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Global total capture fishery production in 2014 was 93.4 million tonnes, of which 81.5 million
tonnes from marine waters and 11.9 million tonnes from inland waters. Total capture production

in marine waters was 81.5 million tonnes in 2014, a slight increase on the previous two years (SOFIA,
2016). The marine fish landings from the coast of the main land of India in 2017 was estimated as
3.83 million tonnes (t) showing an increase of  5.6% compared to  in 2016. Landings in all the
maritime states except Tamil Nadu increased in 2017.  Highest landings was along the Gujarat coast
(7.86 lakh t; 20.5%), followed by  Tamil Nadu, Kerala and Karnataka with 6.55 lakh t (17.1%), 5.85
lakh t (15.3%) and 5.48 lakh t (14.3%). Percentage increase was high in Goa (64%), West Bengal
(33%), Maharashtra (30%) and Kerala (12%). Along the Indian coast demersal finfishes  form  one of
the major components in the marine fish landings. Demersal fish groups such as the sharks. groupers.
snappers. threadfins, pormfrets and Indian halibut are commercially valuable and contribute
substantially to the economy of Indian marine fisheries. Some of these groups, especially of large-
size, are targeted by the fishermen by using different craft and gear combinations. However, several
other demersal finfishes are not targeted, but are landed as bycatch by shrimp trawlers.

GROUPERS : This group is abundant in the rocky grounds off the South west coast and south
east coast of India and is exploited by, hooks and lines, traps and gill nets. All India landings of
perches is 4.27 lakh tonnes. Around 42 species of groupers have been reported from different parts
of India. Family Serranidae includes Epinephelus malabaricus (Malabar grouper), E.tauvina (Greasy
grouper), E.bleekeri (Dusky-tail grouper),E.areolatus (Areolate grouper),E .diacanthus (Spring cheek
grouper/ six-bandedreef cod), E.epistictus (Broken-line grouper), E.fasciatus (Red banded
grouper),E.flavocaeruleus (Blue and yellow reef cod), E.latifasciatus (Banded grouper),E.morrhua
(Banded cheek reef cod), E.undulosus (Brown- lined reef cod), E.merra (Wire netting reef cod),
E.fuscoguttatus (Brown marbled grouper), E.chlorostigma (Brown spotted grouper), Cephalopholis
sonnerati (Red coral cod) and C.boenack (Blue-lined seabass).

Groupers have long lifespans, are slow growing, relatively large in size, and have a low natural
mortality rate. The larger species form breeding aggregations, and most species are protogynous
hermaphrodites. Among the Epinephelinae, monandry protogynous hermaphroditism is the most
common sexual pattern [Shapiro, 1987]. A few species, such as the Epinephelus coioides and the
Epinephelus andersoni, are diandry, where the males can either develop from the females or they
can develop directly from the juvenile phase [Sadovy and Shapiro, 1987; Fennessy and Sadovy,
2002]. The latter sexual pattern suggests that some females do not change sex at all, and some
males do not pass through female stages at all. Their aggressive nature and relatively large size
makes them more vulnerable to fishing gears (Munro andWilliams, 1985). They are generally long-
lived and slow growing with low rates of natural mortality (Ferreira and Russ, 1994; Grandcourt,
2005), form spawning aggregations (Domeier and Colin, 1997) and this predisposes them to
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overexploitation. Furthermore, aspects of their reproductive biology, such as female biased sex
ratios and the potential for the differential removal of larger older males make them particularly
vulnerable to the effects of fishing (Sadovy, 1996). Protogynous species are said to be far more
vulnerable to fishing pressure than comparable gonochoristic stocks (Huntsman and Schaaf, 1994).
For protogynous species, in which males tend to be larger than females on average, size-selective
fishing mortality (gillnetting/hooks is used for fishing) may result in the loss of larger older males
(as reported by Sadovy, 1996), which may result in the possibility that insufficient males remain in
the reproductive population to fertilize eggs from all females (Koenig et al., 1993). Marine protected
areas (or no-take zones) are considered a valuable management alternative for protecting the size
and age structures as well as the breeding populations of coral reef fishes.

Epinephelus coioides is found along the coastlines of continents and large islands to a depth of
100m where it inhabits coastal reefs and is often found in brackish water in association with mud
and rubble substrates (Lieske and Myers, 1994). Juveniles are common in the shallow waters of
estuaries, over sand, mud and gravel and among mangroves (Kailola et al., 1993; Sheaves, 1995).
The diet consists of fishes, shrimps, crabs and other benthic crustaceans. It is a large, relatively
long-lived species attaining 111.0 cm total length and 15.0 kg in total weight with a maximum age
of 22 years (Mathews and Samuel, 1991; Heemstra, 1995). As with many of the Epinepheline
groupers, E. coioides is a protogynous hermaphrodite, undergoing female to male sex change
(Quinitio et al., 1997).

Epinephelus areolatus :The areolate grouper Epinephelus areolatus is a coral reef fish that is
widespread in the Indo-Pacific region but has been recorded nearly worldwide, including in the Red
Sea, Persian Gulf, South Africa, Japan, the Arafura Sea (Russell and Houston, 1989). In the Arabian
Gulf it reportedly has a prolonged spawning season that extends from June to September for females
and to August for males. E. areolatus reached sexual maturity at 24.3 cm for males and 25.5 cm for
females, which correspond to 2.04 years and 2.23 years, respectively. Fishing of spawning
aggregations leads to a reduction in the average size of the individuals caught and a remarkable
decline in the M:F sex ratio since this is a protogynous species.

E. diacanthus: The ovary is of the cyst -ovarian type into which matured eggs will be released
during ovulation; the ova will pass through oviduct on their way to go out at the genital pore. The
genital pore is a smaller pore behind the anus; which becomes pinkish during spawning season.
The wall of the gonad is covered externally with a peritoneal layer.

Stages of the ovary

Stage I –immature I - relatively small, translucent and white pinkish in colour.

Stage II - Mature resting female / maturing female stage II of larger than Stage I and white
brownish in colour.

Stage III - is defined as the ovarian stage in which active vitellogenesis taking place in preparation
for spawning in the mature active female/ripe female. The ovary occupies 2/3rd of the body cavity
and is light yellowish in colour..
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 Stage IV –Ovary occupies the gonad cavity –is pinkish in colour and is ready for spawning.
Gonad weight is also increased.

Stage V –Spent –Gonads are flaccid –loose and shrunken –covered with blood shots and veins

Species in Indian waters
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Reproductive Biology Stages:

Threadlike : Sex cannot be determined at this maturity stage, and the gonads in individuals
appear as filaments occupying a small portion of the body cavity

Stage I (Immature or inactive): The gonads have a translucent appearance, and testes are smaller
and thinner than ovaries.

Stage II (Spent recovery with colour): The gonads are translucent and enlarged. The testes do
not contain sperm, while the ovaries possess a few small eggs.

Stage III (Developing): Gonads are larger, and testes are opaque without sperm. Ovaries are
translucent with small eggs. Extend upto ¾ of gut

Stage IV (Ripe or Fully developed): Testes are white, sperm is expelled from the core when cut.
Ovaries are not translucent but opaque and solid with fully formed eggs.

Stage V (Spawning): Gonads are enlarged, and occupy most of the body cavity. Milt and eggs
are expelled from the genital openings on application of slight pressure to the two sides of the
genital tract.

Stage VI (Spent): Ovaries are flaccid with few degenerating eggs in the ovary, while the testes
are almost empty.
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Gonado somatic index –GSI -.

Gonadosomatic indexes (GSI) were calculated as GSI=(GW/(TW-GW))x100, where GW= gonad
weight (g) and TW=total fish weight (g). The state of maturity of a fish may be determined by the
size of ovaries. Gonado-somatic index (GSI) indicates the stage and readiness of the ovary for
maturation and spawning. Throughout maturation, the GSI values of females were much higher
than males implying a greater proportion in body reserves were allocated to the gonads
Gonadosomatic index has been used by many earlier investigators like Htun-Han (1978) to explain
the degree of ripeness of ovary in a number of fishes.

Hepatosomatic indexes (HIS) were calculated as HIS=(LW/TW)x100, where LW= liver weight
(g) and TW= total fish weight (g).

The condition factor (K) is a measure of fish energy reserves. Condition factor values follow
interannual

variations and seasonal cycles (Lambert and Dutil, 1997) Fulton’s condition factor is calculated
using the equation: KF = 100×(W/L3)

The length-weight relationship calculated using the expression: W = aLb

where, W is the body weight (g) and L is the total length (cm).

Parameters a and b can be estimated by linear regression analysis based on natural logarithms:

ln(W) = ln(a)+b ln(L)

Additionally, 95% confidence limits of b and the coefficient of determination r2 were estimated.
In order to confirm whether b values obtained in the linear regressions were significantly different
from the isometric value (b = 3), a t-test can be  applied,

Fecundity – The number of eggs produced per female per unit time (e.g., per spawning season).
Fecundity has been considered as the number of ripening eggs in the female prior to spawning.
Fecundity of the fish is the most important aspects of the reproductive biology of the fish which
must be understood to explain the variation in the level of production as well as to make efforts to
increase the amount of harvest. Alternatively fecundity may be expressed per unit body weight of
post stripes fish when it is known as relative fecundity because the number of eggs produced for
each unit increase in weight shows significant linear variation

Fecundity is  calculated by the following formula: F = n×G/ g

where, F is fecundity, n is the average number of eggs in sub-sample, G is weight of the gonads
and g is the weight of the sub-sample.




