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ABSTRACT

Length-weight relationship is an important component for the stock analysis for better fishery management. The length-
weight relationship of three commercially important fish species was studied from Balochistan coast, Pakistan during
present study. A total of 372 individuals of lesser tigertooth croaker (Otolithes cuvieri, Trewavas, 1974), Indian mackerel
(Rastalliger kanagurta, Cuvier, 1816), and Indian oil sardine (Sardinella longiceps, Valenciennes, 1847) were collected
from Pasni, Gwadar and Ganz areas. The estimated length-weight relationship are, W = 0.013L2.905 (R2 = 0.964) for O.
cuvieri, W = 0.0025L2.725 (R2 = 0.798) for R. kanagurta and W= 0.009L3.015 (R2 = 0.756) for S. longiceps. The present
findings revealed that the exponent “b” values are ranged from 2.725 to 3.015, indicating an isometric growth pattern for
all three species with strong correlation coefficients. The R2 value shows the strong relation between length and weight
of the species. The regression content ‘a’ is a scaling coefficient for the weight at the length of the fish. According to
present findings, the environmental conditions for the growth of these species are favorable along the Balochistan coast,
Pakistan.
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INTRODUCTION

Pakistan coastline covers 1001 km from Indian
borders to the Iranian borders with 350 nautical miles
(n.m) an exclusive economic zone (EEZ). The continental
shelf limits extended from 200 to 350 n.m, and EEZ from
250, 000 km2 to 299, 000 km2 (UN commission March
2015) where from Pakistan can explore and exploit its
marine resources. Pakistan coastline is divided in to two
provinces i.e. Sindh and Balochistan (Figure 1). The
Sindh coast stretches to approximately 266.5 km
(Pakistan Navy, 2016) from the Indian border to the Hub
River, Balochistan. Bottom of the Sindh coastal waters is
generally sandy and muddy. Freshwater inflow from the
Indus River creates this region more fertile and rich in
mangrove ecosystem which acts as breeding and nursery
ground for various fishery resources (FAO, 2009;
Laghari, 2018).

Balochistan coast is about 734.5 km (Pakistan
Navy, 2016) long with rocky bottom and uneven
continental shelf. The continental slop is more than 200
m depth start from 10 to 30 nm from the coast. Most of
the Balochistan coast area is productive such as,
Sonmiani Bay, Kundmalir, Ormara, Kalmat, Pasni,
Gwadar and Ganz, Jiwani. Pakistan marine fisheries
industry contributes approximately 57 percent of fish and
fishery products. Most of fish catch exported to other
parts of the world, and the gross domestic product (GDP)

from this sector was about USD 160.9 million during
2006 (FAO, 2009).

Length-weight relationship is significant since
they: (a) allow the change of growth-in-length reckonings
to growth- in-weight, for use in stock assessment models;
(b) allow the approximation of biomass from length
explanations; (c) allows to estimate the illness of fish.
Length-weight relationship data is a basic unit in fish
biology, and for fisheries management (Kalhoro et al.,
2014a, b). Number of studies is available on length-
weight relationship and population dynamics of these
species from different areas especially from India
(Chakraborty, 1992; Rohit and Uma, 2003; Parashant et
al., 2006; ManojKumar, 2007; Gondhalli et al., 2013;
Remya and Vivekanandan, 2013; Bhendarkar et al.,
2013, 2014). Numerous research have been conducted on
various aspects on length-weight relationship, population
dynamics and maximum sustainable yield on different
fish species and suggest some management steps to
maintain the stock of those fisheries based on findings
from Pakistani waters (Afzaal et al., 2016, 2018; Kalhoro
et al., 2013; 2015a, b; 2017, 2018; Nadeem et al., 2017;
Razzaq et al., 2019; Baloch et al., 2020; Majeed et al.,
2021). The current study on the length-weight
relationship of three commercial fish species along the
Balochistan coast was conducted. These species have
high economic demand, and a significant portion of the
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catch of these species exported to different countries
worldwide.

However, limited research has been conducted
on the Lesser tighertooth croaker (Otolithes cuvieri,
Trewavas, 1974), Indian mackerel (Rastalliger
kanagurta, Cuvier, 1816) and Indian oil sardine
(Sardinella longiceps, Valenciennes, 1847). The present
study will provide the basic biological information on
growth for those species along the Balochistan coast,
Pakistan. Current study will also help the fisheries
managers to formulate effective management strategies
for the sustainable exploitation of those species and
betterment of marine environment.

MATERIALS AND METHODS

Samples were collected from Pasni, Gwadar and
Ganz fish landing sites along the Balochistan coast,
Pakistan (Figure 1). The fish samples were collected
during research survey project and also from the fish
landing sites from August to December, 2020. Samples
brought to the Faculty of Marine Sciences, Lasbela
University of Agriculture, Water and Marine Sciences

laboratory for further analysis. Samples were measured in
centimeter (cm) and weights were taken in grams (g). The
total length (TL) was measured for O. cuvieri and fork
length (FL) was measured for R. kanagurta and S.
longiceps.

To estimate the length-weight data, 200
specimens of Lesser tighertooth croaker (Otolithes
cuvieri, Trewavas, 1974) were collected, with 50 samples
from Pasni, 50 from Gwadar, and 100 from Ganz. During
the current analysis, 74 pairs of length-weight of Indian
mackerel (Rastalliger kanagurta, Cuvier, 1816) were
obtained, 52 from Pasni and 22 from Ganz. However, 100
pair of Indian oil sardine (Sardinella longiceps,
Valenciennes, 1847) samples was collected from the
Balochistan coast, with 50 pairs from Ganz and 50 from
Gwadar.

The length-weight relationship data of these
commercially important fish species were calculated by
the formula W=aLb.  (Le-Cren, 1951; Froese, 2006),
where “a” is the coefficient, and the exponent “b” is the
relationship with the rate or slope ‘b’. The statistical
analysis using Le-Cren (1951) and Froese (2006) method
was made by Microsoft excel 2003.

Figure 1. Pakistan coast (Sindh and Balochistan) indicating ( ) sample collection sites during present study 2020.

RESULTS

Otolithes cuvieri (Trewavas, 1974): A total of 200
length-weight pairs of O. cuvieri were studied, with 50
specimens from Pasni ranging in length from 33-55 cm
(TL) and weight from 345-1545 grams. Pasni’s length-
weight relationship was estimated at ‘a’ =0.0085 and ‘b’

=3.018 (R2=0.946) (Figure. 2A). A total of 50 specimens
from Gwadar were collected, with minimum and
maximum size and weight was 22-55 cm (TL) and 100-
1545 g, respectively. The length-weight relation from
Gwadar was found at ‘a’ =0.0012 and ‘b’ =2.938
(R2=0.980) (Figure 2B). 100 samples were collected from
Ganz with minimum and maximum size and weight was
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22-39 cm (TL) and 100-620 g respectively. Ganz’s size-
weight relation was determined at ‘a’ =0.004 and ‘b’
=3.262 (R2=0.828) (Figure 2C). The combined length-
weight pair was determined to be ‘a’ =0.013 and ‘b’
=2.905 (R2=0.964) (Figure 2D).

Rastalliger kanagurta (Cuvier, 1816): A total of 74
pairs of Indian Mackeral (R. kanagurta) size and weight
relationship were collected from Pasni and Ganz fish
harbor. 52 pairs were examined from Pasni with smallest
and largest size in cm (FL) and weights being 19-29 cm
(FL) and 78-278 g, respectively. The relationship
between size and weight was found at, ‘a’=0.0269 and
‘b’=2.7 (R2=0.786) (Figure 2A). However, 22 pairs of
specimen were collected from Ganz with length and
weight ranging from 19-21 cm (FL) and 78-120 g,
respectively, while, length and weight relation was
determined at ‘a’=0.0038 and ‘b’=3.36 (R2=0.658)
(Figure 2B). However, ‘a’=0.0025 and ‘b’=2.725

(R2=0.798) were calculated for the combined length-
weight results (Figure 2C).

Sardinella longiceps (Valenciennes, 1847): A total of
100 pairs of length-weight of Indian oil sardine were
measured from Ganz and Gwadar fish landing sites along
Balochistan coast. 50 length-weight pairs were measured
from Ganz with length-weight range from 16-23 cm (FL)
and 30-100 g, respectively. The length-weight
relationship from Ganz was found at ‘a’= 0.0023 and ‘b’
=3.472 (R2=0.789) (Figure 4A). 50 pairs of size with
weight from Gwadar was gathered with a range of 19-25
cm (FL) and 70-135 g, respectively, whereas, length-
weight was found at ‘a’= 0.0215 and ‘b’ = 2.728
(R2=0.712) (Figure 4B). However, length-weight
relations of combined data of Indian oil sardine were
found at ‘a’= 0.0146 and ‘b’= 2.862 (R2=0.613) (Figure
4C).

Figure 2. Length-weight relationship of O. cuvieri from Pasni (A), Gawadar (B), Ganz (C) and Combine from all
sites (D), Balochistan coast
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Figure 3. Length-weight relationship of R. kanagurta from Pasni (A), Ganz (B), and Combine from all sites (C),
Balochistan coast.

Figure 4. Length-weight relationship of S. longiceps from Ganz (A), Gwadar (B), and Combine from all sites (C),
Balochistan coast.
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DISCUSSION

The length-weight relationship is frequently
used to measure species growth and stock assessment. It
is also an important element in stock valuation to know
the increase in size and weight of species such as
isometric or allometric (Abdurahiman et al., 2004; Prasad
and Ali, 2007). Again, the length-weight relationship
helps to gather information on body transformation,
gonadal growth, and feeding rate of fish (Wootton, 1998).
The general concept of length-weight relationship of fish
denotes when values vary from 2.5 to 3.5, however, the
slope ‘b’ values greater than 3, indicate fish has positive
allometric growth, the slope ‘b’ values less than 3, shows
the fish has negative allometric growth (Gayanilo et al.,
1997, 2003; Froese, 2006). The regression content ‘a’ is a
scaling coefficient for the weight at the length of the fish,
and when ‘b’ is within the range of 2.5 to 3.5, then it can
be regarded as a condition factor that shows the condition
of a fish at the temporal and spatial level (Froese, 2006).
Generally, length-weight relationship values are
compared with standard values (2.5 to 3.5) given by Le-
Cren (1951) and Froese (2006) to better understand the
transformation and growth rate of fish species.

The estimated slop ‘b’ of O. cuvieri of combined
data from the Balochistan coast was at ‘b’= 2.905
(R2=0.964) indicating the isometric growth. The R2 value
shows the strong relation between the length and weight
of species indicating model goodness-of-fit which is
range from 0-1 indicating 0-100% fitting of data. The
finding of this study are within the range of exponent ‘b’
values reported from different regions of the world,
mainly from Indian and Pakistani waters (Parashant et al.,
2006; ManojKumar, 2007; Memon et al., 2015).

The calculated slope ‘b’ values of R. kanagurta
was at ‘b’=2.725 (R2=0.798), which indicates the
isometric growth of Indian Mackerel from Balochistan
coast. Similar kind of results were also reported from
Pakistan and different parts of the world (Pauly et al.,
1996; Moazzam et al., 2005; Al-Mahdawi, 2010;
Gondhalli et al., 2013; Bhendarkar et al., 2014; Amin et
al., 2014; Amin et al., 2015; Ahmad et al., 2019). Most
of the previous values are close or similar to present
findings. Little difference in values may be because of
sample collection strategies, time of sample and
environmental factors affect on growth.

The combined S. longiceps estimated value was
‘b’=3.015 (R2=0.756), indicating the Indian oil sardine
growth is isometric. The current findings of slop ‘b’
values was also compared to previous studies such as;
2.54, 2.2, 2.8 from India (Tasaduq et al., 2014), 3.00
from Oman (Abdussamad et al., 2010) and 2.858 from
Pakistan (Nadeem et al., 2017), and found within the
range of present findings.

It was observed that the previous study slope ‘b’
was alike or close to the present findings conducted from

the Balochistan coast. Most of the values from different
fish landing sites like Pasni, Gwadar and Ganz are similar
to previous studies and found isometric growth. Overall,
present values from different areas are within the
standard values (2.5-3.5) suggested by Le-Cren (1951)
and Froese (2006) indicating the positive growth rate
signifying that environmental conditions from Pakistani
waters are suitable for growth of these species. The
estimated values of ‘a’ for three species also indicated
good environmental condition for the growth of this
species in this area. The little difference of slope ‘b’
values may be because as of biotic and abiotic factors
impact on fish growth (Biswas, 1993; Froese, 2006).

Conclusion: This study provide the basic information of
the length-weight relationship of three commercially
important fish species (O. cuvieri, R. kanagurta and S.
longiceps), from Balochistan, Pakistan, northern Arabian
Sea. Present sample data was gathered during research
survey project and from three fish landing sites of
Balochistan coast. Purpose of the selection of these
species is because these species have high economic
demand in local as well as international markets and
contribute in Pakistan economy. Present findings of slope
‘b’ are close / similar to previous studies from worldwide.
Little difference in values may be because of change of
localities and different environmental factors affect on
growth. Since, there are the input parameters for the
estimation of stock assessment. The findings of this study
will help the scientists to evaluate the stock status of
these species and formulate management strategies that
will ensure the sustainable exploitation of this species in
this region. It is further recommended that additional
research may be conducted to understand impact of other
factors on the growth rate of fish species for better
fisheries management.

Acknowledgment: Authors are grateful to the worthy
Vice Chancellor Prof. Dost Muhammad Baloch, Lasbela
University of Agriculture, Water and Marine Sciences,
and Dr. Abdul Hakeem, Dean Faculty of Marine
Sciences, Dr. Muhammad Shafi, Dr. Muhammad Aslam,
Dr. Azra Bano, and other students Tariq Ali, Younas,
Maheem, Zakir, Zafar and Haseeb for data collection.
The present work also supported by Higher Education
Commission (HEC), Pakistan through NRPU research
project awarded to Dr. Muhsan Ali Kalhoro under project
No: 7508/Balochistan/NRPU/R&D/HEC/2017.

Conflict of interest: The authors declare that there is no
conflict of interests regarding the publication of this
article.

REFERENCES

Abdurahiman, K. P., Harishnayak, T., Zacharia, P. U. and
Mohamed, K. S., (2004). Length-weight



Ahmed et al., J. Anim. Plant Sci., 32 (5) 2022

1428

relationship of commercially important marine
fishes and shellfishes of the Southern Coast of
Karnataka. India J. World Fish, 27: 9-14.

Abdussamad, E. M., Pillai, N. G. K., Habeeb
Mohammed, O. M. M. J. and Jayabalan, K.,
(2010). Sardines of the Gulf of Mannar
ecosystem – fishery and resource characteristics
of major species. Indian. J. Fish, 57(4): 7-11

Afzaal, Z., M.A. Kalhoro, M.A. Buzdar S. Tariq, M.
Shafi, A. Nadeem, S. Imran, F. Saeed, M.
Sohail, R. Hassan, A. Haroon, H. Shah, and I.
Ahmed (2018). Carapace length-weight and
carapace length-width relationship of blue
swimming crab from Pakistani waters. Indian J.
Geo-Mar. Sci., 47 (04): 890-896

Afzaal, Z., M.A. Kalhoro, M.A. Buzdar, A. Nadeem, F.
Saeed, A. Haroon, and I. Ahmed (2016). Stock
assessment of blue swimming crab Portunus
pelagicus (Linnaeus, 1758) from Pakistani
waters (northern Arabian Sea). Pakistan J.
Zool.48 (5): 1531 -1 541

Ahmad, F., Khan, M.A., Rizvi, S.A. and Riaz, S., (2019).
Length weight relationship in Rastrelliger
kanagurta (Cuvier, 1817), from Karachi coast,
Pakistan. Int. J. Biol. Biotech., 16(3): 769-773.

Al-Mahdawi, Gh. J. and Sahar, F. Mehanna (2010). Stock
Assessment of the Indian Mackerel Rastrelliger
kanagurta (Cuvier 1816) in the Yemeni coast of
the Red Sea, Al-Hodeidah Foreign Agricultural
Relations (FAR), Egypt, 29th Nov. – 1st Dec,
2010, 220-230.

Amin, A. M., M.M. Sabrah, A. A. El-Ganainy and A.Y.
El–Sayed (2015). Population structure of Indian
mackerel, Rastrelliger kanagurta (Cuvier,
1816), from the Suez Bay, Gulf of Suez, Egypt.
Int. J. Fish. Aqu. Stud., 3(10): 68-74.

Amin, S.M.N., Mohd Azim M.K., Fatinah, S.N.J.,
Arshad, A., Rahman, M.A. and Jalal, K.C.A.,
(2014). Population Parameters of Rastrelliger
kanagurta (Cuvier, 1816) in the Marudu Bay,
Sabah, Malaysia, Iranian J. Fish. Sci., 13(2):262-
275.

Baloch, A., Zhang K, Kalhoro M. A, Memon A. M,
Kalhoro M. T, Buzdar, M. A, Shafi M, Saeed F,
Sohail M and Razaaq, S., (2020). Preliminary
investigations on stock analysis of Tigertooth
Croaker (Otolithes ruber) from Balochistan
coast, Pakistan. J. Anim. Plant Sci. 30(5): 1309-
1318.
https://doi.org/10.36899/JAPS.2020.5.0149

Bhendarkar, M.P., Naik, S.D., Mohite, S.A. and
Kulkarni, G.N., (2013). Reproductive Biology of
Indian Mackerel, Rastrelliger kanagurta
(Cuvier, 1817) Off Ratnagiri Coast,
Maharashtra, India, Discovery Science, 2013,
3(9)

Bhendarkar, Sonone , A. D., Sonawane S. S. and
Gajbhiye, A.M., (2014). Length-weight
relationship of Indian Mackerel, Rastrelliger
kanagurta (Cuvier, 1817) off Southern coast of
Maharashtra, India. Eco. Env. & Cons. 20 (3);
1055-1057.

Biswas, S. P., (1993). Manual of methods in fish biology:
(South Asia Publishers PVT. Ltd. New Delhi)
195p.

Chakraborty, S. K. (1992). Length- weight relationship
and biometric study on three species of
Sciaenids from Bombay water. J. Ind Fish Ass.,
22 (1992) 41-48.

FAO. (2009). Fishery and aquaculture profile. FAO’s
Fisheries Department, Rome, pp. 1-18

Froese, R. (2006). Cube law, condition factor and weight-
length relationships history, meta-analysis and
recommendations. J. appl. Ichthyol., 22: 241-
253.

Gayanilo, F. C., Sparre, P., and D. Pauly. (2003). FAO
ICLARM Stock Assessment Tool (FiSAT-II),
User’s guide FAO Computerized Information
Series (Fisheries), No. 8, Rome, FAO, 266.

Gayanilo, Jr. F. C., and D. Pauly. (1997). FAO-ICLARM
Stock Assessment Tools (FiSAT) Reference
Manual Comparative Information Series (Fish)
No (8), Rome, 262

Gondhalli, S., Shivaprakash, S. M Vijay, A.R. Benakappa
A., S. and Anjanayappa, H.N., (2013). Length
Weight Relationship and Relative Condition
Factor of Indian Mackerel, Rastrelliger
Kanagurta off Mangalore Coast, India, Ecol.,
Env. Conser., 19 (04), 1019-1023.

Kalhoro, M. A., Liu, Q., Memon, K.H., Chang, M.S. and
Zhang, K. (2014b). Population dynamics of
Japanese threadfin break Nemipterus japonicus
from Pakistani waters. Acta Oceanol. Sin.,
33(10); 49-57.

Kalhoro, M.A, Q. Liu, K.H. Memon, M.S. Chnag, and
A.N. Jatt. (2013). Estimation of maximum
sustainable yield of Bombay duck, Harpodan
nehersus fishery in Pakistan using the CEDA
and ASPIC packages. Pakistan J. Zool. 45 (6):
1757-1764.

Kalhoro, M.A., D. Tang, H.J. Ye, E. Morozov, S. Wang,
and M.A. Buzdar. (2018). Fishery appraisal of
family Portunidae Portunus spp. Using different
surplus production models from Pakistani
waters, northern Arabian Sea. Pakistan J. Zool.,
50 (1): 135-141.

Kalhoro, M.A., Q. Liu, K.H. Memon, B. Waryani, and
S.H. Soomro. (2015a). Maximum sustainable
yield of greater lizardfish Saurida tumbil fishery
in Pakistan using CEDA and ASPIC packages,
Acta Oceanolo. Sin. 34: 68-73.
https://doi.org/10.1007/s13131-014-0463-0



Ahmed et al., J. Anim. Plant Sci., 32 (5) 2022

1429

Kalhoro, M.A., Liu, Q., Valinassab, T., Waryani, B.,
Memon, K. H. and Abbasi, A. R., (2015b).
Population dynamics of Greater lizardfish
Saurida tumbil from Pakistani waters. Pakistan
J. Zool. 47: 3, 74-55.

Kalhoro, M.A., Liu, Q., Waryani, B., Panhwar, S.K. and
Memon, K.H., (2014a). Growth and mortality of
brushtooth lizardfish Saurida undosquamis from
Pakistani waters. Pakistan. J. Zool., 46; 139-151.

Kalhoro, M.A., Tang, D., Ye, H.J, Morozov, E., Liu, Q.,
Memon, K.H. and Kalhoro, M.T., (2017).
Population dynamics of Randall’s threadfin
bream Nemipterus randalli from Pakistani
waters, Northern Arabian Sea. Indian J. Geo-
Mar. Sci. 46 (03), 551-561.

Laghari, M.Y. (2018). Aquaculture in Pakistan:
Challenges and opportunities, Int. J. Fish. Aqut.
Stud. 6(2):56-59

Le-Cren ED. (1951). The Length-Weight relationship and
seasonal cycle in gonad weight and condition in
the perch (Perca fluviatilis). J Anim Ecol. 20:
201-219.

Majeed, A., Liang, Z., Zhu, L., Liu, C., Kalhoro. and
M.A., Saeed, F., (2021). Stock analysis of
Shrimp scad (Alepes djedaba) fishery from
Northern Arabian Sea, Balochistan coast,
Pakistan. Pakistan J. Zool.
https://dx.doi.org/10.17582/journal.pjz/2021032
9070315.
http://researcherslinks.com/uploads/articles/163
6726793PJZ_MH20210329070315-
R1_Majeed%20et%20al.pdf

ManojKumar, P.P. (2007). Fishery of Sciaenids off
Veraval with special reference to growth,
mortality and stock assessment of Otolithes
cuvieri (Trewavas, 1974). Ind J. Fish., 54 (1),
21-26.

Memon, K.H., Liu, Q., Kalhoro, M.A., Mirjat, A.N. and
Chang, M.S., (2015). Stock assessment of lesser
tiger toothed croaker Otolith cuvieri from
northern Arabian Sea. Indian J. Mar. Sci. 44(1):
63-68

Moazzam, M, Osmany HB, Zohra K., (2005). Indian
mackerel (Rastrelliger kanagurta) from
Pakistan-I. Some aspects of biology and
fisheries. Rec. Zool. Surv. Pakistan 2005; 16:58-
75.

Nadeem, A., Kalhoro, M.A., Buzdar, M.A.,  Tariq, S.
Shafi, M. Afzaal, Z., Shah, H., Saeed, F.
Haroon, A.,  and Ahmed, I., (2017). Growth,
mortality and exploitation rate of Sardinella

longiceps (Valenciennes, 1847) from Pakistani
waters based on length frequency distribution
data. Indian J. Geo-Mar. Sci. 46(08):1693 -1703

Pakistan Navy, (2016). Notification, Calculation of
Pakistan coastline. Hydrography Department,
Navel Headquarters, 11, Liaquat Barrackers,
Karachi. Notification, No. HD/0628/11/938/12
April 2016.

Parashant, A., Telveker, Chakraborty S.K. and Jaiswar
A.K., (2006). Length-weight relationship and
food and feeding habits of Otolithes cuvieri
(Trewavas, 1974) from Mumbai. Ind J. Fish.,
53(4) 131-134.

Pauly, D, Cabanban A, Torres Jr FSB. In: Pauly, D. and
Martosubroto, P. (Eds.), Fishery biology of 40
trawl caught teleosts of western Indonesia.
Baseline studies of biodiversity: the fish
resource of western Indonesia. ICLARM Stud.
Rev, 1996; 23:135-216.

Prasad, G., and Ali, A.P.H., (2007). Length–weight
relationship of a cyprinid fish puntius
filamentosus from Chalakudy river, Kerala.
Zoos’ Print J 22(3):2637–2638

Razzaq, S, Kalhoro, M. A., Memon, A. M., Buzdar, M.
A., Shafi M., Saeed, F. and Baloch A., (2019).
Fishery stock assessment of Megalaspis cordyla
by using non-equilibrium Surplus production
models in the Arabian Sea coast of Pakistan. J.
Anim. Plant Sci., 29(1): 132-140

Remya, R. and Vivekanandan, E., (2013). Adaptive
Capacity of the oil sardine Sardinella longiceps
in the new distributional area with reference to
food type. In: J. Sundaresan, S. Sreekesh, A.L
Ramanathan, Leonard Sonnenschein and Ram
Boojh (Eds.) Climate Change and Environment.
Scientific Publishers (India), (2013) p.103-108.

Rohit, P. and Uma S. B., (2003). Sardine fishery with
notes on the biology and stock assessment of oil
sardine off Mangalore-Malpe. J. Mar. Biol. Ass.
India, 45(1):61-73.

Tasaduq, H. Shah., S. K. Chakraborty., A. K. Jaiswar.,
Tarkeshwar Kumar., K. M. Sandhya and R. K.
Sadawarte., (2014). Biometric analysis of oil
sardine Sardinella longiceps Valenceinnes, 1847
(Clupeiformes: Clupeidae) along Ratnagiri coast
of Maharashtra. Indian J. Geo-Mar. Sci., 43 (5),
805-814.

Wootton, R, J. (1998). Ecology of teleost fishes. Kluwer
Academic Publishers, Dordrecht, (1993) pp.
386.


