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Te present study investigated the morphometric traits and growth factors of seven fsh species from Hakaluki Haor, Bangladesh.
Te standard empirical length–weight relationship parameters and condition indices were evaluated. Te parameters “a” and “b”
varied across species, indicating diferent growth patterns, with the coefcient of determination (r2) values ranging from 0.74 to
0.91. Channa punctatus had a mean length of 15.52 cm and a weight of 63.50 g, while Channa striata showed a mean length of
34.96 cm and a weight of 354.88 g. A. testudineus had amean length of 12.04 cm and a weight of 38.04 g, andHeteropneustes fossilis
had a mean length of 12.11 cm and a weight of 15.97 g.Mystus cavasius had a mean length of 17.24 cm and a weight of 34.28 g, in
contrast, Mystus tengara had a mean length of 10.07 cm and a weight of 10.57 g. While Mystus vittatus had a mean length of
11.64 cm and a weight of 17.42 g. Fulton’s condition factor, allometric growth, and relative condition factor were calculated for
each species, with 95% confdence limits provided. C. punctatus had a Fulton’s condition factor of 1.86± 0.77, while C. striata had
0.82± 0.08. A. testudineus showed a higher condition factor of 2.12± 0.29. Te allometric growth parameter ranged from
−0.008± 0.001 in A. testudineus to 1.33± 0.02 in M. vittatus. Relative condition factors varied, with C. punctatus at 0.013± 0.006
andM. vittatus at −0.71± 0.01. Species-specifc growth patterns and health conditions are key information for sustainable fshery
practices. Tese fndings highlight signifcant variations in growth patterns and health status among the species, providing
valuable insights to support efective management, habitat protection, and conservation of fsheries resources.
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1. Introduction

Bangladesh is home to several species of snakehead fsh, each
with unique characteristics and diverse habitat specifcations
[1, 2]. Te spotted snakehead (Channa punctata), locally
known as “Taki,” is common in freshwater bodies.Te striped
snakehead (Channa striata), called “Shol,” is another prev-
alent species.Te country represents various species of catfsh,
including silurid catfsh and stringing catfsh [3]. Tese
species are native and crucial to both ecological balance and
the economy [4, 5]. Bangladesh’s diverse water bodies, such as

rivers, ponds, and foodplains, provide ideal habitats due to
their warm, nutrient-rich waters [6, 7]. Silurid catfshes are
highly valued for their taste and nutritional benefts, making
them a popular choice among consumers. Te aquaculture of
catfsh has seen substantial growth, driven by high market
demand and the species’ adaptability to intensive farming
practices [3]. However, challenges such as water pollution,
habitat destruction, and overfshing pose threats to catfsh
populations [8, 9].Tese species are vital sources of afordable
animal protein for rural and urban communities, contributing
to food security [4].
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Air-breathing fshes, also known as “bimodal
breathers,” possess unique structures, including air-
breathing organs [10], labyrinth organs, and modifed
gills, allowing them to extract oxygen from air and water
[11–13]. Tese unique characteristics help them survive in
habitats with fuctuating oxygen levels and protect them-
selves from predators by returning to the depths
[11, 13, 14]. In Bangladesh, a widespread belief suggests
that consuming air-breathing fsh can increase blood levels
or enhance overall health. However, there is no scientifc
evidence to support these claims, highlighting the need for
accurate information to guide healthy dietary choices. In
addition, these fsh are highly valued for their high protein,
low fat, and easy digestibility, making them a recom-
mended diet option for convalescing and children [1, 2, 14].
During the past decade, the production and cultivation of
these fsh have increased signifcantly, making them a sig-
nifcant source of protein for human consumption
worldwide due to the excellent taste of their meat [15–17].
Due to their high commercial value, air-breathing fsh
species are increasingly cultivated in Southeast Asia
[17, 18], which is crucial for developing countries’ socio-
economic growth by creating jobs and boosting the
economy. Tey support the livelihoods of thousands of
small-scale fshers and traders, especially in wetland re-
gions [10]. Teir adaptability to low-oxygen environments
makes them an ideal catch in small ponds and seasonal
water bodies, enhancing rural fsh production [11, 13].

Bangladesh’s northeast area is mostly wetland basins
with heavily fooded depressions called haors [19–21].
Among them, Hakaluki Haor is richly biodiverse [22–24], an
ecologically critical area, and a protected proposed Ramsar
site of international importance for wetland conservation
[20, 24–26]. Haor are wetland ecosystems that have seasonal
changes in their water level and therefore serve as diverse
habitat platforms for aquatic and terrestrial fora and fauna
[25–27]. Te beels (water reservoirs) in Hakaluki Haor
provide winter shelter for “mother fsheries” [19] and
contribute signifcantly to the society, economy, and ecology
of Bangladesh [22, 24]. During the early monsoon, the Haor
fsheries produce millions of fries for downstream com-
munities. Te foodplains also ofer important fshing re-
sources in the area [26]. Haor fsh is in high demand across
the country due to their premium quality and savory
taste [19].

Tere is very little previous research work on estab-
lishing growth factors and condition indices of air-breathing
and catfshes in particularly from the Hakaluki Haor,
Bangladesh. A lot of studies have been conducted focusing
on species diversity, seasonal variations, and catch efort of
fsheries resources in this world ecosystem [25, 26, 28].
However, gaps remain in understanding the growth factors,
diferent condition indices of these fsh, and correlating the
length–weight parameters, which need to be explored
comprehensively as a means to provide key information in
sustainable management and conservation strategies for
these species. Condition factors are measures of the re-
lationship between the observed and theoretical mass of
a fsh, which can indicate the quality and suitability of its

environment [29]. Constructing an empirical relation be-
tween length and weight based on parameters will provide
signifcant resources for stock management. Terefore, the
current study aimed to evaluate the growth patterns of air-
breathing fsh and catfsh species inhabiting the Hakaluki
Haor, serving as a case study for foodplain water bodies.

2. Materials and Methods

2.1. StudyArea and Sampling. Te Hakaluki Haor is located
in the northeastern part of Bangladesh, specifcally in the
Sylhet Division [24]. Te approximate geographical co-
ordinates of Hakaluki Haor are latitude (24°35′N to 24°
45′N) and longitude (92° 00′E and 92° 08′E) [25] (Fig-
ure 1). Te Kushiyara River, which fows through it to the
west-northwest, is the waterway via which the Hakaluki
Haor receives its primary water supply [14, 30]. Geo-
graphically, it is in the regions of low-lying foodplains and
is distinguished by a wetland ecology made up of seasonal
foodplains and waterbodies [23]. Hakaluki Haor is a large
wetland region that is dynamic and constantly changing
due to seasonal variations in water levels and rainfall [4].
Te hydrology and ecological dynamics of this signifcant
environment are shaped by the interplay of seasonal
fuctuations, human interventions, and natural processes
that afect the fow of water in the Haor. Te samples were
collected in February 2022 from diferent locations in the
Haor from the harvest of traditional fshermen. Following
transportation of the sample to the Fish Biology and Ge-
netics laboratory, the sample was rinsed with tap water, and
additional moisture was removed using a paper towel. Te
lengths of each fsh were estimated using a specially des-
ignated scale attached to a wooden frame, and recorded
values in cm (two decimal places) units, while the weights
were measured using an electric precision balance (Model
no: EK600I, United Kingdom) in g (up to two decimal
places) units.

2.2. Measurement Tools for Length–Weight Relationships
(LWRs) and Condition Indices. Te LWR was examined
through the following equation: W= aLb [31], where W
stands for the weight of the fsh in grams (g) and L represents
the total length of the fsh in centimeters (cm). Te variable
“a” denotes the intercept, while the variable“b” indicates the
weight at unit length (slope). Te a and b parameters were
established by using a log transformation of the length and
weight of the respective fsh. Fulton’s condition factor was
measured by using K= 100W/Lb [32], where K represents
the condition factor, W represents the weight of the fsh in
grams, L represents the total length of the fsh in centimeters,
and b specifes the weight in unit length (slope). Te relative
condition factor (Kn) was calculated using Kn � W/W′ [33],
where Kn denotes the relative condition factor, W represents
the weight of the fsh in grams, and W signifes the weight
calculated using the formula W′= aLb. Again, the allometric
condition factor is calculated as Ka =W/Lb [34], where W
refers to weight in g, L to length in cm, and b is acquired
from the LWR regression plots.
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2.3. Statistical Analysis. Data were statistically analyzed
using an Ofce 365 Excel spreadsheet in IBM SPSS V26. Te
t-test was adopted to validate the regression values. Graphs
were constructed in Ofce 365 Excel tools by using SPSS-
analyzed data.

3. Results

Te diferent parameters of the LWR are documented in
Table 1. For C. punctatus, the average length is
15.52± 4.17 cm, and the weight is 63.50± 44.43 g. C. striata

Figure 1: Location of Hakaluki Haor in Sylhet, Bangladesh.
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shows a higher average length of 34.96± 2.25 cm and
a weight of 354.88± 58.79 g. A. testudineus has an average
length of 12.04± 1.35 cm and a weight of 38.04± 11.85 g.
H. fossilis shows an average length of 12.11± 4.08 cm and
weight of 15.97± 6.44 g, with confdence limits of
10.88–13.33 cm for length and 14.03–17.90 g for weight.
M. cavasius has an average length of 17.24± 0.22 cm and
a weight of 34.28± 1.55 g. M. tengara has an average length
of 10.07± 0.17 cm and weight of 10.57± 0.54 g, with conf-
dence limits of 9.72–10.42 cm for length and 9.46–11.67 g for
weight. M. vittatus has an average length of 11.64± 0.15 cm
and a weight of 17.42± 0.75 g, with confdence limits of
11.34–11.94 cm for length and 15.89–18.96 g for weight. Te
regression coefcients and r2 values indicate the strength
and nature of the relationship between length and weight for
each species (Figure 2).

Table 2 provides a comprehensive overview of condition
factors in seven fsh species, focusing on Fulton’s condition
factor, allometric condition factor, and relative condition
factor. C. punctatus has Fulton’s condition factor of
1.86± 0.77, indicating the fsh’s overall health and robust-
ness. Te allometric condition factor is −0.006± 0.003 and
the relative condition factor is 0.013± 0.006. C. striata shows
a lower Fulton’s condition factor of 0.82± 0.08, suggesting
a leaner body condition compared to C. punctatus. Te
allometric condition factor is −0.002± 0.000 and the relative
condition factor is 0.005± 0.000. Te confdence limits for
Fulton’s condition factor are between 0.81 and 0.85, for the
allometric factor between −0.003 and −0.002, and for the
relative factor consistently at 0.005.

A. testudineus has a higher Fulton’s condition factor of
2.12± 0.29, indicating a robust body condition. Te allo-
metric condition factor is −0.008± 0.001 and the relative
condition factor is 0.015± 0.002. H. fossilis presents Fulton’s
condition factor of 1.62± 1.82, showing signifcant vari-
ability. Te allometric condition factor is −0.006± 0.007 and
the relative condition factor is 0.012± 0.015.M. cavasius has
a Fulton’s condition factor of 0.67± 0.02, an allometric
condition factor of 0.70± 0.02, and a relative condition
factor of −0.33± 0.01.M. tengara shows a Fulton’s condition
factor of 1.01± 0.01, an allometric condition factor of
1.30± 0.02, and a relative condition factor of −0.66± 0.01.
Te confdence limits for Fulton’s condition factor range
from 0.98 to 1.04, for the allometric factor from 1.26 to 1.34,
and for the relative factor from −0.68 to −0.64. M. vittatus

has a Fulton’s condition factor of 1.09± 0.02, an allometric
condition factor of 1.33± 0.02, and a relative condition
factor of −0.71± 0.01. Te confdence limits for Fulton’s
condition factor range from 1.05 to 1.13, for the allometric
factor from 1.28 to 1.37, and for the relative factor from
−0.73 to −0.68.

4. Discussions

Length–weight parameters and condition indices provide
vital information on fsh growth and their habitat suitability
[35–37]. All species in the current study exhibited a statis-
tically signifcant correlation between LWR (p< 0.001). Te
value of the coefcient of determination (KA) exceeding 0.74
implies that length can predict more than 74% of the var-
iance in weight of fsh species, which is a moderately good ft
[38]. Several studies have confrmed that the anticipated
range for b is 2.5–3.5 in fsh [39–41]. Tis means that, except
for C. punctatus, other species showed a share proportional
relation in the current research. Te value of b refers to the
fact that length increased faster than weight [42]. Several
studies on C. punctatus and C. striata indicated negative
allometric growth (b< 3) with high correlation values
(r2 = 0.99), suggesting length increases more rapidly than
weight [2]. A. testudineus and H. fossilis typically exhibit
negative allometric growth, where weight increases at
a slower rate compared to length [43, 44]. In C. punctatus,
the b value is approximately 2.84, indicating negative al-
lometric growth [45]. C. striata shows isometric growth with
b values around 3.06–3.10 [46]. A. testudineus and H. fossilis
exhibit negative allometric growth, with b values of 2.68 and
2.65, respectively [44]. M. cavasius has a b value of 2.65,
indicating negative allometric growth. M. tengara and
M. vittatus also show similar growth patterns, and b values
refect their adaptability to diferent environmental condi-
tions [47, 48]. Some factors, such as season, location, species
size, population, diet, maturity, sex, and overfshing, are
responsible for the variation in b value [49, 50].

In assessing fsh well-being and the health of fsh pop-
ulations in their habitat, diferent condition indices serve as
reliable indicators and provide insight into environmental
quality and growth ftness [51, 52]. Te allometric condition
factor (KA) refers to the actual growth exponent, ofering
more insights into energy use and growth efciency [53].Te
KA values lower than 1.00 indicate poor food availability or

Table 1: Descriptive statistics and a, b, and r2 parameters for length–weight relationship.

Species N a b r2 Length (cm) Weight (g)
95% Confdence limit

Length (cm) Weight (g)
Lower Upper Lower Upper

C. punctatus 61 0.61 1.97 0.78 15.52± 4.17 63.50± 44.43 14.45 16.58 52.12 74.88
C. striata 60 1.25 2.45 0.74 34.96± 2.25 354.88± 58.79 34.38 35.54 339.69 370.07
A. testudineus 37 −1.34 2.69 0.85 12.04± 1.35 38.04± 11.85 11.59 12.49 34.08 41.99
H. fossilis 45 0.19 2.92 0.80 12.11± 4.08 15.97± 6.44 10.88 13.33 14.03 17.90
M. cavasius

32
2.98 −2.16 0.83 17.24± 0.22 34.28± 1.55 16.76 17.72 30.91- 37.66

M. tengara 2.89 1.88 0.91 10.07± 0.17 10.57± 0.54 9.72 10.42 9.46- 11.67
M. vittatus 2.93 −1.89 0.81 11.64± 0.15 17.42± 0.75 11.34 11.94 15.89- 18.96
Note: N refers to the number of samples for each species; values are expressed as mean± standard deviation.
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high consumer density [54] and poor growth conditions,
which may infuence the species’ life history. Due to the
lower intensity of the food, based on the value of b and its

statistical signifcance, the growth type is identifed as
negative growth allometry, as indicated by b> 3 [29, 55]. Te
relative condition factor (Kn) compares a fsh’s actual weight
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Figure 2: Length and weight regression curve for the studied species from Hakaluki Haor in Sylhet, Bangladesh.
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to its expected weight, helping detect nutrition status [56]. It
is not necessarily realistic that Kn = 1 is indicated in good
condition, as the shape of the fsh correlates with relative
condition factor values, and each species exhibits its in-
dependent shape pattern. Terefore, it is necessary to assess
all the condition factors to explain the living conditions and
growth dynamics as they are correlated [29]. Te catfsh
species, including M. cavasius, M. tengara, and M. vittatus,
display varied LWR parameters. M. tengara shows seasonal
variations in its Fulton’s condition factor and relative
condition factor. Fulton’s condition factor (K) is a simple
index assuming isometric growth, useful for assessing fsh
health and crucial for understanding the species’ adaptability
to diferent environmental conditions and their overall
health [57]. For Channa punctatus and C. striata, studies
indicate isometric growth with K values ranging from 1.02 to
1.221 [14, 58]. A. testudineus and H. fossilis exhibit negative
allometric growth, with K values refecting their slower
weight gain relative to length.Te catfsh speciesM. cavasius,
M. tengara, and M. vittatus show diverse growth patterns.
M. tengara demonstrates signifcant seasonal variations in K
and relative condition factor, with values ranging from 0.33
to 1.49 and 0.44 to 1.77, respectively [48, 59].TeM. cavasius
demonstrates positive allometric growth, with high corre-
lation values (r= 0.99), indicating a strong relationship
between length and weight [60, 61]. Current research
showed thatA. testudineus and C. punctatus have high K and
KA values, indicating robust growth and favorable envi-
ronmental conditions. Conversely, M. cavasius, M. tengara,
and M. vittatus exhibit negative KA and low K values,
suggesting poor condition or environmental stress. In ad-
dition, the Kn values for these species also followed a similar
pattern, reinforcing the alignment of these fndings. To-
gether, all three diferent condition indices provide a com-
prehensive understanding of fsh health and growth,
supporting efective fsheries management, conservation
strategies, and ecological assessments.

To enhance research on morphometric traits and
growth factors of seven fsh species in Hakaluki Haor,
several key recommendations are proposed. Incorporating
seasonal and temporal sampling would yield a more robust
understanding of growth dynamics and condition indices
under varying environmental conditions. Including water
quality parameters such as temperature, dissolved oxygen,
pH, and nutrient concentrations could reveal critical links

between habitat quality and fsh health. Employing ad-
vanced statistical techniques, such as multivariate analysis
or principal component analysis (PCA), may help identify
the primary drivers of growth variation. In addition, in-
tegrating GIS-based habitat mapping would provide spatial
insights into species distribution and environmental in-
fuences. Tese approaches aim to enhance the ecological
relevance and support sustainable management of fsh
biodiversity in Hakaluki Haor.

5. Conclusions

Tis study reveals signifcant interspecifc variation in
morphometric traits and growth parameters among seven
fsh species from Hakaluki Haor, Bangladesh. Te LWR
coefcients and condition factors difered notably, refecting
species-specifc growth dynamics. Particularly, Channa
punctatus and Channa striata exhibited marked diferences
in size and condition indices, while Anabas testudineus
demonstrated the highest condition factor, suggesting su-
perior health status. Tese fndings ofer valuable insights
into the biological performance and ecological adaptability
of the species, providing a scientifc basis for targeted
fsheries management and conservation strategies. However,
the study’s scope is geographically limited and does not
incorporate seasonal or long-term environmental variability,
which may infuence growth and condition metrics. To
enhance the robustness and applicability of these fndings,
future research should include broader spatial coverage,
larger sample sizes, and seasonal sampling. Such compre-
hensive approaches are essential for developing adaptive,
species-specifc management policies to ensure the sus-
tainability of fsh populations in Hakaluki Haor.
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Table 2: Description of diferent condition factors in fsh.

Species N Fulton’s Allometrics Relative
95% Confdence limits

Fulton’s Allometrics Relative
Lower Upper Lower Upper Lower Upper

C. punctatus 61 1.86± 0.77 −0.006± 0.003 0.013± 0.006 1.67 2.06 −0.007 −0.006 0.011 0.014
C. striata 60 0.82± 0.08 −0.002± 0.000 0.005± 0.000 0.81 0.85 −0.003 −0.002 0.005 0.005
A. testudineus 37 2.12± 0.29 −0.008± 0.001 0.015± 0.002 2.03 2.23 −0.008 −0.007 0.014 0.015
H. fossilis 45 1.62± 1.82 −0.006± 0.007 0.012± 0.015 1.08 2.17 −0.008 −0.004 0.008 0.016
M. cavasius

32
0.67± 0.02 0.70± 0.02 −0.33± 0.01 0.62 0.71 0.66 0/75 −0.35 −0.30

M. tengara 1.01± 0.01 1.30± 0.02 −0.66± 0.01 0.98 1.04 1.26 1.34 −0.68 −0.64
M. vittatus 1.09± 0.02 1.33± 0.02 −0.71± 0.01 1.05 1.13 1.28 1.37 −0.73 −0.68
Note: N refers to the number of samples for each species; values are expressed as mean± standard deviation.

6 Journal of Applied Ichthyology



Conflicts of Interest

Te authors declare no conficts of interest.

Author Contributions

A.C., N.B., U.A., and T.G.: investigation, methodology,
writing–original draft preparation, analysis, data in-
terpretation, writing, review, and editing; M.M.I. and
M.A.H.: conceptualization, project administration, funding
acquisition, analysis, data interpretation, validation, super-
vision, and review.

Funding

Tis research was partially funded by the UGC-SAURES,
Sylhet Agricultural University, Bangladesh.

Acknowledgments

Partial correction and language improvement in this
manuscript have been accomplished by using Grammarly
V1.2.161.1667 (https://www.grammarly.com).

References

[1] H. Jannatul, R. N. Chandra, F. M. Jannatul, et al., “Re-
productive Biology of Striped Snakehead (Channa striata)
from Natural Wetlands of Sylhet, Bangladesh,” Ann. Vet.
Anim. Sci. 2, no. 6 (2015): 162–169.

[2] H. M. Amzad, M. Sohel, A. Mariya, et al., “Ovarian Biology of
Spotted Snakehead (Channa Punctatus) from Natural Wet-
lands of Sylhet, Bangladesh,” Ann. Vet. Anim. Sci. 2, no. 3
(2015): 64–76.

[3] M. K. Begum, M. K. Begum, R. M. Lalon, A. S. Alam, and
M. S. Rahman, “Economic Feasibility of Pabda and Stinging
Catfsh Culture in Recirculating Aquaculture Systems (RAS)
in Bangladesh,” Aquaculture International 30, no. 1 (2022):
445–465, https://doi.org/10.1007/s10499-021-00807-1.

[4] M. A. Chowdhury, M. A. Karim, M. T. Rahman, et al.,
“Biodiversity Assessment of Indigenous Fish Species in the
Surma River of Sylhet Sadar, Bangladesh,” Punjab University
Journal of Zoology 34, no. 1 (2019): 73–77, https://doi.org/
10.17582/journal.pujz/2019.34.1.73.77.

[5] S. S. Marine, M. A. Hossain, A. Rashid, and S. M. Bari,
“Marketing Strategies for Dry Fish in Sylhet District of
Marketing Strategies for Dry Fish in Sylhet District of,”
Bangladesh Research Publications Journal 10 (2014): 162–169.

[6] M. A. Hossen, M. A. Hossain, A. K. M. M. Hasan, B. Das,
S. Mian, and M. M. Iqbal, “Observation of Embryonic and
Larval Developmental Stages in Endangered Nona Tengra
(Mystus Gulio) Induced with S-GnRHa,” Punjab University
Journal of Zoology 36, no. 1 (2021): 91–99, https://doi.org/
10.17582/journal.pujz/2021.36.1.91.99.

[7] S. Jasmine and M. A. Molina, “Reproductive Biology of
Mystus Vittatus (Bloch, 1794) in the Padma River, Bangla-
desh,” Int. J. Fish. Aquat. Stud. 4, no. 5 (2016): 666–669.

[8] I. Jahan, G. Chowdhury, A. O. Baquero, et al., “Microplastics
Pollution in the Surma River, Bangladesh: A Rising Hazard to
Upstream Water Quality and Aquatic Life,” Journal of En-
vironmental Management 360, no. February (2024): 121117,
https://doi.org/10.1016/j.jenvman.2024.121117.

[9] S. G. Pati, B. Paital, F. Panda, S. Jena, and D. K. Sahoo,
“Impacts of Habitat Quality on the Physiology, Ecology, and
Economical Value of Mud Crab Scylla sp.: A Comprehensive
Review,” Water 15, no. 11 (2023): 2029, https://doi.org/
10.3390/w15112029.

[10] B. Sun, J. Gao, L. Yang, S. Huang, and X. Cao, “Depletion of
LOXL2 Improves Respiratory Capacity: From Air-Breathing
Fish to Mammal under Hypoxia,” International Journal of
Biological Macromolecules 209, no. PA (2022): 563–575,
https://doi.org/10.1016/j.ijbiomac.2022.04.040.

[11] L. H. Florindo, V. A. Armelin, D. J. McKenzie, and
F. T. Rantin, “Control of Air-Breathing in Fishes: Central and
Peripheral Receptors,” Acta Histochemica 120, no. 7 (2018):
642–653, https://doi.org/10.1016/j.acthis.2018.08.010.

[12] J. N. Maina, “Functional Morphology of the Respiratory
Organs of the Air-Breathing Fish with Particular Emphasis on
the African Catfshes, Clarias Mossambicus and
C. gariepinus,” Acta Histochemica 120, no. 7 (2018): 613–622,
https://doi.org/10.1016/j.acthis.2018.08.007.

[13] R. E. Weber, C. Damsgaard, A. Fago, A. L. Val, and L. Moens,
“Ontogeny of Hemoglobin-Oxygen Binding and Multiplicity
in the Obligate Air-Breathing Fish Arapaima gigas,” Com-
parative Biochemistry and Physiology Part A: Molecular &
Integrative Physiology 268 (2022): 111190, https://doi.org/
10.1016/j.cbpa.2022.111190.

[14] M. A. Hossain, M. A. J. Bapary, and M. A. Rahman, “A Multi-
Model Analysis of Growth and Maturity Biometrics in
Common Snakeheads, Channa striata, and Channa Punctatus
Collected from Hakaluki Haor, Northeast Bangladesh,” Acta
Aquatica Turcica 17, no. 3 (2021): 429–439, https://doi.org/
10.22392/actaquatr.878998.

[15] P. R. Neog and B. K. Konwar, “Te Distribution, Economic
Aspects, Nutritional, and Terapeutic Potential of Swamp Eel
Monopterus Cuchia: A Review,” Fisheries Research 261
(2023): 106635, https://doi.org/10.1016/j.fshres.2023.106635.

[16] R. F. Bezerra, M. D. C. F. Soares, A. J. G. Santos,
E. V. M. Maciel Carvalho, and L. C. B. B. Coelho, “Seasonality
Infuence on Biochemical and Hematological Indicators of
Stress and Growth of Pirarucu (Arapaima gigas), an Ama-
zonian Air-Breathing Fish,”Te Scientifc World Journal 2014
(2014): 1–6, https://doi.org/10.1155/2014/541278.

[17] S. Lefevre, D. T. T. Huong, N. T. Phuong, T. Wang, and
M. Bayley, “Efects of Hypoxia on the Partitioning of Oxygen
Uptake and the Rise inMetabolism during Digestion in the Air-
Breathing Fish Channa striata,” Aquaculture 364–365 (2012):
137–142, https://doi.org/10.1016/j.aquaculture.2012.08.019.

[18] Y. Sharf and M. A. Khan, “Quantifcation of Dietary Valine
Requirement of Fingerling Channa Punctatus (Bloch) Based
on Growth, Feed Conversion Efciency, Carcass Composi-
tion, Hematology, and Antioxidant Status,” Animal Feed
Science and Technology 306 (2023): 115815, https://doi.org/
10.1016/j.anifeedsci.2023.115815.

[19] A. S. M. S. R. Bhuyain, S. K. Barman, M. M. Hossain,
M. M. H. Khan, K. K. Mim, and S. K. Mazumder, “Seasonal
Dynamics of Heavy Metal Concentrations in Water and Fish
from Hakaluki Haor of Bangladesh,” Conservation 2, no. 3
(2022): 473–484, https://doi.org/10.3390/conservation2030032.

[20] A. G. Polash, M. Islam, M. M. Alam, and A. Q. Al-Amin,
“Dynamics of Changes in Land Use and Land Cover and
Perceived Causes in Hakaluki Haor, Bangladesh,” Journal of
Environmental Planning and Management 66, no. 6 (2023):
1209–1228, https://doi.org/10.1080/09640568.2021.2017865.

[21] M. Iqbal, M. H. Kanon, M. A. Hossain, et al., “Diversity of
Indigenous Fish Species in Konoskhaihaor, Northeast

Journal of Applied Ichthyology 7

https://www.grammarly.com
http://doi.org/10.1007/s10499-021-00807-1
http://doi.org/10.17582/journal.pujz/2019.34.1.73.77
http://doi.org/10.17582/journal.pujz/2019.34.1.73.77
http://doi.org/10.17582/journal.pujz/2021.36.1.91.99
http://doi.org/10.17582/journal.pujz/2021.36.1.91.99
http://doi.org/10.1016/j.jenvman.2024.121117
http://doi.org/10.3390/w15112029
http://doi.org/10.3390/w15112029
http://doi.org/10.1016/j.ijbiomac.2022.04.040
http://doi.org/10.1016/j.acthis.2018.08.010
http://doi.org/10.1016/j.acthis.2018.08.007
http://doi.org/10.1016/j.cbpa.2022.111190
http://doi.org/10.1016/j.cbpa.2022.111190
http://doi.org/10.22392/actaquatr.878998
http://doi.org/10.22392/actaquatr.878998
http://doi.org/10.1016/j.fishres.2023.106635
http://doi.org/10.1155/2014/541278
http://doi.org/10.1016/j.aquaculture.2012.08.019
http://doi.org/10.1016/j.anifeedsci.2023.115815
http://doi.org/10.1016/j.anifeedsci.2023.115815
http://doi.org/10.3390/conservation2030032
http://doi.org/10.1080/09640568.2021.2017865


Bangladesh,” Punjab University Journal of Zoology 30, no. 2
(2015): 73–79.

[22] M. Hossain and A. Rabby, “Seasonality of Physicochemical
Parameters and Fin Fish Diversity at Hakaluki Haor (Fen-
chungonj Upazilla), Sylhet, Bangladesh,”Mar. Life Sci. 2, no. 2
(2020): 113–119.

[23] M. Nahiduzzaman, E. Karim, N. N. Nisheeth, A. Bhadra, and
Y. Mahmud, “Temporal Distribution of Plankton and Fish
Species at Mithamoin Haor: Abundance, Composition, Bio-
mass and Ecosystem Based Management Approach,” Heliyon
9, no. 12 (2023): e22770, https://doi.org/10.1016/
j.heliyon.2023.e22770.

[24] S. Ahmed and C. E. Haque, “Wetland Entitlement and
Sustainable Livelihood of Local Users in Bangladesh: A Case
Study of Hakaluki Haor Communities,” Environmental
Management 71, no. 2 (2023): 334–349, https://doi.org/
10.1007/s00267-022-01741-5.

[25] I. Ahmed, B. J. Deaton, R. Sarker, and T. Virani, “Wetland
Ownership and Management in a Common Property Re-
source Setting: A Case Study of Hakaluki Haor in Bangla-
desh,” Ecological Economics 68, no. 1–2 (2008): 429–436,
https://doi.org/10.1016/j.ecolecon.2008.04.016.

[26] M. S. B. Aziz, N. A. Hasan,M.M. R.Mondol, M.M. Alam, and
M. M. Haque, “Decline in Fish Species Diversity Due to
Climatic and Anthropogenic Factors in Hakaluki Haor, an
Ecologically Critical Wetland in Northeast Bangladesh,”
Heliyon 7, no. 1 (2021): e05861, https://doi.org/10.1016/
j.heliyon.2020.e05861.

[27] K. R. Akther, M. A. Hossain, S. Mian, and N. Chandra Roy,
“Ecological Insights, and Fin Fish Diversity in Carps
Spawning Grounds: Case Studies from the Surma River and
Tanguar Haor, Bangladesh,” Scientifc 2024 (2024): 1–18,
https://doi.org/10.1155/2024/7195596.

[28] M. S. B. Aziz, M. M. R. Mondol, M. M. Alam, M. M. Haque,
and S. R. Islam, “Underpinning the Criteria for the Sus-
tainability Assessment of Hakaluki Haor Using the RAPFISH
Tool,” Fisheries Research 278 (2024): 107080, https://doi.org/
10.1016/j.fshres.2024.107080.

[29] E. Ragheb, “Length-weight Relationship and Well-Being
Factors of 33 Fish Species Caught by Gillnets from the
Egyptian Mediterranean Waters of Alexandria,” Egyptian
Journal of Aquatic Research 49, no. 3 (2023): 361–367, https://
doi.org/10.1016/j.ejar.2023.01.001.

[30] K. R. Akther, P. Schneider, S. Mian, M. A. Hossain, and
N. C. Roy, “Assessment of the Hydrological Conditions of
Carps Spawning Grounds in the Sylhet Haor Basins, and the
Halda River System, Bangladesh,”Water 15, no. 5 (2023): 855,
https://doi.org/10.3390/w15050855.

[31] E. D. L. Cren, “Te Length-Weight Relationship and Seasonal
Cycle in Gonad Weight and Condition in the Perch (Perca
fuviatilis),” Journal of Animal Ecology 20, no. 2 (1951):
201–219, https://doi.org/10.2307/1540.

[32] M. Htun-Han, “Te Reproductive Biology of the Dab
Limanda limanda (L.) in the North Sea: Seasonal Changes in
the Ovary,” Journal of Fish Biology 13, no. 3 (1978): 351–359,
https://doi.org/10.1111/j.1095-8649.1978.tb03443.x.

[33] E. D. L. Cren, “Te Length-Weight Relationship and Seasonal
Cycle in Gonad Weight and Condition in the Perch (Perca
fuviatilis),” Journal of Animal Ecology 20, no. 2 (1951):
201–219, https://doi.org/10.2307/1540.

[34] H. Caspers, in Methods for Assessment of Fish Production in
Fresh Waters (Blackwell Scientifc Publications, 1969).

[35] R. Froese, H. Winker, G. Coro, et al., “A New Approach for
Estimating Stock Status from Length Frequency Data,” ICES

Journal of Marine Science 75, no. 6 (2018): 2004–2015, https://
doi.org/10.1093/icesjms/fsy078.

[36] M. A. Hossain, “Some Aspects of Reproduction in Ambly-
pharyngodon mola from Sylhet, Northeast Bangladesh,”
Aquatic Sciences and Engineering 36, no. 3 (2021): 140–145,
https://doi.org/10.26650/ase2020858534.

[37] S. Fratini, L. Ragionieri, and S. Cannicci, “Demographic
History and Reproductive Output Correlates with In-
traspecifc Genetic Variation in Seven Species of Indo-Pacifc
Mangrove Crabs,” PLoS One 11, no. 7 (2016): e0158582,
https://doi.org/10.1371/journal.pone.0158582.

[38] S. Nasren, M. Z. Rahman, M. S. Islam, R. Mia, S. Mian, and
M. A. A. Mamun, “Length-Weight Relationships (LWRs) of
Four Loach Species of the Cobitidae Family from the Surma
River, Bangladesh,” Journal of Applied Ichthyology 2023
(2023): 1–8, https://doi.org/10.1155/2023/6654237.

[39] R. Froese, “Cube Law, Condition Factor and Weight-Length
Relationships: History, Meta-Analysis and Recommenda-
tions,” Journal of Applied Ichthyology 22, no. 4 (2006): 241–
253, https://doi.org/10.1111/j.1439-0426.2006.00805.x.

[40] H. Khaksari, M. Safaie, and A. Salarzadeh, “Population Dy-
namics and Reproductive Biology of Scylla serrata (Forskål,
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