international, national and/or institutional guidelines

for the care and use of animals were followed by the authors



MADATHAMPADY ET AL.

DATA ACCESSIBILITY

The data that support the findings of this study are openly available
in BOOK OF ABSTRACTS BRAQCON 2019 at http://bragcon.org/
downloads/

Shilta M. T., Suresh Babu P. P., Chadha N. K., Asokan P. K., Vinod
K., Imelda J, Paramita B.S., Ramya Abhijith. The sex inversion in Picnic
seabream, Acanthopagrus berda (Forsskal 1775) from Indian waters:
Histological and morphometric description. World Brackishwater
Aquaculture Conference (BRAQCON) from 23 to 25™ January,
2019, ICAR-CIBA, Chennai, India. P.124.

Shilta M. T, Suresh Babu P. P, Chadha N. K., Asokan P. K., Vinod K.,
Imelda J, Paramita B.S., Ramya Abhijith. The Annual Reproductive Cycle
of Picnic Seabream, Acanthopagrus berda (Forsskal 1775) from Indian
Waters. World Brackishwater Aquaculture Conference (BRAQCON)
from 23" to 25 January, 2019, ICAR-CIBA, Chennai, India.p.125.

ORCID

Shilta Madathampady Thomas
org/0000-0001-5112-4167

https://orcid.

REFERENCES

Abol-Munafi, A. B., & Umeda, S. (1994). The gonadal cycle of the yellow
porgy, Acanthopagrus latus (Hottuyn) reared in the net cage at Tosa
Bay, Japan. Suisanzoshoku, 42, 135-144.

Abou Shabana, N. M., Abd El Rahman, S. H., Al Absawey, M., & Assem,
S. S. (2012). Reproductive biology of Agyrosomus regius (Asso 1808)
inhabiting the south eastern Mediterranean Sea, Egypt. Egyptian
Journal of Aquatic Research, 38(2), 147-156.

Abou-Seedo, F., Dadzie, S., & Al-Kanaan, K. A. (2003). Histology of ovar-
ian development and maturity stages in the yellowfin sea bream,
Acanthopagrus latus (Teleostei: Sparidae) (Hottuyn, 1782) reared in
cages. Kuwait Journal of Science Engineering, 30(1), 121-136.

Abou-Seedo, F., Dadzie, S., Al-Kanaan, K., & Jalaja, V. S. (2003). Aspects of
the reproductive biology of the hermaphroditic Yellowfin Seabream,
Acanthopagrus latus (Hottuyn, 1782), in cages in Kuwait Bay. Zoology
in the Middle East, 29, 51-58. https://doi.org/10.1080/09397
140.2003.10637969

Abu-Hakima, R. (1984). Some aspects of the reproductive biology of
Acanthopagrus spp. (Family Sparidae). Journal of Fish Biology, 25, 515-
526. https://doi.org/10.1111/j.1095-8649.1984.tb04898.x

Abu-Hakima, R., Al-Abdl Elah, K. M., & El- Zahr, C. (1980). Gonadal devel-
opment in food fishes of Kuwait: A histological study. Kuwait Institute
for Scientific Research Report, 97-98.

Admassu, D., Abera, L., & Tadesse, Z. (2015). Fecundity and breeding
season of the African catfish, Clarias gariepinus (Burchell), in lake
Babogaya. Global Journal of Agriculture and Agricultural Science, 3(8),
295-303.

Al-Absawy, M. A. (2010). The reproductive biology and the histological
and ultrastructural characteristics in ovaries of the female gadidae
fish Merluccius merluccius from the Egyptian Mediterranean water.
African Journal of Biotechnology, 9(17), 2544-2559.

Alonso Fernandez, A., Alos, J., Grau, A., Dominguez-Petit, R., & Saborido-
Rey, F. (2011). The use of histological techniques to study the re-
productive biology of the hermaphroditic Mediterranean fishes
Coris julis, Serranus scriba, and Diplodus annularis. Marine and Coastal
Fisheries: Dynamics, Management, and Ecosystem Science, 3, 145-159.

. IR

Anonymous (2012). Hand book of fisheries statistics of Pakistan. A publication
of Marine Fisheries Department, Government of Pakistan, Ministry of
Food, Agriculture and Cooperatives (Livestock Division), 20, 215.

Atz, J. W. (1964). Intersexuality in fishes. In A. J. Marshall, & C. N.
Armstrong (Eds.), Intersexuality in vertebrates including man (pp. 145-
232). New York, NY: Academic Press.

Battaglene, S., & Fielder, S. (1997). The status of marine fish larval-rear-
ing technology in Australia. Hydrobiologia, 358, 1-5.

Begg, G. W. (1978). The estuaries of Natal (Part 1). Natal Town and
Regional Planning Report, 41, 1-657.

Buxton, C. D. (1989). Protogynous hermaphroditism in Chosoblephus la-
ticeps (Cuvier) and C. cristiceps (Cuvier) (Teleostei: Sparidae). South
African Journal of Zoology, 24(3), 212-216.

Buxton, C. D. (1990). The reproductive biology of Chrysoblephus laticeps
and C. cristiceps (Teleostei: Sparidae). Journal of Zoology, 220(3), 497-
511. https://doi.org/10.1111/j.1469-7998.1990.tb04321.x

Buxton, C. D. (1992). The application of yield-per-recruit models
to two South African sparid reef species, with special consid-
eration of sex change. Fisheries Research, 15, 1-16. https://doi.
org/10.1016/0165-7836(92)90002-B

Buxton, C. D. (1993). Life-history changes in exploited reef fishes on the
east coast of South Africa. Environmental Biology of Fishes, 36, 47-63.
https://doi.org/10.1007/BFO0005979

Buxton, C. D., & Clarke, J. R. (1989). The growth of Cymatoceps nasu-
tus (Teleostei: Sparidae), with comments on diet and reproduc-
tion. South African Journal of Marine Science, 8, 57-65. https://doi.
org/10.2989/02577618909504551

Buxton, C. D., & Clarke, J. R. (1991). The biology of the white mussel
cracker Sparodon durbanensis (Pisces: Sparidae) on the eastern Cape
coast, South Africa. South African Journal of Marine Science, 10, 285-
296. https://doi.org/10.2989/02577619109504638

Buxton, C. D., & Garratt, P. A. (1990). Alternative reproductive lifestyles
in the seabream (Pisces: Sparidae). Environmental Biology of Fishes, 28,
113-124. https://doi.org/10.1007/BF00751031

Chang, C. F., & Yueh, W. S. (1990). Annual cycle of gonadal histology and
steroid profiles in the juvenile males and adult females of the protan-
drous black porgy, Acanthopagrus schlegeli. Aquaculture, 91, 179-196.
https://doi.org/10.1016/0044-8486(90)90187-R

Cody, R. P, & Bortone, S. A. (1992). An investigation of the reproduc-
tive mode of the pinfish, Lagodon rhomboides Linnaeus (Osteichthys:
Sparidae). Northeast Gulf Science, 12(2), 99-110. https://doi.
org/10.18785/negs.1202.03

Cowden, K. L. (1995). Induced spawning and culture of yellowfin bream,
Acanthopagrus australis (Giinther, 1859) and mangrove jack, Lutjanus
argentimaculatus (Forsskdl, 1775). PhD thesis. James Cook University,
Australia. Retrieved from https://researchonline.jcu.edu.au/24101/
2/02whole.pdf.

Crossland, J. (1981). The biology of the New Zealand snapper. New
Zealand Ministry of Agriculture and Fisheries, Fisheries Research
Division occasional publication 23, 15. http://docs.niwa.co.nz/libra
ry/public/FRDop23.pdf.

Dadebo, E. (2000). Reproductive biology and feeding habits of catfish,
Clarias gariepinus Burchell (Pisces: Clariidae) in Lake Awassa, Ethiopia.
SINET: Ethiopian Journal of Science, 23, 231-246.

De Vlaming, V. L., Grossman, G., & Chapman, F. (1981). On the use of the
gonosomatic index. Comparative Biochemistry and Physiology 73A( 1),
104-127.

Etessami, S. (1983). Hermaphroditism in one Sparidae of the Persian
Gulf: Acanthopagrus bifasciatus (Forssk.). Cybium, 7(2), 87-91.

FAO. (1984). Species identification sheets for fishery purposes. Western
Indian Ocean (Fishing Area 51). In W. Fischer & G. Bianchi (Eds.).
Prepared and printed with the support of the Danish International and
Agricultural Organization of the United Nations (DANIDA), Vol 4 (pp.
1-14). Rome, Italy: Food and Agricultural Organization of the United
Nations


http://braqcon.org/downloads/
http://braqcon.org/downloads/
https://orcid.org/0000-0001-5112-4167
https://orcid.org/0000-0001-5112-4167
https://orcid.org/0000-0001-5112-4167
https://doi.org/10.1080/09397140.2003.10637969
https://doi.org/10.1080/09397140.2003.10637969
https://doi.org/10.1111/j.1095-8649.1984.tb04898.x
https://doi.org/10.1111/j.1469-7998.1990.tb04321.x
https://doi.org/10.1016/0165-7836(92)90002-B
https://doi.org/10.1016/0165-7836(92)90002-B
https://doi.org/10.1007/BF00005979
https://doi.org/10.2989/02577618909504551
https://doi.org/10.2989/02577618909504551
https://doi.org/10.2989/02577619109504638
https://doi.org/10.1007/BF00751031
https://doi.org/10.1016/0044-8486(90)90187-R
https://doi.org/10.18785/negs.1202.03
https://doi.org/10.18785/negs.1202.03
https://researchonline.jcu.edu.au/24101/2/02whole.pdf
https://researchonline.jcu.edu.au/24101/2/02whole.pdf
http://docs.niwa.co.nz/library/public/FRDop23.pdf
http://docs.niwa.co.nz/library/public/FRDop23.pdf

MADATHAMPADY ET AL.

wie - —

Francis, M. P., & Pankhurst, N. W. (1988). Juvenile sex inversion in the
New Zealand snapper Chrysophrys auratus (Bloch and Schneider,
1801) (Sparidae). Australian Journal of Marine and Freshwater Research,
39(5), 625-631. https://doi.org/10.1071/MF9880625

Gabe, M. (1976). Histological techniques (p. 1106). Berlin, Germany:
Springer.

Garratt, P. A. (1993a). Comparative aspects of the reproductive biology of sea
breams (Pisces: Sparidae). Ph.D. thesis. Rhodes University, South Africa.

Garratt, P. A. (1993b). Spawning of the River bream, Acanthopagrus berda,
in Kosi estuary. South African Journal of Zoology, 28, 26-31. https://
doi.org/10.1080/02541858.1993.11448284

Garratt, P. A., Govender, A., & Punt, A. E. (1993). Growth acceleration
at sex change in the protogynous hermaphrodite Chrysoblephus pu-
niceus (Pisces: Sparidae). South African Journal of Marine Science, 13,
187-193. https://doi.org/10.2989/025776193784287176

Ghiselin, M. T. (1969). The evolution of hermaphroditism among an-
imals. The Quarterly Review of Biology, 28, 297-306. https://doi.
org/10.1086/406066

Grandcourt, E. M., Al Abdessalaam, T. Z., Francis, F., & Al Shamsi, A. T.
(2004). Biology and stock assessment of the Sparids, Acanthopagrus
bifasciatus and Argyrops spinifer (Forsskal, 1775), in the Southern
Arabian Gulf. Fisheries Research, 69, 7-20. https://doi.org/10.1016/j.
fishres.2004.04.006

Hesp, S. A., & Potter, I. C. (2003). Reproductive biology of Rhabdosargus
sarba (Sparidae) in Western Australian waters, in which it is a rudi-
mentary hermaphrodite. Journal of the Marine Biological Association
of the United Kingdom, 83(6), 1333-1346. https://doi.org/10.1017/
50025315403008786

Hesp, S. A., Potter, |. C., & Hall, N. G. (2004). Reproductive biology and
protandrous hermaphroditism in Acanthopagrus latus. Environmental
Biology of Fishes, 70, 252-272.

Hughes, J. M., Stewart, J., Kendall, B. W., & Gray, C. A. (2008). Growth
and reproductive biology of tarwhine Rhabdosargus sarba (Sparidae)
in eastern Australia. Marine and Freshwater Research, 59(12), 1111-
1123. https://doi.org/10.1071/MF08102

Ingram, B. A., McKinnon, L. J., & Gooley, G. J. (2002). Growth and sur-
vival of selected aquatic animals in two saline groundwater evapo-
ration basins: An Australian case study. Aquaculture Research, 33(6),
425-436. https://doi.org/10.1046/j.1365-2109.2002.00691.x

Iwatsuki, Y., & Heemstra, P. C. (2010). Taxonomic review of the west-
ern Indian Ocean species of the genus Acanthopagrus Peters, 1855
(Perciformes: Sparidae), with description of a new species from
Oman. Copeia, 1, 123-136. https://doi.org/10.1643/CI-08-073

James, N. C. (2001). The status of the Riverbream, Acanthopagrus berda
(sparidae), in estuarine systems of Northern kwazulu Natal, South Africa.
Ph.D. thesis, University of Natal, Durban.

James, N. C., Mann, B. Q., Beckely, L. E., & Govender, A. (2003). Age and
growth of the estuarine-dependent riverbream, sparid Acanthopagrus
berda, in northern KwaZulu-Natal, South Africa. African Zoology,
38(2), 265-271. https://doi.org/10.1080/15627020.2003.11407280

Kasahara, S. (1957). Note on the young of the black porgy Mylio latus
(Hottuyn). Japanese Journal of Ichthyology, 6, 20-25.

Kinoshita, Y. (1936). On the conversion of sex in Sparus longispi-
nus (Temminck and Schlegel) (Teleostei). Journal of Science of the
Hiroshima University, Series B, 14, 69-79.

Koc, H. T., Cakir, D., & Aka, Z. (2002). Age, growth, sex-ratio, spawning sea-
son and mortality of annular bream, Diplodus annularis Linnaeus (1758)
(Pisces:Sparidae)in Edremit Gulf (Aegean Sea). Pakistan Journal of Biological
Sciences, 5, 1126-1130. https://doi.org/10.3923/pjbs.2002.1126.1130

Kokokiris, L., Bruslé, S., Kentouri, M., & Fostier, A. (1999). Sexual matu-
rity and hermaphroditism of the red porgy Pagrus pagrus (Teleostei:
Sparidae). Marine Biology, 134(4), 621-629.

Kolding, J., Tirasin, E. M., & Karenge, L. (1992). Growth, mortality, ma-
turity and length-weight parameters of fishes in Lake Kariba, Africa.
Naga: ICLARM Quarterly, 15(4), 39-41.

Kyle, R. (1986). Aspects of the ecology and exploitation of the fishes of the
Kosi Bay system, Kwa Zulu, South Africa. Ph.D. thesis, University of
Natal, Pietermaritzburg, South Africa. Retrieved from https://resea
rchspace.ukzn.ac.za/xmlui/bitstream/handle/10413/10899/Kyle.

Lee, Y. H., Du, J. L, Yueh, W. S,, Lin, B. Y., Huang, J. D., Lee, C. Y., ... Chang,
C. F. (2001). Sex change in the protandrous black porgy, Acanthopagrus
schlegeli: A review in gonadal development, estradiol, estrogen receptor,
aromatase activity and gonadotropin. Journal of Experimental Zoology,
290(7), 715-726. https://doi.org/10.1002/jez.1122

Micale, V., & Perdichizzi, F. (1994). Further studies on the sexuality of the
hermaphroditic teleost Diplodus sargus L., with particular reference
to protandrous sex inversion. Journal of Fish Biology, 45(4), 661-670.
https://doi.org/10.1111/j.1095-8649.1994.tb00932.x

Micale, V., Perdichizzi, F., & Basciano, G. (1996). Aspects of the repro-
ductive biology of the sharpsnout seabream Diplodus puntazzo
(Cetti, 1777). I. Gametogenesis and gonadal cycle in captivity during
the third year of life. Aquaculture, 140(3), 281-291. https://doi.
org/10.1016/0044-8486(95)01179-X

Michele, M., & Lafaurie, M. (1974). Etude histologique de la gonade au
cours de la diffe renciation sexuelle chez la Saupe, Boops salpa Linne
(Poisson Te le oste en: Sparidae). Bulletin de le Soci zoologique de
France, 99, 401-415.

Mok, T. K. (1985). Induced spawning and larval rearing of the white
bream, Mylio berda. Aquaculture, 44(1), 41-49. https://doi.
org/10.1016/0044-8486(85)90040-7

Moretti, A., Fernandez-Criado, M. P., Cittolin, G., & Guidastri, R. (1999).
Manual on hatchery production of Seabass and Gilthead seabream, Vol.
1, 194. Rome, ltaly: FAO. http://www.fao.org/publications/card/
en/c/6d59162a-dfb1-5832-9a65-7cab4be66d90/

Okada, Y. K. (1965). Bisexuality in sparid fishes. I: Origin of bisexual go-
nads in Mylio macrocephalus. Proceedings of the Japan Academy, 41(4),
294-299.

Pollock, B. R. (1982). Spawning period and growth of yellow-
fin bream Acanthopagrus australis (Gunther), in Moreton Bay,
Australia. Journal of Fish Biology, 21(3), 349-355. https://doi.
org/10.1111/j.1095-8649.1982.tb02840.x

Pollock, B. R. (1985). The reproductive cycle of yellowfin bream
Acanthopagrus australis. (Gunther), with particular reference to
protandrous sex inversion. Journal of Fish Biology, 26(3), 301-311.
https://doi.org/10.1111/j.1095-8649.1985.tb04269.x

Punt, A. E., Garratt, P. A., & Govender, A. (1993). On an approach for ap-
plying per-recruit methods to a protogynous hermaphrodite, with an
illustration for the slinger Chrysoblephus puniceus (Pisces: Sparidae).
South African Journal of Marine Science, 13(1), 109-119. https://doi.
0rg/10.2989/025776193784287293

Rahim, A., Abbas, G., Ferrando, S., Gallus, L., & Ghaffar, A. (2017).
Assessment of growth performance and meat quality of black fin
sea bream, Acanthopagrus berda (Forsskal, 1775) Reared in brackish
water ponds: A preliminary investigation. Pakistan Journal of Zoology,
49(3), 869-876. https://doi.org/10.17582/journal.pjz/2017.49.3.
869.876

Sadek, S., Osman, M. F., & Mansour, M. A. (2004). Growth, survival
and feed conversion rates of seabream (Sparus aurata) cultured in
earthen brackish water ponds fed different feed types. Aquaculture
International, 12(4-5), 409-421. https://doi.org/10.1023/
B:AQUI.0000042131.29346.93

Sadovy, Y., & Shapiro, D. Y. (1987). Criteria for the diagnosis of hermaph-
roditism in fishes. Copeia, 1, 136-156. https://doi.org/10.2307/
1446046

Samuel, M., & Mathews, C. P. (1987). Growth and mortality of four
Acanthopagrus species. Kuwait Bulletin of Marine Science, 9, 159-171.

Saunders, R. J., Fowler, A. J., & Gillanders, B. M. (2012). The spawning
dynamics of snapper (Chrysophrys auratus) in northern Spencer
Gulf, South Australia. New Zealand Journal of Marine and Freshwater
Research, 46(4), 491-510.


https://doi.org/10.1071/MF9880625
https://doi.org/10.1080/02541858.1993.11448284
https://doi.org/10.1080/02541858.1993.11448284
https://doi.org/10.2989/025776193784287176
https://doi.org/10.1086/406066
https://doi.org/10.1086/406066
https://doi.org/10.1016/j.fishres.2004.04.006
https://doi.org/10.1016/j.fishres.2004.04.006
https://doi.org/10.1017/S0025315403008786
https://doi.org/10.1017/S0025315403008786
https://doi.org/10.1071/MF08102
https://doi.org/10.1046/j.1365-2109.2002.00691.x
https://doi.org/10.1643/CI-08-073
https://doi.org/10.1080/15627020.2003.11407280
https://doi.org/10.3923/pjbs.2002.1126.1130
https://researchspace.ukzn.ac.za/xmlui/bitstream/handle/10413/10899/Kyle
https://researchspace.ukzn.ac.za/xmlui/bitstream/handle/10413/10899/Kyle
https://doi.org/10.1002/jez.1122
https://doi.org/10.1111/j.1095-8649.1994.tb00932.x
https://doi.org/10.1016/0044-8486(95)01179-X
https://doi.org/10.1016/0044-8486(95)01179-X
https://doi.org/10.1016/0044-8486(85)90040-7
https://doi.org/10.1016/0044-8486(85)90040-7
http://www.fao.org/publications/card/en/c/6d59162a-://www.fao.org/publications/card/en/c/6d59162a-
http://www.fao.org/publications/card/en/c/6d59162a-://www.fao.org/publications/card/en/c/6d59162a-
dfb1-5832-9a65-7cab4be66d90/
https://doi.org/10.1111/j.1095-8649.1982.tb02840.x
https://doi.org/10.1111/j.1095-8649.1982.tb02840.x
https://doi.org/10.1111/j.1095-8649.1985.tb04269.x
https://doi.org/10.2989/025776193784287293
https://doi.org/10.2989/025776193784287293
https://doi.org/10.17582/journal.pjz/2017.49.3.869.876
https://doi.org/10.17582/journal.pjz/2017.49.3.869.876
https://doi.org/10.1023/B:AQUI.0000042131.29346.93
https://doi.org/10.1023/B:AQUI.0000042131.29346.93
https://doi.org/10.2307/1446046
https://doi.org/10.2307/1446046

MADATHAMPADY ET AL.

Shilta, M. T., Suresh Babu, P. P.,, Asokan, P. K., Vinod, K., Imelda, J.,
Paramita, B. S., & Chadha, N. K. (2018). Gonadal assessment of
Picnic Sea Bream Acanthopagrus berda (Forsskal 1775), a potential
aquaculture candidate for Indian waters. Asian Fisheries Science,
31, 45-60.

Smallwood, C. B., & Sumner, N. R.(2007). A 12 month survey of recreational
estuarine fishing in the South Coast bioregion of Western Australia during
2002-03. Fisheries Research Report No. 159, 56. Western Australian
Department of Fisheries, Perth, WA. Retrieved from http://www.
fish.wa.gov.au/Documents/research_reports/frr159.pdf.

Suresh Babu, P. P, Shilta, M. T., Asokan, P. K., & Vinod, K. (2017).
Acanthopagrus berda (Forsskal, 1775). In R. Ranjan, M. Muktha,
S. Ghosh, A. Gopalakrishnan, G. Gopakumar, & J. Imelda (Eds.),
Prioritized species for mariculture in India, pp. 61-66. Kochi, India:
ICAR-Central Marine Fisheries Research Institute.

Tesfahun, A. (2019). Breeding seasons of some commercially import-
ant fishes in Ethiopia: Implications for fish management. Scientific
Research and Essays, 14(2), 9-14. https://doi.org/10.5897/SRE20
18.6596

Thorogood, J., & Blackshaw, A. (1992). Factors affecting the activation,
motility and cryopreservation of the spermatozoa of the yellowfin
bream, Acanthopagrus australis (Gunther). Aquacuture Research, 23(3),
337-344. https://doi.org/10.1111/j.1365-2109.1992.tb00776.x

Tobin, A. J. (1998). Protandrous sex change in the tropical sparid
Acanthopagrus berda and the implications of geographical variability.
Ph.D. thesis. James Crook University, Australia.

Tobin, A. J., Sheaves, M. J., & Molony, B. W. (1997). Evidence of protan-
drus hermaphroditism in the tropical sparid Acanthopagrus berda.
Journal of Fish Biology, 50, 22-33.

e R

Vahabnezhad, A., Kaymaram, F., Taghavi Motlagh, S. A., Valinassab, T., &
Fatemi, S. M. R. (2016). The reproductive biology and feeding hab-
its of yellow fin seabream, Acanthopagrus latus (Houttuyn, 1782), in
the Northern Persian Gulf. Iranian Journal of Fisheries Science, 15(1),
16-30.

Van der Elst, R. P. (1988). A guide to the common sea fishes of Southern
Africa (2nd ed., p. 398). Cape Town, South Africa: C. Struik.

van der Walt, B. A., & Mann, B. Q. (1998). Aspects of the reproductive
biology of Salpa salpa (Pisces: Sparidae) off the east coast of South
Africa. South African Journal of Zoology, 33(4), 241-248. https://doi.
org/10.1080/02541858.1998.11448478

Wallace, J. H. (1975). The estuarine fishes of the east coast of South Africa.
Il Reproduction. Invest. Rep. (Oceanographic Research Institute)
Durban, 41, 1-51.

Warner, R. R. (1988). Sex change in fishes: Hypotheses, evidence and
objections. Environmental Biology of Fishes. 22(2), 81-90. https://doi.
org/10.1007/BFO0001539

Zar, J. ). (2010). Biostatistical analysis (p. 944). London, UK: Prentice-Hall.

How to cite this article: Thomas SM, Padinhate Purayil SB,
Narinder Kumar C, et al. The annual reproductive cycle and
sex inversion of the Picnic sea bream, Acanthopagrus berda
(Forsskal 1775) from Indian waters: Histological and
morphometric description. Aquac Res. 2019;00:1-15.
https://doi.org/10.1111/are. 14246



http://www.fish.wa.gov.au/Documents/research_reports/frr159.pdf
http://www.fish.wa.gov.au/Documents/research_reports/frr159.pdf
https://doi.org/10.5897/SRE2018.6596
https://doi.org/10.5897/SRE2018.6596
https://doi.org/10.1111/j.1365-2109.1992.tb00776.x
https://doi.org/10.1080/02541858.1998.11448478
https://doi.org/10.1080/02541858.1998.11448478
https://doi.org/10.1007/BF00001539
https://doi.org/10.1007/BF00001539
https://doi.org/10.1111/are.14246

