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Abstract

In this study the length frequency data of 2510 bearded croaker Johnius dussumieri (Cuvier, 1830), collected
from the coast of Pakistan during 2015, were analysed. Total length of the specimens (male and female
combined) varied from 4 to 25 cm with dominant individuals ranged between 12 and 15 cm whereas the body
weight varied between 3 and 155 g. The length frequency data were analysed for the estimation of population
dynamics and the power coefficient b of length weight relationship was estimated as 2.83. Other
measurements were as follows: asymptotic length, L.. = 26.25 cm; growth coefficient, K = 1.00 year '; total
mortality, Z = 2.43 year_l; and natural mortality, M = 1.82 year_l. The fishing mortality (F) and exploitation ratio
(E) were 0.61 year_1 and 0.251 respectively. The Biological Reference Points (BRPs) with Gulland method for
this fishery (Foot) was estimated 1.82 year_1 which is higher than current fish mortality. Therefore the present
study shows that the J. dussumieri fishery is safe in Pakistan.
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1 | INTRODUCTION

The growth in the world population has resulted in in-
creased consumption of animal protein and the fishery
products are important to overcome this demand for hu-
man populations (Mathiesen 2012). Pakistan is endowed
with marine fisheries resources which not only supply the
valuable animal protein, but also contribute to the na-
tional economy of the country, take part in the human
development and employment (FAO 2009; Baset et al.

2017). Pakistan exports fish and fisheries products in the
form of chilled, frozen, cured and canned to 47 countries
of the world (Mohsin et al. 2018). The total amount of
exported fish and fishery products was 155,671 metric
tons worth 367.472 million USD during 2013-14 (Nazir et
al. 2014).

Sciaenids, commonly known as Jew fishes, croakers or
drummers are moderate to large size, usually carnivo-
rous, a group of relatively warm water fishes, most of
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them are distributed in temperate and tropical regions
(Sarkar et al. 2018). The family Sciaenidae includes ap-
proximately 66 genera and 283 species (Lin et al. 2020) of
demersal fishes found mainly over muddy or sandy bot-
toms of the continental shelf of the Atlantic, Indian, and
Pacific oceans, some inhabit river mouths or enter tidal
estuaries, only a few live in freshwater (Najmudeen and
Zacharia 2017; Liao et al. 2017). Genus Johnius consist of
34 species but only four species have been reported from
Pakistani waters (Moore 2012).

Johnius dussumieri (Cuvier, 1830) locally known as Musu-
ka, is one of the important commercial species of Paki-
stan. Its maximum size is 25 cm (Bianchi 1985) in Pakistani
waters while the common length is about 15 cm, found in
coastal inshore waters at a depth range of 40 m (Bianchi
1985). This species feed on small fishes and invertebrates
(Liao et al. 2016). Its distribution in the Indian Ocean co-
vers Pakistan to the Andaman Islands (Bianchi 1985).
Records of the species outside this area are probably mis-
identifications (Liao et al. 2017). This species is fished
commercially and is taken by bottom trawl and boat
seines (Madhu et al. 2013).

Study of different population parameters including the
asymptotic length and growth coefficient, mortalities
(natural and fishing) rate and exploitation level are essen-
tial for planning and management of marine resources.
Lack of knowledge of population structure and exploita-
tion of marine resources demand a detailed study to facil-
itate better management of the resources (Karim et al.
2017).

There are many tools for assessing exploitation level and
status of the stock. Of these, FiSAT-II (FAO-ICLARM Stock
Assessment Tools) has been commonly used for estimat-
ing population parameters of fishes (Jayaprakash 2002;
Papaconstantinou and Kapiris 2001) because primarily it
requires only length-frequency data but also enables re-
lated analysis, of size-at-age, catch-at-age, selection and
other analysis.

The croaker fishery is very important in Pakistan. The
smaller Sciaenids are taken in bottom trawls while the
larger ones are caught with trawls, gillnets or with encir-
cling nets. The ‘Handbook of fisheries statistics of Paki-
stan’ reports combined catches of Sciaenids ranging from
11310 t in 1999 to 10695 t in 2002, with an average of
7147 t (Memon et al. 2015); however, the contribution of
J. dussumieri is same as other croakers.

Several studies have been done on different aspects of J.
dussumieri from different locations of the world (e.g.
gonadal infection in marine waters of Iraq, Moravec and
Ali 2013; preparation and characterization of gelatins
from the skin, Cheow 2007; growth, mortality and yield
per recruit from Indian waters, Chakraborty 1997; bacte-
rial profile of fresh and spoiled fish mince, Abraham et al.
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1992; functional and nutritional properties, Souissi et al.
2007. Nonetheless, there was no work from Pakistani
waters and therefore, the present work was conducted
on the population dynamics of J. dussumieri from Paki-
stani waters. It is believed that this study would be help-
ful for the sustainable management of J. dussumieri in
Pakistani waters.

2 | METHODOLOGY

A total of 2510 specimens of J. dussumieri (Figure 1) were
collected from different spots along the coast of Pakistan
(Figure 2) in 2015 with the help of the local fishermen
using bottom trawils, gillnets and with encircling nets. The
total length (TL) of each specimen was measured to the
nearest 1.0 cm using standard device. The weight (W) of
each specimen was recorded to the nearest 1.0 g. The
pooled (both male and female combined) samples were
considered in this study. The length frequency data were
analysed using FiSAT-Il (Gayanilo et al. 2003). In this
study, the core population parameters including length-
weight relationship (LWR), mortality rate, growth, growth
performance index, virtual population analysis (VPA) and
biological reference point (BRP) were studied.

FIGURE 1 The image of bearded croaker Johnius dussumieri
(Cuvier, 1830) from Pakistani waters.
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FIGURE 2 Map shows major landing sites (i.e. sampling spots)
along the Pakistan coast.

The weight (W, in g) relationship to the total length (7L, in
cm) of J. dussumieri was established by using a power
equation (Pauly 1983), W = al’, where W is the weight of
fish, a is the constant condition factor intercept, L is the
total length and b is the allometric growth parameter
exponent or slope.
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The growth of J. dussumieri were calculated by using the
von Bertalanffy equation for growth (Haddon 2011), as
follows,

Lt = L.. (1-exp (K (t=t,)))

where Lt is the length at the predicted time t, L. is the
asymptotic length, K is the growth coefficient and t, is the
hypothetical age or time where length was equal to zero.

Additional estimated value of t, was obtained by the fol-
lowing empirical equation (Pauly 1983),

logip (—tp) =—0.3922 —0.275 logqy L.. — 1.038 log 1y K

The length converted catch curve method (Pauly 1983;
Froese 2006) was used to estimate the instantaneous
total mortality (2).

Z: Ln (Ny) = Ln (Ny) — Z;; where N, is the population size at
age t, N, is the population size at age 0. Z; is the total
mortality at t.

The total annual mortality (Z) was estimated by the
Beverton and Holt’s method (Beverton and Holt 1956):
z=gle"ly

Ly =L
where L,/ is the mean length of fish of length L’ and larg-
er; L’ is a length such that all fish of that length and larger
are fully selected by the fishery. The equation by Pauly
(1980) was used for natural mortality (M), log;p M =
0.0066 — 0.279 logp L. + 0.654 logqy K + 0.4634 logq, T.
Where T = 27 °C, the average annual sea surface tempera-
ture of Pakistani waters. The fishing mortality (F) was es-
timated by using the following equations F = Z — M. The
exploitation ratio (E) was obtained as per Gulland (1971):
E=F/Z=F/(F+M).

The optimal fishing mortality rate F,,; = M was deter-
mined as the limit biological reference points (following
Gulland and Rosenberg 1992; Carvalho and Hauser 1995)

K (tem
Fw _ gy e—M(te—tr) 3 Que K tet0) 1 — g~ (F+M+nK)(ta—tc)
R - € n=0 F e

+M+nK

The model used by Beverton and Holt incorporated into
the FAO FiSAT-Il programme (Gayanilo et al. 2003) with
the formula relative yield per recruitment (Y/R) values as
a function of exploitation ratio (E) of J. dussumieri during
2015 from Pakistani waters were estimated. Here Y,/R is
the yield per recruit, t. is the average age of first capture,
t, is the age of recruitment, t, is the asymptotically ages
and constant and equal to 1, -3, 3 and -1 when nis 0, 1, 2
and 3 respectively, e is the base of natural logarithms
(Sasaki 1989).

The estimated growth parameters values of L.. (asymptot-
ic length) and K (growth constant) were used to compute
the growth performance index (Phi prime, @'). Following
equations by Pauly and Munro (1984) @' = logy, K + 2
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logio L. and @ = logyy K + 2/3 log,y W.. were used. The
length structured virtual population analysis (VPA) was
conducted after Sparre and Venema (1992).

3 | RESULTS

Of 2510 specimens of J. dussumieri the shortest length
was recorded 4 cm whereas the longest was 25 cm, and
the majority of the individuals were from 12 to 15 cm in
total length (TL) (Figure 3). Body weight of these individu-
als varied from 3 to 155 g. The length-weight relationship
(LWR) was found as W = 0.0211 x 2.8392 (R, = 0.988; Fig-
ure 4).
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FIGURE 3 Length frequency distribution of Johnius dussumi-
eri from the coast of Pakistan during 2015.
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FIGURE 4 Length-weight relationship of Johnius dussumieri
(N = 2510); length and weight ranging from 4 — 25 cm, 3 —
155 g respectively.

The von Bertalanffy growth parameters for J. dussumieri
were L., = 26.25 (TL, in cm) and K = 1.00 year " (Figure 5)
with the goodness of fit model at R,= 0.163. Perhaps, the
to value was calculated as —0.16491 years.
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FIGURE 5 Length-frequency distribution data and the growth
curves estimated through ELEFAN for Johnius dussumieri
from Pakistani waters in 2015.

Applying VBGF growth parameters (L.., K) and using the
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length converted catch curve analysis (LCCCA) Z were
found 2.43 years_1 (Figure 6). Natural mortality M was
calculated as 1.820 year " (with L., = 26.25, K = 1.00 year_
L average annual sea surface temperature was 27 °C)
following Pauly (1980). The fishing mortality was calculat-
ed 0.61 year '. While £ was found 0.251 year ". This is
because L, was = 16.614 and L’ = 14, the total annual
mortality Z, estimated by the Beverton and Holt’s meth-
od, was 3.686 year_1 and optimum fishing mortality rate
of 1.88 year_1 for the sampling year.
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FIGURE 6 Length-converted catch curve for Johnius dussumi-
eri in Pakistani waters (L., = 26.25 cm; K = 1.00 year ).

The vyield-per-recruit analysis is shown in Figure 7. The
age at first capture was determined 1 year and F yen: Was
calculated 0.61 years_l. It is recommended that the pre-
sent condition of J. dussumieri stock in Pakistan is safe.
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FIGURE 7 Yield per recruit contour map of Johnius dussumieri
from Pakistani waters in 2015.

The growth performance index (¢’) for J. dussumieri was
estimated 2.839 based on length frequency data. The
length structured virtual population analysis, as present-
ed in Figure 8, was based on growth parameters (L.. and
K), mortality parameters (M and F) and LWR parameters
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(a and b). The length of the high fishing mortality was at
13, 14, 24 and 25 cm length (Figure 8).

— 20 20 - [ survivors
‘ci [l Natural losses
g_ Catches
3 16 _16 — Fishing mortality
(=N <
r
w
> 1rg2
= c
£ %
° 0.8f © 0.8
3

E o
a0 o
£ 04 04
=
]
[

o.ob 0.0

140 19.0 240

2.0
Length groups (cm)

FIGURE 8 Length-structured virtual population analysis (VPA)
of Johnius dussumieri from Pakistani waters in 2015.

4 | DISCUSSION
4.1 Length-weight relationship

The LWR is a significant factor in the biological study of
fishes and their stock assessments which are particularly
important in parameterizing yield equations and in the
estimation of stock size detection of gonadal maturity,
estimations of metamorphosis and rate of feeding (Baset
et al. 2020). In this study, the value of slope “b” of J.
dussumieri was estimated 2.83 which indicates a negative
allometric growth (as b < 3; Dumont and D'Incao 2010).
The value of slope b can be compared with other studies
from different areas of the world (Table 1).

TABLE 1 Comparison of slope b of Johnius dussumieri with
other studies from different parts of the world.

Location a-value b-value Reference
Karnataka, 0.052 2.42 Abdurahiman
India et al. (2004)
India 4.6724% 2.889 Chakraborty
506085  3.068 (2001}
Pakistan 0.0211 2.83 This study

TABLE 2 Comparison of growth parameters of Johnius
dussumieri. L.., asymptotic length; K, growth rate yearil; a,
growth performance index; t,, hypothetical age at which
length of the fish is equal to zero.

Location L..(cm) K to [/ Reference
Mumbai, 26.5 0.9633 -0.013 Chakraborty
India etal. (1997)
Mumbai, 27.1 0.92 6.51 Chakraborty
India (2001)

Pakistan 26.25 1 -0.164  2.839 This study

4.2 Growth
In general, it may be assumed that fish may grow faster
when the population density is low or the habitat is im-
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proved. VBGF parameters, i.e. asymptotic length L.,
growth rate K and the hypothetical age t, were estimated
from the length frequency data and compared with other
studies (Table 2). L.. was 26.25 cm and K was 1.00 in this
study which is similar to the findings of Chakraborty et al.
(1997) in which L.. was recorded 26.9 — 27.1 cm. The
growth rate K was reported 0.963 (Chakraborty et al.
1997) and 0.92 (Chakraborty 2001) in the years 1997 and
2001 respectively which are also closer to the present
work. The t, was recorded —0.013 from the Mumbai wa-
ters, India by Chakraborty et al. (1997) which is greater
than the value recorded in this study (Table 2). The differ-
ences may be due to different sampling strategies, data
sets, estimation methods, life patterns and ecological
characteristics (Hernandez et al. 2010).

4.3 Mortality

The mortality value and exploitation ratios in this study
were compared against other studies (Table 3) and total
mortality Z and fishing mortality F values were greater in
the present study whereas natural mortality M was lower
than other study. Predation is a major reason of natural
mortality in fishes (Parida et al. 2014; Chakraborty 2001).
However, in the present study, the fishing mortality (0.61)
was lower than natural mortality (1.82) which indicates
that the stock of J. dussumieri is in sustainable condition
in Pakistan. The total annual mortality estimated by the
Beverton and Holt’s method was 3.686 per year, which is
greater than the results of length-converted catch curve
analysis. Because the length converted catch curve analy-
sis is more commonly used, so we chose 2.43 as our final
result.

4.4 Biological Reference Points (BRPs) and growth per-
formance index

Feurrent Was calculated 0.61 in this study which indicates
that the current fishing mortality is low for the species
concerned. Because the current fishing mortality rate is
lower than the target BRPs (Fy, 1.82) it may be said that
J. dussumieri fishery is in sustainable condition in Paki-
stani waters. The growth performance index recorded in
this study (2.727) is lower than the values (6.51) reported
for J. dussumieri from Mumbai waters, India (Parida et al.
2014).

TABLE 3 Comparisons of mortality rates of Johnius dussumi-
eri from Pakistani waters with other study. Z, total mortality;
M, natural mortality; F, fishing mortality; E, exploitation ra-
tio.

Location Z M F E Reference
Mumbai, 2.38 2.02 0.36 0.15 Chakraborty
India et al. (1997)
Pakistan 2.43 1.82 0.61 0.25 This study
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5 | CONCLUSIONS

Various mortality and growth parameters of J. dussumieri
recorded in this study showed that the current fishing
mortality of the species is not high in Pakistani waters.
The growth rate and the growth performance index were
also found to be in good conditions. Therefore the pre-
sent study concludes that the J. dussumieri fishery is safe
in Pakistani waters.

ACKNOWLEDGEMENTS

The first author acknowledges the Chinese Scholarship
Council (CSC) for funding his PhD. degree and Ocean Uni-
versity of China, China for providing all facilities during
study.

CONFLICT OF INTEREST
The authors declare no conflict of interest.
DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able on request from the corresponding author.

REFERENCES

Abdurahiman KP, Nayak TH, Zacharia PU, Mohamed KS
(2004) Length-weight relationship of commercially im-
portant marine fishes and shellfishes of the southern
coast of Karnataka, India. NAGA, World Fish Centre
Quarterly 27(1 & 2): 9-14.

Abraham JT, Sugumar G, Sukumar D, Jeyachandran P (1992)
Bacterial profile of fresh and spoiled fish mince from
Johnius dussumieri at refrigerated storage. Fishing
Technology 29(1): 53-56.

Baset A, Liu Q, Hanif MT, Liao B, Memon AM, Mohsin M
(2017) Estimation of maximum sustainable yield using
production modeling: a stock appraisal of Indian oil
sardine (Sardinella longiceps) from Pakistani waters.
Pakistan Journal of Zoology 49(2): 521-528.

Baset A, Liu Q, Liao B, Waris A, Ahmad |, Yanan H, Qingqing Z
(2020) Population dynamics of saddle grunt fish,
Pomadasys maculatus (Bloch, 1793) from Pakistani Wa-
ters. Bioprocess Engineering 4(1): 1-8.

Beverton RJH, Holt SJ (1956) The theory of fishing. In: Gra-
ham M (Ed) Sea fisheries: their investigation in the
United Kingdom. Edward Arnold, London. p. 372-441.

Bianchi G (1985) FAO species identification sheets for fishery
purposes. Field guide to the commercial marine and
brackish-water species of Pakistan. Prepared with the
support of PAK/77/033 and FAO (FIRM) Regular Pro-
gramme. Rome, FAO.

Carvalho GR, Hauser L (1995) Genetic impacts of fish intro-
ductions: a perspective on African lakes. In: Pitcher TJ,
Hart PJB (Eds) The impact of species changes in African
lakes. Chapman & Hall Fish and Fisheries Series, Vol 18.
Springer, Dordrecht. pp. 457-493.

BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 4.0 License 781


https://doi.org/10.1007/978-94-011-0563-7_22
https://doi.org/10.1007/978-94-011-0563-7_22

Population dynamics of Johnius dussumieri from Pakistani waters

Chakraborty SK (1997) Growth, mortality and yield per re-
cruit of bearded croaker Johnius dussumieri (Val.) from
Mumbai waters. Indian Journal of Fisheries 44(1): 45—
49.

Chakraborty SK (2001) Growth studies of sciaenids from
Mumbai waters using the Bhattacharya method. Naga,
the ICLARM Quarterly 24(1-2): 40-41.

Chakraborty SK, Deshmukh VD, Khan MZ, Vidyasagar K, Raje
SG (1997) Estimates of growth, mortality, recruitment
pattern and maximum sustainable yield of important
fishery resources of Maharashtra coast. Indian Journal
of Marine Science 26: 53-56.

Cheow CS, Norizah MS, Kyaw ZY, Howell NK (2007) Prepara-
tion and characterisation of gelatins from the skins of
sin croaker (Johnius dussumieri) and shortfin scad
(Decapterus macrosoma). Food Chemistry 101(1): 386—
391.

Dumont LFC, D'Incao F (2010) Biometric relationships of the
Argentinean prawn Artemesia longinaris (Decapoda:
Penaeidae) in the south-western Atlantic. Journal of
the Marine Biological Association of the United King-
dom 90(7): 1385—-1393.

FAO (2009) Fishery and aquaculture country profiles. Food
and Agriculture Organization of the United Nations: 8.
Rome, Italy.

Froese R (2006) Cube law, condition factor and weight—
length relationships: history, meta-analysis and rec-
ommendations. Journal of Applied Ichthyology 22(4):
241-253.

Gayanilo F, Sparre P, Pauly D (2003) FAO ICLARM Stock As-
sessment Tool (FiSAT-II). User’s guide FAO. Computer-
ized Information Series (Fisheries).

Gulland JA (1971) The fish resources of the ocean. Fishing
News Books, West Byfleet. 255 pp.

Gulland JA, Rosenberg AA (1992) A review of length-based
approaches to assessing fish stocks (No. 321 — 325).
Food and Agriculture Organization of the United Na-
tions, Rome.

Haddon M (2011) Modelling and quantitative methods in
fisheries, 2" edition. Chapman and Hall/CRC,
Routledge. pp. 285-333.

Hernandez Jr FJ, Powers SP and Graham WM (2010) Detailed
examination of ichthyoplankton seasonality from a
high-resolution time series in the northern Gulf of Mex-
ico during 2004-2006. Transactions of the American
Fisheries Society 139(5): 1511-1525.

Jayaprakash AA (2002) Long term trends in rainfall, sea level
and solar periodicity: a case study for forecast of Mala-
bar sole and oil sardine fishery. Journal of the Marine
Biological Association of India 44: 163-175.

Karim E, Qun LI, Mahmood MA, Baset A, Hog ME,
Shamsuzzaman MM, Das A (2017) Assessment of some
demographic trends of Spadenose shark (Scoliodon lat-
icaudus) of the Bay of Bengal, Bangladesh. Indian Jour-

J Fish 8(2): 777-783, Aug 2020; Baset et al.

nal of Geo-Marine Sciences 46(10): 1986—-1995.

Liao B, Liu Q, Zhang K, Baset A, Memon AM, Memon KH, Han
Y (2016) A continuous time delay-difference type mod-
el (CTDDM) applied to stock assessment of the south-
ern Atlantic albacore Thunnus alalunga. Chinese Jour-
nal of Oceanology and Limnology 34(5): 977-984.

Liao B, Zhang K, Shan X, Chen X, Baset A, Memon KH, Liu Q
(2017) Application of Bayesian surplus production
model and traditional surplus production model on
stock assessment of the southern Atlantic albacore
(Thunnus alalunga). Indian Journal of Geo-Marine Sci-
ences 46(05): 922-928.

Lin BA, Guo CC, Fang LP, Yang WD, Liu M (2020) Complete
mitochondrial genome and the phylogenetic position
of a new species, Johnius taiwanensis (Perciformes:
Sciaenidae) from Chinese waters. Mitochondrial DNA
Part B 5(1): 920-921.

Madhu VR, Panda SK, Meenakumari B (2013) Trawl selectivi-
ty on Johnius dussumieri (Cuvier, 1830) along Gujarat,
north west coast of India. Fishing Technology 50: 139—
143.

Mathiesen AM (2012) The state of the world fisheries and
aquaculture. FAO Fisheries and Aquaculture Depart-
ment, Food and Agriculture Organization of the United
Nations, Rome.

Memon AM, Liu Q, Memon KH, Baloch WA, Memon A, Baset
A (2015) Evaluation of the fishery status for king soldier
bream Argyrops spinifer in Pakistan using the software
CEDA and ASPIC. Chinese Journal of Oceanology and
Limnology 33(4): 966-973.

Mohsin M, Hengbin Y, Guilin D (2018) China-Pakistan coop-
eration in fishery trade: present status and future pos-
sibilities. Indian Journal of Geo-marine Sciences 47(12):
2333-2342.

Moore ABM (2012) Elasmobranchs of the Persian (Arabian)
Gulf: ecology, human aspects and research priorities
for their improved management. Reviews in Fish Biolo-
gy and Fisheries 22(1): 35-61.

Moravec F, Ali AH (2013) Philometra johnii sp. nov. (Nema-
toda, Philometridae), a new gonad-infecting phil-
ometrid from the sin croaker Johnius dussumieri (Cuvi-
er) (Perciformes, Sciaenidae) from marine waters of
Iraq. Acta Parasitologica 58: 263-268.

Najmudeen TM, Zacharia PU (2017) Taxonomy of exploited
demersal finfishes of India: lizardfishes, pigface
breams, eels, guitar fishes and pomfrets. In: Training
manual on species identification. CMFRI, Kochi, India.
pp. 32-59.

Nazir K, Yongtong M, Hussain K, Kalhoro MA, Kartik S (2014)
A study on exports of fish and fish products and their
role in economic growth of Pakistan. International
Journal of Marine Science 4(64): 1-4.

Papaconstantinou C, Kapiris K (2001) Distribution and popu-
lation structure of the red shrimp (Aristeus antennatus)

BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 4.0 License 782


https://doi.org/10.1016/j.foodchem.2006.01.046
https://doi.org/10.1016/j.foodchem.2006.01.046
https://doi.org/10.1016/j.foodchem.2006.01.046
https://doi.org/10.1016/j.foodchem.2006.01.046
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1577/T10-001.1
https://doi.org/10.1577/T10-001.1
https://doi.org/10.1577/T10-001.1
https://doi.org/10.1577/T10-001.1
https://doi.org/10.1007/s00343-016-5126-x
https://doi.org/10.1007/s00343-016-5126-x
https://doi.org/10.1007/s00343-016-5126-x
https://doi.org/10.1080/23802359.2020.1718563
https://doi.org/10.1080/23802359.2020.1718563
https://doi.org/10.1080/23802359.2020.1718563
https://doi.org/10.1080/23802359.2020.1718563
https://doi.org/10.1007/s00343-015-4330-4
https://doi.org/10.1007/s00343-015-4330-4
https://doi.org/10.1007/s00343-015-4330-4
https://doi.org/10.1007/s11160-011-9222-x
https://doi.org/10.1007/s11160-011-9222-x
https://doi.org/10.1007/s11160-011-9222-x
https://doi.org/10.2478/s11686-013-0139-5
https://doi.org/10.2478/s11686-013-0139-5
https://doi.org/10.2478/s11686-013-0139-5
https://doi.org/10.2478/s11686-013-0139-5
https://doi.org/10.2478/s11686-013-0139-5
https://doi.org/10.1016/S0990-7440(01)01128-7
https://doi.org/10.1016/S0990-7440(01)01128-7

Population dynamics of Johnius dussumieri from Pakistani waters

on an unexploited fishing ground in the Greek lonian
Sea. Aquatic Living Resources 14(5): 303—-312.

Parida PK, Jaiswar AK, Palaniswamy R, Kumar P, Chakraborty
SK (2014) Growth and mortality of Osteogeneiosus mili-
taris (Linnaeus 1758) from Mumbai waters. Indian
Journal of Fisheries 61(1): 12-15.

Pauly D (1980) On the interrelationships between natural
mortality, growth parameters, and mean environmen-
tal temperature in 175 fish stocks. ICES Journal of Ma-
rine Science 39(2): 175-192.

Pauly D (1983) Some simple methods for the assessment of
tropical fish stocks. Food and Agriculture Organization
of the United Nations, Rome.

Pauly D, Munro JL (1984) Once more on the comparison of
growth in fish and invertebrates. Fishbyte 2(1): 1-21.

Sarkar UK, Naskar M, Roy K, Sudheesan D, Gupta S, Bose AK,
Srivastava PK, Nandy SK, Verma VK, Sarkar SD, Karnatak
G (2018) Baseline information of reproduction parame-
ters of an amphidromous croaker Johnius coitor (Hamil-
ton, 1822) from Ganga River basin, India with special
reference to potential influence of climatic variability.
Aquatic Living Resources 31: 4.

Sasaki K (1989) Phylogeny of the family Sciaenidae, with
notes on its zoogeography (Teleostei, Perciformes).
Memoirs of the Faculty of Fisheries Hokkaido Universi-
ty 36(1-2): 1-37.

Souissi N, Bougatef A, Triki-Ellouz Y, Nasri M (2007) Biochem-
ical and functional properties of sardinella (Sardinella
aurita) by-product hydrolysates. Food technology and
biotechnology 45(2): 187-194.

Sparre P, Venema SC (1992) Introduction to tropical fish
stock assessment. Part 1 manual. FAO fisheries tech-
nical paper 306(1).

CONTRIBUTION OF THE AUTHORS

AB data analysis, manuscript preparation;
QL study design;

BL protocol writing;

AW data analysis;

HY manuscript preparation;

ZQ literature searching;

IA data analysis.

A Baset https://orcid.org/0000-0003-1517-7151
A Waris https://orcid.org/0000-0002-8593-5379

BdFISH Publication | journal.bdfish.org | © Creative Commons BY-NC-SA 4.0 License

J Fish 8(2): 777-783, Aug 2020; Baset et al.

783


https://doi.org/10.1016/S0990-7440(01)01128-7
https://doi.org/10.1016/S0990-7440(01)01128-7

