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ABSTRACT

Groupers have a high contribution to the coral reef community
structure and balance. Various aspects of the reproductive biology of the two
commercially species Epinephelus summana and Epinephelus polyphekadion
were investigated for the first time in the Red Sea. A total of 246 individuals
(125 E. summana and 121 E. polyphekadion) were collected from different
landing sites on the Egyptian Red Sea from 2017 to 2019. Results showed that
females outnumbered males in both species as the overall sex ratios (males:
females) were 1:1.2 and 1:1.3 forE. summanaand E. polyphekadion
respectively. The size structure of E. summana and the presence of bisexual
individual (34 cm. TL) provide strong evidence that this species is a
protogynous hermaphrodite. For the camouflage grouper, no evidence was
obtained to confirm hermaphroditism. Seasonal variations in gonado-somatic
index revealed that the spawning occurred during April and May for E.
summana and during May and June for E. polyphekadion. Lengths at first
maturity (Lnsg) for male and female of E. summana were 23.0 and 23.5cm,
respectively. However, L for male and female E. polyphekadion were 27.1
cm and 28.8cm, respectively. Some of the spawning aggregation sites along the
Egyptian Red Sea coast were identified by using information from experienced
fishers. Both species were characterized by high fecundity. This study
concluded that the results of the life history characteristics of these species are
considered as good data, will add to the requirements of managing the
exploitation of these valuable resources.

INTRODUCTION

Groupers (Family Serranidae, subfamily Epinephelinae) have more than 159
species belonging to 15 genera. They are widely distributed in tropical and subtropical
areas (Nelson, 1994). They are known as coral reef species (Ambak et al., 2012).
Groupers are top predators with an important role in coral reef communities structure
(Grandcourt et al., 2009). Groupers include the most target species with high marketable
value in the Red Sea and the Gulf of Suez (ElI Ganainy, 2017). They are highly
overexploited species because of their spawning aggregation behavior which made them
vulnerable to fishing. Several medium to large bodied groupers aggregate annually for
spawning at specific sites in association with certain lunar phases (Sadovy, 2005; Teruya
et al., 2008; Khasanah et al., 2019). Aggregations are commonly composed of few dozen
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to 100,000 individuals that may migrate over long-distances of several to more than 240
km for spawning (Carter et al., 1994; Johannes et al., 1999; Bolden, 2000). The
management of grouper stock should be at level of species because they have variation in
biological characteristics (Abdul Kader et al., 2016). Vulnerability to fishing can be
managed by information about the life history and reproductive biology (Kandula et al.,
2015).

Groupers form an important part of reef fisheries landings in the Red Sea, where
they mainly caught by hooks and lines and gill nets. Recorded landings of grouper
species reached 3708 tons in 2016 constituting about 7.3% of all fish landings in the
Egyptian Red Sea (GAFRD, 2017).

This study is the first detailed investigation of the reproductive biology of E.
summana and E. polyphekadion in the Red Sea. The study aimed to determine the
reproductive aspects (sex ratio, spawning season, length at first sexual maturity and
fecundity) of E. summana and E. polyphekadion for their proper management. Results of
the reproductive biology can be used to formulate recommendations on the possible
regulations to fisheries management for these commercially valuable grouper species.

MATERIALS AND METHODS

A total of 246 specimens (125 of E. summana and 121 of E. polyphekadion) were
collected from the main landing sites on the Egyptian Red Sea (Hurghada and Shalateen)
from 2017 to 2019. Samples were transported to the Lab. Total lengths to the nearest
millimeter and total weights to the nearest gram were recorded. Then samples were
dissected for sex determination. Maturity stages were recorded and gonads were weighed
to the nearest 0.01 g. All ovaries and testes were assigned a macroscopic stage based on
El Ganainy (1992) and Osman et al, (2020) where, I undifferentiated gonad (threadlike),
Il immature, 111 developing, 1V ripe, V spawning (running) and VI spent.

Sex ratio was determined as the percentage of males to females (M: F). The
variations of sex ratio for both investigated species were estimated monthly and for the
different length groups. A chi-square test (at 5% significance level) was computed
according to Snedecor (1956).

The condition and development of the gonads were studied by applying the
Gonado-Somatic Index according to Anderson & Gutreuter (1983) in which the gonad
weight can be related to fish weight:-

G.S.1= [Gonad weight (GW) / Total fish weight (TW)] x 100

Length at first sexual maturity (Ltso), the length at which 50% of males and
females of each species attain maturity was derived, according to White (2007), from the

following logistic regression, where the proportion (P ) of those individuals that were
mature at length L+ was calculated as,

PL= {1+l Lo gty
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Where, Ltso and Lygs are Parameters for the logistic regressions fitted to the total length
(Ly) at maturity data.

Interviews with fishermen at different landing sites in the Egyptian Red Sea were
used for mapping of some groupers spawning aggregation sites. The questionnaire
included questions concerning the fishermen observations of spawning aggregation sites,
species of grouper, spawning periods and water depth at spawning sites.

Fecundity was estimated by counting the number of mature ova in a known
weight of mature/ripe ovary according to Sujatha et al. (2015). Using the following
formula:

Absolute fecundity= (No. of ova in the subsample x total ovary weight)/ Weight of
subsample

Relative fecundity was obtained by dividing absolute fecundity by total weight of the
fish.

The relation of fecundity “F” with total length “TL”, and total weight “TW” was
estimated as per the formula given by Bagenal (1978):

F=aTL” ; F=aTW’
Where, a and b are constants, TL is the total length (cm), TW is the body weight (g).

RESULTS

1. Sex ratio

Females constituted about 53.7%, 45.5% males and 0.8% hermaphrodite of the E.
summana samples and the E. polyphekadion samples constituted about 57% females and
47% males. The overall sex ratio of males to females was 1:1.2 for E. summana and 1:1.3
for E. polyphekadion which was non-significantly different from the ideal sex ratio of 1:1
(as the P value was 0.32 and 0.12 for E. summana and E. polyphekadion, respectively).
The percentage of males to females of both species varied within months and within
length classes. For E. summana females were the dominant in all months except May and
June, while for E. polyphekadion females were the dominant during all the months (Fig.
1). Females E. summana outnumbered males in the small length groups and absent in
large (>60 cm) length groups, while in case of E. polyphekadion males were the dominant
in the small length groups (<32 cm) and females were the most dominant in larger length
groups (Fig. 2).
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Fig (1): Monthly variations in percentage of male to female of E. summana (A) and E.
polyphekadion (B) from the Red Sea.
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Fig (2): Percentage of males and females in different length groups for E. summana (A)
and E. polyphekadion (B) in the Red Sea
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2. Sexual pattern

On the basis of their macroscopic appearance, there are differentiations in gonad
maturity conditions according to different seasons. The ripe stages of female and male E.
summana started to appear in late winter and extended to spring season with high percent,
and then the spawning stage (running) appeared in spring and extended to summer
season. In summer, the most dominant stage for E. summana were spent and recovery
stage. During autumn all samples of E. summana were in immature and recovery stages

(Fig. 3).

E. polyphekadion also have variation in gonad maturity conditions in different
seasons. Maturing or developing stage started during late winter for both male and
female, then during spring the ripeness and running stage (spawning) are dominant.
During summer most of samples become spent. In autumn all samples are immature and
recovery stages (Fig. 4).
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Fig (3): Seasonal variations in percentage of gonad maturity stages for males (A) and
females (B) E. summana , Maturity stages: 1I: immature, I11: developing, V:ripe, V:
runing (spawning) and VI:  spent
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Fig (4): Seasonal variations in percentage of gonad maturity stages for males (A) and females
(B) E. polyphekadion, Maturity stages: Il: immature, 111: developing, V:ripe, V:runing

(spawning) and VI:

spent

3. Gonado somatic index (GSI)

Females acquired higher average values of GSI than males for both studied
species. The trend of average values of GSI for males and females were nearly similar;
average value of GSI increased in April and reached its peak in May for E. summana
while it started to increase in May then reached its peak in June for E. polyphekadion

(Fig. 5).
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Fig (5): Monthly variations of gonadosomatic index (GSI) for E. summana (A) and E.
polyphekadion (B)
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4. Length at first sexual maturity (L mso):

Results showed that males of both studied species matured slightly earlier than
females. For E. summana, the length at first maturity (Lmso) was 23.0 cm for males and
23.5 cm for females, while for E. polyphekadion, the length at first maturity (Lmso) was
27.1 cm and 28.8 cm for males and females, respectively (Fig. 6).
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Fig (6): length at first sexual maturity for males and females E. summana and E.

polyphekadion




672 Hanan M. Osman et al., 2021

5. Spawning aggregation sites

According to the questionnaires and interviews conducted with fishermen, the
summana grouper and the camouflage grouper spawn in the same spawning aggregation
sites with some other grouper species such as E. tauvina and Cephalopholis miniata.
These sites occur near the small scattered islands of the Red Sea at depths of 20-50 m, in
the seaward reef slope (Fig. 7).
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Fig (7): Spawning aggregation sites of E. summana and E. polyphekadion in the Red Sea.
a=Hurghada and b=Shalateen..

6. Fecundity:
6.1. Absolute fecundity:

Number of eggs in ripe ovaries of E. summana during spawning season (May &
June) showed that the absolute fecundity ranged from 327680 eggs to 1250430 eggs with
an average of 892409 eggs. The absolute fecundity of E. polyphekadion ranged from
203600 to 1110117 with an average of 726642 eggs.

6.2. Relative fecundity

The relative fecundity is defined as the number of eggs in ripe ovaries per unit
weight of the fish. The relative fecundity for E. summana ranged from 519.5 to 1491.8
with an average of 1009.4 oocytes g™*., while that of E. polyphekadion ranged from 533.1
to 996.4 with an average of 775.5 oocytes g ™.

6.3. Fecundity-total length relationship:

Absolute fecundity increased as the fish grows in length. The absolute fecundity
ranged from 327680 eggs to 1250430 eggs for fish length ranging from 32 to 37.6 cm.
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The regression equation for the absolute fecundity and fish length of E. summana (Fig.
8A) was:

Log F=-3.0179+5.7152log L (R%=0.65).

Absolute fecundity of E. polyphekadion ranged from 203600 to 1110117 for fish
length ranging from 28.7cm to 43.5 cm. The regression equation between the absolute
fecundity and fish length (Fig. 8B) was:

Log F=0.2858 + 3.5357 log L  (R*=0.89).
6.4. Fecundity-total weight relationship:

The average absolute fecundity related to total weight of E. summana is
represented in Fig. (9A). Regression equation between the absolute fecundity and fish
weight was:

Log F=0.7759 + 1.7543 log W

While the average absolute fecundity related to total weight of E. polyphekadion
is represented in Fig. (9B). Regression equation between the absolute fecundity and fish
weight was:

Log F=2.5724 + 1.1063 log W
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Fig (8): Relation between absolute fecundity and total length of E. summana (A) and E.
polyphekadion (B).
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Fig (9): Relation between absolute fecundity and total weight of E. summana (A) and E.
polyphekadion (B).

DISCUSSION

Reproduction is one of the most important biological characters which should be
studied for fisheries management (ElI Ganainy, 2004; Osman, et al., 2020). It gives the
predictable future for fish production and new recruit adding for the recent stock. The
reproductive ability of female is responsible for the new recruit (El Ganainy et al., 2014;
Osman, 2016). The reproductive biology of the summana grouper, E. summana and
camouflage grouper, E. polyphekadion is described in terms of their sex ratio, spawning
season, sexual pattern, size at maturity and fecundity.

The overall sex ratio of both species is biased in favor of females. For E.
summana, males outnumbered females during May and June, the spawning period; this is
most probably due to the migration to spawning aggregation sites. Females of E.
summana were dominant at smaller fish sizes and absent among larger fish sizes, this is
typical for haremic protogynous species, where males attain a larger size in order to
defend their territories or spawning sites that females visit (Warner et al., 1975; Warner,
1984). Furthermore, the obvious decrease in the proportion of females above the mean
size at sexual maturity indicated that a sex change occurs as females become larger.
Conversely, females of E. polyphekadion dominated the large sizes and were absent in
the smaller fish sizes. The variability of sex composition can be attributed to the selective
natural and fishing mortalities between sexes which may be a result of differential fishing
pressure on males and females in the non-spawning periods (Johannes et al., 1996).
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Epinephelines exhibit a wide diversity of sexual patterns, including sequential and
bi-directional hermaphroditism, and gonochorism (Shapiro 1987; Sadovy et al., 2008).
Protogynous hermaphroditism has been the most commonly observed pattern. The size
structure of E. summana and the presence of bisexual individual (34 cm. TL) provide an
evidence that this species is a protogynous hermaphrodite. The female biased sex ratio
and larger body size of male fish are typical of haremic protogynous species (Sadovy &
Shapiro, 1987). Considering that this is the first study on these species in the Egyptian
Red Sea, further research is required.

For the camouflage grouper E. polyphekadion no evidence was obtained to
confirm hermaphroditism, this is in agreement with Khasana et al. (2019). According to
Rhodes & Sadovy (2002), it was not possible to confirm sexual pattern in E.
polyphekadion. In contrast, plausible evidence for protogyny was provided by a tag-
recapture study, where 2 tagged females were later recovered as males (Johannes et al.
1999). Rhodes et al. (2011) confirmed that E. polyphekadion is a functional gonochorism
with the potential for protogynous sexual transition; they postulated that the factors
contributing to the regional variation observed in E. polyphekadion sexual pattern are
unknown, but highlight the complexity of reproductive development.

Groupers tend to spawn from early spring to early summer and they are
reproductively active over 1-5 months (Thresher, 1984; Shapiro, 1987) which is the case
in the present study where, both investigated species spawn during a two consecutive
months between April and May in case of E. summana and between May and June for E.
polyphekadion. The camouflage groupers spawn during three consecutive months
(February to April) in Pohnpei, Micronesia (Rhodes & Mitcheson, 2002). Rhodes &
Mitcheson (2002) and Rhodes et al. (2018) reported that the camouflage grouper has a
spawning peak in late January and April during the last quarter moon phase. Rhodes &
Sadovy (2002) reported that the camouflage grouper spawns during a two consecutive
month period between February and April and form transient spawning aggregations that
persist over approximately two weeks within each month. Teruya et al. (2008) in Ishigaki
Island concluded that the main spawning season of the wild camouflage groupers is
during April and May, when the GSI values of females and males reached the peak.
According to Khasana et al. (2019) the spawning of E. polyphekadion begins in late
September and continues until early April. Rhodes & Sadovy (2002) indicated that the
spawning season of camouflage groupers at several sites from the northern to southern
hemispheres occurs over a 2-3 month period with great seasonal variations. The spawning
season of serranids differs depending on the geographical area and species (James et al.,
1997; Lee et al., 2002 and Rhodes & Sadovy, 2002).

The length at first maturity Lsgy IS an important characteristic of life history,
essential for prosperity of fishery management and fundamental to establishment of the
means that avoid exploitation of young specimens and consequential reduction of
spawning stock (Penha & Mateus, 2007). In the present study, the estimated Lsoy for
summana grouper was 23.0 cm for males and 23.5 cm for females. Our results of the size
at first maturity of the camouflage grouper agree with that reported by Rhodes &
Mitcheson (2002) in Pohnpei, Micronesia and smaller than that reported by Khasana et
al. (2019) in Indonesia which was 37.0 cm.
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Many reef fishes particularly groupers are known to aggregate in large numbers at
specific times and places to reproduce. The detection of aggregation sites is essential for
the development of a management plan and establishing of aggregation-based protected
areas. Spawning aggregations have been completely obliterated by overfishing at a
number of locations in the Atlantic and the Pacific oceans (Johannes et al., 1999). The
camouflage grouper E. polyphekadion aggregation sites are known at some few locations,
such as in Pohnpei, Micronesia (Rhodes & Sadovy 2002) and Wakatobi, Indonesia
(Khasana et al., 2019). In the Red Sea, these aggregation sites were defined for the first
time according to information obtained from local fishers. Based on this primarily
information establishing fishing closures during the brief annual spawning aggregation
periods of groupers might be an effective approach to protect this valuable resource.

E. polyphekadion and E. summana were characterized by high fecundity. Absolute
fecundity ranged from 203600 to 1110117 with an average of 726642 eggs for E.
polyphekadion. It ranged from 327680 eggs to 1250430 eggs with an average of 892409
eggs for E. summana. The average relative fecundity was 775.5 oocytes g™*. and 1009.4
oocytes g™ for E. polyphekadion and E. summana, respectively. These results fall within
the range of fecundity previously estimated for other serranids (Bouain & Siau, 1983;
Shapiro, 1987). Rhodes & Sadovy (2002) estimated the absolute fecundity for E
polyphekadion in Micronesia ranged from 392,000 oocytes in a 290-mm SL individual to
more than 3.1 million oocytes in a 430-mm SL individual.

CONCLUSION

This is the first study investigating the life history characteristics of E. summana
in the Red Sea and thus could contribute towards the revision of its current IUCN red list
status as “Data Deficient”. Results on the life history characteristics of these species will
add to the requirements of managing the exploitation of these valuable resources. Further
studies should be undertaken to define the spawning aggregation sites of groupers in the
Red Sea for establishing of aggregation-based protected areas and seasons
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