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 Fish and fishery products are essential, 
cheap sources of protein, employment, and revenue-
generation for millions of people across the globe 
(Nelson et al., 2016; FAO, 2022), especially in 
developing nations.  The ever-increasing demand 
for fish, coupled with various anthropogenic and 
environmental factors, is impacting the natural 
stock of ichthyofauna (Tidwell and Allan, 2001; 
Williams‐Subiza and Epele, 2021).  Therefore, 
monitoring fish stock is key to gaining insight into 
the health of the ecosystem by reconciling the 

concepts of exploitation and conservation (Jisr et al., 
2018) for sustainable utilization.

 Cirrhinus reba (Hamilton, 1822), globally 
known as Reba carp, belongs to the family 
Cyprinidae and Order Cypriniformes and is 
geographically distributed in South and Southeast 
Asian countries like India, Bangladesh, Nepal, 
Pakistan, Thailand, and Myanmar (Talwar and 
Jhingran, 1991; Jayaram, 1999).  The vernacular 
names associated with this carp include bata, 
kharkebata, and rewa (Gupta and Banerjee, 2016), 
but it is commonly called Rikor, which is popular
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for its taste in the region surrounding the Atrai 
River, India.  The Atrai (also known as Atreyee), a 
transboundary river between India and Bangladesh, 
originates near Baikanthapur forest in Siliguri, West 
Bengal, India, crosses Bangladesh, again re-enters 
India in Dakshin Dinajpur district of West Bengal, 
and finally flows through Bangladesh to meet the 
river Brahmaputra (Saha and Pal, 2019).  It spans 
latitudes 24°1′07″N to 26°50′17″N and longitudes 
88°22′45″E to 89°43′38″E, covering a total length 
of 390 km, of which only 52 km is in the Dakshin 
Dinajpur district of West Bengal, India (Mia 
et al., 2019). C. reba is one of the major targeted 
ichthyospecies for fishermen due to its high protein 
content (Afroz and Begum, 2014).  This is driven by 
consumer demand and economic benefits (Hossain 
et al., 2015a).  The declining wild fish population 
of many species, including C. reba (Sarkar et al., 
2004), can be attributed to various factors such as 
human interventions, habitat fragmentation, pollution, 
climate change, and overfishing (Pal and Sarda, 
2020).  Consequently, Reba carp has already been 
categorized as a vulnerable species in India (Molur 
and Walker, 1998; Sarkar et al., 2004; Barman, 
2007) and near threatened in Bangladesh (IUCN 
Bangladesh, 2015).  In addition, overexploitation 
of the natural stock population may diminish genetic 
diversity (Bawole et al., 2017), causing a loss of 
the potential adaptability of the species to changing 
environments (Gandra et al., 2021).  Although fish 
is a renewable resource, the fisheries sector may 
collapse if harvesting exceeds its chances of recovery.

 Using the population dynamics technique, 
periodical assessment of fish stock provides a 
framework for understanding the change in fish 
population over time in response to ecological 
conditions, fishing pressure, and natural disturbances 
(Gebremedhin et al., 2021).  Among many, the 
length-weight relationship (LWR) is one of the vital 
techniques that uses length frequency data (LFD) 
to understand the growth pattern, fitness, health 
condition, and degree of exploitation of a target 
species (Froese, 2006; Hossain et al., 2012b; Bhatt 
et al., 2021).  Moreover, the absence of readily 
available data on traditional stock assessment, such 
as catching length, abundance indices, fishing effort, 
and life-history parameters (Raza et al., 2022),

makes it difficult for the fisheries manager to assess
sustainable fishing levels for most of the fish stock 
worldwide (Dowling et al., 2015).  In data-deficient 
environments, the length-based method is often 
preferred for its convenience in terms of time, effort, 
and cost (Raza et al., 2022).  It is not uncommon that 
fishing is an extremely selective practice where a 
fisherman mainly targets specific species that are 
either easily accessible or profitable.  This may create 
a misbalance of fish diversity and biomass, causing 
higher mortality in some fish species compared to 
others (Tsikliras et al., 2015).

 Despite the fact that stock assessment-
based fisheries management is highly efficient, such 
information is limited in the case of small scale 
fisheries (Fujita, 2021), resulting in a poor state of 
the stock (Hilborn et al., 2020).  Due to the variation 
in fishing pressure of minor carp in different water 
bodies, the local assessment of fish stock is necessary 
for strategy management (Ovando et al., 2021; Dereli 
et al., 2022) and conservation of natural population.  
To date, no record of stock assessment or LWR 
on Reba carp from the Atrai River is available.  
Therefore, the present study was designed and 
conducted during 2019, 2021, and 2022 in the Indian 
part of the Atrai River to determine its present 
status for achieving sustainable fisheries.  Finally, 
on the basis of empirical results, management 
recommendations to ensure the conservation of the 
stock of this species were provided.

Study area and fish sampling
 
 Five study sites were selected along the 
entire stretch of River Atrai (approximately 52 km) 
in West Bengal, India, (Figure 1) for monthly 
sampling, i.e., four times a week from January 
to December for three years (2019, 2021, and 
2022).  The water temperature was also recorded 
(OAKTON Multiparameter PCSTestr 35) during 
the study period.  The fishermen used small boats 
and hand lining like gill nets, cast nets, and seine 
nets of various mesh sizes for fishing activity.  The 
fish specimens were identified to species level
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following the available literature (Talwar and 
Jhingran, 1991; Jayaram, 1999).  The total length
(L) of each specimen was recorded in ‘centimeter 
(cm)’ using a metric scale, and body weight (W) was 
measured in ‘gram (g)’ using an electronic balance 
(up to 0.01 g accuracy) (K. Roy & Co., BW 600).

 For the assessment of stock, commercial 
information such as total monthly catch was 
obtained from professional local fishermen, nearby 
markets, and fish landing centres, locally known 
as Aarat, for the study period through personal 
interviews.  The monthly catch was estimated, 
considering both the projected daily catch and the 
number of fishing days in the month.       

Data analysis
 
 The analysis of the data was done using 
FAO-ICLARM Stock Assessment Tools (FiSAT 
II, 1.2.2 version) software and MS-Excel, 2016. 
Further, a detailed explanation was made following 
Gayanilo (1997).

 The relationship between length (L) and 
weight (W) is one of the standard methods for 
determining the overall fitness of a species and 
whether a change in length is with respect to a 
change in weight.  The weight of fish can be denoted 
in terms of length using the following non-linear 
regression function (Huxley, 1924):

Figure 1. Map showing stretch of River Atrai in Dakshin Dinajpur district of West Bengal, India along with location 
 of study sites in green dots (using ArcGIS, 10.2.2).
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 W = aLb...............................................(1)

 where ‘a is intercept’ and ‘b is power 
function’ are constants and natural logarithm linear 
form as:

 LogW = Loga+bLogL.........................(2)
 
 To ascertain the growth forms, whether 
isometric or allometric, a t test was performed using 
the equation:

 ts = (b–3)/sb………....................…….(3)

 where ts is the two-tailed t-test value, 
b is the slope, and sb is the standard error of the 
slope (b).  The ‘b’ values determines the growth 
pattern, where b = 3 indicates isometric growth, 
b<3 indicates negative allometric growth, and b>3 
indicates positive allometric growth of Reba carp 
(Sokal and Rohlf, 1987).

 In line with Fulton (1911), by comparing 
length and weight, the overall health and physiological 
state of fish was determined manually as Fulton’s 
condition factor (KF) and relative condition factor 
(Kn) following the equations:

 KF  = 100W/Lb……………...........(4) and 

 Kn = W/aLb...………..….(5) respectively

 where, a = intercept,  b = regression co-
efficient, L = total length, and W = weight.

 The recorded monthly data were structured 
into a time series length frequency distribution 
table with a constant class size for each year.  The 
growth parameters such as growth constant (K) 
and asymptotic length (L∞) were estimated using 
the best fit growth curve by electronic frequency 
analysis, ELEFAN-1 (Pauly and David, 1981) 
based on VBGF (Von Bertalanffy Growth Function), 
which is given by:

 Lt = L∞(1–e-K(t-t0) )…………..........….(6)

 where, Lt is the length at age t, L∞ is the 
asymptotic length, K is the Growth coefficient, and

t0 is the theoretical age at length equal zero.  The 
t0 was calculated using empirical equation of Pauly 
(1984) as:

 Log(–t0 ) = -0.3922-0.2752LogL∞
       -1.038LogK…….…...…..(7)

 The life span (tmax) was estimated from 
the equation, 

 tmax =   3 + t0 …………...................….(8)
          
(Pauly, 1983) and the Growth performance index 
(φ′) was calculated using the equation given by 
Pauly and Munro (1984):

 φ′ = Log10K+2Log10L∞……..……….(9)

 The size at first sexual maturity (Lm) was 
calculated using the equation given by Binohlan 
and Froese (2009) as:

Log(Lm) = -0.1189+0.9157×Log(Lmax).…..….(10)

 where Lmax is the maximum length obtained 
in the study period.

 The recruitment pattern of fish was studied 
using FiSAT-II software with the help of length 
frequency data and growth parameters for the 
maximum likelihood approach by NORMSEP 
(SEParation of the NORMally distributed components 
of length-frequency samples) to fit the Gaussian 
distribution (Moreau and Cuende, 1991).  The 
probability of survival of Reba carp was estimated 
manually by using data on natural mortality and 
fishing mortality computed from FiSAT for 2019, 
2021 and 2022.

 The instantaneous total mortality (Z) of 
Cirrhinus reba per year was estimated using the 
length-converted catch curve method (Gayanilo 
et al., 2005), which is the sum of natural mortality 
(M) and fishing mortality (F) per year.  The natural 
mortality (M) was calculated using Pauly’s empirical 
relationship (Pauly, 1980):

Log10M = 0.0066-0.279Log10L∞+0.6543Log10K+
   0.4634Log10T…….............……….(11)
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 where T, is the mean annual environmental 
water temperature in °C for Reba carp which is 
25.83 °C, 25.37 °C and 25.61 °C for respective 
years 2019, 2021, and 2022.  The Fishing mortality 
(F) was derived from the equation:

 F = Z-M……........................…....….(12)

 The current exploitation rate (E) is the 
ratio of Fishing mortality and Total mortality which 
can be expressed as F/Z.

 The probability of capture of C. reba 
was estimated from backward projections of the 
length-converted catch curve directly using logistic 
transformation (Sparre and Venema, 1998).  It 
determines the length of the fish at which 25%, 
50%, and 75% of the fish population is likely to be 
vulnerable or caught during the study period.  The 
length at first capture (Lc or L50) was estimated 
from the plot of the probability of capture (Pauly, 
1984).

 The relative yield-per-recruit (   ) and 
relative biomass-per-recruit (   ) were determined 
as a function of E based on the Beverton and Holt 
(1966) model using Lc / L∞ ratio and the M/K ratio. 
Besides, Emax (exploitation rate that produces the 
maximum yield), E0.1 (exploitation rate at which 
the marginal increase of relative yield-per-recruit 
is 1/10th of its value at E = 0) and E0.5 (the value 
of E under which the stock has been reduced to 
50% of its unexploited biomass) are also estimated 
by using the first derivative.  The relative yield-per-
recruit (Y´/R) was calculated following this formula:

Y'/R = EUM/K{1-    3U   +     3U2
   -     U

3 
    }  

    ...............(13)

where U = 1- ( Lc
  ), m = 1

–E = K/Z and E = F/Z.

Relative biomass-per-recruit (     ) is estimated from 
the relationship:

 B'  =  ( Y' )/F………...............……. (14)

 Through length-structured virtual population 
analysis (VPA), the population sizes and fishing
mortality for each length group have been computed 
by using the inputs like a, b, M, F, L∞, and K in 
the software FiSAT-II (Pauly, 1984).  The total 
annual stock (Y/U) and average standing stock 
(Y/F) were calculated by using the values of U, F 
and Y.  The MSY, or Maximum Sustainable Yield, 
was calculated using the relationship as proposed 
by Gulland (1979) for C. reba:

 MSY = Zt×0.5×Bt…………........….(15)

 where Zt is the total mortality in the year 
t and Bt is the standing stock of size in the year t.

Length-weight relationship and growth type
 
 The descriptive statistics of sample size, 
minimum and maximum values of length and weight, 
along with associative relationship parameters for 
2019, 2021, and 2022 are computed (Table 1).  
The studied specimen showed a maximum range 
of length between 50 and 237 mm (112.37±33.82) 
in 2022, whereas the minimum length range was 
between 61 and 214 mm (117.83±31.88) in 2021. 
The minimum weight was recorded in 2019 (0.90 g) 
and the maximum weight was 184.19 g in 2022 
(Table 1).

 The b values during the study period are 
3.239, 3.078, and 3.082, which indicate a trend of 
positive allometric growth of Reba carp in 2019, 
2021, and 2022, respectively (Table 1, Figure 2). 
The results are also confirmed by using the t test 
(Table 1).

Condition factor
 
 Fulton's condition factor (KF) and relative 
condition factor (Kn) are the vital tools necessary 
to assess the health and overall well-being of a fish. 
The average KF values varied between 0.8159 and 
0.8340, whereas the Kn lies between 1.2393 and 
1.2922 (Table 1).
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Length frequency distribution and growth parameters
 
 The average length of Cirrhinus reba during 
this study period was found to be 113.75±34.72 mm. 
The L∞ and K values were estimated from monthly 
frequency data using the K scan method, followed 
by the formation of a growth curve by ELEFAN-1.
The VBGF was superimposed on the histogram 
produced using the restructured length frequency 
data (Figure 3) with the highest goodness of fit 
index (Rn = 0.309, 0.260, and 0.275 for 2019, 2021 
and 2022 respectively).  The growth parameters 
L∞ for 2019, 2021, and 2022 were 258.30 mm, 
237.30 mm, and 257.25 mm, respectively, and the 
K values for the period were determined (Table 2).

Recruitment pattern
 
 The recruitment pattern of C. reba was 
found to be constant annually, with one major peak 
lying between June and August (Figure 4) during the 
three-year study period.  The peak pulse produced 
19.71%, 14.71%, and 17.71% of recruits during 
2019, 2021, and 2022, respectively.  The group 
values used for NORMSEP were 6.55, 6.25, and 
6.18 during 2019, 2021, and 2022, respectively.

Probability of survival
 
 Based on the probability of survival, 
the fishing mortality was much steeper in 2022

compared to 2019 (Figure 5).  Whereas in 2021, 
the pressure of fishing mortality was much closer to 
natural mortality (Figure 5).  The life span (tmax) of 
C. reba during this period was found to be between 
6 and 7 years.  The length at maturity (Lm) was 
estimated during this study period for achieving 
exploitable stock size.

Mortality and exploitation
 
 Throughout the study, fishing mortality 
was higher compared to natural mortality (Table 2, 
Figure 6).  During 2022 and 2021, fishing mortality 
and natural mortality were found to be at their peak 
respectively.  The highest exploitation of Reba carp 
was recorded in 2022 (E = 0.69), followed by 
E = 0.63 in 2019 and E = 0.57 in 2021 (Table 2, 
Figure 6).

Probability of capture
  
 The fish within the range of 81 mm to 
126 mm faces the maximum probability of catch 
in 2019, followed by the range of 91 mm to 136 
mm in 2021.  In 2022, the length range extends 
from 80 mm to 125 mm.  The computed values 
associated with the probability of capture using 
FiSAT II for 2019, 2021, and 2022 were as follows: 
L25 (71.53 mm, 83.88 mm, 77.38 mm), L50 (76.96 
mm, 90.36 mm, 84.00 mm), and L75 (82.40 mm, 
96.85 mm, 90.62 mm), respectively (Figure 7).

Figure 2. Length-weight relationship of Cirrhinus reba during: (a) 2019; (b) 2021; (c) 2022 in the Atrai River, West 
 Bengal, India.
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Figure 3. VBGF and length frequency plot of Cirrhinus reba in Atrai River, India, in the years: (a) 2019; (b) 2021; 
 (c) 2022.

Figure 4. Recruitment curve of Cirrhinus reba in Atrai River, India, during the years: (a) 2019; (b) 2021; (c) 2022.
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Figure 5. Probability of survival of Cirrhinus reba in Atrai River, India, during the years: (a) 2019; (b) 2021; (c) 
 2022.

Figure 6 Length-converted catch curve for Cirrhinus reba in Atrai River, India, during the years: (a) 2019; (b) 
 2021; (c) 2022.
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Yield per recruit and biomass per recruit
 
 The relative yield-per-recruit (Y´/R) and 
relative biomass-per-recruit (B´/R) were estimated 
and plotted against exploitation rate (E) using 
the knife-edge selection method from FiSAT II 
software.  The E10 (0.406, 0.450, 0.457), E50 (0.311, 
0.331, 0.318), and Emax (0.515, 0.575, 0.534) were
determined for each year (Table 2, Figure 8).

Virtual population analysis (VPA)
 
 By using the VPA programme of FiSAT-II 
software, the population from the total catch was 
reconstructed by size and computed the length 
structured VPA (Figure 9).  The juvenile fish
belonging to length groups of 51–66 mm, 61–76 
mm, and 50–65 mm showed higher chances of 
survival in 2019, 2021, and 2022, respectively. 
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Figure 7 Logistic selection curve for probability of capture, showing 25%, 50% and 75% selection length of 
 Cirrhinus reba in Atrai River, India during the years: (a) 2019; (b) 2021; (c) 2022.

Figure 9 Length structured VPA of Cirrhinus reba in Atrai River, India, during the years: (a) 2019; (b) 2021; (c) 2022.

Figure 8 Relative yield-per-recruit and relative biomass-per-recruit of Cirrhinus reba in Atrai River, India, during 
 the years: (a) 2019; (b) 2021; (c) 2022, where E10, E50, and Emax were repesented by green, red, and yellow 
 dotted line respectively.
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Higher fishing mortality was found in the length 
class of 81–126 mm, followed by 141–186 mm in 
2019.  Whereas in 2021, two major fishing morality 
peaks were obtained in the length groups of 106–
136 mm and 151–181 mm.  The fishing pressure 
in 2022 showed one major peak in the length class 
of 80–125 mm along with another peak in the length 
class of 140–170 mm.

Stock assessment
 
 The mean current exploitation rate (E = 
0.63) exceeded the maximum exploitation level 
(Emax = 0.541) (Table 2).  The average annual catch 
(5,353.45 kg) during the assessment period was 
significantly greater than MSY (4,271.39 kg) 
(Table 2), indicating overharvesting of the resource 
in Indian part of this river.

 The findings of this study deal with 1,546 
Cirrhinus reba samples with varying sizes and 
weights.  The smallest size of the sample fish was 
found to be 50 mm, which was much smaller as 
compared to 66 mm recorded in the Padma River, 
Bangladesh (Jewel et al., 2019).  The maximum 
length obtained during the study was 237 mm, 
which was found to be close to 234 mm as recorded 
by Hossain et al. (2012b).  However, in the previous 
studies, the maximum size of Reba carp recorded 
was 225 mm in Manchar Lake, Pakistan (Narejo, 
2006), whereas it was 201 mm in the Ganga River, 
Bihar, India (Ahirwal et al., 2023), which was lower 
when compared to the present study.  Perhaps the 
regional variation in total length of the individual 
fish caught is due to differences in the ecological 
condition of the studied area (Kumar et al., 2019) 
along with differences in using fishing gear or 
selective species (Hossain et al., 2012a).  The 
recorded maximum weight of 184.19 g was found 
to be smaller than 200 g (Hossain et al., 2013) but 
larger than 147 g, as documented by Muralidharan 
et al. (2011).  Moreover, females were recorded 
to attain significantly higher maximum length and 
weight as compared to males (Hossain et al., 2013) 
due to the accumulation of higher energy needed 
for reproductive success. 

 The reba crap during the study period 
showed positive allometric growth, indicating faster 
growth in weight compared to length.  This result 
is in accordance with the study of Karna et al. 
(2020).  Besides, Jewel et al. (2019) found isometric 
growth for male Reba carp but positive allometric 
growth for female carp.  Similar studies recorded 
the negative allometric growth in Lower Anicut, 
Tamil Nadu (Mathialagan et al., 2014a), the Indus 
River, Pakistan (Muhammad et al., 2016), and 
South West Bangladesh (Islam et al., 2021).  This 
variation in LWRs of fish may be due to various 
factors like environmental parameters, physiological 
condition of fish during capture, habitat, degree 
of stomach fullness, gonad development, sex, 
differences in the observed length ranges of the 
specimen caught, swimming behavior, and water 
flow (Froese, 2006; Muchlisin et al., 2010).  Since 
these factors were not taken into account in this 
study, the variation in LWR parameters might be 
the result of single or multiple factors.  The KF 
value during this study indicates the healthy 
condition of the stock and shows parity with the 
study conducted by Muhammad et al. (2016).  The 
estimated KF value was slightly lower compared 
to the study of Hossain et al. (2013) in the Ganges 
River, North West Bangladesh, but the relative 
condition factor was higher compared to the study 
conducted by Narejo (2006).  According to De Giosa 
et al. (2014), these changes may be caused by the 
season, availability of food, or reproductive status 
in various environmental situations.

 The estimated L∞ in each year (2019, 
2021, 2022) was in accordance with the study of 
C. reba, indicating values of 237.3 mm and 253.1 
mm in males and females, respectively, as reported 
by Ramasamy and Rajangam (2017).  These figures 
are comparatively lower than those found in species 
from the Indus River, Pakistan, by Memon et al. 
(2020).  The growth constant K = 0.44, which is 
close to 0.5, indicates a medium rate of growth 
(Sparre and Venema, 1998; Santos et al., 2022) of 
Reba carp. Variation in L∞ and K within the species 
may arise due to ecological conditions, fishing 
pressure, and metabolic rate (Santos et al., 2022). 
The growth performance index (φ′) is typically 
species-specific (Pauly, 1991), considering both 
L∞ and K simultaneously (Pauly and Munro, 1984).
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In this study, the estimated (φ′) value was notably 
higher, indicating moderate growth compared to 
the value recorded by Memon et al. (2020) (φ′ = 
2.317).  The growth performance index in C. reba 
was lower than that observed in closely related 
cyprinid fish such as Cirrhinus mrigala (6.180), as 
studied by Ramulu et al. (2022) in the Thamirabarani 
River, South India.  Fast growth rates and growth 
performance indices may enhance a species' potential 
for aquaculture (Gosavi et al., 2019).  The occurrence 
of immature fish in the catch indicated a more or 
less continuous spawning period throughout the 
year, with a single recruitment pulse between June 
and August.  Recruits were added to the fisheries 
from pre-monsoon (April-May) to July-August 
(monsoon), aligning with the findings from studies 
conducted by Chondar (1999) and Hossain et al. 
(2015b).

 The probability of survival confirmed a 
higher fishing mortality, implying that the fish failed 
to reach its maximum age (>6 years).  The average 
size at first sexual maturity (Lm) was estimated to 
be 110 mm, which was in accordance with Hossain 
et al. (2013), who found 115 mm for males and 
135 mm for females in their study.  Islam et al. 
(2021) estimated the Lm to be 144 mm, which was 
higher compared to the present study.  Sossoukpe 
et al. (2013) opined that the Lm value varied along 
the species with respect to its biogeographic zone 
of distribution.  The estimated average length at 
first capture (Lc = 83.77 mm) was lower compared 
to the length at first sexual maturity (Lm = 110 mm). 
Consequently, 50% of the population is captured 
before reaching sexual maturity.  This signifies 
the presence of a large fraction of juvenile fish in 
the catch due to the use of selective fishing gear 
(Froese, 2004), a finding is further confirmed by 
the average ratio of Lc/L∞ (Wehye et al., 2017).  
The main reason lies with the use of small mesh-
sized gear and disturbing the nursery bed of this 
carp.  The fisheries manager will find Lc and Lm to 
be useful to limit the mesh size and determine the 
optimum size for permissible capture of the target 
species, though this data was very scarce in the 
previous literature.

 According to Beverton and Holt (1966; 
2012), a fish stock is considered to be at a sustainable
exploitation level when the natural mortality is in   

equilibrium with the fishing mortality, i.e., the rate 
of exploitation does not exceed E50 (50%).  The 
present study established a high exploitation rate 
(E), i.e., E > threshold value (0.5), in each year 
during the study period, indicating high fishing 
mortality compared to natural mortality for this 
species.  The current exploitation rates for each 
year were considerably higher than the optimal 
exploitation rates E50 (0.311, 0.331, and 0.318 for 
2019, 2021, and 2022, respectively) and Emax values. 
To ensure the continuation of this species in this 
study area, the existence of 50% of the stock is 
necessary, which can be obtained by reducing the 
current exploitation rate from 0.63 to E50 = 0.320. 
On the contrary, values of Z = 0.630, M = 0.617, 
F = 0.012, and E = 0.019 of C. reba by Memon 
et al. (2020) showed no exploitation in the Indus 
River, Pakistan, which may be due to the use of 
different fishing gears in different ecosystems.

 The average annual catch of Reba carp 
during 2019, 2021, and 2022 was considerably 
higher than the Maximum Sustainable Yield 
(MSY), reaffirming that the stock was facing high 
fishing pressure.  This implies that the existence of 
this species is in an alarming state in this studied 
ecosystem.  Likewise, a study conducted by 
Mathialagan et al. (2014b) in lower Anicut, Tamil 
Nadu, reported a decline in the fishery of C. reba, 
which was 7.7 tonnes in 2000–2001 and drastically 
reduced to 3.7 tonnes in 2011–2012.  The trend of 
decline of this economically important fish indicates 
its unsustainability, which is a matter of concern for 
the existence of the species in the near future.

 The present study provides baseline 
information related to LWR, condition factors, 
size at sexual maturity, and growth parameters 
of Cirrhinus reba, a vulnerable species from the 
Indian part of the Atrai River, to aid future studies 
related to this or the surrounding ecosystem.  It also 
contributes to the existing literature and information 
available in the online database.  Besides, it explores 
the varied aspects of population dynamics and 
reveals the existence of a greater exploitation rate
of C. reba in the Atrai River amidst the presence 
of extreme fishing pressure.  Presently, there

CONCLUSION
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are no management strategies for C. reba, and 
uncontrolled exploitation of this species is a matter 
of apprehension for the natural stock from collapse 
henceforward.  Therefore, immediate and necessary 
management monitoring plans should be implemented, 
like (a) reducing the harvest to the level of MSY 
by decreasing the fishing pressure by 50% from 
the current state; (b) preventing fishing of this carp 
during their breeding season; (c) regulating mesh 
size and restricting the length of fish to be captured; 
(d) monitoring fishing gear used by the local 
fishermen; and (e) conservation plans for the region 
of river mostly inhabited by C. reba.  The findings 
of this study would be an important means for 
policymakers, fishery biologists, and conservationists 
to implement the immediate strategies needed for 
the sustainable exploitation of the remaining stock 
in this river before it gets too late.
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