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ABSTRACT

The maturity, sex ratio, gonadosomatic index (GSI) and fecundity of Coryphaena hippurus was investigated from 347
specimens collected along Karnataka coast, south-eastern Arabian Sea from August 2017 to May 2018. Overall sex ratio
of 1:3.5 (male:female) indicated dominance of females in the fishery and differed significantly (p<0.05) in all the months,
except in January, May and December. The fork length (FL) at 50% maturity (Lm, ) was estimated at 47.5 cm for both males
and females. The pattern of GSI and maturity stages suggests peak spawning activity in August-September. However, the
incidence of fishes capable of spawning all through the year in varied proportions implied that spawning activity occurs
throughout the year. The absolute fecundity estimates varied from 1,00,298 eggs for a female of 53.5 cm FL to 6,15,267 eggs
for female of 113 cm FL with an average fecundity of 3,18,446 eggs per female. The fecundity of fish increased with body
length and weight as well as with gonad weight. The biological information on maturation, reproductive cycle, spawning
periodicity and fecundity of C. hippurus in the tropical Arabian Sea could be useful for developing appropriate management
tools and conservation strategies for this commercially important fish species.
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Introduction

The genus Coryphaena under the monogeneric
family Coryphaenidae comprises two species viz.,
Coryphaena hippurus Linnaeus, 1758 and Coryphaena
equiselis Linnaeus, 1758. C. hippurus commonly called as
dolphinfish or mahi mahi is a highly migratory epipelagic
fish found all over the world in tropical, subtropical and
temperate waters (Zuniga-Flores et al., 2011; Molto et al.,
2020) and are more common in temperatures between
21 and 30°C (FAO, 2019). Globally, the harvests of
dolphinfish have increased by 10 folds from 0.01 million
in 1950s to 0.1 million t from 2008 onwards (FAO, 2019).
This fish is less susceptible to overfishing due to its
remarkable fast growth and high turnover (FWRI, 2008;
Molto et al., 2020). Growth rates of this fish can be as
high as 4 mm per day, but vary considerably (Oxenford
and Hunte, 1983) depending on location and season
(Oxenford, 1999). They are included under the category
‘least concern’ in the [UCN Red list (Collette ez al., 2011).
C. hippurus is considered as an economically important
fish species as it supports artisanal, recreational and
commercial fisheries in several regions (Lasso and Zapata,
1999; Olson and Galvan-Magana, 2002). C. hippurus is
an apex predator, consuming approximately 5-6% of its

body weight each day and removes considerable amount
of tertiary production from the ecosystem (Olson and
Galvan-Magana, 2002; Guzman et al., 2015).

C. hippurus is one of the major fishery resources,
forming about 2.6% of total large pelagic fish landed
along Karnataka coast in 2018 (CMFRI, 2018). They are
fished mainly by gillnets and troll lines operated from
trawlers, purse seines and other fishing gears such as
ring seines and shore seines. Information on reproductive
biology is an essential component in the study of the
population dynamics and biology of any fish species
(Hunter ef al., 1992; Murua and Saborido-Rey, 2003).
Several investigations were conducted to study the
reproductive biology of C. hippurus from various parts of
the world (Arocha et al., 1999; Castro et al., 1999; Wu
et al., 2001; Zuniga-Flores et al., 2011; Furukawa et al.,
2012; Santos et al., 2014; Gatt et al., 2015; Brewton et al.,
2016). Despite the fact that C. hippurus is a commercially
important fish contributing significantly to the Indian
marine fishery, a detailed report on reproductive biology
of C. hippurus is not available from the tropical Arabian
Sea, except a few reports focusing on some aspects of
reproductive biology (Rajesh et al., 2016; Vinod Kumar
et al., 2017; Saroj et al., 2018). In this study, maturation,
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seasonality of spawning and reproductive potential of
C. hippurus was investigated in detail along Karnataka
coast, south-eastern Arabian Sea, focusing on specific
indicators such as sex ratio, maturity stages, length at
first maturity (Lm,,), gonadosomatic index (GSI) and

fecundity.
Materials and methods

The present study was based on a sample of 347
individuals of C. hippurus, having 30.0 to 123.0 cm fork
length (FL), which included 77 males and 270 females.
Fish samples landed from gillnets, hooks and lines operated
from trawl boats and purse seines were collected weekly
from the two major fishing harbours at Mangaluru
(12.853°N; 74.833°E) and Malpe (13.347°N; 74. 701°E)
located along the south-eastern Arabian Sea during August
2017 to May 2018. The samples could not be collected
during June and July due to the monsoon fishing ban for
the operation of mechanised fishing vessels. The collected
specimens were placed immediately in an insulated
icebox and transported to the laboratory of the Mangalore
Research Centre of ICAR-Central Marine Fisheries
Research Institute (ICAR-CMFRI), Mangalore, India for
further analysis.

The FL and body weight of all the fishes were
measured nearest to 0.1 cmand 0.1 g accuracy respectively.
Gonads were carefully dissected out and the weight was
measured to the nearest 0.01 g. Maturity stages of the fishes
were classified based on the space occupied by the testis or
ovary and their macroscopic and microscopic appearance,
into five stage maturity scale given by Brown-Peterson
et al. (2011) as immature, developing, spawning capable,
regressing and regenerating. The ovaries were preserved in
customised Gilson’s fluid (Bagenal and Braum, 1978) for
the estimation of fecundity. The sex ratio of the fish was
calculated and Chi-square test was used to test significant
difference from the expected sex ratio of 1:1. The length
at first maturity (Lm, ), defined as FL at which 50% of
the fishes reached sexual maturity was estimated from the
logistic equation (King, 2007) as follows:

P = 1/(1+exp [-r x (FL-L )])

m

where, P is the proportion of mature individuals in a length
class, FL is fork length, r (intercept) and L_ (slope) are two
parameters of the logistic model. These two parameters
were estimated using the Non-Linear Regression SOLVER
routine from the ratio of reproductive to non-reproductive
fish groups.

Gonadosomatic index (GSI) was calculated for males
and females separately considering the gonad weight and
total weight of fish using the equation: GSI = [Gonad
weight/(Body weight-Gonad weight)] x 100. Reproductive
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pattern of C. hippurus, was assessed by plotting estimated
GSI values during different months. During the annual
cycle analysed, the occurrence of spawning was inferred
with both the GSI peaks and the frequency of specimens
capable of spawning according to the maturity phases
found during different months.

The maturing and spawning condition of C. hippurus
is characterised by the presence of a mode in the largest
oocytes of at least 0.6 mm diameter (Massuti and Morales-
Nin, 1997) and hence, fecundity was estimated from
mature oocyte of >0.6 mm from 19 females, following
gravimetric method as the product of gonad weight
and oocyte density (Murua et al., 2003). Three to five
subsamples from various parts of the ovary lobe were
taken and analysed. Each sub sample was weighed to
the nearest 0.001 g and then dispersed with a fine brush.
Number of oocytes was measured with a grid. Fecundity
was calculated using the formula:

F = [Gonad weight x (Subsample egg count / Gonad
subsample weight)]

The relationship between fecundity and different
variables like fork length, fish weight and gonad weight
were worked out using the empirical equation F = aX?®
where; F = Fecundity; a = Constant; X = Variable (fish
length, fish weight or ovary weight) and b = Correlation
coefficient. The constants ‘e’ and ‘b’ were derived by the
method of linear least squares.

Results and discussion

Among the 347 C. hippurus samples collected,
female represented 270 (77.81%) and male 77 numbers
(22.19%) with an overall sex ratio of 1:3.5 (male:female)
indicating dominance of females in the fishery. The
results of Chi-square (y?) test indicated that the sex ratio
differed significantly (p<0.05) in almost all the months
except in January, May and December (Table 1). Similar
female dominated disparity in sex ratio in C. hippurus has
been documented from other parts of the world (Molto
et al., 2020). A sex ratio (male:female) of 1:3 has been
reported from Puerto Rico (Erdman, 1976) and Barbados
(Oxenford, 1985). Similarly, sex ratio of 1:2.3, 1:2.05,
1:1.9, 1:1.8, 1:1.75 and 1:1.5 with female dominance was
reported from Puerto Rico (Bentivoglio, 1998), south-west
coast of India (Rajesh et al., 2016), North Carolina waters
(Rose and Hassler, 1974), Florida current (Oxenford,
1985), Saurashtra Coast of India (Saroj et al., 2018) and
Maltese waters, Central Mediterranean (Gatt et al., 2015)
respectively. Occurrence of more females in fishery
could be due to the temporary migration undertaken for
spawning rather than a real population differences in sex
ratio (Oxenford, 1999). The temporal patterns of changes
in sex ratios may also be due to sexual differences in
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Table 1. Sex-ratio of C. hippurus in different months along Karnataka coast, south-eastern Arabian Sea during August 2017-May 2018

Months Total Male Male % Female Female % Chi-square (%) value
January 17 6 353 11 64.7 0.73
February 69 19 27.5 50 72.5 6.96*
March 53 10 18.9 43 81.1 10.27*
April 13 5 385 8 61.5 0.34
May 16 3 18.8 13 81.3 3.12
August 45 6 133 39 86.7 12.10*
September 47 10 21.3 37 78.7 7.75%
October 51 9 17.6 42 82.4 10.68*
November 24 5 20.8 19 79.2 4.08*
December 12 4 333 8 66.6 0.67
Total 347 77 22.2 270 77.8 0.92
“Significant at 5%

migratory, spawning or other reproductive behaviours
(Hunter and Macewicz, 1985). The dominance of females
in the fishery recorded in the present study could be due
to the pre-spawning migration of females and gathering
behaviour of small sized fishes near floating objects as
documented from previous studies (Rose and Hassler,
1974; Massuti and Morales-Nin, 1997).

The information on size at first maturity (Lm,)) is
an important factor for sustainable management of the
fishery resources as it indicates status of spawning stock
biomass (SSB), which plays a vital role in the recruitment
of fish. Maturity was determined based on five-stage scale
for both female and male. The smallest female and male
with mature gonads showed FL of 30.5 cm and 33.0 cm
respectively. The estimated value of length at first
maturity (Lm,) for both male and female C. hippurus was
47.5 cm (Fig. 1a,b). Similar values of Lm, was reported
from earlier investigations by McBride et al. (2012) in the
Florida Keys of the Atlantic Coast (45.2 cm for both sexes),
Schwenke and Buckel (2008) in North Carolina (45.8 cm
for female and 47.6 cm for male), Alejo-Plata et al. (2011)
in the Mexican Pacific (48.38 cm and 50.57 cm for female
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Fig. 1. Length at first maturity of (a) Female and (b) Male C.

during August 2017-May 2018

and male, respectively) and Wu ef al. (2001) in Taiwanese
waters (51.0 cm for both the sexes). However, higher Lm,
values were reported by Massuti and Morales-Nin (1997)
in the Island of Majorca, western Mediterranean (54.5 cm
for female and 61.8 cm for male), Gatt et al. (2015) in
the Maltese waters, Central Mediterranean (62.56 cm for
female and 58.9 cm for male) and Santos et al. (2014) in
Saint Peter and Saint Paul Archipelago, Brazil (68.60 cm
for female and 70.66 cm for male). Only 27.8% of female
and 31.2% of male C. hippurus sampled were below
the Lm,, which indicated that fishery is sustainable in
Karnataka coast off south-ecastern Arabian Sea. The
variations noticed in Lm,, values from different regions
could be due to the difference in temperature, quantity and
quality of the food available for growth, method used to
estimate maturity and the genetic difference (Diaz ef al.,
2010; McBride et al., 2012; Johnson et al., 2013; Maggio
etal., 2018).

Mean GSI values of females varied from 0.82 to 6.02
with maximum values recorded in September (Fig. 2) and
moderate values recorded during August and October
to December. Similarly, high frequencies of spawning
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Fig. 2. Gonado-somatic index (GSI) (£SE) of C. hippurus along
Karnataka coast, south-eastern Arabian Sea during
August 2017-May 2018

capable females were observed (43.0%) in September
(Fig. 3a). The incidence of spawning capable ovaries was
noticed all through the year in varied frequencies (6.96 to
43.0%). The mean GSI values of males varied from 0.47
to 1.92 with significantly higher values recorded in August
and September (Fig. 2). The macroscopic and microscopic
observations of the testicular maturity confirmed the
occurrence of spawning capable individuals throughout
the year (Fig. 3b) in different proportions (16.7-52.6%)
with maximum proportions during August (52.6%). In the
present study, the higher proportion of spawning capable
males and GSI indicated that the peak spawning period
of male (August) was slightly prior to that of female
(September). This supports the findings of Zuniga-Flores
et al. (2011) as they opined that males might initiate
reproduction just before female.

Results of the present investigations confirmed the
reproductive cycle in C. hippurus from tropical Arabian
Sea, based on the evidence of GSI and presence of
spawning capable fishes. The incidence of maximum GSI
values and high frequencies of spawning capable fishes

100.0 -
90.0 -
80.0
70.0 -
60.0

40.0

30.0 -
20.0

10.0 -

0.0 - — —

Aug Sep Oct Nov Dec Jan Feb Mar Apr May

% Frequency of maturity stages
W
S
<)

22

confirmed that C. hippurus exhibited a peak spawning
activity in August-September. Further, the presence of
spawning capable fishes in varied proportions during all
the months suggested that spawning occur throughout the
year. Similar high reproductive activity of C. hippurus
was reported earlier from Karnataka coast, south-west
coast of India with varied minor spawning activity all
through the year (Rajesh et al., 2016). The peak spawning
period observed during the monsoon season coincided
well with the slight reduction in water temperature and
salinity with the peak monsoon showers in the study area.
The peak spawning activity observed during the monsoon
period (August-September) in the present study could
be linked with the reduction in temperature from a peak
water temperature of pre-monsoon summer months in the
tropical Arabian Sea, south-west coast of India (Sushanth
and Rajashekhar, 2014). In contrast, increased spawning
activity was reported in female C. hippurus from southern
Gulf of California with the rise in temperature from 25
to 30°C (Zuniga-Flores et al., 2011). On the other hand,
almost year round spawning activity observed in lower
proportion could probably be related to the deficiency of
strong seasonality of environmental parameters, primarily
the water temperature of tropical areas. C. hippurus is a
multiple spawner, spawns year round in tropical waters
(Massuti and Morales-Nin, 1997). Multiple spawning
is a distinct reproductive strategy adapted by tropical
and subtropical fish (Burt ez al., 1988), probably to take
advantage of the favourable environmental conditions for
larval survival and recruitment (Massuti and Morales-Nin,
1997). A regional peak in spawning activity with year
round spawning in varied proportion has been reported
from various tropical regions (Cheung et al., 2008; Saroj
et al., 2018). However, in temperate and subtropical
regions, fish tend to synchronise spawning to the warm
period of the year (Beardsley, 1967; Castro et al., 1999;
Gatt et al., 2015; Molto et al., 2020).

Aug Sep Oct Nov Dec Jan Feb Mar Apr May

= Regenerating, ® Regressing, ® Spawning capable, ® Developing, ® Immature

@
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Fig. 3. Relative frequency of maturity phases of (a) Female and (b) Male C. hippurus along Karnataka coast, south-eastern Arabian

Sea during August 2017-May 2018
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The estimated absolute fecundity per spawning event
ranged from 1,00,298 eggs (53.5 cm FL) to 6,15,267 eggs
(113 cm FL). The average fecundity was estimated at
3,18,446 oocytes per female (SD=1,46,689). The relative
fecundity (expressed as the number of ova per g of fish
weight) ranged from 94 to 373 oocytes, with a mean value
of 179 (SD+£13.9). The absolute fecundity recorded from
other studies was comparable with the present findings.
Chatterji and Ansari (1982) recorded 1,38,636 (55 cm TL)
to 5,49,540 ova (80 cm TL) with an average of 3,00,878
along central west coast of India. Zuniga-Flores et al.
(2011) estimated a range of 33,022 (61.0 cm FL) to
7,30,555 (111 em FL) ova and an average of 2,79,383 in a
study conducted at southern Gulf of California. Similarly,
McBride et al. (2012) recorded batch fecundity ranging
from 19,600 to 6,18,400 eggs in female fish having fork
length of 53.8 and 121.0 cm respectively from Florida
waters. However, Beardsley (1967) has estimated a batch
fecundity of 80,000-10,00,000 in Straits of Florida which
is almost twice compared to the present study. In the same
way, fecundity of C. hippurus from the East coast of Taiwan
ranged from 2,78,413 for female measuring 42.0 cm FL to
23,48,463 for female measuring 121.0 cm, with a mean
of 13,13,438 (Wu et al., 2001) which is higher than that
recorded in the present study. The difference in fecundity
of C. hippurus observed from different geographical areas
could be due to the variation of genetic and ecological
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factors, nutritional status, prevailing environmental
conditions and variation in the methodologies used for
the estimation of fecundity (Beacham and Murray, 1993;
Unlo and Balci, 1993; Massuti and Morales-Nin, 1997). In
the present study, the fecundity of C. hippurus increased
with fork length, body weight and gonadal weight
(Fig. 4) and is in agreement with earlier studies (Massuti
and Morales-Nin, 1997; Wu et al., 2001; Zuniga-Flores
etal.,2011).

The results of this study provide important aspects
of reproductive biology of C. hippurus along the tropical
Arabian Sea. The pattern of GSI and maturity stages
suggests a peak spawning activity in August-September.
Further, the incidence of spawning capable fishes all
through the year in varied proportions implied that
the spawning activity occurs throughout the year. The
estimated fecundity varied from 100,298 eggs (53.5 cm
FL) to 615,267 eggs (113 cm FL) and has significant
linear relationship with fork length, body weight and
gonad weight. The biological information derived from
the present study, on maturation, reproductive cycle,
periodicity and fecundity of C. hippurus in the tropical
Arabian Sea could be useful for developing appropriate
management tools and conservation strategies for
judicious exploitation of this commercially important fish
species in Indian waters.
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