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This study examines the seasonal feeding patterns of Bagarius bagarius in the Indus River. It focuses
on changes in feeding activity, gut content, and the length–weight relationship, to understand shifts in
food availability influence feeding patterns throughout the year. The feeding activity was categorized
into five levels: full stomach, three-quarters full stomach, half full stomach, one-quarter full stomach,
and empty stomach. Monthly observations were made for each category. The highest number of empty
stomachs was observed in January, while feeding activity increased during the summer and monsoon
periods. August showed the highest proportion of full stomachs at 45%. Gut content analysis revealed
a wide range of food items, including zooplankton, protozoans, crustaceans, insects, molluscs, detritus,
plant material, fish larvae, eggs, and scales. Seasonal patterns revealed that B. bagarius predominantly
follows a carnivorous diet but opportunistically shifts to omnivory when food is scarce. The mor-
phometric analysis highlighted significant variation in length-weight relationships, showing negative
allometric growth (b=1.59). Monthly data revealed differences in feeding intensity between mature
and immature individuals, influenced by breeding cycles and seasonal food availability. This research
explains the trophic ecology and seasonal adaptations of B. bagarius. It also clarifies its ecological role
in the Indus River and supports the development of effective conservation strategies for this freshwater
species.
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1. Introduction.

The Tibetan Plateau is where the Indus River begins. Then
it goes through India and Pakistan. It helps millions of people
find jobs and is very important for agriculture, fishing, and bio-
diversity in Pakistan. Seasonal changes in river flow strongly
affect plants and animals living in the river. When flow con-
ditions change, fish alter their feeding, breeding, and growth
patterns. The Upper Indus Basin receives water from differ-
ent runoff sources, including glacial, nival pluvial, and pluvial
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systems. These runoff types directly control water availabil-
ity and must be managed carefully[1]. Climate change also
has changed when it rains and heavy streams flow. It makes
farming harder and requires adaptive management [2-3]. Water
management becomes more difficult because India and Pakistan
have disagreements on sharing transboundary river flows. Long
term sustainability depends on cooperation between both coun-
tries and compliance with international water laws[4]. Aquatic
biodiversity in the Indus River is also vulnerable by pollution
from transition metals and by habitat degradation. These threats
necessitate targeted measures and enhanced water quality stan-
dards [5]. Additionally, the increased frequency of floods and
droughts, driven by climate change, highlights the urgent need
for suitable water management policies [6]. Addressing these
challenges requires effective water management policies, re-
gional cooperation, legal reforms, and the adoption of innova-
tive solutions to protect the Indus River and the communities
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that depend on it.
B. bagarius, known as the goonch catfish, is a carnivorous

freshwater fish from the family Sisoridae. It is found across
South Asia and Southeast Asia. The species inhabits fast flow-
ing rivers and streams. It acts as a top predator in aquatic
ecosystems. In the Indus River, B. bagarius has both ecolog-
ical and commercial value. It supports local fisheries due to its
nutritional value and demand in regional markets [7]. Despite
its importance, few studies have explored its feeding ecology,
growth, and seasonal adaptation in the Indus River. It limits un-
derstanding of its ecological role [8]. The feeding behavior of
B. bagarius responds to environmental conditions. Population
changes often indicate habitat degradation and pollution, mak-
ing the species a useful bioindicator of river health [9]. Human
activities, including irrigation dam construction, have reduced
suitable deep-water habitats. This decline has been observed
in areas such as the Budhikhola River in Nepal[10]. Recent
phylogenetic studies of the Sisoridae family show a complex
evolutionary history. Therefore, a clear taxonomy is necessary
to support effective biodiversity conservation [11].

Figure 1: B. bagarius.

Source: Hamilton, 1822.

Food and feeding habits are central to understanding fish
ecology and biology. Diet affects growth, reproduction, and
survival. It also defines a species role in the ecosystem. Feeding
behavior for B. bagarius, is closely linked to seasonal changes
in food availability and river conditions. It acts as a top predator
in the Indus River. It mainly feeds on fish and aquatic inverte-
brates, which helps maintain trophic balance [12]. Seasonal
changes in water flow and temperature affect prey availability.
These changes influence feeding intensity and diet composition
[13]. Gut content analysis shows that B. bagarius can adjust
its diet. It consumes a wide range of food items in response
to environmental conditions [14-15]. This flexibility supports
survival under changing river conditions, including pollution
and habitat modification. Morphometric analysis also indicates
that larger individuals consume more food. Seasonal patterns
also show dietary shifts during breeding periods and times of
limited resources [16]. Understanding these feeding patterns
is important for conservation. As a bioindicator, B. bagarius
reflects river health and supports sustainable management and
biodiversity conservation [17-18].

B. bagarius, has significant ecological importance in the
Indus River. However, research specific to its feeding activ-
ity, gut content composition, and length-weight relationship re-
mains limited, particularly regarding seasonal feeding dynam-

ics and prey availability[19-20]. Seasonal variations in food re-
sources and environmental factors, as observed in other carniv-
orous fish like Hemibagrus nemurus, likely influence the feed-
ing ecology and adaptive strategies of B. bagarius, justifying
further study [21]. Limited morphometric and ecological data
restrict understanding of how this species responds to habitat
degradation and pollution. Human pressures such as overfish-
ing and hydraulic structures further reduce fish diversity and
abundance in river systems[22-23]. Low to moderate genetic
diversity in B. bagarius reduces its ability to cope with environ-
mental change[24]. Focused research on its ecology and adap-
tive strategies is therefore necessary. It will support conserva-
tion planning, help maintain genetic diversity, and improve long
term survival of the species in the Indus River[25].

This study aims to fill the research gap by investigating the
seasonal feeding activity, gut content composition, and length-
weight relationship of B. bagarius in the Indus River. It focuses
on examining seasonal variations in feeding intensity and ex-
ploring how dietary patterns correlate with the availability of
natural food resources. The findings will provide critical in-
sights into the species’ ecological role, serve as baseline data
for future research, and support the development of conserva-
tion and sustainable management strategies for the Indus River
ecosystem. By shedding light on the seasonal adaptations of
B. bagarius, this study contributes to the preservation of biodi-
versity and the ecological integrity of one of Asia’s most vital
freshwater systems. The structure of the article is as follows:
Section 2 outlines the methodology used for the study, Section
3 presents the results and discusses their implications, and Sec-
tion 4 concludes the study with key findings and recommenda-
tions.

2. Materials and Methods.

2.1. Study Area.
The study was carried out in the Indus River, one of the ma-

jor freshwater systems in Asia. The river supports high aquatic
biodiversity. The sampling site shown in Figure 2 was selected
to represent different ecological zones along the river. It in-
cludes habitats with varying environmental conditions. Site se-
lection considered accessibility, fish abundance, and the level
of human activity affecting the river. Fish specimens were col-
lected from the Indus River. Additional samples were obtained
from local fishers during routine fishing activities in the Indus
River.

Figure 2: Google Maps location of the sampling area.

Source: Google Maps.
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2.2. Sample Collection.

The samples of B. bagarius were collected in every season
from January 2019 to December 2019, to see how their body
shape and eating habits changed with the seasons. We got fish
from some parts of the Indus River that have different types of
habitats that are affected by both natural and man-made things.
They fished with cast nets, gill nets, and hand nets, which are
all old-fashioned ways to do it. The mesh size ranged from 15
to 40 mm. We chose this range so that it would appeal to a wide
range of people, from kids to adults.

A total of 360 specimens of B. bagarius were collected.
Sampling averaged 30 fish per month. Immediately after col-
lection, a 10 percent formalin solution was injected into the
gut of each specimen. This step stopped digestion and pre-
served gut contents. The fish were sealed in plastic bags and
stored in ice boxes. Samples were then transported to the De-
partment of Fresh Water Biology and Fisheries, University of
Sindh, Jamshoro. In the laboratory, specimens were defrosted
before analysis. Each fish was weighed using a digital balance
with 0.1 g accuracy. Total length was measured on a wooden
measuring board to the nearest 0.1 cm, as shown in Figure 3.

Figure 3: Dissections and measurements of B. bagarius.

Source: Authors.

2.3. Morphometric Measurements.

The morphometric measurements of each fish included total
length (TL, cm) and body weight (BW, g). The measurements
were taken with a precision of 0.1 cm and an electronic weigh-
ing scale with an accuracy of 0.1 g, as shown in figure 4. The
identification of the specimens was conducted following Mirza
and Sharif [26]. The relationship between TL and alimentary
canal length (ACL) TL, and stomach length was analyzed us-
ing the formula:

Y = a + bX (1)

where Y is the alimentary canal length, X is the total length,
a is the intercept, and b is the regression coefficient.

Figure 4: Dissection of B. bagarius for stomach removal and
measurement of length.

Source: Authors.

The length weight relationship (LWR) was used to examine
growth in the species. It also provided information on body
condition and overall health. The relationship was expressed
using the equation:

W = aLb (2)

where W is the body weight (g), L is the total length (cm),
a is the intercept (representing the initial growth factor), and b
is the growth coefficient (indicating the type of growth).

To determine the parameters a and b, the logarithmic trans-
formation of the equation was applied:

log(W) = log(a) + blog(L ) (3)

This transformation allowed for a linear regression analy-
sis to be performed, where b values near 3 indicate isometric
growth (proportional increase in length and weight), while de-
viations suggest allometric growth (disproportionate growth).
The relationship was analyzed separately for each season to
identify potential seasonal variations in growth patterns, reflect-
ing changes in environmental conditions or resource availabil-
ity.

All measurements were conducted within 24 hours of sam-
ple collection to minimize potential biases from post-mortem
changes in body weight or length. Data from the length-weight
relationship analysis served as a foundation for understanding
the ecological adaptations and growth strategies of B. bagarius
in the dynamic conditions of the Indus River.

2.4. Gut Content Analysis.

The gastrointestinal tracts of collected specimens were care-
fully dissected under controlled laboratory conditions, to inves-
tigate the dietary composition of B. bagarius, as suggested by
Mahesh et al. [27]. Sterilized surgical tools were used to avoid
contamination and ensure accuracy, as shown in Figure 5. The
extracted gut contents were then preserved in a 10 % formalin
solution for further analysis.
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Figure 5: Analysing the Digestive Tract.

Source: Authors.

In the laboratory, preserved gut contents were examined un-
der a dissecting microscope. Prey items were identified to the
lowest possible taxonomic level using standard taxonomic keys,
regional guides, and published references on aquatic fauna. Iden-
tification focused on accuracy and consistency across samples.
Prey items were grouped into fish, crustaceans, insects, mol-
lusks, and plant material. Further identification to family, genus,
or species level was carried out where possible. Diet compo-
sition was analyzed using three indices. Frequency of occur-
rence (%FO) represented the percentage of stomachs contain-
ing a given prey type. Numerical abundance (%N) indicated
the proportion of each prey item by count. Gravimetric analy-
sis (%W) measured the weight contribution of each prey type
to total gut content.

To synthesize these metrics into a single measure of dietary
importance, the Index of Relative Importance (IRI) was calcu-
lated using the formula below:

IRI = (%FO) × (%N +%W) (4)

The IRI values were then expressed as percentages to facil-
itate comparisons across prey categories. This comprehensive
analysis provided a robust understanding of the dietary habits
and trophic role of B. bagarius, revealing seasonal variations
in feeding behavior and prey selection, which are critical for
understanding its ecological adaptations and predator-prey dy-
namics within the Indus River ecosystem.

2.5. Seasonal Feeding Activity.

Feeding intensity was assessed by calculating the gastro-
somatic index (GaSI) using the formula:

GaS I =
(

Weight o f gut contents (g)
Total body weight (g)

)
× 100 (5)

This index provides a quantitative measure of feeding activ-
ity relative to body weight. Seasonal variations in GaSI were

analyzed to identify patterns of feeding intensity across spring,
summer, autumn, and winter. This approach identified periods
of high feeding activity and low food intake. It also clarified
seasonal feeding patterns in B. bagarius.

2.6. Data Analysis.

Data was analyzed using Microsoft Excel to explore the
relationships between various biological and ecological vari-
ables. The length-weight relationship of B. bagarius was as-
sessed through regression analysis, which provided insights into
the growth patterns of the species. Seasonal variations in feed-
ing intensity and dietary composition were evaluated using re-
gression analysis to test for significant differences between the
four seasons. It helped identify periods of high or low feeding
activity and shifts in dietary preferences across different envi-
ronmental conditions. Correlation analysis was used to exam-
ine the link between fish size and diet. It verified whether gut
content composition changed with fish size. All results were
expressed as mean ± standard deviation to quantify variabil-
ity, and statistical significance was determined at a level of p
< 0.05. The statistical approach ensured that the findings were
good and reliable, allowing for meaningful conclusions regard-
ing the ecological dynamics of B. bagarius.

2.7. Ethical Considerations.

All fish handling and sampling followed established ethi-
cal guidelines for animal research. Required permits were ob-
tained from local fisheries and environmental authorities before
the study. Care was taken to reduce stress and harm the fish.
Sampling methods were designed to limit impacts on non-target
species and the river ecosystem. All activities were conducted
with a focus on environmental responsibility and conservation
of aquatic life in the Indus River.

3. Results.

3.1. Seasonal Feeding Activity of B. bagarius.

The seasonal variation in feeding activity of B. bagarius
shows clear links with river conditions, prey availability, and
physiology, as described in Figure 6. Feeding was lowest dur-
ing winter. In January, 29.2% of specimens had empty stom-
achs, followed by 23.7% in February and 22.2% in March. Lower
water temperature during this period likely reduced metabolic
rate and prey activity, leading to reduced food intake. Feed-
ing activity increased from early spring. In April, 35.71% of
fish showed full stomachs, indicating improved feeding con-
ditions. Rising temperature and moderate flow may have in-
creased the availability of prey such as fish larvae, insects, and
benthic invertebrates. High feeding intensity was recorded dur-
ing summer and monsoon months. In June, 51.28% of fish had
full stomachs, while July showed 42.5%. Feeding remained
high at 45.23% in August and 38.09% in September. Increased
discharge during this period likely enhanced nutrient input and
habitat connectivity, supporting higher prey abundance and for-
aging opportunities. A slight decline in feeding activity was
observed during October and November, although around 40%
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of specimens still had full stomachs. This reduction may be
linked to gradual cooling and changing flow conditions, which
can affect prey availability and distribution.

Statistical analysis of stomach fullness categories in Table 1
shows significant seasonal variation in feeding activity. The
goodness of fit test produced non-zero slopes for all stomach
fullness classes, with P values less than 0.05, confirming that
feeding activity varies significantly with season and is not ran-
dom. Feeding intensity was higher during warmer months and
declined during colder months. The increased proportion of
empty stomachs in winter indicates reduced food intake dur-
ing this period. These results demonstrate a direct link between
seasonal food availability and feeding behavior of B. bagarius
in the Indus River.

Figure 6: Seasonal variation in the Stomach Fullness categories
of B. bagarius from the Indus River.

Source: Authors.

Table 1: Statistical analysis of stomach fullness categories in B.
bagarius from the Indus River.

Source: Authors.

3.2. Qualitative and Quantitative Analysis of the Dietary Com-
position of B. bagarius.

The feeding activity of B. bagarius was analyzed through
both qualitative and quantitative methods to examine the va-
riety and availability of food items in its diet. The qualitative
analysis focused on identifying the different types of food items
consumed by the species, while the quantitative approach eval-
uated the relative abundance of these items in the natural envi-
ronment. This dual approach provides insights into the seasonal
feeding patterns and the availability of food resources along
both upstream and downstream areas of the Indus River.

The data were categorized by food types and grouped by
month to identify seasonal variations in prey availability. The
gut contents of B. bagarius were found to include a diverse
range of food items, such as zooplankton, protozoans, crus-
taceans, insects, mollusks, detritus, mud and sand, plant mate-
rial, fish scales, fish larvae, and fish eggs shown in figure 7. This
detailed analysis sheds light on the seasonal food phenomena,
contributing to a better understanding of the species’ trophic
role in the dynamic ecosystem of the Indus River.

Figure 7: Yearly collected and identified food items in the gut
of B. bagarius.

Source: Authors.

3.3. Length-Weight Relationship of B. bagarius.
The length-weight relationship of B. bagarius was analyzed

to understand the growth pattern and body condition of the
species throughout the year. The data, shown in Table 2, presents
the average length in centimetres (cm) and corresponding weight
in grams (gm) for each month. In addition, the coefficient of
variation (CV) and the mean values for both length and weight
were calculated for each month, providing further insights into
the variability and trends in the species’ growth over the year.

From the data presented in Table 2, it is evident that the
length and weight of B. bagarius show significant growth dur-
ing the first half of the year, reaching a peak in June with a
length of 58.86 cm and a weight of 950.42 gm. In contrast,
the fish showed a notable reduction in length and weight during
the months of July and August, likely due to lower food avail-
ability or changes in environmental conditions. After August,
there was a gradual recovery in size, with measurements reach-
ing their second-highest values in December (length: 42.45 cm,
weight: 362.6 gm). The coefficient of variation (CV) for length
and weight fluctuates throughout the year, indicating some de-
gree of variability in the growth patterns. The highest CV val-



Murak & M.S. Ahmad. / Journal of Maritime Research Vol XXII. No. III (2025) 339–345 344

Table 2: Length-weight relationship, Coefficient of Variation,
and Mean of B. bagarius (January - December).

Source: Authors.

ues were observed in July, where the length and weight were
significantly lower, possibly due to adverse environmental con-
ditions. Conversely, the lowest CV values occurred in the months
with higher growth rates, such as in June.

4. Discussion.

The seasonal feeding activity of B. bagarius was analyzed
over the complete year. The analysis aimed to understand pat-
terns and trends in the feeding behavior of this species. The
feeding activity was analyzed using both qualitative and quanti-
tative methods. The qualitative analysis revealed that B. bagar-
ius is primarily carnivorous, feeding mainly on small fish, crus-
taceans, and insects. This diet is consistent with its role as a
top predator in the Indus River. The species also showed some
omnivorous tendencies, especially in periods of food scarcity,
foraging in benthopelagic, surface, and sub-surface zones, and
feeding both during the day and night. This adaptability is cru-
cial for survival in varying environmental conditions.

Seasonal differences in food availability strongly influenced
feeding intensity. Summer and monsoon periods supported higher
prey abundance due to increased discharge and nutrient input.
During these seasons, feeding activity increased across most
size classes. In contrast, winter conditions reduced prey avail-
ability and feeding intensity. Immature fish fed more actively
during non-breeding periods, likely to support growth. Mature
individuals reduced feeding during the breeding season, indi-
cating energy allocation toward reproduction rather than so-
matic growth.

Gut content analysis showed a wide range of food items,
including zooplankton, protozoans, crustaceans, mollusks, fish

larvae, eggs, and scales. The presence of mud, sand, and detri-
tus suggests bottom feeding during periods of low prey density.
This pattern supports opportunistic feeding driven by resource
availability rather than prey selectivity.

Morphological traits further explain observed feeding be-
havior. The mouth structure and dentition favor prey capture,
especially small fish and crustaceans. Short gut length and low
gut mass are consistent with carnivorous feeding and rapid di-
gestion of protein rich food. Length weight analysis showed
negative allometric growth with b = 1.59. This indicates faster
increase in length than weight. Such growth is typical for ac-
tive predators and reflects feeding efficiency and energy use.
These findings highlight the species sensitivity to changes in
river flow, habitat structure, and food supply. Continued habitat
degradation and flow regulation may therefore disrupt feeding
efficiency and growth, with direct consequences for population
stability.

Conclusions.

This study presents a detailed analysis of seasonal feeding
patterns, food availability, and morphological traits of B. bagar-
ius in the Indus River. The species follows a mainly carnivorous
diet but can shift toward omnivorous feeding when food avail-
ability changes. Seasonal variation in food resources strongly
influenced feeding behavior. Immature fish fed more actively
throughout the year, while mature individuals reduced feed-
ing during the breeding season. Gut content analysis showed
that B. bagarius consumes a wide range of prey, including zoo-
plankton, crustaceans, mollusks, and small fish. This confirms
its opportunistic feeding strategy under varying environmental
conditions. Morphological features such as a short digestive
tract, tooth arrangement, and gill rakers support a carnivorous
feeding mode. The length weight relationship showed nega-
tive allometric growth, indicating faster increase in length than
weight, which is typical of carnivorous fishes. These results
clarify the ecological role of B. bagarius in the Indus River and
provide useful information for conservation planning. Future
research may evaluate changes in water temperature, flow, and
habitat structure affect feeding behavior, growth, and long-term
population stability.
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