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Abstract

Some population dynamic parameters of Blackmouth croaker, Afrobucca nibe (Jordan &
Thompson, 1911), were investigated monthly from September 2013 to August 2014 in the
Northwest of the Oman Sea. A total of 1685 length-frequency data were collected by the
midwater trawl method. The average total length was 28.7+5.9cm; ranging from 18.0 to 47.5
cm. The most frequent length class was calculated 24-26¢cm. The length-weight relationship was
found as W= 0.00895L>%2%, showing an isometric growth. Growth parameters of Loo and K
were estimated at 50 cm and 0.20 yr™!, respectively. Parameters of to, Tmax and @ were calculated
-0.70 year, 14 years and 2.69, respectively. This species has two recruitment periods, a major
peak occurred at 23.14%. Three cohorts were distinguished annually with a mean length of
24.16, 34.41 and 41.48 cm. Total, natural and fishing mortality rates were calculated 0.54, 0.46
and 0.08 y! respectively. Due to the calculated exploitation rate (0.14) in the period of study,
the stock of A. nibe in the Oman Sea was not under the pressure. The probability of capture
(L50) was determined 33cm in total length, was less than the reported Lmso (35 cm) of A. nibe
in the Oman Sea, and it was found that the used gear mesh size was not suitable for A. nibe

fishery.
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INTRODUCTION

Croakers (Family: Sciaenidae), with 275 species, are
an important group of tropical and temperate marine
fishes distributed all around the world (Johnson et al.
1998), and 19 species occur in the Persian Gulf and
Oman Sea (Eagderi et al. 2019). The Blackmouth
croaker, Atrobucca nibe, a member of the Sciaenidae
family, is a demersal species that lives in coastal
waters from 45 to >200m depth (Sasaki 2001), on
seaweed and gravel beds (Yamada et al. 1995). The
Blackmouth croaker is a small, moderately deep-
bodied species; its body cavity, gill chambers and
linings of the mouth are black, and the lateral line
scales reach the tip of the caudal fin (Fischer &
Bianchi 1984).

The distribution of A. nibe has been reported from
the Oman Sea, the western Indian Ocean, India, China,
Japan, the Philippines, Mozambique, and South
Africa. This species is also found from southern parts
of Indonesia to the northern areas of Australia

(Heemstra 1986; Van der Elst & Borchert 1993). The
Blackmouth croaker was distinguished as an
important bycatch of Myctophids fishery trawlers fleet
and was introduced as a new commercial fish resource
in the Northwest of the Oman Sea (Valinassab &
Salarpouri 2017). The fisheries operation for
Myctophids started with 18 fleets in 2009 and raised
to 92 fleets in 2017 (Salarpouri 2020). A new resource
of Blackmouth Croaker was found as a new target for
the commercial fishery (Valinassab & Salarpouri
2017). A yearly average of 1000 tonnes of
Blackmouth croaker were caught as bycatch of
Myctophids, with a maximum of 3270 tonnes in 2009.
The spawning season of A. nibe in the Oman Sea was
in June and October, but spawning might occur in all
year long; this species is an abstemious feeder, which
mainly feeds on lanternfish (65%) (Salarpouri et al.
2021). Blackmouth croaker is one of the most
important bycatches of lanternfishes midwater trawler
fleet, and the total catch of Blackmouth croaker raised
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to 1177 tonnes from the Northwest Oman Sea
(Zanganeh 2020). There are very few studies on these
species, however, studied reproduction biology and
feeding habits biology of A. nibe from the Oman Sea
were studied by Salarpouri et al. (2021) and
Valinassab et al. (2006) and Mosafer et al. (2017)
studied on population genetic of A. nibe from the
Oman Sea. Fennessy (2000) estimated the growth
parameters of A. nibe from South Africa, Murty
(1980) studied reproduction season and length-weight
relationship from India, and some evidence on
overfishing and stock reduction of A. nibe from Hong
Kong waters were reported by Kawasaki (1987) and
Pitcher et al. (1998). Yamada and Tokimura (1994)
declared A. nibe an endangered and vulnerable species
from the South China Sea and the Yellow Sea. Little
is known about the Blackmouth croaker, therefore this
is the first study on population dynamic aspects of
A. nibe in the northwest of the Oman Sea

MATERIAL AND METHODS

Study area: Oman Sea, which divides Iran and the
Arabian Peninsula and forms the link between the
Persian Gulf and the Arabian Sea. It is 560 km long
and at its widest point 320 km. From a hydrological
point of view, it is just a northern protuberance on the
Indian Ocean. The Oman Sea is relatively rich in
fisheries resources, with considerable quantities of
mesopelagic fish (Myctophids) occurring on and
seaward the continental slope and through the deep
zone of the Oman Sea waters (Valinassab, 2005). The
main fishing areas for A. nibe in the Oman Sea were
located northwest of Jask region (Fig. 1).

Sampling method: R/V Ferdowsl was used for this
research; this vessel is a 673 GRT stern trawler with
454 m length. The vessel was equipped with a
midwater trawl with a small codend mesh size of 10
mm. Fishing operations were performed from 150 m
up to 400 m depths. The towing speed ranged 2.5-3.5
knot, and towing time were regulated for 2 hours. The
samples were obtained onboard at monthly intervals.
A total of 1685 individual A. nibe were captured using
simple random sampling from 24 trawl hauling points
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Fig.1. Map of the study area, location of the sampling sites of
Atrobucca nibe.

in the northwest of the Oman Sea from September
2013 to August 2014. The total length of each fish was
taken from the tip of the upper jaw to the tip of the
caudal fin. All individuals were collected to measure
length, and the corresponding number of length-
weight was recorded 640 individuals.

Data analysis: Total length (TL) to the nearest “cm”
and total weight (TW) to the nearest “g” were recorded
for each fish. The chosen sample size provided a
reasonable database for analysis (Gulland and
Rosenberg, 1992). The length-weight relationship was
described using the relationship W = aL® (Le Cren
1951), where W is the weight (g), L is length (cm), and
b are regression coefficients; growth type (isometric
and allometric) was determined by Student's t-test
(Pauly & Munro 1984). The length—frequency data
were pooled into groups with 2 cm length intervals
using Sturges (1926) method. The von Bertalanffy
growth equation was defined as follows:

L= Loo [1-exp (-k (t- ©))]

Where Lt is the total length (cm) of a fish at age t,
Loo is the asymptotic length (cm), K is the growth
coefficient (yr'!), and to is age (year) when L=0 (Sparre
& Venema 1998), to was calculated from Pauly (1983)
empirical function:

Log10 (-to) =-0.3922-0.2752 Log10 (Leo) -
1.038Log10 (K)

The monthly length—frequency distributions were
analyzed using the appropriate routines and
subroutines of the FiSAT program (Gayanilo et al.



45

160 -
140 -
120 ~
100 ~
80 -

Frequency

40 1

[ee]
—

(=]

N

O = .._-7
O N < © © < © ©
N N NN N N o ™M < T <

Iran. J. Ichthyol. (2022) 9(1): 43-53

rr.rrrrrrrrr T r T rrrr T r T

<
™

(e}
(32}

0 O
[SPIER S N

Total lenght(cm)

Fig.2. Length-frequency distribution for A. nibe

2003). Several techniques are available for estimating
Loo independently. Alternatively, an approximate Loo
may be based on the largest fish in catch samples. As
the largest fish found (Lmax) is often about 95% of the
estimated Loo, then Loo=Lnax/0.95 (King 2013). The
estimate (K) was ascertained by the equation of (Pauly
1989). The resultant growth estimates were then used
as seed values in the ELEFAN I program (Pauly et al.
1981) for estimating the best combination of Loco and
K. The longevity of the A. nibe were calculated as
tmax=3/k + to (Pauly, 1983). Bhattacharya’s method
was used to identify the mean size of different cohorts,
in this study the cohorts were identified seasonally
(Pauly & Caddy 1985; Sparre & Venema, 1998).
Bhattacharya’s (1967) method was proposed by its
author as a graphical method for the separation of
normally distributed groups from a mixture of normal
distributions. The instantaneous rate of total mortality
(Z) was estimated by the length converted catch curve
method. The ascending left arm of the length
converted catch curve incorporated in the FiSAT II
tool was used to estimate the length probability at first
capture (Lc50) (Pauly 1983; Gayanilo et al. 2003).
Natural mortality, fishing mortality, and exploitation
rates were all calculated as given by FiSAT (Pauly
1983; Gayanilo et al. 2003). For the calculation of the
natural mortality, the mean environmental
temperature, in this case, 20 °C (Ebrahimi et al. 2012)
was incorporated into the Pauly (1980) formula as
found in FiSAT. Pauly's empirical formula was used to

determine natural mortality:
Log10 (M) =-0.0066-0.2791 Log10 (Loo) +0.6543
Log10 (K) +0.4634 Log10 (T)
The exploitation rate (E) was estimated using the
formula E = F/Z.

RESULTS

The total length ranged from 18.0 to 47.5cm, with
meantSD 28.7+5.9cm. The total weight ranged from
52.5 to 865.5g, with meantSD 308.7£170g. The
length-frequency class is given in Figure 2; the most
frequent length class was calculated 24-26cm. The
length-weight relationship was estimated for 640
specimens (both sexes) as W= 0.008951.302>6 (Fig. 3).
The slope (b) was close to the theoretical value of 3 for
both the t-test indicated no significant
differences relative to the value of 3 for combined
sexes (P>0.05). Thus, the growth type for both sexes
was isometric. The growth parameters of A. nibe are
estimated from monthly length frequency. The
asymptotic length, Loco was 50cm; growth rate, K was
0.20 per year, twas -0.70; without respect to seasonal
oscillation. The above estimates of growth parameters
were obtained from length-frequency analysis using
the ELEFAN I program incorporated in FiISAT II, and
the growth curve obtained is shown in Figure 4. The
potential longevity of A. nibe was estimated at 14
years. This represents the maximum life span of
A. nibe in its natural environment. The growth
performance index, @ was 2.56.

sexes,
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Fig.5. The growth curve fitted from mean lengths in the length frequency distributions for A. nibe from the northwest Oman Sea.
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Fig.6. Recruitment pattern of A. nibe, indicating double peaks per year in the NW Oman Sea.

Table 1. Number of cohorts with mean length and relative age of A. nibe identified by Bhattacharya method.

Season  Group Mean SD Relative age Population  Separation
lenght (cm) (year) size (n) index

1 23.84 1.84 2.54 281.40 n.a

Summer 2 29.23 2.97 3.69 235.43 2.04
3 37.77 2.24 6.34 87.90 2.21

1 24.59 2.17 2.68 275.93 na

Autumn 2 31.00 3.08 4.14 79.43 2.09
3 41.38 2.19 8.09 5.75 2.30

1 23.87 2.05 2.54 135.60 n.a

Winter 2 35.80 3.10 5.59 359.49 2.52
3 43.30 1.63 9.34 46.22 2.14

1 27.11 1.45 3.21 89.75 n.a

Spring 2 34.41 3.17 5.13 93.90 2.19
3 41.00 1.58 7.90 10.76 2.10

1 24.16 1.91 2.60 693.38 n.a

All year 2 35.60 3.27 5.52 613.13 2.48
3 42.64 2.25 8.88 69.44 2.08

The annual and seasonal cohorts are separated and
given in Table 1; three cohorts were distinguished
annually on Bhattacharya's method with mean lengths
24.16, 34.41 and 41.48 cm (Fig. 5). The recruitment
pattern is given in Figure 6, indicating double
recruitment peaks per year. The major recruitment
peak occurred at 23.14%.

From the length-converted catch curve procedure
total mortality Z, was estimated at 0.54 per year, while
natural mortality (M) of 0.46 per year was estimated

from Pauly (1980) empirical formula (Fig.7). The
fishing mortality (F) of 0.08 per year was obtained.
The exploitation rate (£) was estimated as 0.14 per
year. The length of capture was calculated as L25=23.5,
Ls0=33 and L75=36 cm (Fig. 8).

DISCUSSION

In this study, the average length and the maximum
length (SL) of A. nibe were recorded 28.7+£6.2cm and
45cm, respectively. Sasaki (2001) was reported an
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Fig.7. Length-converted catch curve for A. nibe.

Regression statistics: y-intercept, a = 8.34; slope, b =-0.54;
r2=0.98; n=12; Z =0.54 (0.48-0.59) per year.
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Fig.8. Probability of capture of each length class of A. nibe
(L25=23 cm, L50=33 cm, L75=36 cm).

Table 2. Comparison of growth performance of Atrobucca sp. (Mean=2.69, range = 0.30, CVV=3.75, Sd. =0.10, Variance=0.01).

Species 0 Lo K to T(C) Area References

A. alcocki 260 475 018 -0.19 26 Pakistan Memon et al. 2016
269 371 035 2 20 Taiwan Matsui & Amio 1951
286 371 052 -0.01 20 Taiwan Matsui & Takai 1951
258 401 0.24 -0.89 20 Japan Matsui & Takai 1951
267 432 025 - 20 Japan Sato 1963

A. nibe 282 469 030 -1.09 20 Japan Matsui &Amio 1951
277 509 023 -1.08 20 South Korea Matsui & Amio 1951
276 573 018 -1.09 20 Taiwan Matsui & Amio 1951
260 585 0.12 22 Taiwan Lin 1956
270 587 015 -1.04 20 Taiwan Matsui & Amio 1951
256 50.2 020 -0.70 20 Iran This study

average of 25 cm for A. nibe in central Pacific Ocean
waters. The range total length of A. nibe was 18.7 to
28.2cm in the Veraval coast of India (Raje 1988). The
A. nibe individuals were caught in the fishing season
(June-July) in Kakinada India, and ranged from 11 to
40cm in total length (Apparao et al. 1992). Lengthwise
sex ratio of A. nibe (F: M) showed a dominance of
females over males in all the size classes up to 26 cm
(Salarpouri et al. 2021). Afrobucca nibe females grow
faster than males, and were larger in size (Terwaves
1977; Raje 1988). In over 80% of fish species, the
females, including those known as big old fecund
females, grow bigger than the males (Pauly 2019), a
situation also recorded for the sciaenids Ofrolithes
ruber and A. nibe (Fennessy 2000; Eskandari et al.
2012). The a and b coefficients of the length-weight

relationships were estimated at 0.0089 and 3.0256,
respectively. Despite the many variations of fish
forms, generally, the b values of fishes are closer to 3
(King 2013). As an overall comparison, the estimated
b-value in this study is in agreement with the values of
b=3.213 (Murty 1980), =3.128 (Khadem Sadr et al.
2011), and b=2.925 for A. alcocki (Memon et al. 2016)
reported from the same area. The value of 56=3.0256
showed that the model of isometric growth was used
for the calculation of the condition factor
(c.f=W.100/TL3*9%%),  Length-weight relationships
have a very important role in population dynamics and
fisheries stock assessment studies (Gulland &
Rosenberg 1992). The accuracy of length-weight
relationships is affected by several factors e.g. length
ranges, sex, sample size, condition of fishes caught in
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different seasons, and fishing methods (Haimovici &
Canziani 2000).

In this study, the largest fish, measured 47.5cm,
falls within the 95% of 50cm recorded as asymptotic
length. The growth performance of Afrobuccasp. from
different sources comparison is given in Table 2. The
growth performance index (&) values are usually
similar within related taxa and have narrow normal
distributions. Generally, @ is a species-specific
parameter, but the gross dissimilarity of @ in the same
species or related species indicates the unreliability in
the accuracy of estimated growth parameters (Moreau
et al. 1986). Gayanilo et al. (2003) stated that @ can be
used only for comparing growth performances
between fishes with similar shapes.

Moreau et al. (1986) suggest that the coefficient of
variation of @ for several stocks of the same species
should not exceed 5%. The coefficient of variation
(CV) of 3.75% of A. nibe is low and next to the other
studies (Table 2). On the other hand, Ragonese &
Bianchini (1998) suggested that growth performance
differences can likely reflect slight environmental
differences such as food availability, temperature, etc.
but partially result from the different techniques used.

The M/K ratio of a fish should fall between 1.0-
2.5 (Beverton & Holt 2012). The fishes with a faster
growth rate have a M/K ratio of not more than 1.5. In
the case of A. nibe the M/K ratio was found to be 2.3
which shows that it grows at a lower rate.

Three cohorts were distinguished annually with a
mean length of 24.16, 34.41 and 41.48cm. In this
study, double recruitment peaks per year were
obtained, confirmed by Pauly (1984) assertion that the
double recruitment pulses per year are a general
feature of tropical fish species. The potential of
recruitment throughout the year is common in tropical
species (Sparre & Venema 1998). The A. nibe species
fishing grounds in the Oman Sea ranged from 200 to
350m in depth and complied with continental slope
(Salarpouri et al. 2014). The A. nibeis a demersal fish
with a K-selected strategy, high longevity of 14 years,
low-speed growth performance (K=0.20 yr!), low
natural mortality (M=0.46 yr!), lives in low

environmental fluctuations habitat, seriously depend
on lanternfish schools (65%) in terms of food, and
limited cohorts and recruitment (Table 1), made this
species in a fragile condition. The A. nibe, with a
maximum age of 14 years, is a relatively long-life fish
like other Sciaenids. This is confirmed by the low
natural mortality and superimposed growth curve from
von Bertalanffy growth equation. The estimated age of
16.5 years for A. alcocki was reported from Pakistani
waters (Memon et al. 2016). Generally, longevity is
more closely related to mortality than K, Leo or
ambient temperature (Sparre & Venema 1998).

The total mortality (Z) was estimated at 0.54 per
year and natural mortality at 0.46 per year, resulting in
alow value for fishing mortality (F) and, consequently,
a low value for exploitation rate (E=0.14 yr''). The
estimated natural mortality agrees with A. alcocki
(M=0.49 yr'l) reported from Pakistani waters (Memon
et al. 2016). The rate of total, natural, and fishing
mortality may not stay at a constant level and may vary
from time to time (Sparre & Venema 1998; Gayanilo
et al. 2003). The calculated mortality rates may be
affected by small variations in growth parameters
(Tserpes & Tsimendis 2001). The optimal exploitation
ratio (E) for fish with low population identification is
approximately 0.5, indicating whether the catch is
uncontrolled (Gulland 1971). The exploitation rate for
A. nibe was calculated as 0.14 per year, which is lesser
than 0.5, which shows that the stock of A. nibe in the
Oman Sea was not under pressure. In this study, the
Lcso was recorded 33cm, was lesser than of Laso
=35cm (Salarpouri et al. 2021), it seems that the gear
mesh size was not suitable for A. nibe fishery, and this
species faced fishing pressure in the Oman Sea.

The A. nibeis an important bycatch in Myctophids’
fishery trawlers, which was introduced as a new fish
resource for exploitation in the northwest of the Oman
Sea by Valinassab & Salarpouri (2017). The A. nibe
stock has not been assessed scientifically yet, it is
recommended an agenda for fishery assessment and
management of this newly introduced stock for further
commercial exploitation in the Oman Sea with
emphasis on joint assessment and management
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between Iran and the Sultanate of Oman.
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