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Abstract. The length-weight relationship (LWR) plays an
important role in fishery management as it can be used to
estimate the average weight of a specific length group. The
results of the current study revealed that the mean values of
regression coefficient b for both sexes of Schizothorax
labiatus (McClelland) in the Jhelum River indicated positive
allometric growth, while in the Sindh River, the b value for
males indicated positive allometric growth and for females
negative allometric growth. The value of coefficient of
determination r2 for both sexes of S. labiatus was equal to or
greater than 0.90 in both water bodies, except for females in
the Sindh River. Higher significant (P < 0.05) average values
of Fulton’s condition factor (K) and the hepatosomatic index
(HSI) for both sexes of S. labiatus were noted in the Jhelum
River than in the Sindh River. In contrast, higher significant (P
< 0.05) values of the gonadosomatic index (GSI) were
recorded in the Sindh River. The data generated during the
current study provide basic information for researchers and
fish biologists for the conservation and sustainable
management of this commercially important food fish species
in the Kashmir Valley.
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Introduction
The colder zone of Kashmir Himalayan region has
a number of water bodies that make unique, significant contributions to the region’s large human population. Some of them, like the Jhelum and Sindh
rivers, not only provide livelihoods to people but are
also some of the world’s most important tourist destination spots for angling and rafting. A diverse range
of fishes inhabit these water bodies including both
endemic and invasive species. Among them, there
are a group of specialized fishes of the subfamily
Schizothoracinae that are mostly confined to torrential mountain streams of the colder Himalayan and
localities that have snow-fed rivers and streams, thus
these fishes are commonly called snow trout. However, these fishes not only inhabit the Kashmir region
but are also found in other Himalayan states of the
Indian sub-continent. Schizothoracines are a key resource for subsistence and commercial fisheries.
Among them, Schizothorax labiatus (McClelland),
commonly known as Chush, is one of the most popular consumption fish species in Kashmir, and it can
be found in practically all of the Kashmir Valley
rivers. The fish contributes a significant share of
overall fish production from the region and also
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provides a source of income for the large human population, particularly those who live along the embankments of these rivers. However, due to habitat
destruction, exploitation, the introduction of foreign
fish species, and a variety of other natural and
anthropogenic activities, the population of this species is diminishing drastically, hence understanding
the basic biological parameters of S. labiatus is critical for conservation.
Studies of length-weight relationships and biological indices are initial markers in understanding
the well-being of fish. These markers play a vital role
in the proper management of fishes and also help to
understand growth profiles and general fitness statuses of fish populations (Nahdi et al. 2016, Sidiq et
al. 2021). The length-weight relationship (LWR) of
fish provides basic information in fisheries biology
and plays an important role in fishery management
since these relationships are extremely useful in determining the average weight of a given length group
(Karim 2020). Like any other morphometric trait,
LWR can be used to classify taxonomic units, and the
relationship varies with developmental events,
growth, and the onset of maturity (Jan and Ahmed
2020). Huxley (1924) was the first to propose an
allometric growth formula to describe the relationship between length and weight in fishes. Studies of
LWRs vary temporally in water bodies depending on
changes in water quality and fish stocks. In general,
the weight of fishes varies as the cube of length, but it
can deviate greatly from this (Le Cren 1951) because
fishes do not maintain the same shape or body outline throughout their lives, and the specific gravity of
tissues in catch and culture fisheries might not be the
same.
Fish reproductive processes are known to be impacted by a variety of endogenous and exogenous
variables (Ma et al. 2010). Values of the gonadosomatic index (GSI) and condition factor (K) are essential quantitative indices that can explain
reproductive cycles and probable changes occurring
in the physiological state of species over time (Braga
2005). The condition factor, or the ponderal index, is
one of the most commonly used indices in fish biology, and, together with length-weight regression

analysis, it provides vital information on the
physiological state of fishes including health, habitat
conditions, and the condition of fish populations inhabiting streams or rivers (Famoofo and Abdul 2020,
Jan et al. 2021). GSI is also one of the vital parameters in fish biology as it provides information regarding the health, gonad maturation status, breeding
period, and reproduction of fish species (Prasad and
Nath 2020). Since the liver is considered as one of the
most vital organs in gonadal development and also
aids fish in manufacturing vitellogenin, which is regarded as the precursor of yolk (Lucifora et al. 2002),
understanding the functioning of the hepatosomatic
index (HSI) is also one of the key factors for determining the well-being of the fish. HSI is used to measure fish energy resources since it is associated with
liver energy reserves and various other metabolic activities, and it also indicates recent feeding activity
(Pyle et al. 2005, Jan et al. 2021). Although, there is
a large body of work on the LWRs and biological indicators of different Schizothorax fish species, to the
best of our knowledge no systematic comparative
study has so far been done on these parameters in S.
labiatus inhabiting the two lotic water bodies of the
Kashmir Valley analyzed in this work. Therefore, the
present study, the first of its kind, was designed to attempt to analyze fluctuations in these parameters in
male and female snow trout, S. labiatus, and to provide a broader understanding of the impact the
Jhelum and Sindh rivers, which have diverse
physicochemical features, have on this species.

Materials and methods
Study area
The study area selected for the present study included two lotic water bodies, the Jhelum and Sindh
rivers, in the Kashmir Valley. The Jhelum River is
725 km long with a catchment area of 33,342 km2
and is located at an elevation of 233 m (768 ft) between 32°58’42" and 35°08’02" N and 73°23’32"
and 75°35’57" E latitude. The spring at Verinag is

Comparative study of length-weight relationships and biological indices of Himalayan snow trout...

178

Table 1
Geographical attributes of the study sites of rivers Jhelum and Sindh
River
Jhelum

Sindh

Site

Elevation

Latitude

Longitude

Pampore (I)

1593.49 m

34°00'38.35''

74°54'35.47''

Chattabal (II)

1584.96 m

34°05'25.68''

74°47'03.67''

Shadipora (III)

1584.35 m

34°10'27.70''

74°41'04.41''

Manigam (I)

1666.95 m

34°16'36.15''

74°48'31.45''

Bamloor (II)

1590.75 m

34°12'08.23''

74°46'04.38''

Rabitar (III)

1582.82 m

34°11'01.70''

74°40'52.15''

located in the foothills of the Pir Panjal mountains in
Anantnag and is the chief source of the the Jhelum
River. It has a complicated drainage system that originates from both sides of the Pir Panjal and wider Himalayan mountains and flows from southeast to
northwest Kashmir into the world famous Wular
Lake. The river flows westward from Wular Lake
passing through a gorge in the Pir Panjal mountain
range near Kichhama Baramullah and enters Pakistan territory. From its source to its outflow, it traverses nearly the entire Kashmir Valley. The Sindh
River, which is roughly 108 km long and runs from
the Ganderbal region of India’s Jammu and Kashmir
Union Territory, is a major tributary of the Jhelum
river. The Machoi Glacier, situated at an elevation of
4,800 m (15,700 ft) east of Amarnath Temple and
south of Zojila Pass, between 34°12’14.860” N and
75°35’21.94” E, is the river’s major source. Before
reaching the town of Ganderbal, the river flows primarily westward along National Highway 1D and is
nourished by numerous glacial streams. Its confluence with the Jhelum River is at Shadipora Srinagar
(the summer capital of Jammu and Kashmir). For the
present study, three sampling sites were selected in
each river for fish and water collection. The geographical attributes of these are presented in Table 1.

Fish sample collection
S. labiatus samples were collected from the two lotic
water bodies mentioned above from various locations from March 2018 to February 2020 with the

help of local fishers who deployed different types of
fishing gears such as cast nets.

Identification
After collection, the fish were identified with using
the standard key by Kullander et al. (1999) and were
then transported in plastic containers containing water to the wet laboratory at the Department of Zoology, University of Kashmir, where measurements of
length, weight, gonads, livers, and other parameters
were taken accordingly.

Analysis of length-weight relationships and
biological indices
A total of 800 specimens of S. labiatus were collected
and measured for various statistical analyses. Approximately 400 specimens of S. labiatus, comprising 200 males and 200 females, were collected from
both the Jhelum and Sindh rivers. Total length (TL)
was measured using a digital vernier caliper from the
tip of the snout to the expanded tip of the caudal fin
to the nearest 0.01 cm, and weight was determined
with a digital electronic scale (Shimadzu UX320G) to
the nearest 0.01 g for each specimen. The
length-weight relationship was determined using the
total length and total weight measurements of the
fishes and the statistical relationship between the parameters measured was created using Froese’s parabolic equation (2006).
W = a Lb
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Table 2
Physicochemical parameters of two rivers of Kashmir Valley region
Jhelum
Rivers

Range

Sindh
Mean ± SD

Range

Mean ± SD

Temperature (°C)

5.4 - 22.5

13.02 ± 3.07

4.0 - 20.0

11.27 ± 3.06

Dissolved oxygen (mg l-1)

6.1 - 9.3

7.63 ± 0.49

7.9 - 11.4

8.63 ± 0.95

Free carbon-dioxide (mg l-1)

7.88 - 9.62

8.99 ± 0.76

6.6 - 8.4

7.16 ± 0.82

Total alkalinity (mg l-1)

96.51 - 204.9

168.44 ± 7.12

55.9 - 134.7

106.82 ± 5.61

pH

7.1 - 8.6

7.34 ± 0.29

7.2 - 8.4

7.74 ± 0.25

where, W is the weight of the fish in grams, b indicates the slope of the line and is called the regression coefficient, a is intercept (constant), and L is the
total length of the fish in cm.
The fitness or well-being of the fish expressed as
condition factor (K) was calculated with Fulton’s
(1904) equation.
K = W × L-3 × 100
where, K is the Fulton’s condition factor, W is
weight in grams, and L is total length in cm, and the
equation is multiplied by 100 to bring the value of K
to near unity (Froese 2006).
After calculating the length-weight relationship,
the fish were dissected and the gonads were removed
for calculations of the GSI of male fish (weight of the
testis) and female fish (weight of the ovaries) with the
equation by Afonso-Dias et al. (2005). GSI = 100 ×
gonad weight / body weight. Similarly, the HSI of the
fish was determined with the equation by Rajaguru
(1992). HSI = 100 × liver weight / body weight.

Physicochemical analysis
During the current investigation, random water samples from all the sampling sites in both rivers were
collected monthly for physical and chemical parameter analysis. The temperature, dissolved oxygen, free
carbon dioxide, total alkalinity, and pH of the water
were all measured using established procedures
(APHA 1998). During the present investigation, different physicochemical parameters of water samples
collected from various sites of the Jhelum River and

the Sindh River were also studied, and the data is
presented in Table 2.

Statistical analysis
The data calculated for the present investigation was
subjected statistically to regression analysis with
Microsoft Excel and SPSS version 23 for Windows
10. Student’s t test was used to examine the differences in the means of the condition factor (K), GSI,
and HSI between the sexes of S. labiatus in each
river. However, the Duncan multiple range test (P <
0.05) was used to investigate differences in the mean
values of K, GSI, and HSI between the two rivers
(Duncan 1955).

Results
The S. labiatus specimens collected from both the
Jhelum and Sindh rivers in Kashmir Valley were analyzed to determine the values of the LWR, condition
factor (K), GSI, and HSI. The data generated by regression analysis presented in Table 3 revealed that
the minimum to maximum range of lengths for males
and females of S. labiatus in the Jhelum River were
22.70–38.90 cm (33.59 ± 2.55) and 26.10–39.80
cm (33.19 ± 2.05), respectively, while the weight
range of males and females was 128.20–542.80 g
(381.71 ± 87.07) and 207.20–569.20 g (376.25 ±
73.05), respectively. Similarly in the Sindh River, the
minimum to maximum length ranges for male and
female S. labiatus were 27.00–39.70 cm (33.84 ±
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Table 3
Length-weight relationships for S. labiatus inhabiting two lotic water bodies in the Kashmir Valley
Total length

Body weight

River

Sex

N

range (cm)

mean ± SD range (g)

mean ± SD

Jhelum

Male

Sindh

a

b

95% CI of a 95% CI of b r2

200

22.7-38.9

33.59 ± 2.55

128.2-542.8

381.71 ± 87.07 0.0060 3.14

0.0039-0.0093 3.01-3.26

0.932

Female 200

26.1-39.8

33.19 ± 2.05

207.2-569.2

376.25 ± 73.05 0.0078 3.07

0.0048-0.0129 2.93-3.22

0.901

Male

200

27.0-39.7

33.84 ± 2.22

211.4-583.1

400.07 ± 81.09 0.0089 3.04

0.0054-0.0145 2.90-3.18

0.911

Female 200

28.9-40.2

33.88 ± 2.29

227.5-650.7

408.13 ± 84.54 0.0123 2.95

0.0072-0.0202 2.80-3.10

0.882

N = number of individuals; a = intercept; b = regression coefficient (slope); CI = confidence interval

2.22) and 28.90–40.20 cm (33.88 ± 2.29), respectively, while the male and female weight ranges were
211.40–583.10 g (400.07 ± 81.09) and
227.50–650.70 g (408.13 ± 84.54), respectively. To
generate more precise information about the LWRs
of S. labiatus inhabiting both water bodies, the data
were analyzed statistically and the mathematical
equations are as follows:
For the Jhelum River:

allometric growth, which demonstrated that increased length did not correspond to increased
weight. The findings of this investigation also revealed that the coefficient of determination r2 value
for males and females in both water bodies was equal
to or above 0.90, except for the females from the
Sindh River (Table 3).
The average values of K, GSI, and HSI are presented in Table 4. For both sexes of S. labiatus, the K
value noted in the Jhelum River was significantly (P <
0.05) higher than that in the Sindh River. The average
K values for males and females in the Jhelum River
were 0.97 and 0.94, respectively, which indicated the
overall well-nourished, healthy status of the fish,
while in the Sindh River the K value was 0.86 for
males and 0.88 for females. Variations in GSI and HSI
values were also analyzed for both sexes of S. labiatus
in these water bodies. The maximum GSI values for
both male and female S. labiatus were recorded in the
Sindh River, and these were significantly (P < 0.05)
higher than those in the Jhelum River. The average
GSI values for males was 4.17 and for females it was
4.42 in the Jhelum River, while in the Sindh River
these were 5.60 for males and 5.76 for females. In

Males: logW = 2.22 + 3.14 logL, (r2 = 0.93, P < 0.05)
Females: logW = 2.11 + 3.07 logL, (r2 = 0.90, P < 0.05)
For the Sindh River:
Males: logW = 2.05 + 3.04 logL, (r2 = 0.91, P < 0.05)
Females: logW = 1.91 + 2.95 logL, (r2 = 0.88, P < 0.05).
During the current study, the results indicated
that parameter b values were 3.14 for males and 3.07
for females in the Jhelum River, which indicated positive allometric growth, while for specimens from the
Sindh River they were 3.04 for males and 2.95 for females. These results clearly indicated that the males
exhibited positive allometric growth, but the b value
of the females of less than 3 indicated negative

Table 4
Condition factor (K), gonadosomatic index (GSI) and hepatosomatic index of S. labiatus inhabiting two lotic water bodies in the
Kashmir Valley. Data are mean ± SD
Rivers

Sex

N

K

Jhelum

Male

200

0.97 ± 0.20a

Female

200

a

Male

Sindh

Female

GSI

HSI

4.17 ±0.84b

1.93 ± 0.52a

0.94 ± 0.16

4.42 ± 0.98

b

1.98 ± 0.66a

200

0.86 ± 0.15b

5.60 ± 1.04a

1.46 ± 0.40b

200

b

a

1.50 ± 0.38b

0.88 ± 0.12

5.76 ± 1.12

*Mean values bearing different superscript letters in a column are significantly (P < 0.05) different
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contrast, the HSI values in the Jhelum River were significantly (P < 0.05) higher compared to those in the
Sindh River. The average HSI values in the Jhelum
River for males and females were 1.93 and 1.98, respectively, and from the Sindh River they were 1.46
for males and 1.50 for females. However, in each water body no significant (P > 0.05) differences in the K,
GSI, or HSI values were noted between the sexes.

Discussion
Studies of the LWRs of fish play a vital role in the
comparison of morphological features of fish populations from different regions and among fish species
belonging to the same taxonomic category (Famoofo
and Abdul 2020). The degree of sex, diet, sexual maturity, area/seasonal impacts, stomach fullness, sample preservation techniques, number of specimens
examined, and sampling time are all documented to
affect LWRs (Hossain et al. 2014). In the present
study, the results showed that the mean values of regression coefficient b for male and female S. labiatus
in both water bodies were estimated within a range of
2 to 4, which falls well within expected range reported by Froese and Pauly (2021). Since b values
are mainly associated with the general well-being of
fishes, they depend largely on fatness as well as on
the shape of fish species (Jisr et al. 2018). If the b
value is less than 3, as fish increase in length they become lean, while if the value of b is more than 3, this
indicates that as fish increase in length they gain
mass (Mazumder et al. 2016). Hence, the values of b
indicated positive allometric growth. Similar positive
allometric growth is reported in different freshwater
fish species such as Labeo rohita (Hamilton), Tilapia
mossambica (Peters), Heterotis niloticus (Cuvier),
Raiamas senegalensis (Steindachner), Barbonymus
gonionotus (Bleeker), and S. labiatus (Mir et al. 2015,
Olanrewaju et al. 2017, Mahmood et al. 2019, Sidik
et al. 2020, Jan et al. 2021). In the Sindh River, the b
value for male fish indicated positive allometric
growth, but that for the females indicated negative
allometric growth. Similar negative allometric

growth is also reported by other researchers (Rodriguez et al. 2017, Jisr et al. 2018). In the present
study, the results also showed that the value of coefficient of determination r2 for males and females in
both water bodies was equal to or exceeded 0.90, except for females in the Sindh River, thus signifying
that the increased mass of the fish was attributed to
the increase in body length (Komba et al. 2020).
In addition to LWRs, Fulton’s condition factor (K)
is vital in determining the general well-being of fishes
in response to their environments. It is also useful in
determining whether fishes are deep bodied and if
they are robust (Datta et al. 2013). Condition factor
(K) is also used as an index for monitoring fish age,
growth rates, and feeding intensity and is also helpful
when comparing fish nutritional condition with respect to various seasonal changes (De Giosa et al.
2014). Many fish condition parameters are known to
change in response to physicochemical elements such
as environment, fish age and physiological state, and
feeding and reproductive cycles (Le Cren 1951, Anani
and Nunoo 2016). In the present study, the average K
values for both male and female S. labiatus in the
Jhelum River were significantly (P < 0.05) higher than
in the Sindh River. However, insignificant (P > 0.05)
differences in K values were observed between the
sexes inhabiting the same water body. The higher K
values in the Jhelum River are corroborated by previous findings for S. richardsonii from the Jammu region (Bhagat and Sunder 1983) and S. niger from Dal
Lake, Kashmir (Shafi and Yousuf 2012). These results
demonstrated that the health condition of the fish
from the Jhelum River was better compared to that in
fish from the Sindh River. The difference in K values
could be attributed to a number of factors such as natural food supply, fat accumulation, gonad development, maturity stage, physicochemical changes, etc.
(Komba et al. 2020).
GSI values normally indicate gonad development
as they increase with fish maturation and then decrease significantly thereafter (Jan et al. 2021). GSI
values noted in the Sindh River were significantly (P
< 0.05) higher than those in the Jhelum River. This
could have stemmed from the lower GSI values in the
Jhelum River that might have been caused by
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pollutants or contamination from inland waters
(Ogunola et al. 2018). Pieterse (2004) also reported
that long-term fish exposure to different pollutants
could cause decreased GSI values. Moreover, it was
also noted that the GSI values were higher in females
than in males from both of the water bodies analyzed
in the Kashmir Valley. Our findings are consistent
with those of other researchers who studied other
fish species (Zardo and Behr 2015, Al-Deghayem et
al. 2017). In addition to analyzing GSI values, HSI
values were also analyzed. HSI mainly provides information about liver energy reserves and metabolic
activity (Lenhardt et al. 2009), and it depicts an allocation of energy to the liver throughout the life cycle,
except during reproduction when some of the energy
is used for gonad maturation (Nunes et al. 2011).
The present investigation determined that the overall
liver weight of females was more than that of males in
each water body, and the results of the current study
concur with the findings of others such as Craik
(1978). HSI values were significantly (P < 0.05)
higher in the Jhelum River than in the Sindh River,
and the differences in HSI noted between specimens
from the two water bodies could have been caused by
variations in the availability of natural food stemming
from factors such as environmental changes, density
or population changes etc. However, Feidantsis et al.
(2020) reported liver weight decreases during reproduction, which might indicate that hepatic reserves
are used in gonad maturation. Although significant
(P < 0.05) differences in GSI and HSI values were recorded between specimens from the two water bodies, differences between the sexes were insignificant
(P > 0.05) in the two water bodies. Therefore, the
present study indicates clearly that further investigations must be conducted on the ecological conditions, the availability of the preferred food, and the
biology of S. labiatus.
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Conclusions
The differences in the climatic conditions between
the Jhelum and Sindh rivers significantly affected
significantly the LWRs and biological indices of S.
labiatus. The LWR analyses of both sexes of S.
labiatus in the Jhelum River followed the cube law,
i.e., when fish length increased then fish weight increased, that indicated positive allometric growth.
However, males from the Sindh River, exhibited positive allometric growth, while females exhibited negative allometric growth. While the higher K and HSI
values in the Jhelum River demonstrated that the
health condition of the fish in this river was superior
to that of fish from the Sindh River, the reproductive
growth of fish was significantly higher in the Sindh
River. The information from this study is helpful in
developing strategies for improving the management
and conservation of this fish species, and it is recommended that further investigations be conducted on
other fish species to identify which can survive in
cold river environments.
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