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ABSTARCT

Largescale tongue sole, Cynoglossus arel belonging to family cynoglossidae is commercially important fish species
from marine water of Pakistan. This study investigated the length-weight relationship, growth and mortality parameters
of C. arel along the Balochistan coast, Pakistan. A total of 1225 pairs of length-weight relationship and a 1317 length
frequency distribution data was collected from various fish landing sites between September, 2017 to February, 2018.
Total of 241 pair of length-weight relationship was collected from Gaddani, where slop b values found at
W=0.026L2%%"  (R2=0.986), from Kapper was at W=0.004 L*'* (R?=0.958) using 138 data, from Gwadar was
W=0.001L3**® (R? =0.891) applying 224 data, from Daam was W=0.028L***° (R? =0.986) using 200 specimen, from
Pasni was W=0.000 L>*%° (R?=0. 899) from 258 data, however, from Churr was at W=0.136L2*"* (R? =0.969) from 163
data. The overall length-weight relationship for the combined data (n=1225) were at W= 0.036L>°* (R?= 0.944),
indicating an isometric growth rate. The R? values demonstrate the goodness of fit for the model. The growth
parameters were determined the Electronic Length Frequency Analysis (ELEFAN) method, resulting in Loo=42.0 cm
(FL), K=1.2year. Total mortality (Z) was calculated using length-converted catch curve method, yielding Z=3.01 year
! natural mortality (M) was at M=1.768year, fishing mortality was F=Z=1.242year* and the exploitation rate (E) was
E=F/Z=0.413 year™. The exploitation rate was slightly lower than the E,y value suggested by Patterson (1992) and
Gulland (1970) which are 0.4 and 0.5, respectively. The findings indicate that the stock of C. arel fish species is not
currently under threats. However, it is recommended that the Pakistan fishery management department take measures
to ensure the sustainability of this fish stock, maintaining it at current levels to conserve resources for future generation.
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INTRODUCTION

Pakistan has an approximately 1001 Km long coastline, bordered by Iran to the west and India in the east. The
country continental shelf extends out to 350 nautical miles (NM), encompassing a total area of 290,000 km? (Figure
1). Mostly the primary fishing areas are located on the continental shelf 50,270 km? (UN, 2015). Anwar et al. (2014)
reported about 57% of fishing sites in the fishery sector and the value of the fishery department products was around
to US 196% million in 2006. Pakistan’s two coastal provinces, Sindh and Balochistan, are rich in marine resources.
The Sindh coastal region is situated in the south-eastern part of the country, extending from Sir Creek to Indian
border. The Balochistan coastline stretches from the Hub River to the Gwadar Bay near the Iranian border. These
coastal regions play a significant role in Pakistan economic framework, contributing sustainability to the national
economy through their fisheries and related industries.

The coastline of Pakistan features a diverse range of beach profile, including sandy, mudy, sandy-mudy and
rocky shore. This variety supports a rich array of flora and fauna the coast. The coastline is covered with numerous
estuaries and deltas, featuring intertidal mudflats, wetlands, sandy beaches, mangroves, and rocky shores.
Balochistan coastline extends from the Hub River to the Iran border, encompassing Gwadar Bay. It contributes the
larger portion of Pakistan coast, stretching approximately 772 km in length with a shelf area of around 2000 km,
located in the north-western part of the country. The bottom region of Balochistan is typically rocky and the shelf
region is irregular. The continental slope is deeper than 200 m, beginning 10 to 30 nm from the shoreline.
Balochistan coast renowned for its natural beauty, with enormous bays each passessing unique characteristics.
Ormara features a broad expanse of coast that is unparalleled. Sonmiani is distinguish by natural appearance and
diverse wildlife. Kalmat is considered a hub of natural beauty. Gwadar is significant economic contributor, serving
as the heart of the Balochistan coastal region and a key source of GDP for Pakistan. Pasni and Jiwani bays are
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crucial for both national and international food supplies. However, extensive fishing activities have significant
impactsed global fish population, leading to a decline in various fish species. This overfishing poses a serious threat
to the biodiversity and sustainability of marine life in these regions.

Sindh coast of Pakistan spans approximately 348 km, extending from the Indian border to the Hub River in the
south-eastern region of Pakistan. The seabed along the Sindh coast is primarly sandy or sandy-muddy covering an
area 3740 km?. In the Indus delta region, the coastline extended up to 80 nm from the shoreline. This area is
categorized by series of mangrove forests in the creeks, which serves as nursery areas for finfish and shellfish
resources (Bondad and Reantaso, 2007). The first fish harbour was constructed in 1958 at Karachi which is called
Karachi fish harbour. Currently, about 90 percent of the country marine catch is from this region, indicating the
intense exploitation of marine resources, which had led to decline in fish stocks. Karachi, being the hub of marine
industries, stretches over a hundred kilometres. However, the high rate of fishing and the water pollution is directly
contributing to the reduction of fish stocks in the maritime region (Pastner, 1978). The overexploitation and
pollution emphasize the urgent need for sustainable fishing practices and pollution control measures to protect and
preserve the marine biodiversity along the Sindh coast.

Cynoglossus arel is frequently found in the muddy and sandy substrates of the Indo-West Pacific and Indian
Ocean. Its distribution ranges from the Persian Gulf to Sri Lanka and Indonesia, extending northwards to the south
coast of Japan. This species inhabits depths of up to 125 meters. Numerous studies have been conducted on various
species of flatfishes around the world (Seshappa and Bhimachar, 1951; Khan and Nandakumaran, 1993;
Jayaprakash and Inasu, 1998; Jayaprakash, 1999,2001 and 2002; Vivekanandan et al., 2003; Manojkumar, 2006).
However limited work has been done on C. arel from Pakistan (Khan, 1991; Hoda; 1998; Khalil and Ibrahin, 2016).
To the best of our knowledge, there has been no comprehensive stock assessment of this commercially important
fish species in Pakistan.

The scope of this study extends beyond analysing the length-weight relationship from different fish landing
sites along coast. It also aims to estimate the growth parameters such as asymptotic length (L) and growth
coefficient (K)), and evaluate mortality rates including total (Z), natural (M), fishing (F) and as well as exploitation
rate (E) along the Balochistan coast. This study will provide essential biological parameters and determine the stock
status of C. acrel, which will be invaluable for fishery managers in setting sustainable fishing levels for this species.
Additionally, this research will benefits the marine fisheries department of Pakistan by offering insights into the
multidimentional aspects of marine fisheries management. The finsings will also contribute to a boarder
understanding of the condition of C. arel population worldwide, supporting global conservation and management
efforts.

MATERILA AND METHODS

1. Data collection

The samples from different geographical location of Balochistan namely Pasani, Churr, Kapper, Gwader, Dam
and Gaddani were collected. Total of 1225 samples for length-weight were measured from which 241 from Gaddani,
139 Kapper, 224 from Gwadar, 200 from Dam, Sonmiani, 258 from Pasani, 163 from Churr areas of Balochistan
coast during September, 2017 to February, 2018.

2. Estimation of length- weight relationship

Length-weight data were calculated by utilizing (Le-Cren, 1951; Froese, 2006). The formula for this calculation
is W=aL", the W= shows the body weight of the fish (g), L= display the length of the fish total length (TL-cm), a =
coefficient describe the body form b = exponent relationship to the fish growth.

3. Growth Parameters

The growth parameters are mainly calculated by counting rings on the hard tissues of the fish and the tag fish
after a specific term of time and sometimes tag identification is unsuccessful to the external environmental condition
such as food quality, temperature. The growth rate was intended by appropriate length frequency data into the von
Bertalanffy enlargement task (VBGF) Lt=Loo (I-exp (-K (t-t0): Lt the predicted fish size in the cm at age t. L, is the
asymptotic fish size, K is the growth coefficient. Estimation of growth curve parameters shows a vital function in
the process of fish populations (Gulland and Rosenberg, 1992). The ELEFAN (electronic frequency length analysis)
method was used in FISAT software to estimate the growth and mortality parameter It was first introduce by Daniel
Pauly in the 1970s (Poly and David, 1980, 1981).
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4. Mortality Parameters

The total mortality (Z) was calculated using length converted catch curve analysis method (Pauly, 1983)
using length frequency distribution data. The natural mortality denotes as M were estimate using Pauly
empirical formula. Log;o (M)=-0.006-0.27910og10Loo+0.654log;o(K) +0.64341l0g; (T).

Where, Loo and K is the VBGF constraint and T is temperature (°C), here using 26 °C for the average sea
surface temperature of Pakistani waters to calculate the natural mortality. The exploitation rate (E) estimated
from equation: E=F/Z where F is the fishing mortality which is calculated by F=Z-M.

5. Growth Performance Index
Growth performance index (@’) of this species was calculated based on equation given by Pauly and Munro

(1984): @’ =logio K+ 2logqg CW.. which is also available in computer software package by applying the
VBGF growth parameters

6. Analysis of the Virtual Population
The virtual population analysis (VPA) for the C. arel from Pakistani Water was calculated from input values of
length-weight, growth, natural and fishing mortality into FISAT computer software package.

RESULTS

1. Length frequency distribution

Total of 1225 samples for the length frequency distribution of C. arel were measured in the current study during
September 2017 to February 2018. Length range was from 13-40 TL-cm, in which maximum number of frequencies
observed from 19-28 cm length size (Fig. 2).

2. Length weight relationship

There are total of 1225 paired samples of length-weight relationship of large tongue sole were calculated during
the present study. The Total length and weight were determined. Size ranges from 13 to 40 cm and weight were
from 15 to 518 g (g). The overall length weight relationship data of both sexual categories shared were
W=0.036xL*** (R?*=0.944) (Figure 3). Besides that, length weight relationship data of the same species were also
calculated location wise; there were total six geographical sites for the sampling of this purpose. The main reason of
for the studying length-weight relationship is to decrease the insecurity of the fish stock. Furthermore, from each
location specific number of samples was selected to estimate the length weight relationship of C. arel (Large-scale
tongue sole).

2.1. Length weight relationship from Gaddani site

The length-weight relationship of the C. arel (Large-Scale tongue sole) from the Lasbela coast Balochistan
(Pakistan). The targeted site was the Gaddani and the samples were collected through field work and brought to the
laboratory. A total of 241 samples which were collected from this mentioned site and results were obtained from the
data. So, the final outcome of this analysis where a=0.026, b=2.627, and R2=0.986 (Fig. 3).

2.2 Length weight relationship from Kapper

Kapper is the one of the most fishing sites in Balochistan coastal site specially is located Makran coastal region.
So, the samples for the length weight relationship of the species were from the Makran coast and the particular
location was Kapper. The selected number of this species were 139 . Furthermore, the operational outcome of this
study was estimated and resulted to the ratio, a=0.004, b=3.171 and R*=0.958 (Fig. 3).

2.3 Length weight relationship from the Gwadar

Beside the other region Gwadar is one of the most fishing hub in Balochistan and it is the third major site of this
study to determine the length weight relationship of the C. arel was calculated from the Makran coast (Balochistan)
and the geographical location was Gwadar to collect the samples. Total 224 number of fish were collected for the
purpose of study and the calculated values form this site were a=0.001, b=3.448 (R* =0.891) (Fig. 3)

2.4 Length weight relationship from Dam
The fourth site of this study is the Dam where the data is collected to this geographical region to determine the
length weight relationship of from the Lasbela coast and the specific location was Dam near winder Lasbela. A total
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of 200 samples were collected from this region and the estimated values from this site were a=0.028, b=2.649, R
=0.986 (Fig. 3).
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Fig. 1. Pakistan coastline showing Sindh and Balochistan provinces.
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Fig. 2. The length frequency distribution of C. arel ranges 13-40 cm (TL) from Balochistan coast.
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Fig. 3. Length -weight relationship of large tongue sole from various fish landing sites of Balochistan coast (A;
combined data, B; Gaddani, C; Kapper, D; Gwadar, E; Daam, F; Pasni, G; Churr).
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Fig. 4. Length frequency distribution of data of combined sexes fixed with growth curve total (n=1317) and the
estimated results at were Loo =42.0 cm (TL), K=1.2 year'1
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Fig. 5. The length concerted catch curve analysis method was utilized to calculate the entire death rate with the
contributed values of VBGF (Loo=42 c¢m (FL), K = 1.2 Kyear™) hence, total mortality rate was calculated at (Z =
3.01 yearat 95% confidential interval.
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Fig. 7. Virtual Population Analysis of C. arel along Balochistan coast indicating the fishing pressure on different
size classes.
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Table 1. Comparison of intercept (a), slope (b) and correlation coefficient (R?) of C. arel of present studies with
previous studies.

a b R? Area Reference
0.000006494 2.92315 - India Jayaprakash, 2001
0.0064 2.8521 - Iraq Resen, 2018
0.000003211 3.053 - India Jayaprakash, 2001
0.036 2.541 0.943 Pakistan Present study

Table 2. VBGF Growth parameters and contrast with the previous studies.

L o (TL cm) K (year™) Area Reference

35.5 0.42 Iraq Arabian gulf Mohammed et al., 2002
38.0 0.23 Irag Arabian gulf Resen, 2018

42.0 1.2 Pakistan Present study

Table 3. Comparison of the mortality rate i.e., natural mortality (M), fishing mortality (F) and total mortality and the
ratio of exploitation (E) with the studies conducted earlier.

z M F E Area References

1.58 0.88 0.70 0.44 Iraq Mohamed et al., 2002
6.61 1.24 5.36 0.81 Iraq Resen, 2018

3.01 1.768 1.242 0.413 Pakistan Present study

2.5 Length weight relationship from Pasani

Moreover, the fifth geographical region is the Pasani, where the selected samples were brought to the laboratory.
Length weight relationship of C. arel was calculated from the samples. A total 258 samples were collected, where
the values were obtained from these samples a=0.000, b=3.690, R*=0. 899 (Fig. 3).

2.6 Length weight relationship from Chur

The sixth region of this geographical location is Chur. This region is situated in Makran coast and the length
weight relationship of large-scale tongue was estimated from the given samples. A total of 163 samples. The
obtained results were a=0.136, b=2.171, R? =0.969 (Fig. 3)

3. Growth parameters

Total of 1317 length frequency data was using in to VBGF (von Bertalanffy growth function equation to
calculate the growth parameters of C. arel where length infinity calculate at Loo= 42.0cm (TL), and growth curve
was estimated at K = 1.2year™ (Fig. 4).

4. Mortality parameters

To calculated total mortality rate of C. arel, length converted catch curve was used, which was Z = 3.01 (Fig. 5)
at 95% confidential interval between (CI =0.64-6.65) with the key figures of growth coefficient parameters (Loo=42
cm (TL), K = 1.2 Kyear™). Only the black dots were used to estimate the total mortality and showing the larger size
of fish class, the yellow dots indicating the small size class of fishes. Natural mortality of the fish was estimated as
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M = 1.768 year * using the standard temperature of the sea surface as 26 °C, hence the fishing mortality was gained
by the formula F= Z-M= 1.242 year™, the speed of exploitation (E) was calculated as E = F/Z = 0.413 year™ (Fig. 6).

5. Growth performance index (@')
The growth performance index (&) of the C. arel was estimated at 3.326 from Pakistani waters for the duration
of current area of study

6. Virtual population analysis

This practice modified from Jones and Van Zalinge (1981), utilizes essentially the equivalent approach as the
earlier schedule (age-structured VPA), but is modified to accommodate length frequencies. The fishing mortality
calculated by the virtual population analysis ranges from 13-40 cm (TL). The length frequency distribution data was
used to estimate virtual population analysis. It was observed that the fishing pressure is on larger size of fish class
from 20-37 cm fish groups (Fig. 7).

DISCUSSION
Length-weight relationship

The length weight relationship results were used to determine the growth parameter and conduct stock
assessment. The primary objective was to understand the growth pattern, whether they are isometric and allometric.
This relationship also provide insights into the fish feeding habits, gonad development, and metamorphosis. General,
the value value of the exponent ‘b’ in the length-weight relationship formula ranges from 2.5 to 3.5. When the value
of b exceed than 3,it indicates the allometric growth, while a value below 3 suggests isometric growth Abdurrahman
et al. (2004). In present study, the calculated value of b for C. arel for both sexes combined was b=2.541 (R*=
0.943), indicating isometric growth. This falls within the range calculated for different waters, particularly Indian
waters, where vaues ranged from 2.9, 2.8, 3.0 (Jayaprakash, 2001; Resen, 2018) (Table 1). The R? values also
indicate a strong correlation between length and weight, suggesting a good fit the model. however, there are some
fluctuation in the values (Resen, 2018), with some values being high and others falling in lower range. Although
there has been limited research on this species, present study aligns with previous findings, showing isometric
growth. These variations could be attributed to various chemical, physical, environmental factors, such water
content availability, food availability and feeding patterns, and the ecological conditions of the specific environment
(Biswas, 1993).

Growth parameters

Growth parameters (Loo, K) of C. arel were calculated by using length frequency data (n = 1317) using
ELEFAN method to determine the value of K and Loo where the value of Loo =42.0 (TL-cm) and K=1.2 year™.
Limited research has been conducted on the study of growth parameters worldwide. However, the present parameter
values were also compared to previous studies specially from Arabian Gulf of Irag, where the values of asymptotic
length (Leo) and growth rate (K) were calculated at 35.5, 0.42 and 38.0, 0.23 year™ , respectively (Resen, 2018)
(Table 2). The growth performance index, which indicates the rate of growth, is estimated to 3.326.

The fluctuation of the data was observed, with some values higher value and others lower. These variation may
be due to differences in localities and other factors affecting the growth parameters. Factors such as environmental
conditions, physical attributes, and chemical composition of the specific atmosphere can impact the growth pattern
of the fish (Adams, 1980). The different values of growth parameters suggest difference in localities, which define
the stock variations (Devaraj, 1983).

Mortality rate

Fish mortality is a crucial parameter in fisheries population dynamics, representing the loss of fish within a
stock due to death. There are two main types of fish mortality, fishing mortality caused by human activities such as
netting and water pollution, and and natural mortality, caused by factors like infectious diseases. Mortality rates are
indicative of the proportion of deaths in population due to various reasons such as fishing, pollution and natural
causes (Hayton, 2007). Estimating natural mortality can be challenging, as it involves separating natural deaths from
fishing depths and assessing fish abudance (Holborn and Walters (1992; Quinn and Deriso, 1999). Fishing mortality
is caused by fishing acticities that target the population.

The main causes of fish mortality are different such as fishing mortality, the major types of mortality are two
first is the fishing mortality which is manmade while the second mortality type of the natural mortality though
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infectious disease (Stephens et al., 1994), second factor of fishing mortality is due to predation of the carnivorous
fish mostly the weaker fish is prayed b smaller fish. Furthermore, the age length data were not easy to determine in
tropical water, with the help of the length frequency data were used for the length converted curve data frequently.
In present study the mortality rate of different site of the fish is selected to drawn the result the results show the, the
total mortality, fishing mortality (F), and natural mortality (M), were estimated like at 3.01, 1.242 and 1.768 year~
'correspondingly the rate of exploitation (E) at 0.413 year™.

The rate of mortality of the similar species from the different region of the globe were estimated and the
comparison work conducted in previous work from lrag where total, natural (M), fishing mortality (F) and
exploitation rate (E) estimated results were 1.58, 0.88, 0.70, 0.44, respectively and 6.61, 1.24, 5.36, 0.81,
respectively (Resen, 2018) (Table 3). It was experimental by that taken as a whole value was near to the current,
study of the same species. according to Gulland (1971, 1979) when the rate of exploitation (E) is greater than 0.5
than it showed that the fish stock of that area is overexploited but another analyst Peterson (1992) described that the
exploitation rate 0.4 it may be understood that the fish stock from these water body is sustainable state. According to
the calculated results showed that the exploitation rate (E = 0.413) obtained during the study period (2017-2018)
from Pakistani water was slightly lower than the optimum level suggested by Gulland (1971) and Peterson (1992).
Based on present findings the stock of this species is in sustainable state. However, it is recommended that
management steps be taken to maintain the stock of this commercial fish species from Pakistani waters.

CONCLUSION

The large-scale sole (C. arel) fish is a significant commercial fish species from the Balochistan coast, with
exported to various countries. A study on the length-weight relation and stock analysis of this species was conducted
from Balochistan coast, Pakistan. The fish samples were collected from several fish landing sites of the coast of
Pakistan during the September, 2017 to February, 2018. The data was collected in the different geographical region
in the Balochistan coastal area namely Pasani, Chur, Kapper, Gwadar, Dam and Gaddani. This was the first time
study conducted from Balochistan coast, Pakistan.

The relationship between length-weight was analysed, and growth parameters were estimated using length
frequency data with the ELEFAN (Electronic length frequency analysis) FISAT package. This software is specially
designed for analyzing the length frequency of length-weight relationship of the fish C. arel. It is also used to
determine the fish stock and the mortality ratio, including fishing and natural mortality.

The present data is analysed through this software and the outcomes are noted to know the present condition of
the stock of C. arel the large-scale tongue sole has been ignored in the research, since no work has been done on the
particular species from the northern Arabian Sea. However it is the first and foremost time study is conducted on the
specific aspect like the stock assessment of this species from marine water of Pakistan specially from Balochistan
coast. The length weight relationship and other aspect of the species of and the targeted site of this species is
studied in the C. arel is not a focused study on the other part of the world and it has been studied only in some
countries like in India, northwest Arabian gulf and Korea. Present study showing that the length-weight and growth
parameter values are similar or close to previous studied. However, the mortality parameter values are different it
maybe because of different commercial demand of this species from different areas get different pressure on fishing
activities on this fishery. Where the length weight relationship and other parameter of this species shows a little
difference value in different water body in the Arabian gulf and coast of Pakistan, while some other study are nearly
related to the present study from marine water of Pakistan.

The difference always exists in many waters stock; this difference may be exits due some environmental factors

that are affecting the biological parameters of this large tongue sole. Besides that, mortality is also showing low and
high values from the different results and the present result is near to the related values.
These parameters showed that the species is, and danger and it is getting over exploited from some of the targeted
countries and it is less to be overexploited in present study country. May be its due to the water pollution and other
manmade reason such as fishing and the using of nets is responsible. It shows the high demand of this species and
commercially valued fish, but the fishery of Pakistan should do some management to overcome the problems of
stock assessment for the coming generations.

At the present time fisheries resource management becoming a big problem for the government of Pakistan to
deal with the fish stock for present time and future generation. This issue is not addressed in Pakistan as well as in
rest of the world. Pakistan marine system is affected not only due to fishing, it’s also affected by recreational tourist,
environmental conditions and water pollution including throwing fishing gears, oil wastage of ships in sea side and
industrial pollution and domestic garbage’s also dumped in sea water. In today’s the water pollution is very high
and is highly affecting the maritime. Pakistani fishery greatly influenced by catch of fish using of different types of
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boats and fishing activities. This is the main cause of fishing because small fishes are caught unnecessarily. So, most
of the boats are not registered in Pakistan and boats should be register for catching proper species besides that
marine protected area should be provide for the protection of juveniles of all fishes to sustain the stock assessments
of the fishery of Pakistan should focus on proper fishing methods, particular mesh size for specific species and gears
of fishing to save fishery of Pakistan.

Besides that, fishing should be allowed for proper seasons not for all seasons and the fisher must be taught the
rules and regulation of fishery department of Pakistan. Fishery department is need very significant skill to drive the
fishing system in the country because fishery system in the country is contributing a major share in the economy of
Pakistan because one percent of GDP of the country. Besides that, marine fishery in Pakistan is providing large
opportunities of jobs and it can reduce the poverty ratio and decrease the unemployment ratio in the country.
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