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Abstract 

The introduction of alien invasive species is one of the major threats to the native fish fauna of 

aquatic ecosystems. Exotic species spread new diseases and parasites, reduce the number of 

native fish, and disrupt the natural balance of ecosystems. The present study utilized stable 

isotopes of nitrogen (δ15N) and carbon (δ13C) to examine the feeding patterns of eight aliens 

(Hypophthalmichthys nobilis, Hypophthalmichthys molitrix, Carassius auratus, 

Ctenopharyngodon idella, Cyprinus carpio, Oreochromis aureus, O. niloticus, and O. 

mossambicus) and four native (Labeo rohita, Cirrhinus mrigala, Catla catla, and Labeo calbasu) 

fish species from Head Baloki and upstream (Ravi River), Punjab, Pakistan from January to 

December in 2020. Community-wide metrics in the δ13C-δ15N bi-plot space, which reflect the 

important components of the trophic structure, were also calculated. The results demonstrate that 

there is trophic niche overlap and potential nutritional competition among co-existing species. 

The alien species cover greater trophic diversity and niche size than native fish species. This 

indicates that alien species are opportunistic feeders and consume various food items with 

multiple basal resources (wide range of δ13C values). Among the native fish, L. rohita with had 

lower δ15N and δ13C values displayed a slightly isolated dietary niche and no direct feeding 

competition with other species. This niche partitioning might be due to the feeding pressure 

imposed by the alien fishes in fastly changing aquatic ecosystem of Pakistan. The current study 

provides baseline data to aquaculturists, land managers, and researchers for the management of 

aliens and the conservation of native fish species. 
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INTRODUCTION 

The introduction of alien fish species changes the 

composition, relative abundance, and resource 

utilization of native fish fauna (Imran et al. 2021; Said 

et al. 2022; Abideen et al. 2023). Risk assessments 

have consistently predicted that alien fish are likely to 

cause ecological problems in newly invaded habitats 

(Wang et al. 2018). Alien fishes reduce the fitness of 

native ichthyofauna (Douglas et al. 1994) through 

feeding competition (Sharma & Borgstrom 2008; Ke 

et al. 2008; Zambrano et al. 2010) and promote algal 

growth by increasing the availability of free nitrogen 

and phosphorus which alters the trophic structure 

(Figueredo & Giani 2005). The introduction of fish 

species across the globe, including Pakistan, has 

shifted different aspects of plankton communities 

such as declines in crustacean zooplanktons and 

changes in size of phytoplankton towards nano- and 

picophytoplankton community (Sass et al., 2014; 

Milardi et al., 2019). Undoubtedly, the rapid 

introduction of exotic species like 

Hypophthalmichthys molitrix, H. nobilis, 
Oreochromis niloticus, O. mossambicus, O. aureus, 
Carassius auratus, Ctenopharyngodon idella, and 

Cyprinus carpio in the freshwater ecosystems of 

Pakistan has reduced the population of many 

economically important native fishes including 

Cirrhinus mrigala, Labeo rohita, L. calbasu, Tor 
putitora, and Catla catla (Khan et al. 2011; Imran et al. 

2021; Said et al. 2022). Alien fishes have a high 

fecundity rate and may prey on small co-existing 

native fishes in the scarcity of feeding resources, 

increasing alien success and decreasing native species 

(Said et al. 2022). In many countries like the USA, 

Brazil, and India millions of dollars are spent every 

year on the control and management of invasive 

https://orcid.org/0000-0002-8281-7131
https://orcid.org/0000-0002-7359-671X
https://orcid.org/0000-0002-7287-3308
https://orcid.org/0000-0002-5027-0127
https://orcid.org/0000-0001-6394-1279
https://orcid.org/0000-0002-9539-1918


395 
 

Imran et al./ Trophic niche overlap investigation among native and alien fish species via Stable Isotope Analysis 

species. Invasion science helps comprehend, perceive 

and mitigate the impact of invasion on the native 

community (Marks et al. 2010; Ullah et al. 2021; 

Richardson 2011). Invasion ecologists try to protect 

the ecosystem’s health and economy at the national 

and international level (Hulme et al. 2008; Pysˇek & 

Richardson 2010). 

 To determine their effect under anthropogenic 

perturbations and normal setups, it is important to 

assess both conventional and cutting-edge techniques 

such as stable isotope analysis (Montoya et al. 2006; 

Wang et al. 2018; Ullah et al. 2023). Differences in 

photosynthetic pathways (C3/C4) and growth patterns 

affect the carbon isotope signatures of organisms 

(Kohn & Cerling 2002). δ13C analysis is used to 

measure the resource diversity at the base of the food 

chain (Fry et al. 2003) while the consumer’s trophic 

level is determined through δ15N stable isotopic 

signature (Minagawa and Wada 1984; Polis and 

Strong 1996). Additionally, δ13C and δ15N 

values provide information regarding consumer’s 

predatory feeding behavior and its assimilation power 

(Post 2002), providing more accurate, significant, and 

integrated evidence of the resource connections 

between different trophic levels (both temporally and 

spatially) (Haubrock et al. 2021). 

Earlier, stable isotope analysis was confined to 

tracing the flow of carbon in the food chain (Peterson 

& Fry 1987; Fry 1991). Later, its application evolved 

into a variety of different functions, including food 

chain length measurement (Post 2002; Jackson et al. 

2016), trophic niche  overlap determination 

(Haubrock et al. 2020a; Balzani et al. 2020), and 

investigation of alien impacts on an ecosystem. 

Consumers’ stable isotopic signature values have been 

regularly analyzed to estimate the trophic niche, 

eating habits and trophic interactions  using modern 

statistical tools (Newsome et al. 2007; Boecklen et al. 

2011; Guzzo et al. 2013; Jackson et al. 2016). A set of 

metrics for trophic niches proposed by Layman et al. 

(2007) are being used to describe the trophic ecology 

and community structures. The results of hydrological 

fluctuations, ecosystem fragmentation (Lockwood et 

al. 2007), and alien introduction (Hulme 2006; 

Córdova-Tapia et al. 2015; Haubrock et al. 2020b) 

have already been evaluated through this numerical 

approach. According to Jackson et al. (2011), a 

Bayesian technique is currently used to evaluate 

trophic interactions at the species and community 

levels. Since the last decade, stable isotope analysis, 

especially of ecosystem stability, has increased 

because their ratio calculates the animal’s feeding 

habits (Szepanski et al. 1999; Kurle & Worthy 2002). 

A reasonable clear picture can be presented only if 

large amounts of data are available to understand the 

fractionation variations among different body parts 

(Gannes et al. 1997). The trophic shift for the δ15N  

ranges from 1.3-5.3% (Minagawa & Wada 1984) 

while in routine exercise 3.4% value is used to find the 

consumers' food in reverse calculation (Herrera et al. 

2002). Based on consumed food and physiological 

processes, the stable isotopic signature value (δ13C/ 

δ15N) is the product of heavy to light isotopes 

(Marshall et al. 2007). Carbon fixation during 

photosynthesis is a marker for tracing the feeding 

habits of consumers from herbivores to predators in a 

food chain. 

The ability to quantify and compare trophic niches 

has advanced with the integration of stable isotope 

analysis and Bayesian inference (Erhardt & Wilson 

2022), particularly in invasion ecology (Quintana et 

al. 2023). Tools like SIBER (Cybulski et al. 2022), 

nicheROVER (Dillon et al. 2021), and MixSIAR 

allow for estimating isotopic niche width, directional 

niche overlap, source contributions, and isotopic 

niche overlap with uncertainty propagation (Yang et 

al. 2025). These methods have been applied to assess 

dietary overlap and competition displacement among 

invasive species, such as tilapia (Shuai et al. 2023), 

silver carp (Seghers et al. 2025) and common carp 

(Lackmann et al. 2025). Studies show that invasive 

fish species often have broader or more variable 

trophic niches than natives, indicating adaptability 

and competitive dominance in unstable resource 

environments (Diallo & Olden 2025).  

It is evident that Pakistan's freshwater ecosystems, 

particularly the River Ravi, have not been extensively 

studied using stable isotope analysis (SIA) to examine 
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trophic niche overlap. Additionally, the effects of 

invasive species on native fish communities are 

largely overlooked in the existing literature. Current 

research in this region primarily focuses on species 

richness, diversity (Muhammad et al. 2024), dietary 

preferences (Ali et al. 2024; Shabir et al. 2025), and 

pollution (Ilyas et al. 2023), rather than on the 

complex trophic interactions that occur within these 

ecosystems. In addition, the extent to which alien fish 

species change food webs and competition for 

resources in various degraded rivers, such as Head 

Balloki, is poorly understood which calls for better 

systems to make clearer ecological evaluations. 

Utilizing stable isotope analyses of carbon (δ13C) and 

nitrogen (δ15N), the current research goals were to 

study the feeding ecology of native and alien fish 

species and to determine the trophic niche overlap 

betweennative and alien fish species residing in the 

sampling site, Head Balloki located on River Ravi, in 

the Punjab province of Pakistan. 

 

MATERIALS AND METHODS 

Study site: The samples were collected for one year 

(2020) in January, April, August and December (twice 

each of the month) from the river Ravi at Head Baloki 

and its upstream regions as Site I, Site II and Site III 

(Table 1). 

Samples collection, preservation and processing: 

Local contractors and fishermen assisted in sample 

collection, with nets having different mesh sizes (12m 

long, 1.8m high, and mesh ranging from 20-115mm 

knot-knot) (Khan et al. 2011). Immediately after 

collection, samples were identified up to the species 

level using proper identification keys (Mirza & Javed 

2003; Mirza & Sharif 1996), preserved in ice packs, 

and further processed in the Paleo-ecology and 

Environmental Biology Laboratory (PEEBL), 

Institute of Zoology, University of the Punjab Lahore, 

Pakistan. Dorsal muscles of each specimen were used 

for the stable isotope analysis. These tissues have the 

lowest variations in δ13C and δ15N values compared 

to other body tissues which increases the accuracy of 

the results (Pinneggar & Polunin 1999). Muscle 

samples were oven-dried (for 72 hours at 60°C), and 

ground using a grinder (Moulinex Company) to make 

a homogeneous powder (Said et al. 2022). The acid 

fumigation technique was applied to remove inorganic 

carbon (Lorrain et al. 2003). Lipid 

extraction/correction (Folch et al., 1957) of pre-

treated samples was done to reduce results bias 

(Peterson & Fry 1987; Ryan et al. 2012; Yurkowski et 

al. 2015). The powdered samples were sent to the 

Isotope Application Division (IAD) of Pakistan 

Institute of Nuclear Sciences and Technology 

(PINSTECH), Nilore, Islamabad, in air-tight labeled 

tubes for δ13C and δ15N analyses. 

Stable isotope (δ15N & δ13C) analysis: The Delta Plus 

Advantage Isotope Ratio Mass Spectrometer (IRMS, 

Thermo Finnigan) utilized carbon dioxide (CO2) and 

nitrogen gas (N2) as inlet sources for δ13C and δ15N, 

respectively. CO2 was prepared following the method 

outlined by Sajjad et al. (1993), while N2 was 

prepared according to Kjeldahl (1883). The δ13C and 

Site  East North 

I 73.859 E 73.859 E 

II 73.955 E 31.298 N 

II 74.042 E 31.368 N 
 

Table 1. Coordinates of Study area. 

 
 

Fig.1. Pictographic presentation of the sampling sites. 
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δ15N values were measured against international 

standards, using atmospheric nitrogen (AIR) for 

nitrogen and Vienna Pee Dee Belemnite (V-PDB) for 

carbon (Eq. 1). The machine's precision was ±0.1% 

for δ13C and ±0.5% for δ15N. 

δ13C or δ15N= {(Rsample – Rstandard)/ (Rstandard)}x 1000

  (1) 

Where R = 13CO2/12CO2 for δ13C 

R = 15N2/14N2 for δ15N 

Population niche metrics: Layman et al. (2007) 

introduced population niche metrics for species' niche 

overlap and trophic structure examination. These 

community-wide metrics reflect key elements of the 

trophic structure and assess the entire degree of 

spacing and trophic redundancy inside a δ13C–δ15N 

bi-plot. 

1. δ15N range (NR), is the difference between the 

specimen with the most enriched and depleted δ15N 

values. A bigger NR among consumers shows more 

trophic levels and greater trophic niche diversity, and 

providesa concrete illustration of a vertical structure 

and a trophic length index for a population. 

2. δ13C range (CR), is the difference between 

individuals with the highest and lowest δ13C values. 

When numerous diverse food supplies with various 

δ13C levels are at the base of the food web, higher CR 

in food webs is to be expected. 

Statistical Analysis: Observed stable isotope data 

were used to determine the trophic niche and possible 

resource overlap. The normality of the δ13C and δ15N 

data was determined using the Shapiro-Wilk test 

(α=0.05 in all cases). Kruskal-Wallis one-way 

ANOVA on ranks was used to compare the mean 

values of δ13C and δ15N using IBM SPSS Statistics 

26. The present study opted for SIBER to analyze the 

data, as it allows for greater flexibility in modeling 

isotopic niches and provides valuable statistical 

inferences. This method is accessible to researchers 

through the SIAR package. All analyses were 

executed using the R statistical computing package, 

and the assumption of multivariate normality was 

validated using the Shapiro test. The validity of this 

assumption is confirmed by a test statistic value 

(MVW= 0.92893) with a P-value of 6.014e-09. To 

apply SIBER, a three-step algorithm was followed: 

1. Stable isotopic signature data (e.g., δ¹³C and δ¹⁵N 

values) from native and alien fishes was collected. 

2. Bayesian statistics to estimate the mean and 

variance for each group of samples was applied. 

3. Bayesian ellipses to represent each group's 

statistical uncertainty around the mean isotope values 

were created. These ellipses were plotted on a graph, 

forming a confidence region that accounts for data 

variability. Further editing of figures and graphs was 

done through Microsoft Excel 2019 and COREL 

DRAW X7. 

 

RESULTS 

A total 117 samples of 12 species (4 natives i-e Labeo 

rohita, Labeo calbasu, Cirrhinus mrigala, and Catla 

catla and 8 aliens i-e Ctenopharyngodon idella, 

Hypophthalmichthys molitrix, H. nobilis, Cyprinus 
carpio, Carassius auratus, Oreochromis aureus, 
O. niloticus, and O. mossambicus) were analyzed for 

δ15N % and δ13C % to explore their trophic niche and 

overlap in terms of their dietary competition. The 

mean δ15N value was highest for O. niloticus (i.e., 

8.72±0.42) and the lowest for L. rohita (i.e., 

5.36±0.42), while the mean δ13C value was highest for 

C. idella (i.e., -18.1±0.68) and lowest for L. rohita 

(i.e., -30.73±0.64) (Table 2). 

The δ15N and δ13C signature values of the fish 

species collected on different sampling occasions did 

not exhibit any significant differences. Therefore, the 

data for the same species were combined for further 

analysis. The results of the Shapiro-Wilk test (values 

<0.05) showed that all data were non-normality 

distributed. The Kruskal-Wallis one-way ANOVA on 

Ranks revealed that there are statistically significant 

differences among the δ15N and δ13C values (for δ15N 

Kruskal-Wallis One-way ANOVA, sig. = 0.00, df= 

11, P<0.01 and for δ13C Kruskal-Wallis One-way 

ANOVA, Asymptomatic sig. = 0.00, df= 11, P<0.01). 

NR values indicated that all the species are feeding 

at a single trophic level, as the values of their NRs are 

lower than the degree of average isotopic fractionation 

(3.4%) for each trophic transfer, except for H. nobilis 

and C. auratus (greater than 3.4%), which depict that 
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both of these species feed on more than one trophic 

level. The NR value was the highest in H. nobilis and 

lowest in C. catla. The values of the CRs among 

species spanned a range from 0.19 to 2.94, with the 

smallest in C. catla and the highest in H. nobilis (Table 

3). Small NR and CR values indicate that C. catla has 

the lowest trophic diversity and occupies the smallest 

niche space (Fig. 2), whereas H. nobilis had the 

highest CR and NR values and thus occupied the 

largest niche space and had the highest trophic 

diversity among the species. Total Convex Hull Area 

(TA) in indigenous fishes ranges from 2.3 (maximum 

in L. calbasu) to 0.06 (minimum in C. catla), while its 

value among the alien fish’s ranges from 5.36 

(maximum in C. auratus) to 0.45 (minimum in 

O. mozambicus). Standardized Ellipses Area (SEA), 

Standardized Ellipses with its corrected version 

(SEAc), and Standardized Ellipses Area via Bayesian 

analysis (SEA.B) have the lowest values of 0.05, 0.06, 

and 0.06, respectively, in C. catla and the highest in L. 
calbasu (SEA 1.47, SEAc 1.68), while SEA.B is 

maximum (3.48) in C. mrigala among native fish 

species. Among alien fish species, the lowest values 

were recorded in H. molitrix (SEA 0.28, SEAc & 

SEA.B 0.32), and the highest were recorded as 3.22, 

3.38, and 3.45, similarly in the case of C. auratus. 

As shown in Fig. 2, L. rohita exhibits a slightly 

isolated trophic niche, with less direct feeding 

competition and potential influence from alien fish. 

The other native species, C. mrigala and C. catla, show 

greater trophic niche overlap with C. carpio, 

H. molitrix, H. nobilis, and Carassius auratus, but 

Species N 

δ15N % (AIR) δ13C % (V-PDB) 

Mean ± 

SD 
Min Max Mean ± SD Min Max 

L. rohita 6 5.36±0.42 4.88 5.89 -30.73±0.64 -31.67 -29.69 

L. calbasu 9 8.67±0.61 8 9.78 -23.7±0.84 -25.14 -23.13 

C. catla 6 6.45±0.06 6.39 6.51 -23.8±0.1 -23.9 -23.71 

C. mrigala 6 6.13±0.99 5.02 7.14 -25.13±0.84 -26.18 -23.59 

H. molitrix 9 5.75±0.22 5.14 5.99 -26.44±0.41 -27.21 -25.61 

H. nobilis 16 5.54±1.79 3.96 8.73 24.14±1.37 -25.66 -22.85 

C. idella 8 8.54±0.31 7.97 9.11 -18.1±0.68 -18.98 -17.28 

C. carpio 8 6.15±0.27 5.85 6.59 -24.8±0.91 -25.84 -22.91 

C. auratus 22 5.5±1.26 4.06 8.78 -23.95±0.96 -25.34 -22.65 

O. niloticus 8 8.72±0.42 7.99 9.12 -22.85±0.45 -23.47 -22.03 

O. aureus 12 8.12±1.14 6.29 8.99 -23.24±0.93 -25.24 -22.71 

O. mossambicus 7 7.77±1.29 6.31 8.98 -22.85±0.08 -22.98 -22.76 
 

Table 2. Means±standard deviation values of δ13C % (V-PDB) and δ15N % (AIR) of the fish species. 

 

 
 

S
p

ec
ie

s 

L
. 

ro
h

it
a

 

L
. 

ca
lb

a
su

 

C
. 

ca
tl

a
 

C
. 

m
ri

g
a

la
 

H
. 

m
o

li
tr

ix
 

H
. 

n
o

b
il

is
 

C
. 

Id
el

la
 

C
. 

ca
rp

io
 

C
. 

a
u

ra
tu

s 

O
. 

n
il

o
ti

cu
s 

O
. 

a
u

re
u

s 

O
. 

m
o

ss
a

m
b

ic
u

s 

N 6 9 3 6 9 16 8 8 22 8 12 7 

CR 1.98 2.01 0.19 2.59 1.6 2.94 1.7 2.93 2.69 1.44 2.53 0.22 

NR 1.01 1.78 0.12 2.12 0.85 4.77 1.14 0.74 4.72 1.13 2.7 2.67 

TA 0.69 2.3 0.06 0.9 0.68 4.78 0.96 1.13 5.36 0.97 3.65 0.45 

SEA 0.58 1.47 0.05 0.73 0.28 2.06 0.58 0.64 3.22 0.56 2.81 0.31 

SEAc 0.77 1.68 0.06 0.91 0.32 2.20 0.68 0.75 3.38 0.66 3.09 0.37 

SEA.B 0.83 2.02 0.06 3.48 0.32 2.18 0.68 0.77 3.45 0.66 3.14 0.37 

 

Table 3. Trophic niche metrics showing the NR, CR, TA & SEA values of the selected fish species. 

 
 



399 
 

Imran et al./ Trophic niche overlap investigation among native and alien fish species via Stable Isotope Analysis 

lower overlap with C. idella and tilapia species (O. 
aureus, O. niloticus, and O. mossambicus). L. calbasu 

also shows higher overlap with O. aureus, O. niloticus, 

and O. mossambicus. Due to its higher δ13C values, 

C. idella occupies a slightly isolated position in the 

trophic niche. 

Figure 3 shows the size and shape of Bayesian 

ellipses, providing insights into isotope value 

variability within native and alien fish species. Wider 

and more elongated ellipses indicate greater variation, 

while smaller and more circular ellipses suggest less 

variation. Overlapping ellipses indicate shared 

ecological space between these groups. In Figure 4, 

credible interval ellipses are constructed to represent 

the uncertainty associated with stable isotope data 

visually. The center of the ellipse represents the 

Fig.2. Means±standard deviation values of δ13C % (V-PDB) and δ15N % (AIR) in fish species. 

 

 

 

 
 

 

 
 

Fig.3. Pictographic presentation of the size and shape of Bayesian ellipses of the fish species. 
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estimated mean of stable isotope values, while the 

shaded region around it represents credible intervals 

(e.g., 50%, 75%, and 95%), indicating the level of 

uncertainty. Researchers use these ellipses to compare 

stable isotope values and their uncertainty between 

different groups, identifying significant differences in 

mean isotopic values, which may suggest dietary 

differentiation between species. 

This study also explored the trophic niche overlap 

of alien species among themselves. C. carpio, 
H. molitrix, H.nobilis, and C. auratus are in direct 

competition with each other while all the tilapia 

species; O.aureus, O. niloticus, and O. mossambicus 
are in higher competition with each other (Fig. 2). 

 

DISCUSSION 

The application of stable isotopes  (e.g. δ15N and δ13) 

has become more popular in ecological studies in 

recent decades , and it is unblemished that some more 

multifaceted tools (Bearhop et al. 2004; Layman et al. 

2007a; Newsome et al. 2007) have the potential to 

revolutionize the way for investigating different  

hypothesis related to niche occupancy and community 

structure. In the present study, the original metrics 

proposed by Layman et al., (2007a) using Bayesian 

methodology and standard ellipses were developed to 

demonstrate more honest and robust community 

structure. Podani (2009) eluded that the application of 

a convex hull area for the isotopic niche width 

description should be engaged with due caution for 

sample sizes.  

Invasive alien fish species may reduce the 

abundance and diversity of native fishes in numerous 

ways; their effects on the food chain may pose a 

serious threat (Zambrano et al. 2010; Khan et al. 

2011). Exotic fish species also have different 

secondary impacts. For example, O. aureus (Tilapia) 

enhances nitrogen and phosphorus levels, leading to 

fast algal growth and ultimately causing a trophic 

cascade (Figueredo & Giani 2005), whereas C. carpio 

increases water turbidity (sediment re-suspension that 

is harmful to macrophytes), causing foraging trouble 

for generalist feeding fishes (Miller & Crowl 2006; 

Scheffer et al. 2006). To comprehend the influence of 

alien species on native fishes, a proper understanding 

of resource partitioning and possible (direct and 

indirect) feeding overlap among different fish species 

(Johnson et al. 2002; Nahon et al. 2020). 

Stable carbon isotopic signatures (δ13C) provide 

information about feeding resources, as different 

sources of organic carbon have distinct δ13C values 

at the base of the food chain, such as phytoplankton 

and zooplankton. The trophic position within the food 

web is revealed through nitrogen isotopic signatures 

Fig.4. Credible interval ellipses, black dot represents their mode, red crosses as true population value and the shaded boxes 

representing the 50% 75% and 95% credible intervals from dark to light grey. 
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(δ15N) (Peterson & Fry 1987). The combined analysis 

of δ15N and δ13C enhances our understanding of 

niche overlap and partitioning among coexisting 

native and alien fish species (Pilger et al. 2010). For 

instance, native fishes exhibit constrained nutritional 

roles, characterized by very low δ15N values, in the 

presence of alien fishes that have higher δ15N values 

and intensively utilize available food resources 

(Zambrano et al. 2010). This study presents the trophic 

niche overlap between native and alien fishes in the 

Ravi River, Punjab, Pakistan. A variety of exotic fish 

species, including Chinese carp and tilapia, have been 

introduced into the rivers of Pakistan, and the Ravi 

River is no exception (Khan et al. 2011). The presence 

of these species is intensifying due to increasing 

pollution pressure in the river (Mahboob et al. 2015). 

To assess their influence on trophic niche overlap, we 

evaluated the stable isotopic signatures (δ15N and 

δ13C) of indigenous and exotic fish species. 

The primary objective of the study is the 

characterization and identification of the feeding 

habits of both exotic and indigenous fishes. 

Furthermore, niche overlap and breadth were 

calculated by Lyman et al. (2007). The dietary niche 

overlap clarifies the decline in indigenous fish 

populations from the freshwater ecosystem of 

Pakistan. Current investigations will additionally 

support to restore and rehabilitation of indigenous fish 

species along the management of exotic ichthyofauna. 

L. rohita is a column feeder that primarily 

consumes phytoplankton (Pervaiz et al., 2018). Its low 

carbon isotope values (-30.73%± 0.64%) compared to 

other fish indicate its herbivorous diet. The species 

exhibits an isolated dietary niche, as evidenced by its 

low nitrogen values in conjunction with its carbon 

isotopic values. Additionally, the diversity of L. rohita 

is declining, as noted by Imran et al. (2021) and Khan 

et al. (2011). Although this species does not directly 

compete for food with others, the evidence suggests 

that its restricted trophic niche is primarily a result of 

feeding pressure from exotic fish species. 

In contrast to L. rohita, all of the other native fishes, 

i.e., C. mrigala, C. catla, and L. calbasu, showed both 

direct and indirect feeding overlap with alien fishes. 

Gut content analysis (Imran et al. 2021) declared L. 

calbasu a detritus feeder (macrophytes were found in 

higher proportions), while C. catla and C. mrigala were 

preferentially omnivores. The average δ13C value for 

L. calbasu (-23.7%±0.84) indicated that the diet of this 

species is composed of zooplankton and macrophytes 

rather than phytoplankton, having less than 40mm size 

based on gill rakers' anatomy (Jayasinghe et al. 2015). 

Peterson et al. (2020) declared it an omnivorous, 

preferentially zooplankton feeder; the higher δ15N 

values (8.67%±0.61) depict that this fish species feeds 

at a higher trophic position compared to other 

contemporary fishes, indicating its zooplankton 

feeding behavior. 

C. mrigala and C. catla, two native species, showed 

average δ13C values of -25.13% ± 0.84 and -

23.8%±0.1, respectively. The latter is observed to be 

omnivorous, feeding on phytoplankton and 

macrophytes as preferred food, with sizes greater than 

40 mm (Pervaiz et al. 2018). However, the enriched 

δ13C values of C. catla compared to L. rohita contradict 

the former assumption regarding its omnivorous 

trophic niche; rather, we suppose that its diet is mainly 

composed of macrophytes, with zooplankton also 

present but in small amounts. Conversely, this species 

is an opportunistic omnivore, where phytoplankton 

acts as the main feeding category. The carbon isotopic 

signature suggests that its trophic niche mainly relies 

on phytoplankton, while it opportunistically shifts to 

omnivorous feeding behavior. The average δ15N and 

δ13C values of C. catla showed a higher degree of 

feeding overlap with C. carpio and H. molitrix (Table 

1). Their overlapping trophic niche is due to feeding 

on zooplankton. C. catla was presumed to be 

omnivorous in feeding behavior (Pervaiz et al. 2018), 

changing its diet based on phytoplankton availability 

and the feeding pressure imposed by H. molitrix. 

Conversely, zooplankton is the preferred diet for 

C. catla at higher trophic levels, where H. molitrix 

rarely exists (Bostock et al. 2010; Jayasinghe et al. 

2015), as shown by lower δ15N values. This is 

possibly due to changes in gill anatomy in both fish 

species that mark C. catla as a weak competitor to 

H. molitrix (Ke et al. 2008). The superior competitive 
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 feeding nature of H. molitrix is due to the capacity of 

its gill rakers, which can hold tiny particles (4.5-10 

mm). The introduction of H. molitrix may be 

considered a threat to the native C. mrigala and C. catla, 

as indicated by recent reports of a sharp decline in 

their populations (Mahboob et al. 2015; Khan et al. 

2016; Imran et al. 2021). Generalized niche overlap 

among different indigenous and exotic fishes is 

demonstrated in Figure 2. 

Average δ15N and δ13C values of C. mrigala were 

6.13±0.99% and -25.13±0.84%, respectively, which 

classifies it as an opportunistic omnivore, equally 

relying on zooplankton and phytoplankton (Cordovo-

Tapia et al. 2015), compared to C. catla and probably 

positions it in the center of the food web. C. mrigala 

displays a higher degree of competition with H. 

molitrix, C. carpio, H. nobilis, and C. auratus as indicated 

in Figure 2 and Table 1. C. carpio behaves as an 

omnivore that preferably feeds at the bottom, while C. 

auratus is an opportunistic omnivore in addition to 

having a detritivore nature (Khan et al. 2011; Ullah et 

al. 2021). Among the species, C. carpio and C. mrigala 

exhibit direct and the highest degree of direct feeding 

competition (Fig. 2) due to having the same trophic 

position. C. auratus and H. nobilis have moderate 

dietary overlap with both C. mrigala and C. carpio 

because of low-protein food (lower δ15N values). C. 

mrigala is declining as the C. carpio population has 

increased over the last decade (Mahboob et al. 2015). 

Though the alien species compete with indigenous 

species as prescribed by Khan et al. (2011), Imran et 

al. (2021), Said et al. (2022), and Afzala et al. (2023), 

stable isotopic values of nitrogen and carbon reveal 

that invasive fish species are also competing with each 

other (Fig. 2; Table 1). For example, the average δ15N 

and δ13C values show that C. carpio, C. auratus, 

H. nobilis, and H. molitrix have an intense feeding niche 

overlap. All the tilapia species (O. aureus, O. niloticus, 

and O. mossambicus) have relatively similar δ15N and 

δ13C values, present in the same region of the δ15N-

δ13C biplot area (Fig. 2), showing trophic niche 

overlap. This is a new finding of the current study, 

contrary to previous thoughts. However, the 

circumstances remain the same; alien invasive fishes 

continue to be one of the main reasons for the native 

population’s decline. 

Why are alien fish, despite their intense dietary 

overlap, not a threat to each other? Several plausible 

considerations provide insight into this phenomenon. 

Alien fish that successfully establish populations tend 

to exhibit rapid growth rates, shorter generation times, 

and higher densities in their native ranges, enhanced 

dispersal capabilities, broader environmental 

tolerances, and greater reproductive potential (Chen et 

al. 2009; Di Donato et al. 1993; Afzala et al. 2023). 

The alien fish species in the Head Balloki region of 

the River Ravi display many of these characteristics, 

which make them superior competitors to native fish 

species, allowing them to mitigate the challenges 

posed by competition. 

However, alien fish species can also have several 

negative impacts, including disease transmission, 

alterations to spatial and habitat dynamics, trophic 

changes, and gene pool modification in newly 

occupied ecosystems (Cordovo-Tapia et al. 2015; 

Jessen et al. 2019; Jayasinghe et al. 2015; Imran et al. 

2022). This study suggests that the indigenous fish 

fauna of the River Ravi, particularly at the Head 

Balloki site and its upstream areas, has been adversely 

affected. This could lead to a bottleneck effect, 

ultimately resulting in a loss of the gene pool and 

biodiversity of native fish due to the introduction of 

nonnative fish species in a rapidly changing aquatic 

ecosystem. 

 

CONCLUSION 

The results of the δ15N and δ13C values demonstrate 

trophic niche overlap and probable feeding 

competition among exotic and native fish species in 

River Ravi, Punjab, Pakistan. The alien fish species 

being aggressive and highly opportunistic feeders 

with greater trophic niche areas may outcompete the 

native fish species under limited available resources. 
 

REFERENCES 
Abideen, S.M.; Iqbal, K.J.; Imran, M.; & Khan, A.M. 2023. 

Invasive intruders: A strategic approach to protecting 

native freshwater fish species of South Punjab, 



403 
 

Imran et al./ Trophic niche overlap investigation among native and alien fish species via Stable Isotope Analysis 

Pakistan. Journal of Wildlife and Ecology 7: 142-154. 

Abrantes, K.G.; Barnett, A. & Bouillon, S. 2014. Stable 

isotope-based community metrics as a tool to identify 

patterns in food web structure in East African estuaries. 

Functional Ecology 28(1): 270-282. 

Ali, A.; Shah, S.J.; Ali, A. & Haris, M. 2024. Fish diversity 

in different streams of Lower Swat, Pakistan. Journal of 

Wildlife and Ecology 8: 144-153. 

Anderson, C. & Cabana, G. 2007. Estimating the trophic 

position of aquatic consumers in river food webs using 

stable nitrogen isotopes. Journal of the North American 

Benthological Society 26(2): 273-285. 

Balzani, P.; Gozlan, R.E. & Haubrock, P.J. 2020. 

Overlapping niches between two co-occurring invasive 

fish: The top mouth gudgeon Pseudorasbora parva and 

the common bleak Alburnus alburnus. Journal of Fish 

Biology 97(5): 1385-1392. 

Bearhop, S.; Adams, C.E.; Waldron, S.; Fuller, R.A. & 

Macleod, H. 2004. Determining trophic niche width: A 

novel approach using stable isotope analysis. Journal of 

Animal Ecology 73(5): 1007-1012. 

Boecklen, W.J.; Yarnes, C.T.; Cook, B.A. & James, A.C. 

2011. On the use of stable isotopes in trophic ecology. 

Annual Review of Ecology, Evolution, and Systematics 

42(1): 411-440. 

Bostock, H.C.; Opdyke, B.N. & Williams, M.J. 2010. 

Characterising the intermediate depth waters of the 

Pacific Ocean using δ¹³C and other geochemical tracers. 

Deep Sea Research Part I: Oceanographic Research 

Papers 57(7): 847-859. 

Chen, S.D.; Chen, H.H.; Chao, Y.C. & Lin, R.S. 2009. 

Effect of batter formula on qualities of deep-fat and 

microwave fried fish nuggets. Journal of Food 

Engineering 95(2): 359-364. 

Córdova-Tapia, F.; Contreras, M. & Zambrano, L. 2015. 

Trophic niche overlap between native and non-native 

fishes. Hydrobiologia 746(1): 291-301. 

Cybulski, J.D.; Skinner, C.; Wan, Z.; Wong, C.K.; Toonen, 

R.J.; Gaither, M.R.; Soong, K.; Wyatt, A.S. & Baker, 

D.M. 2022. Improving stable isotope assessments of 

inter‐ and intra‐species variation in coral reef fish 

trophic strategies. Ecology and Evolution 12(9): e9221. 

Diallo, J.O.; Olden, J.D. 2025. Invasive species invoke a 

lifetime of trophic change in native stream fishes. 

Ecosphere 16(6): e70304. 

DiDonato, G.T. & & Lodge, D.M. 1993. Species 

replacements among Orconectes crayfishes in 

Wisconsin lakes: The role of predation by fish. 

Canadian Journal of Fisheries and Aquatic Sciences 

50(7): 1484-1488. 

Dillon, K.S.; Fleming, C.R.; Slife, C.; Leaf, R.T. 2021. 

Stable isotopic niche variability and overlap across four 

fish guilds in the north‐Central Gulf of Mexico. Marine 

and Coastal Fisheries 13(3): 213-227. 

Douglas, M.E.; Marsh, P.C. & Minckley, W.L. 1994. 

Indigenous fishes of western North America and the 

hypothesis of competitive displacement: Meda fulgida 

(Cyprinidae) as a case study. Copeia 1994: 9-19. 

Erhardt, E.B. & Wilson, R.M. 2022. Foodweb trophic level 

and diet inference using an extended Bayesian stable 

isotope mixing model. Open Journal of Ecology 12(6): 

333-359. 

Figueredo, C.C.; & Giani, A. 2005. Ecological interactions 

between Nile tilapia (Oreochromis niloticus, L.) and the 

phytoplanktonic community of the Furnas Reservoir 

(Brazil). Freshwater Biology 50(8): 1391-1403. 

Folch, J.; Lees, M. & Sloane Stanley, G.H. 1957. A simple 

method for the isolation and purification of total lipids 

from animal tissues. Journal of Biological Chemistry 

226(1): 497-509. 

Fry, B. 1991. Stable isotope diagrams of freshwater food 

webs: Ecological archives E072–003. Ecology 72(6): 

2293-2297. 

Fry, B.; Baltz, D.M.; Benfield, M.C.; Fleeger, J.W.; Gace, 

A.; Haas, H.L. & Quiñones-Rivera, Z.J. 2003. Stable 

isotope indicators of movement and residency for 

brown shrimp (Farfantepenaeus aztecus) in coastal 

Louisiana marshscapes. Estuaries 26(1): 82-97. 

Gannes, L.Z.; O’Brien, D.M. & Del Rio, C.M. 1997. Stable 

isotopes in animal ecology: Assumptions, caveats, and 

a call for more laboratory experiments. Ecology 78(4): 

1271-1276. 

Guzzo, M.M.; Hafner, G.D.; Legler, N.D.; Rush, S.A. & 

Fisk, A.T. 2013. Fifty years later: Trophic ecology and 

niche overlap of a native and non-indigenous fish 

species in the western basin of Lake Erie. Biological 

Invasions 15(8): 1695-1711. 

Haubrock, P.J.; Azzini, M.; Balzani, P.; Inghilesi, A.F. & 

Tricarico, E. 2020. When alien catfish meet—resource 

overlap between the North American Ictalurus 
punctatus and immature European Silurus glanis in the 

Arno River (Italy). Ecology of Freshwater Fish 29(1): 

4-17. 

Haubrock, P.J.; Balzani, P.; Matsuzaki, S.S.; Tarkan, A.S.; 

Kourantidou, M. & Haase, P. 2021. Spatio-temporal 

niche plasticity of a freshwater invader as a harbinger of 



404 
 

Iran. J. Ichthyol. (2025) 12(4):394-407 

 impact variability. Science of the Total Environment 

777: 3-12. 

Herrera, G.L.; Gutierrez, E.; Hobson, K.A.; Altube, B.W.; 

Díaz, G. & Sánchez-Cordero, V. 2002. Sources of 

assimilated protein in five species of New World 

frugivorous bats. Oecologia 133(3): 280-287. 

Hulme, P.E. 2006. Beyond control: Wider implications for 

the management of biological invasions. Journal of 

Applied Ecology 43(5): 835-847. 

Hulme, P.E.; Bacher, S.; Kenis, M.; Klotz, S.; Kühn, I.; 

Minchin, D. & Vilà, M. 2008. Grasping at the routes of 

biological invasions: A framework for integrating 

pathways into policy. Journal of Applied Ecology 

45(2): 403-414. 

Ilyas, A.; Shair, R.; Khan, A.M.; Bilal, W. & Waseem, 

M.T. 2023. Assessing heavy metal contamination in 

fish: Impact on human health and ecosystem integrity. 

Journal of Wildlife and Ecology 7: 155-171. 

Imran, M.; Khan, A.; Altaf, M.; Ameen, M.; Ahmad, R.; 

Waseem, M.; & Sarwar, G. 2021. Impact of alien fishes 

on the distribution pattern of indigenous freshwater 

fishes of Punjab, Pakistan. Brazilian Journal of Biology 

82: e238096. 

Imran, M.; Khan, A.M. & Wasim, M.T. 2021. Dietary 

overlap between native and exotic fishes revealed 

through gut content analysis at Head Baloki, Punjab, 

Pakistan. Journal of Bioresource Management 8: 10. 

Jackson, A.L.; Inger, R.; Parnell, A.C.; & Bearhop, S. 

2011. Comparing isotopic niche widths among and 

within communities: SIBER – Stable Isotope Bayesian 

Ellipses in R. Journal of Animal Ecology 80(3): 595-

602. 

Jackson, M.C.; Britton, J.R.; Cucherousset, J.; Guo, Z.; 

Stakėnas, S.; Gozlan, R.E. & Copp, G.H. 2016. Do non-

native pumpkinseed Lepomis gibbosus affect the 

growth, diet and trophic niche breadth of native brown 

trout Salmo trutta?. Hydrobiologia 772(1): 63-75. 

Jayasinghe, U.A.D.; García-Berthou, E.; Li, Z.; Li, W.; 

Zhang, T. & Liu, J. 2015. Co-occurring bighead and 

silver carps show similar food preference but different 

isotopic niche overlap in different lakes. Environmental 

Biology of Fishes 98(4): 1185-1199. 

Jessen, H.H.; Mgana, H.F.; Grønkjær, P. & Lauridsen, T.L. 

2019. Dietary differences among commercially 

important fishes in Lake Tanganyika assessed using 

stable isotope analysis. Journal of Great Lakes Research 

45(6): 1205-1214. 

Johnson, B.M.; Martinez, P.J.; & Stockwell, J.D. 2002. 

Tracking trophic interactions in coldwater reservoirs 

using naturally occurring stable isotopes. Transactions 

of the American Fisheries Society 131(1): 1-13. 

Ke, Z.; Xie, P. & Guo, L. 2008. In situ study on effect of 

food competition on diet shifts and growth of silver and 

bighead carps in large biomanipulation fish pens in 

Meiliang Bay, Lake Taihu. Journal of Applied 

Ichthyology 24(3): 263-268. 

Khan, A.M.; Ali, Z.; Shelly, S.Y.; Ahmad, Z. & Mirza, 

M.R. 2011. Aliens: A catastrophe for native freshwater 

fish diversity in Pakistan. Journal of Animal and Plant 

Sciences 21(2): 435-440. 

Khan, M.N.; Shahzad, K.; Chatta, A.; Sohail, M.; Piria, M. 

& Treer, T. 2016. A review of introduction of common 

carp Cyprinus carpio in Pakistan: Origin, purpose, 

impact and management. Croatian Journal of Fisheries 

74(2): 71-80. 

Kjeldahl, J.G.C.T. 1883. A new method for the 

determination of nitrogen in organic matter. Fresenius 

Zeitschrift für Analytische Chemie 22: 366-382. 

Kohn, M.J. & Cerling, T.E. 2002. Stable isotope 

compositions of biological apatite. Reviews in 

Mineralogy and Geochemistry 48(1): 455-488. 

Kurle, C.M. & Worthy, G.A. 2002. Stable nitrogen and 

carbon isotope ratios in multiple tissues of the northern 

fur seal Callorhinus ursinus: Implications for dietary 

and migratory reconstructions. Marine Ecology 

Progress Series 236: 289-300. 

Lackmann, A.R.; Bryshun, R.; Phillips, I.D.; Sereda, J.; 

Ferrari, M.; Leavitt, P.R.; Fortin, D.; Peigan, M.T.; 

FHQTC Lands Chiefs Committee; Jardine, T.D. 2025. 

Otolith and muscle stable isotope analyses to assess 

food-web interactions between threatened bigmouth 

buffalo (Ictiobus cyprinellus) and invasive common 

carp (Cyprinus carpio). Canadian Journal of Fisheries 

and Aquatic Sciences 82: 1-16. 

Layman, C.A.; Araujo, M.S.; Boucek, R.C.; 

Hammerschlag‐Peyer, M.; Harrison, E.; Jud, Z.R. & 

Bearhop, S. 2012. Applying stable isotopes to examine 

food‐web structure: An overview of analytical tools. 

Biological Reviews 87(3): 545-562. 

Layman, C.A.; Arrington, D.A.; Montana, C.G. & Post, 

D.M. 2007a. Can stable isotope ratios provide for 

community-wide measures of trophic structure? 

Ecology 88(1): 42-48. 

Lockwood, J.L.; Hoopes, M.F. & Marchetti, M.P. 2007. 

Invasion Ecology. 1st ed. Blackwell Publishing, 

Malden, Oxford, Victoria. 304 p. 



405 
 

Imran et al./ Trophic niche overlap investigation among native and alien fish species via Stable Isotope Analysis 

Lorrain, A.; Savoye, N.; Chauvaud, L.; Paulet, Y.M. & 

Naulet, N. 2003. Decarbonation and preservation 

method for the analysis of organic C and N contents and 

stable isotope ratios of low-carbonated suspended 

particulate material. Analytica Chimica Acta 491(2): 

125-133. 

Mahboob, S.; Niazi, F.; AlGhanim, K.; Sultana, S.; Al-

Misned, F. & Ahmed, Z. 2015. Health risks associated 

with pesticide residues in water, sediments and the 

muscle tissues of Catla catla at Head Balloki on the 

River Ravi. Environmental Monitoring and Assessment 

187(3): 1-10. 

Marks, J.C.; Haden, G.A.; O’Neill, M. & Pace, C. 2010. 

Effects of flow restoration and exotic species removal 

on recovery of native fish: lessons from a dam 

decommissioning. Restoration Ecology 18(6): 934-943. 

Marshall, J.D.; Brooks, J.R. Lajtha, K. 2007. Sources of 

variation in the stable isotopic composition of plants. In: 

Michener, R.; Lajtha, K. (eds) Stable isotopes in 

ecology and environmental science. Blackwell 

Publishing, Malden, MA. pp. 22-60. 

Milardi, M.; Gavioli, A.; Soininen, J. & Castaldelli, 

G. 2019. Exotic species invasions undermine regional 

functional diversity of freshwater fish. Scientific 

Reports 9(1): 1-10. 

Miller, S.A. & Crowl, T.A. 2006. Effects of common carp 

(Cyprinus carpio) on macrophytes and invertebrate 

communities in a shallow lake. Freshwater Biology 51: 

85-94. 

Minagawa, M. & Wada, E. 1984. Stepwise enrichment of 

¹⁵N along food chains: further evidence and the relation 

between δ¹⁵N and animal age. Geochimica et 

Cosmochimica Acta 48(5): 1135-1140. 

Mirza, M.R. & Sharif, H.M. 1996. A key to the fishes of 

Punjab. Ilmi Katab Ghar, Urdu Bazar, Lahore. 

Mirza, M.R.; Javed, M.N. 2003. Fishes of the River Chenab 

in Pakistan. Biologia 49: 57-64. 

Montoya, J.M.; Pimm, S.L.; Solé, R.V. 2006. Ecological 

networks and their fragility. Nature 442(7100): 259-

264. 

Muhammad, N.; Imran, M. & Abideen, S.M.Z.U. 2024. 

Exploring the fish diversity along the River Ravi in 

Punjab, Pakistan. Journal of Wildlife Ecology 8: 74-81. 

Munawar, A.; Imran, M.; Ameen, M.; Khan, A.M.; Sania, 

A.; Shahbaz, M. 2023. Feeding overlap investigations 

between Hypophthalmichthys molitrix and Cyprinus 
carpio from Punjab, Pakistan. Journal of Bioresource 

Management 10(4): 4. 

Nahon, S.; Roussel, J.M.; Jaeger, C.; Menniti, C.; 

Kerhervé, P.; Mortillaro, J.M.; Aubin, J. 2020. 

Characterization of trophic niche partitioning between 

carp (Cyprinus carpio) and roach (Rutilus rutilus) in 

experimental polyculture ponds using carbon (δ¹³C) and 

nitrogen (δ¹⁵N) stable isotopes. Aquaculture 522: 

735162. 

Newsome, S.D.; Martinez del Rio, C.; Bearhop, S. & 

Phillips, D.L. 2007. A niche for isotopic ecology. 

Frontiers in Ecology and the Environment 5(8): 429-

436. 

Pervaiz, K.; Mirza, Z.S.; Siddiqui, S.; Naghma, K.; 

Waheed, S.H. & Usman, K. 2018. Studies on the fish 

biodiversity of River Ravi in Punjab Pakistan. Journal 

of Entomology and Zoology Studies 6(1): 1442-1448. 

Peterson, B.J. & Fry, B. 1987. Stable isotopes in ecosystem 

studies. Annual Review of Ecology and Systematics 18: 

293-320. 

Peterson, C.T.; Grubbs, R.D. & Mickle, A. 2020. Trophic 

ecology of elasmobranch and teleost fishes in a large 

subtropical seagrass ecosystem (Florida Big Bend) 

determined by stable isotope analysis. Environmental 

Biology of Fishes 103(3): 683-701. 

Pilger, T.J.; Gido, K.B. & Propst, D.L. 2010. Diet and 

trophic niche overlap of native and nonnative fishes in 

the Gila River, USA: implications for native fish 

conservation. Ecology of Freshwater Fish 19(2): 300-

321. 

Pinnegar, J.K. & Polunin, N.V.C. 1999. Differential 

fractionation of δ¹³C and δ¹⁵N among fish tissues: 

implications for the study of trophic interactions. 

Functional Ecology 13(2): 225-231. 

Podani, J. 2009. Convex hulls, habitat filtering, and 

functional diversity: mathematical elegance versus 

ecological interpretability. Community Ecology 10(2): 

244-250. 

Polis, G.A. & Strong, D.R. 1996. Food web complexity and 

community dynamics. American Naturalist 147(5): 

813-846. 

Post, D.M. 2002. Using stable isotopes to estimate trophic 

position: models, methods, and assumptions. Ecology 

83(3): 703-718. 

Pyšek, P. & Richardson, D.M. 2010. Invasive species, 

environmental change and management, and health. 

Annual Review of Environment and Resources 35: 25-

55. 

Quintana, Y.; Keppeler, F.W. & Winemiller, K.O. 2023. 

Does invasion by armored catfish shift trophic ecology 



406 
 

Iran. J. Ichthyol. (2025) 12(4):394-407 

 of native fishes? Evidence from stable isotope analysis. 

Ecology 104(5): e4024. 

Richardson, D.M. 2011. Invasion science: the roads 

travelled and the roads ahead. In: Richardson, D.M. (ed) 

Fifty years of invasion ecology: the legacy of Charles 

Elton. Wiley-Blackwell, Chichester. Pp. 397-401. 

Ryan, C.; McHugh, B.; Trueman, C.N.; Harrod, C.; 

Berrow, S.D. & O’Connor, I. 2012. Accounting for the 

effects of lipids in stable isotope (δ¹³C and δ¹⁵N) 

analysis of skin and blubber of balaenopterid whales. 

Rapid Communications in Mass Spectrometry 26(23): 

2745-2754. 

Said, A.; Imran, M.; Waseem, M.T.; Khan, A.M.; 

Khalique, N.; Sarwar, G.; Ahmad, R.M. 2022. Feeding 

niche overlap between native and alien fishes in Swat 

River, Khyber Pakhtunkhwa, Pakistan. Environmental 

Biology of Fishes 105(4): 509-518. 

Sajjad, M.I.; Latif, Z.; Tasneem, M.A.; Ali, M. & Bilal, 

R. 1993. Standardization of ¹³CO₂ production procedure 

from organic matter for mass spectrometric analysis 

(No. PINSTECH-RIAD–138). Pakistan Institute of 

Nuclear Science and Technology. 

Sass, G.G.; Hinz, C.; Erickson, A.C.; McClelland, N.N. & 

McClelland, M.A. 2014. Invasive bighead and silver 

carp effects on zooplankton communities in the Illinois 

River, Illinois, USA. Journal of Great Lakes Research 

40(4): 911–921. 

Scheffer, M.; Van Geest, G.J.; Zimmer, K.; Jeppesen, E.; 

Søndergaard, M.; Butler, M.G.; De Meester, L. 2006. 

Small habitat size and isolation can promote species 

richness: second‐order effects on biodiversity in 

shallow lakes and ponds. Oikos 112(1): 227-231. 

Seghers, B.; Archer, S.K.; Host, A.; Bockus, A.; Stahl, 

A.R. & Polito, M.J. 2025. Arithmetic normalisation 

models for the effects of lipid on carbon stable isotope 

values in silver carp (Hypophthalmichthys molitrix) 

tissue. Isotopes in Environmental and Health Studies 

61(2): 181-197. 

Shabir, M.; Bano, N. & Majeed, U. 2025. Effect of 

fermented moringa (Moringa oleifera) leaves as a feed 

ingredient in the diet of rohu (Labeo rohita) fish. Journal 

of Wildlife Ecology 9(1): 31-42. 

Sharma, C.M.; Borgstrøm, R. 2008. Shift in density, habitat 

use, and diet of perch and roach: An effect of changed 

predation pressure after manipulation of pike. Fisheries 

Research 91(1): 98-106. 

Shuai, F.; Li, J. & Lek, S. 2023. Nile tilapia (Oreochromis 

niloticus) invasion impacts trophic position and 

resource use of commercially harvested piscivorous 

fishes in a large subtropical river. Ecological Processes 

12(1): 22. 

Szepanski, M.M.; Ben-David, M. & Van Valkenburgh, 

B. 1999. Assessment of anadromous salmon resources 

in the diet of the Alexander Archipelago wolf using 

stable isotope analysis. Oecologia 120(3): 327-335. 

Ullah, N.; Said, A.; Israr, M.; Rasool, A.; Akbar, F.; 

Ahmad, S. & Siraj, M. 2021. Effect of different protein-

based feed on the growth of mahseer. Brazilian Journal 

of Biology 82: 1-5. 

Ullah, W.; Said, A.; Khan, F.A.; Haq, I.U.; Ullah, A.; 

Usama; Rehman, H.U. & Ullah, Z. 2023. Risk factors 

responsible for wildlife destruction in District 

Battagram, Pakistan. Bioscience Research 20: 454-461. 

Wang, C.; Lei, A.; Zhou, K.; Hu, Z.; Hao, W. & Yang, 

J. 2014. Growth and nitrogen uptake characteristics 

reveal outbreak mechanism of the opportunistic 

macroalga Gracilaria tenuistipitata. PLoS One 9(10): 

e108980. 

Wang, J.; Chapman, D.; Xu, J.; Wang, Y. & Gu, B. 2018. 

Isotope niche dimension and trophic overlap between 

bigheaded carps and native filter-feeding fish in the 

lower Missouri River, USA. PLoS One 13: e0197584. 

Yang, X.; Luo, K.; Fu, J.; Kang, B.; He, X. & Yan, Y. 2025. 

Fish community resource utilization reveals benthic–

pelagic trophic coupling along depth gradients in the 

Beibu Gulf, South China Sea. Biology 14(2): 207. 

Yurkowski, D.J.; Hussey, N.E.; Semeniuk, C.; Ferguson, 

S.H. & Fisk, A.T. 2015. Effects of lipid extraction and 

the utility of lipid normalization models on δ¹³C and 

δ¹⁵N values in Arctic marine mammal tissues. Polar 

Biology 38(2): 131-143. 

Zambrano, L.; Valiente, E. & Vander Zanden, M.J. 2010. 

Food web overlap among native axolotl (Ambystoma 
mexicanum) and two exotic fishes: carp (Cyprinus 
carpio) and tilapia (Oreochromis niloticus) in 

Xochimilco, Mexico City. Biological Invasions 12(9): 

3061-3069. 

 

 

 

 

 

 

 



 

704 
 

Iran. J. Ichthyol. (2025) 12(4): 394-407                                                                            © 2025 Iranian Society of Ichthyology 

P-ISSN: 2383-1561; E-ISSN: 2383-0964                                                                             doi: 10.22034/iji.v12i4.1071 

http://www.ijichthyol.org                                                                                                     
 

 کاملمقاله 

 نالیزآ از استفاده با ماهیان غیربومی و بومی هایگونه میان ایتغذیه جایگاه همپوشانی بررسی

 بیزی استنباط و پایدار هایایزوتوپ
 

 4*الطاف محمد ،3رحمان اقراء ،2احمد اعزاز ،2سعید امیر ،1خان عبدالمجید ،1عمران محمد

 .پاکستان ،۵۹۵۴۵ لاهور پنجاب، دانشگاه جانورشناسی، مؤسسه1
 .پاکستان لاهور، ریلوِی، خیابان ،(تکمیلی تحصیلات) اسلامیه دولتی کالج2

 .پاکستان آباد،فیصل کالج، دولتی دانشگاه زیست،محیط مهندسی و علوم گروه3
 .پاکستان بهاولپور، اسلامیه دانشگاه جنگل، علوم مؤسسه۹

 انتقال با هاگونه نیا. شودیم محسوب یآب یهاستمیاکوس در یبوم انیماه یستیز تنوع یبرا دهایتهد نیترمهم از یکی یربومیمهاجم غ یهاورود گونه چکیده:

 پژوهش در. کنندیم جادیا یاگسترده یطیمحستیز یامدهایپ ها،ستمیاکوس یعیطب تعادل زدن برهم و یبوم یهاگونه تیجمع کاهش د،یجد یهاانگل و هایماریب

، Hypophthalmichthys nobilis ،H. molitrixشامل  یربومیهشت گونه غ یاهیتغذ یالگوها یبررس یبرا( δ¹³C) و کربن (δ¹⁵N) تروژنین داریپا یهازوتوپیا از حاضر،

Carassius auratus ،Ctenopharyngodon idella ،Cyprinus carpio ،Oreochromis aureus ، O. niloticus  وO. mossambicus  شامل  یو چهار گونه بوم

Labeo rohita، L.calbasu، Cirrhinus mrigala ،Catla catla دوره  یپنجاب پاکستان، ط التیا ،یو بخش بالادست رودخانه راو یاز منطقه هد بالوک دشدهیو ص

 کنند،یم نشانجامعه را  یکیمهم ساختار تروف یهاکه مؤلفه δ¹³C–δ¹⁵N یدوبعد یفضا در محورجامعه یهاشاخص ن،یهمچن .استفاده شد 2۵2۵تا دسامبر سال  هیژانو

است.  ییاحتمال بروز رقابت بر سر منابع غذا انگریوجود دارد که ب یاهیتغذ گاهیدر جا یتوجهقابل یپوشانهم ست،یهمز یهاگونه انینشان داد که م جیمحاسبه شدند. نتا

رفتار  یدارا یمربویغ یهاکه گونه دهدینشان م افتهی نیرا اشغال کردند. ا یشتریب یاهیتغذ گاهیو وسعت جا یکیتنوع تروف ،یبوم یهانسبت به گونه یربومیغ یهاگونه

 دییتأ δ¹³C ریمقاد ترعیکه با دامنه وس یموضوع کنند؛یرا مصرف م ییاز اقلام غذا یاگسترده فیمتنوع، ط ییغذا هیاز منابع پا یریگطلب بوده و با بهرهفرصت یاهیتغذ

 هاگونه ریسا با یاندک یپوشانهم و کرده اشغال را ییمجزا نسبتاً یاهیتغذ گاهی، جا δ¹³Cو δ¹⁵N ترنییپا ریا داشتن مقادب Labeo rohita ،یبوم یهاگونه انیدر م .شودیم

 حضور از یناش یاهیتغذ فشار جهینت در احتمالاً یاهیتغذ گاهیجا کیتفک نیا. رسدینظر مبه محدود انیماه ریسا با گونه نیا ییغذا میمستق رقابت ن،یبنابرا داد؛ نشان

 ،یپروریآبز متخصصان یبرا را یارزشمند هیپا اطلاعات مطالعه نیا جینتا .است شده جادیا پاکستان عیسر رییتغ حال در یآب یهاستمیاکوس در یربومیغ یهاگونه

 استفاده مورد انیماه یبوم یهاگونه از حفاظت و مهاجم یربومیغ یهاگونه تیریمد یراهبردها نیتدو در تواندیم و آوردیم فراهم پژوهشگران و یعیطب منابع رانیمد

 .ردیگ قرار

 پایدار هایایزوتوپ جایگاه، همپوشانی ماهیان، بومی، هایگونهکلیدی: کلمات

 

 


