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Abstract: Mystus gulio and Mystus cavasius are small indigenous fish species (SIFs) found
throughout the year at the various stretches of the river Ganga and contribute significantly
to the commercial fishery. The current study was conducted with a total of 609 specimens
of M. gulio with a total length ranging from 84 to 190 mm and 377 specimens of M. cavasius
with a total length ranging from 51 to 232 mm, collected from eight selected sites of lower
stretches of the river Ganga between July 2018 and October 2019 to analyse their growth,
mortality, and exploitation status. The sample specimens’ length-frequency distribution,
primarily taken from bag nets and set barrier nets used in artisanal fisheries, was assessed
using the FiSAT II programme. For M. gulio, the estimated asymptotic length (L∞), growth
coefficient (K), and initial condition factor (t0) were 183.23 mm, 0.31 yr−1, and −0.486 years,
and for M. cavasius, these values were 246.23 mm, 0.19 yr−1, and −0.302 years, respectively.
The estimates for the total (Z), natural (M), and fishing (F) mortality rates were 1.78, 0.49,
and 1.29 yr−1 for M. gulio and 0.68, 0.33, and 0.35 yr−1 for M. cavasius, respectively. Both
M. gulio (May to July) and M. cavasius (June to August) experienced a single spawning
peak. The estimated exploitation ratio (E) for M. gulio was 0.72, which is higher than the
optimal level of exploitation (Eopt) and the maximum level of exploitation (Emax). On the
other hand, the E value for M. cavasius was 0.52, which means that it was exploited at the
right level. The fishing pressure was found to be slightly excessive for the current stocks of
M. gulio, which should be considered for proper management of the fishery in the river
Ganga. The present study, the first of its kind, highlights the stock status of these two
commercially important species and the management measures taken to revive the stock
along the lower stretches of the Ganga in India. The environmental parameters of the lower
stretches of the river Ganga show favourable conditions for the optimum growth of M.
gulio and M. cavasius.

Keywords: stock assessment; river Ganga; Mystus gulio; Mystus cavasius; management
measures

Key Contribution: The river Ganga is home to a wide variety of fish species. Small
indigenous fish species (SIFs), such as Mystus gulio and Mystus cavasius, are found all year
round along the Ganga River. The present study demonstrates that the current exploitation
ratio (E) of M. gulio is significantly higher than the predicted maximum level of exploitation
(Emax) and optimum exploitation level (Eopt); therefore, fishing pressure on M. gulio should
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be reduced. The length at first capture of M. cavasius exceeds the length at maturity,
indicating that the juveniles are captured more often, and the current level of exploitation
(E) of M. cavasius is slightly over the optimal level of exploitation; therefore, mesh size
regulation for M. cavasius is recommended to maintain sustainable fisheries along the
lower Ganga River. The present study provides an extensive assessment of the ecosystem
health of the lower stretches of the Ganga River, particularly concerning fisheries and
their management.

1. Introduction
The Ganga River, the longest river in India and the fifth largest in the world, is home

to a wide variety of fish species [1,2]. Das et al. [2] documented 190 fish species in the river
Ganga, 42 of which are commercially important with high market values. Of them, 36% are
ornamental fish, 3.0% are sport fish, and 61% are food fish. Despite having a wide variety
of ichthyofauna, the river is recognized as the home of several highly valued Gangetic carp,
shads, minnows, barbs, catfish, and other species.

Catfish, a diverse group of ray-finned fish in the order Siluriformes, inhabit freshwater
environments across the world. The order Siluriformes is the second largest teleost order,
comprised of 3961 species under 39 families and 507 genera, accounting for approximately
12% of all teleosts, out of which 242 valid species come under the family Bagridae [3]. The
family includes five commercially important species under the genus Mystus, viz., Mystus
bleekeri (Day, 1877), M. cavasius (Hamilton, 1822), M. gulio (Hamilton, 1822), M. tengara
(Hamilton, 1822), and M. vittatus (Bloch, 1794) [4].

Mystus gulio (Hamilton, 1822), commonly known as the Long Whiskers Catfish, is a
species of freshwater catfish belonging to the family Bagridae. This fish is widely distributed
across South and Southeast Asia, the eastern Indian Ocean, India, Indonesia, and Vietnam.
It is primarily a brackish water fish that enters and lives in fresh water. Adults in freshwater
are primarily found in larger bodies of water, such as rivers and streams [5,6]. It holds
some commercial importance in certain regions where it is found; however, its commercial
significance may vary depending on local fishing practices, demand for fish, and the
availability of alternative fish species. M. cavasius (Hamilton, 1822), commonly known as
Gangetic mystus, is distributed in India, Bangladesh, Pakistan, Nepal, Sri Lanka, Thailand,
and Myanmar; it mostly inhabits fresh water [5,7].

Mystus gulio and M. cavasius are small indigenous fish species (SIS) with a high
nutritional value that includes protein, micronutrients, vitamins, and minerals [8–10]. Due
to their delicacy and protein-rich contents, these fish are highly preferred by consumers
and in high demand in Bangladesh and eastern India [11]. Recent research has found a
mix of natural and anthropogenic challenges that pose significant threats to the freshwater
biota of the river [2]. Overexploitation and other ecological changes that negatively impact
the species’ natural habitat have caused the natural population to decline [12,13].

Studies on population dynamics and the stock status of particular fish species provide
new insight into setting up specific conservation strategies. Understanding the population
dynamics, growth patterns, maturity, and mortality of fish is essential for the sustainable
management of the fishery. Its usefulness in measuring growth, mortality, and recruitment
capabilities helps draw inferences about the production rates of populations of different
species [14,15]. It offers useful information on factors that affect population dynamics,
such as recruitment success, age at first maturity, frequency of spawning, stock structure,
and individual reactions of stocks to altered habitats. When analysing many biological
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processes, such as productivity, yield per recruit, availability of food, suitability of the
habitat, and even feeding mechanics, fish age, and growth are particularly crucial [16–18].

Estimating population parameters is necessary to decide how effectively to use and
maintain aquatic living resources [19].

Several kinds of statistical and mathematical approaches are used to obtain quan-
titative assessments of the effects that various management strategies will have on fish
populations [19]. Since population dynamics estimate growth, death, and recruitment
patterns, they are crucial for determining the rates of production [15,20–23]. These charac-
teristics provide important insights on a range of subjects, including spawning periodicity
and stock reactions to environmental changes, recruitment, and stock structure, because of
their influence on population dynamics [22,24–26]. The abundance of desired, quantitative,
and scientific studies is essential for stock assessment in fisheries management [14]. Only
roughly half of the exploited fish species have been investigated worldwide due to the data
needs of conventional or traditional stock assessment approaches [27].

Although several studies on the length–weight relationship of M. gulio and M. cavasius
are available, there is inadequate information on the stock status of these species.

So, this study was conducted to assess the status of the stocks of M. gulio and M.
cavasius and to estimate population parameters along the lower parts of the Ganga River.

2. Materials and Methods
2.1. Sampling Sites

The present study was conducted at eight sampling stations along the lower stretches
of the river Ganga in West Bengal. A total of 609 M. gulio specimens were collected from
four selected sites: Diamond Harbour (22.1927◦ N, 88.1895◦ E), Godakhali (22.3932◦ N,
88.1426◦ E), Kakdwip (21.8760◦ N, 88.1853◦ E), and Fraserganj (21.5851◦ N, 88.2585◦

E), whereas M. cavasius, with a total of 377 specimens, was collected from Balagarh
(23.122444◦N, 88.463278◦ E), Farakka (24.7875◦ N, 87.904167◦ E), Tribeni (22.9901◦ N,
88.3943◦ E), and Nabadwip (23.4037◦ N, 88.3659◦ E) in West Bengal (Figure 1).

Figure 1. The sampling sites of M. gulio and M. cavasius along the river Ganga.
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2.2. Sampling and Data Collection

Monthly length–frequency data for M. gulio and M. cavasius were collected from July
2018 to October 2019 at selected sites. The specimens of M. gulio were obtained using a bag
net (18–24 mm mesh size), cast net, hook, and line, and M. cavasius were collected from a
gill net with a mesh size of 20–30 mm and a set barrier net with a mesh size of 20–40 mm.

The total length (TL) of the fish specimens was measured to the nearest millimetre
(mm) using a standard measuring board, beginning at the tip of the body’s anterior region
and extending up to the caudal fin tip. A digital electronic balance was used to determine
the total weight (TW) to the closest gram (g). Monthly length–frequency data were used
in the FiSAT II software (FAO-ICLARM Stock Assessment Tool) version 1.2.2 outlined by
Gayanilo et al. [28], after the division of the length–frequency data into class intervals of
10 mm.

2.3. Estimation of Population Parameters

The statistical analysis of the length–weight relationship was accomplished by us-
ing the parabolic equation W = aLb. Logarithmically, this equation is represented as
Log W = log a + b log L [29], where a stands for the intercept and b for regression coeffi-
cients, W is the weight of the fish in g, and L is its length in mm.

The ELEFAN I (Electronic Length Frequency Analysis) module in FiSAT II was used
to estimate growth parameters such as asymptotic length (L∞) and growth coefficient (K).
Pauly’s (1979) [30] empirical equation was used to calculate the age at zero length (t0),
as follows:

log10 (−t0) = −0.3922 − 0.275 log10 L∞ − 1.038 log10 K

where t0 is the initial condition factor, or age at zero length, K is the growth coefficient, and
L∞ is the asymptotic length. Using Pauly and Munro’s equation (1984) [31], the growth
performance index (φ’) of M. gulio and M. cavasius was estimated.

φ’ = LogK + 2 LogL∞

The length-converted catch curve method [32,33] in FiSAT II was used to determine
the total mortality (Z), and the natural mortality (M) was calculated using the empirical
formula proposed by Pauly [34].

ln (M) = −0.0152 − 0.279 ln (L∞) + 0.6543 ln (K) + 0.463 ln (T)

where “T” represents the average annual water temperature [35]. Fishing mortality (F) was
calculated by deducting natural mortality (M) from total mortality (Z).

F = Z − M

The following equation was used to estimate the exploitation level (E) of M. gulio and
M. cavasius.

E = F/Z

2.4. Stock Assessment

The length-converted catch curve was used to calculate the probability of capture for
stock assessment of M. gulio and M. cavasius. By following Pauly’s [36] formula, length-
structured virtual population analysis was estimated. The relative yield per recruit model
by Beverton and Holt [37] was used to estimate the relative yield per recruit (Y’/R) and
biomass per recruit (B’/R) at various levels of fishing effort. Based on Y’/R, the stock’s



Fishes 2025, 10, 142 5 of 17

status for M. gulio and M. cavasius was assessed. Pauly (1983b) [38] provided the following
equation to estimate the maximum life span (tmax) of the species:

tmax = 3/K + t0

2.5. Water Quality Parameters

The measurement of water quality parameters was recorded bimonthly from eight
different sampling sites during the sampling period (July 2018 to October 2019) following
the standard protocols in APHA [39]. Samples from each site were taken in triplicate to
reduce the standard error [40]. Sampling was carried out between 9:00 A.M. and 10:00 A.M.

3. Results and Discussion
3.1. Age and Growth

Estimation of growth parameters for particular species is crucial to know the present
status of fish, which is recognized as an important aspect of fishery management. The
study revealed that M. gulio and M. cavasius are available throughout the year along the
lower stretches of the river Ganga (Figure 2a,b). The total length and weight of 609 M.
gulio individuals ranged from 84 to 190 mm and 7.3 to 83.3 g, respectively. The smallest
length group of fish was recorded in March, while the fish of the largest length group
were observed during all the months of sampling, as most of the fish were caught by bag
net (5–10 mm cod end mesh size) and set barrier net (20–40 mm). The length frequency
distribution shows that the length group 171–180 mm contributed the most (30.21%),
followed by 151–160 mm (20.20%) (Figure 2a,b). The growth parameters, asymptotic
length (L∞) and growth coefficient (K), were estimated at 183.23 mm and 0.31 yr−1 by
using ELEFAN I in the FiSAT program. The calculated age at zero length (t0) was−0.486
years. Therefore, the Von Bertalanffy growth equation was calculated as Lt = 183.23 [1-
e−0.31(t + 0.486)]. Using the growth equation, the lengths attained by M. gulio at the end
of 1, 2, 3, 4, and 5 years were calculated as 68, 98, 121, 138, and 150 mm, respectively
(Figure 3a). The estimated smallest length was 124 mm, with a corresponding age of
0.98 years. The growth performance index (φ’) represents the total growth performance
of the fish population as determined by growth in length [31]. The growth performance
index (φ’) and maximum life span (tmax) of M. gulio were estimated as 4.017 and 9.19 years,
respectively.

Figure 2. (a,b). Length–frequency distribution and seasonal occurrence of M. gulio (a) and M. cavasius
(b) along the lower stretches of the river Ganga.
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Figure 3. (a,b). Average length attained by M. gulio (a) and M cavasius (b) at different ages.

The present study reported that the value of L∞ and K of M. cavasius by ELEFAN I was
246.23 mm and 0.19 yr−1, and t0 was calculated as −0.302 years, respectively. The growth
equation of von Bertalanffy was derived as follows: Lt = 246.23 [1-e−0.19(t + 0.302)]. The φ’
and tmax were calculated as 4.061 and 15.49 years, respectively. A total of 377 individuals of
M. cavasius ranged in size from 51 to 232 mm in total length and 1.7 to 82.3 g in total weight.
Using the growth equation, the lengths attained by M. cavasius at the end of 1, 2, 3, 4, and
5 years were calculated to be 54, 87, 115, 137, and 156 mm, respectively (Figure 3b). The
length–frequency distribution of M. cavasius is illustrated in Figure 3b.

Table 1 represents the population parameters of M. gulio and M. cavasius in different
stretches of the river Ganga.

Table 1. Population parameters of M. gulio (n = 609) and M. cavasius (n = 377) from different stretches
of river Ganga.

Sl. No. Parameters M. gulio M. cavasius

1 Asymptotic length (L∞) in m 183.23 246.23
2 Growth coefficient (K) in yr−1 0.31 0.19
3 Age at zero length (t0) in year −0.486 −0.302
4 Growth performance index (φ’) 4.017 4.061
5 Longevity (tmax) 9.19 15.49
6 Total mortality coefficient (Z) in yr−1 1.78 0.68
7 Natural mortality coefficient (M) in yr−1 0.49 0.33
8 Fishing mortality coefficient (F) in yr−1 1.29 0.35
9 Exploitation ratio (E) 0.72 0.52

M. gulio was reported to have growth parameters L∞ and K of 230 mm and 0.75 yr−1,
respectively, is the Sunderbans ecosystem, Bangladesh [41], which is slightly higher than in
the present study. Thippeswamy et al. [42] observed a slightly higher growth coefficient
(K = 0.56). According to Nath et al. [43], L∞, K, and t0 values of M. cavasius are 217.0 mm,
0.8 yr−1, and −0.41 years, respectively, where the growth coefficient is significantly higher
than the present study, indicating a higher growth rate of the species. These variations
are mostly due to the geographical distribution, environmental variables, and different
fishing intensities. Within a species, growth parameters can differ between stocks, between
sexes, and between cohorts due to environmental influences [19,44]. According to Sekitar
et al. [45], environmental parameters also affect the growth patterns of different Mystus
spp. However, the availability of plankton and the spawning season are the primary
determinants of growth patterns.
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3.2. Mortality Parameters

The estimated instantaneous total mortality coefficient (Z) of M. gulio using the length-
converted catch curve method [33] was 1.78 yr−1, the natural mortality coefficient (M) by
using Pauly’s empirical formula [34] was 0.49 yr−1, and the fishing mortality coefficient (F)
was 1.29 yr−1 (Figure 4a). The present study indicated that fishing mortality is significantly
higher than natural mortality, which unequivocally indicates too much fishing pressure
on M. gulio along the stretches of the river Ganga. Mustafa et al. [41] found that the
natural mortality of M. gulio (M) was slightly higher than the fishing mortality. Similarly,
for M. cavasius, Z, M, and F values were estimated at 0.68 yr−1, 0.33 yr−1, and 0.35 yr−1,
respectively (Figure 4b).

Figure 4. (a,b). Length-converted catch curve for estimation of total mortality (Z) for M. gulio (a) and
M. cavasius (b) along the lower stretches of the river Ganga.

The exploitation ratio (E) of M. gulio by the length-converted catch curve method [33]
was estimated at 0.72, which surpassed the optimum level of exploitation (Eopt = 0.5) and
maximum exploitation level (Emax = 0.38), indicating the overexploitation of the M. gulio
stock along the lower stretches of the river. Mustafa et al. [41] observed that the population
of M. gulio was underexploited in the Sunderbans ecosystem of Bangladesh. The E value
of M. cavasius was calculated as 0.52, which indicates that the stock of M. cavasius along
the stretches of the river Ganga is optimally exploited. Thippeswamy et al. [42] reported Z,
M, and F values of M. cavasius as 3.86 yr−1, 1.3 yr−1 and 2.5 yr−1, respectively, from the
Bhadra reservoir, Karnataka, indicating that the fishing mortality is higher than the natural
mortality which is in agreement with the results of the present study. The exploitation ratio
(E = 0.65) is higher than the optimum level of exploitation, indicating an overexploited M.
cavasius stock in the reservoir [42].

However, there is no other study on mortality and exploitation status available for the
species to compare with the present one.

According to Beverton and Holt [46], the natural mortality factor (M) has an inverse
relationship with the lifespan (tmax) and asymptotic length (L∞) and a direct relationship
with the fish’s growth coefficient (K). Therefore, the present study, in estimating a greater
growth coefficient (K), a lower asymptotic length (L∞), and a shorter lifespan (tmax), indi-
cates a higher natural mortality in M. gulio. Table 2 represents a comparative analysis of
population parameters for M. gulio and M. cavasius.
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Table 2. A comparative analysis of population parameters of M. gulio and M. cavasius.

Species Authors Study Area n TL
(mm)

TW (g)
Regression
Parameters

L
∞

(m
m

)

K
(y

r−
1 )

t 0
(y

ea
rs

)

Z
(y

r−
1 )

M
(y

r−
1 )

F
(y

r−
1 )

φ
’ E

a b

Mystus
gulio

Hossain et al.
(2016) [4]

Rupsha
River,
Bangladesh

59 74–172 6.1–62.2 0.0091 3.11 - - - - - - - -

Mustafa et al.
(2019) [41] Bangladesh - - - - - 230 0.75 - 3.01 1.591 1.42 2.599 0.47

Rahman et al.
(2021) [47]

Maloncho
River,
Bangladesh

1200 78–183 8.09–
128.8 - 2.50–

2.85 - - - - - - - -

Paujiah et al.
(2023) [48]

West Java,
Indonesia - - - 0.015-

0.036
2.424–
2.786 - - - - - - - -

Present Study Ganga river,
India 609 84–190 7.3–83.3 0.000002 3.370 183.23 0.31 −0.486 1.78 0.49 1.29 4.017 0.72

Mystus
cavasius

Soomro et al.
(2015) [49]

Indus river,
Pakistan 391 75–235 7–94 - 2.54 - - - - - - - -

Hossain et al.
(2016) [4]

Ganges river,
Bangladesh 171 50–150 1.3–30.4 0.0069 3.10 - - - - - - - -

Aktheret
al. (2017) [50] Bangladesh 300 102–148 10.6–

20.2 0.000005 3.07 - - - - - - - -

Latif et al.
(2018) [51]

Chenab river,
Pakistan 100 59–178 2.00–

42.0 - 2.71 - - - - - - - -

Thippeswamy
et al. (2022)
[42]

Bhadra
reservoir,
Karnataka

0.56 −0.046 3.86 1.35 2.51 2.413 0.65

Nath et al.
(2023) [43] Assam, India 285 - - - - 217 0.8 −0.41 - - - - -

Present study Ganga river,
India 377 51–232 1.72–

82.32 0.000024 2.749 246.23 0.19 −0.302 0.68 0.33 0.35 4.061 0.52
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3.3. Recruitment Pattern

The estimated values of the growth parameters were used to derive the recruitment
pattern using recruitment curves. The length–frequency data of M. gulio showed a consis-
tent recruitment pattern over the year, with a single peak from May to July (Figure 5a). The
length at recruitment (Lr) was measured as the midpoint, 124.5 mm, of the smallest length
group (120–129 mm) in the catch. According to Lal et al. [52], the peak value of the gonado-
somatic index of M. gulio was observed during the monsoon season (June–July). The peak
spawning season of M. gulio occurred in May [41], which coincides with the current study.
Kaliyamurthy [53] observed the spawning periodicity a little late (August–October) in
Pulicat Lake as the breeding season in different regions differs. All of the research, however,
supports the current study in that M. gulio only spawns once throughout the year.

The current study on M. cavasius also found that there was a single peak spawning
period from June to August and a continuous recruitment pattern (Figure 5b).

Bhatt [54] illustrated that M. cavasius (both male and female) spawned during July
and August with a single peak, which is in agreement with the present study. According
to Rao et al. [55], intense breeding was observed during August and September at the
Mehadrigedda stream of Visakhapatnam. In another study reported by Rao [56] in the
Hemavathi reservoir, Karnataka, M. cavasius spawned during June and July. The study
reported by Chaturvedi and Saksena [57] also showed a similar breeding pattern (July and
September) in the Chambal River in Madhya Pradesh. The recruitment patterns of M. gulio
and M. cavasius observed by different authors in different regions are presented in Table 3.

Table 3. Recruitment pattern of M. gulio and M. cavasius observed by different authors in different
regions.

Species Authors Study Area Peak Spawning Season

Mystus gulio

Kaliyamurthy (1981) [53] Pulicat lake, Andhra Pradesh August–October
Lal et al. (2016) [52] Astamudi estuary, Kerala June– July

Mustafa et al. (2019) [41] Sundarbans ecosystem of
Bangladesh May

Present study Ganga river, India May–July

Mystus cavasius

Bhatt (1971) [54] Uttar Pradesh July and August
Rao et al. (1999) [55] Visakhapatnam, Andhra Pradesh August–September

Rao (2007) [56] Karnataka June–July
Chaturvedi and Saksena

(2013) [57] Madhya Pradesh July and September

Present study Ganga river, India June–August

3.4. Length at First Capture

The length at first capture (Lc or L50%), the length at which 50% of the fish population
became vulnerable to fishing, was found to be 118.48 mm for M. gulio (Figure 6a) and
89.42 mm (Figure 6b) for M. cavasius. The length at maturity of M. gulio from Indian waters
was reported as 83 mm for males and 85 mm for females by Lal et al. [52] and 62 mm by
Pantulu [58]. The Lc recorded in the present study is far above the above-cited values,
indicating sustainable exploitation. According to Bhatt [54], the estimated length at maturity
(Lm) of M. cavasius is 100 mm, which is higher than the length at first capture (89.42 mm) of
the present study. This data indicates that this species is entering the growth overfishing
phase along the stretches of the Ganga River, as a significant proportion of individuals are
being caught before reaching sexual maturity and completing their spawning cycle.
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Figure 5. (a,b). Depicted recruitment pattern of M. gulio (a) and M. cavasius (b) along the lower
stretches of the river Ganga.

Figure 6. (a,b). Probability of capture of M. gulio (a) and M. cavasius (b) along the lower river Ganga.

3.5. Virtual Population Analysis

The length-structured VPA results indicated that overexploitation of M. gulio occurs
along the different stretches of the river Ganga. L∞ as 183.23 mm, K as 0.31 yr−1, M as
0.49 yr−1, F as 1.29 yr−1, a as 0.000002, and b as 3.370 from the length–weight relationship
were the input parameters employed for virtual population analysis (VPA). The smaller
groups (81–90 mm and 91–100 mm) merely showed natural mortality. Fishing mortality
(F) started increasing from the length group of 141–150 mm, reaching the highest value
of 1.29 yr−1 at the length groups of 161–170 mm and 171–180 mm. The 81–90 mm length
group has the largest abundances (6,615,606), with a biomass of 125.06 metric tons and a
respective fishing mortality of 0.0033 yr−1. The lowest abundances (207,443) were observed
in the largest length group (161–170 mm). The biomass increased from 125.06 tons to the
highest of 354.92 tons in the length group of 141–149 mm, then gradually decreased to
187.88 tons in the length class of 161–169 mm (Figure 7a).
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Figure 7. (a,b). Length-structured Virtual Population Analysis (VPA) of M. gulio (a) and M. cavasius
(b) along the lower stretches of the river Ganga.

For M. cavasius, the smallest length group (51–60 mm) showed the highest natural
mortality, whereas fishing mortality started in the 51–60 mm length group and reached its
maximum (0.33 yr−1) in the length class of 141–150 mm. The largest abundance (5,351,426)
was found in the smallest length group (51–60 mm), with a biomass of 20.06 tons and a
respective fishing mortality of 0.0307 yr−1. The largest length class showed (231–240 mm)
the lowest abundance (10,793), with the lowest biomass of 12.49 tons and corresponding
fishing mortality of 0.35 yr−1 (Figure 7b).

3.6. Relative Yield per Recruit and Relative Biomass per Recruit

The method of knife edge selection for length at first capture (118.48 mm) was used to
determine Beverton and Holt’s relative yield per recruit (Y’/R) and relative biomass per
recruit (B’/R) of M. gulio. The input data of the knife-edge selection method consisted of
M/K (1.58) and LC/L∞ (0.65), and the output Emax, E0.1, and E0.5 values were obtained as
0.38, 0.31, and 0.25, respectively (Figure 8a). The length at first capture for M. cavasius was
estimated at 89.42 mm. The input data used in the knife-edge selection method were M/K
(1.74) and LC/L∞ (0.36), and the output Emax, E0.1, and E0.5 values were obtained as 0.38,
0.31, and 0.25, respectively (Figure 8b).

Figure 8. (a,b). Relative yield per recruit and relative biomass per recruit model using knife-edge
selection curve for M. gulio (a) and M. cavasius (b) along the lower stretches of the river Ganga.
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3.7. Water Quality Parameters

Standard procedures from APHA were followed to analyse the water quality parame-
ters from the selected sites of the lower stretches of the river Ganga. The range and average
values of water temperature (◦C), depth (m), transparency (cm), specific conductivity
(µS/cm), pH, DO (mg/L), TDS (mg/L), total alkalinity (mg/L), chlorophyll-a (mg/m3),
and salinity (ppt) are presented in Table 4.

In aquatic environments, water temperature plays a crucial role and has a major
impact on the general health of the aquatic community. The temperature of the water has
a significant impact on the gonadal maturity of many organisms, including fish [59]. The
highest average temperature was recorded at Godakhali (28.05 ± 3.99 ◦C) and the lowest
was observed at Nabadwip (24.33 ± 6.03 ◦C). Nath [60] observed that the gradient zone had
a greater temperature than the freshwater and marine zones, which was attributed to the
gradient zone’s increased turbidity. Balagarh shows both the maximum (33.9 ◦C) and the
minimum water temperature (18.7 ◦C), which is generally associated with anthropogenic
activities, climate change, and global warming that may have contributed to the abrupt
shifting of temperatures in the area [61].

The highest average depth was recorded at Diamond Harbour (15.02 ± 11.26 m) and
the lowest at Kakdwip (4.1 ± 2.42 m), followed by Fraserganj (4.64 ± 5.19 m). The greater
depth at Diamond Harbour has also been documented in previous investigations carried
out in the area by Manna et al. (2013) [62] and Tiwari et al. (2022) [63], most likely because
of the influence of the river Rupnarayana, a tributary of the river Ganga. Sedimentation is
responsible for the shallow condition of the estuary mouth, as evidenced by the low water
depths at Kakdwip and Fraserganj [62].

River transparency indicates the clarity and quality of the water [64]. The highest
average transparency (78.95 ± 47.89 cm) was observed at Farakka, as it is a freshwater
zone, and the lowest at Diamond Harbour (16.96 ± 7.65 cm). Manna et al. [62] and Tiwari
et al. [63] observed that Diamond Harbour, which is influenced by tidal water due to the
confluence with the river Rupnarayana, had the lowest transparency.

Specific conductivity provides a reliable estimate of the amount of dissolved material
in the water. It gradually increased towards the estuarine zone. The highest average specific
conductivity (34.26 ± 13.81) was recorded at Fraserganj, whereas the lowest was observed
at Nabadwip (0.33 ± 0.06). Tiwari et al. [63] also observed that Fraserganj had the highest
specific conductivity. The riverine system’s dissolved inorganic and organic matter primarily
contribute to the increase in total dissolved solids (TDS) value [65]. Both the maximum and
minimum values of TDS are recorded in Fraserganj due to the influx of seawater.

The average dissolved oxygen concentration across all sites was adequate to promote
aquatic biota growth and survival (DO > 5) [26,62]. The highest average alkalinity was
recorded at Tribeni (135.75 ± 35.35 ppm), whereas Fraserganj showed the lowest (117.75
± 19.14 ppm). Previous reports from the same study stretch demonstrated a fairly similar
range of alkalinity [62,63]. Researchers found that increasing salinity causes a decrease
in total alkalinity [66]. The primary factor that efficiently regulates fish and other aquatic
organism distribution is salinity. Manna et al. [62] have demarcated two different zones
of the studied stretch based on the salinity; one is freshwater and the other is a saline
and transition zone. The freshwater zones of Farakka, Nabadwip, Tribeni, and Balagarh
have the lowest average salinity (0.02 to 0.04 ppt), which makes them ideal homes for M.
cavasius [6]. Salinity increases gradually towards the lower estuarine zone as the influx of
salt water from the sea has a significant impact on the salinity [67]. The highest average
salinity was found at Fraserganj (28.73 ± 1.78 ppt), followed by Kakdwip (7.21 ± 3.05 ppt)
and Diamond Harbour (4.32 ± 1.54 ppt), indicating that the saline and transition zone are
ideal for the growth of M. gulio [68].
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Table 4. Range and average water quality parameters recorded from the selected sites of lower stretches of the river Ganga.

Water Quality
Parameters

Mystus cavasius Mystus gulio

Farakka Nabadwip Tribeni Balagarh Godakhali Diamond Harbour Kakdwip Fraserganj

Range Mean ±
SD Range Mean ±

SD Range Mean ±
SD Range Mean ±

SD Range Mean ±
SD Range Mean ±

SD Range Mean ±
SD Range Mean ±

SD

Water temp. (0 C) 19.1–
30.6

26.56 ±
3.56

18.2–
31.6

24.33 ±
6.03

17.4–
32.8

27.36 ±
5.06

18.7–
33.9

27.28 ±
4.72 19–31.5 28.05 ±

3.99 22–31.7 27.81 ±
3.37 21–31.7 25.48 ±

4.86 19.2–31.1 27.53 ±
4.18

Depth (m) 4.0–
18.0

8.57 ±
4.60

2.2–
11.5

6.84 ±
3.82

7.0–
18.7

10.94 ±
4.69

2.3–
17.4

7.43 ±
4.44

0.13–
14.0

8.85 ±
5.18

0.18–
35.2

15.02 ±
11.26 1.8–7.5 4.1 ±

2.42 0.15–17.0 4.64 ±
5.19

Transparency (cm) 12.2–
145.0

78.95 ±
47.89 18–50 35 ±

12.33
13.2–
37.0

24.9 ±
7.77

9.5–
43.5

27.08 ±
12.07 15–34.5 26.75 ±

7.20
6.5–
26.2

16.96 ±
7.65 19–26 22.13 ±

2.53 15.0–41.0 34.28 ±
8.32

Specific conductivity
(µS/cm)

0.21–
1.0

0.40 ±
0.25

0.21–
0.38

0.33 ±
0.06

0.15–
1.4

0.44 ±
0.40

0.17–
1.2

0.41 ±
0.33

0.28–
0.6

0.43 ±
0.12

1.4–
6.05

4.19 ±
2.01

6.12–
8.32

7.21 ±
1.09 0.8–43.0 34.26 ±

13.81

pH 8.2–9.0 8.53 ±
0.26

8.08–
8.55

8.36 ±
0.18

7.25–
9.43

8.30 ±
0.64

7.2–
9.14

8.25 ±
0.62

7.14–
8.75

8.03 ±
0.53

7.01–
8.9

7.98 ±
0.53

7.94–
8.34

8.20 ±
0.12 9.1–6.88 8.15 ±

0.67

DO (mg/L) 5.2–8.8 7.01 ±
1.10 5.8–8.2 7.33 ±

0.83
6.5–

10.52
7.55 ±

1.43
6.0–

10.87
7.51 ±

1.76 3.8–9.0 5.86 ±
1.85 4.4–7.6 5.95 ±

1.81 5.2–6.9 6.35 ±
0.67 3.0–6.8 5.25 ±

1.52

TDS (mg/L) 0.14–
0.26

0.19 ±
0.04

0.15–
0.60

0.22 ±
0.15

0.11–
0.50

0.21 ±
0.13

0.12–
0.28

0.20 ±
0.07

0.22–
0.35

0.28 ±
0.05

0.21–
0.95

0.43 ±
0.28

2.18–
13.42

5.94 ±
4.41

26.38–
72.14

46.49 ±
14.83

Total Alkalinity (mg/L) 50–184 121.55 ±
40.87

100–
150

120.25 ±
22.71 96–178 135.75 ±

35.35 88–182 132.75 ±
32.86 96–162 133 ±

24.89
100–
162

132.75 ±
20.78

110–
136

120.5 ±
9.67 88–136 117.75 ±

19.14

Chlorophyll-a (mg/m3) 0.64–
5.27

2.42 ±
1.81

1.48–
12.31

5.77 ±
3.44

0.57–
8.84

3.90 ±
3.39

0.29–
6.26

3.16 ±
2.15

1.49–
19.11

6.47 ±
5.66

1.60–
6.72

3.49 ±
2.18

1.62–
5.25

2.81 ±
1.71 0.64–5.75 3.98 ±

1.66

Salinity (ppt) 0.01–
0.05

0.03 ±
0.01

0.03–
0.04

0.04 ±
0.01

0.02–
0.07

0.03 ±
0.01

0.03–
0.05

0.03 ±
0.01

0.03–
0.66

0.25 ±
0.28

1.22–
5.87

4.32 ±
1.54

4.55–
11.01

7.21 ±
3.05

25.2–
30.35

28.73 ±
1.78
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The findings of the present study are consistent with previous research conducted in
the same area [62,63,69] which indicates the favourable environmental conditions for the
growth of M. gulio and M. cavasius along the lower stretches of the river Ganga.

4. Conclusions
The present investigation offers a comprehensive assessment of the current state of

the ecosystem health of the lower stretches of the river Ganga in relation to fisheries and
their management under the prevalent hydrological regime. Additionally, it demonstrates
that the stretches have a habitat that is conducive to M. gulio and M. cavasius growth.
The study indicates that the current rate of exploitation (E) for M. gulio is much higher
than the maximum level of exploitation (Emax) and the best level of exploitation (Eopt). In
order to facilitate a sustainable exploitation of the species, it is advised to reduce fishing
pressure on M. gulio. The current level of exploitation (E) for M. cavasius is just above
the optimal level of exploitation. This indicates that the stock is either overexploited or
exploited optimally. Furthermore, the length at first capture is shorter than the length at
maturity, which shows that more juveniles are being caught. Hence, mesh size regulation
for M. cavasius is suggested to ensure sustainable fisheries along the lower stretches of the
river Ganga.
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