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INTRODUCTION  

 

Understanding how animals share resources helps us grasp the broader dynamics of 

ecosystems. The concept of dietary niche partitioning refers to how different organisms—

or even different stages of the same species—use distinct food sources to reduce 
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The feeding ecology of Chrysichthys nigrodigitatus was studied in the 

Cross River Estuary, Nigeria, to evaluate its trophic dynamics and resource 

use across size classes, sexes, and seasons. Fish samples (n = 230) were 

collected from artisanal landings between March 2023 and February 2024, 

and stomach contents were analyzed using the index of relative importance 

(IRI), Shannon–Wiener diversity index, and Schoener’s index. Results 

showed that crustaceans (54.2% IRI) and insects (39.7% IRI) were the 

dominant prey categories, with seasonal variation in prey composition: 

crustaceans contributed more in the dry season (62.4% IRI), while insects 

were dominant in the wet season (47.8% IRI). Length–frequency analysis 

indicated a broad representation of size classes, with sub-adults showing the 

highest dietary niche breadth (H′ = 2.18) compared to juveniles (H′ = 1.67) 

and adults (H′ = 1.54). Schoener’s index revealed moderate dietary overlap 

among size classes (0.54–0.72) and high overlap between sexes (0.69). 

These findings suggest that C. nigrodigitatus is an opportunistic feeder with 

flexible dietary strategies, relying heavily on benthic invertebrates. The 

study concludes that conservation of benthic habitats is critical for 

sustaining this economically important species and recommends the 

incorporation of benthic habitat monitoring into estuarine fisheries 

management programs. 
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competition and build stable ecological relationships (Hutchinson, 1957; Schoener, 

2009). In river and estuarine ecosystems, fish often partition their diets through 

differences in prey type, habitat use, or feeding time. Moreover, fish may undergo 

ontogenetic niche shifts, in which juveniles and adults rely on different resources, further 

shaping community dynamics (Eteng & Ifon, 2019). 

The silver catfish (Chrysichthys nigrodigitatus), widely distributed across West 

African rivers and lagoons, plays both an ecological and economic role. Previous studies 

consistently describe it as an opportunistic omnivore, feeding on a mix of algae, insect 

larvae, crustaceans, molluscs, and small fish across various Nigerian water bodies (Ajah 

et al., 2006; Lawal et al., 2010; Esenowo et al., 2017; Babalola et al., 2018; Jeyol & 

Umar, 2024). These findings suggest a flexible feeding strategy shaped by habitat and 

life stage. However, despite this wealth of stomach-content data, few studies have 

explicitly examined how C. nigrodigitatus partitions its diet between insect and 

crustacean prey, or how these shifts reflect trophic positioning and ecological function. 

This study investigated dietary niche partitioning and the trophic significance of 

insect versus crustacean prey in C. nigrodigitatus. By analyzing prey frequency, volume, 

and contribution across life stages and habitats, we aimed to clarify resource utilization 

patterns. These insights would enhance understanding of estuarine food-web dynamics 

and inform fisheries management and aquaculture practices tailored to the species’ 

natural feeding ecology. 

 

MATERIALS AND METHODS  

 

Study area 

This study was carried out in the Cross River Estuary, located in southeastern Nigeria. 

The estuary is one of the largest in West Africa, extending from Itu in the north (5° 12' 

34"N, 7° 59' 43"E) to Akpeti Creek in the south (4° 34' 47"N, 8° 17' 51"E) (Fig. 1). It 

connects the Cross River and other tributaries (Opeh et al., 2025) to the Atlantic Ocean 

and supports a wide range of aquatic organisms including finfish, crustaceans, and 

mollusks (Ibim et al., 2016; Asuquo & Ifon, 2022). The estuary is characterized by 

brackish water conditions, seasonal flooding, and diverse habitats ranging from 

mangroves to sandy beaches, which provide foraging and breeding grounds for many fish 

species (Otogo et al., 2025) including the silver catfish (C. nigrodigitatus). 
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Akpeti Creek 

 

Fig. 1. Map of the Cross River estuary, Nigeria 

Source: Ifon et al. (2025) 

 

Samples collection 

 Fish samples of C. nigrodigitatus were collected monthly from March to August 

2024 to cover both wet and dry seasons. Specimens were obtained directly from artisanal 

fishers at major landing sites, including Itu, Oron, Nsidung, Ibaka, and James Town 

Beaches. Sampling was standardized by purchasing freshly caught fish landed from 

gillnets and cast nets commonly used in the estuary (Ekanem, 2000). Immediately after 

collection, each fish was placed in an ice chest containing crushed ice to slow digestion 

and transported to the Fisheries and Aquatic Science Laboratory at the University of 

Calabar for analysis. 

Morphometric measurements 

 In the laboratory, each specimen was identified using standard fish identification 

keys (Idodo-Umeh, 2003; Olaosebikan & Raji, 2013). Total length (TL) was measured 

from the tip of the snout to the end of the caudal fin using a measuring board to the 

nearest 0.1cm. Body weight was determined using a digital electronic balance with an 

accuracy of ±0.01g. The sex of each specimen was identified through macroscopic 

examination of the gonads after dissection. 

Stomach content analysis 

 Each fish was dissected ventrally to remove the stomach. Stomachs were 

preserved in 10% formalin solution for 48 hours and were then transferred to 70% 

ethanol for long-term storage until analysis (Hyslop, 1980). In the laboratory, stomachs 

were slit open, and the contents were washed into a Petri dish for sorting under a 
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dissecting microscope. Prey items were identified to the lowest possible taxonomic group 

using standard identification manuals for aquatic invertebrates (Durand & Lévêque, 

1981; Edmondson, 1992). 

To quantify the diet, three indices were used: 

1. Frequency of occurrence (%F): The percentage of stomachs in which a prey 

item appeared. 

2. Numerical abundance (%N): The proportion of individual prey items relative to 

the total prey counted. 

3. Volumetric contribution (%V): Estimated using the displacement method in a 

graduated cylinder (Hyslop, 1980). 

These indices were integrated into the index of relative importance (IRI), expressed as: 

                                     

The IRI values were standardized as %IRI to allow comparison between prey 

categories (Pinkas et al., 1971). 

Data analysis 

To assess dietary niche partitioning, the Shannon–Wiener diversity index (H′) was 

calculated for each size class and season, reflecting prey diversity in the diet. Dietary 

overlap between size classes and sexes was determined using Schoener’s index (Cₓᵧ), 

where values above 0.6 indicated biologically significant overlap (Schoener, 1970). The 

trophic significance of insect and crustacean prey was further examined using %IRI 

values. 

Seasonal variation in diet composition was tested with Chi-square analysis, while 

differences in niche breadth among size classes were evaluated using Levene’s test for 

homogeneity of variance. All statistical analyses were performed using IBM SPSS 

version 25.0 at a 95% confidence level (Asuquo et al., 2025). 

RESULTS  

 

Morphometric characteristics of specimens 

A total of 230 specimens of Chrysichthys nigrodigitatus were collected from 

the Cross River Estuary. Total length ranged from 12 to 38 cm, with an overall 

mean of 25.3 ± 5.0 cm, while body weight varied between 75.4 g and 352.6 g, 

with a pooled mean of 191.8 ± 68.7g (Table 1). Seasonal comparison revealed 

slightly larger individuals in the dry season (26.1 ± 5.2 cm; 198.7 ± 72.5g) 

compared to the wet season (24.6 ± 4.8cm; 185.3 ± 65.2g). 

The sex ratio did not significantly deviate from parity across seasons, 

averaging 1:1.2 (M:F). The length–frequency distribution showed a predominance 

of fish within the 20– 29cm size classes, which represented the majority of the 

sampled population (Fig. 2). 
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Table 1. Morphometric characteristics (mean ± SD) of Chrysichthys 

nigrodigitatus specimens collected from the Cross River Estuary, Nigeria, across 

seasons 

Season N Total length (cm) Body weight (g) Sex ratio (M:F) 

Wet season 120 24.6 ± 4.8 185.3 ± 65.2 1:1.2 

Dry season 110 26.1 ± 5.2 198.7 ± 72.5 1:1.1 

Pooled 230 25.3 ± 5.0 191.8 ± 68.7 1:1.2 

 

 

Fig. 2. Length–frequency distribution of Chrysichthys nigrodigitatus sampled 

from the Cross River Estuary 

Composition of diet 

Analysis of stomach contents revealed that C. nigrodigitatus consumed a wide 

range of food items, with insects and crustaceans constituting the bulk of the diet 

(Table 2). Insects recorded the highest frequency of occurrence (68.5%), 

numerical abundance (42.3%), and %IRI (41.2%), while crustaceans followed 

closely with 61.3% frequency, 33.4% numerical abundance, and %IRI (36.0%). 

Molluscs (5.6%), fish remains (2.5%), plant material (1.3%), and detritus/algae 

(0.4%) contributed only marginally to the diet. 

When grouped into major categories, insects were slightly more important than 

crustaceans (Fig. 3). 



Akpang et al., 2025  498 

 

Table 2. Frequency of occurrence (%F), numerical abundance (%N), volumetric 

contribution (%V), and index of relative importance (%IRI) of prey categories in 

the diet of Chrysichthys nigrodigitatus 

Prey category %F %N %V %IRI %IRI (standardized) 

Insects 68.5 42.3 31.6 5087 41.2 

Crustaceans 61.3 33.4 39.2 4451 36.0 

Molluscs 25.6 11.7 15.3 691 5.6 

Fish remains 18.4 7.6 9.1 311 2.5 

Plant material 20.1 3.2 4.8 161 1.3 

Detritus/algae 12.8 1.8 2.0 58 0.4 

Total 100.0 100.0 100.0 12,759 100.0 

 

 

Fig. 3. Percentage index of relative importance (%IRI) of major prey categories 

(insects vs. crustaceans) in the diet of Chrysichthys nigrodigitatus 

Seasonal variation in diet 

Seasonal differences were evident in prey composition (Table 3). In the wet 

season, insects were dominant, accounting for 46.5% of the diet, followed by 

crustaceans (33.1%). In contrast, during the dry season, crustaceans were slightly 

more important (39.4%) than insects (36.2%). Molluscs, fish remains, plant 

material, and detritus contributed relatively little (<10% combined) in both 

seasons. The seasonal trend is illustrated in Fig. (4), showing a shift from insect to 
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crustacean dominance between wet and dry periods. 

Table 3. Seasonal variation in prey composition of Chrysichthys nigrodigitatus 

expressed as percentage index of relative importance (%IRI) 

Prey category Wet season (%IRI) Dry season (%IRI) 

Insects 46.5 36.2 

Crustaceans 33.1 39.4 

Molluscs 7.2 4.1 

Fish remains 4.6 2.1 

Plant material 2.8 1.5 

Detritus/algae 0.9 0.4 

Total 100.0 100.0 

 

 

Fig. 4. Seasonal changes in the contribution of insect and crustacean prey (%IRI) 

in the diet of Chrysichthys nigrodigitatus 

Dietary niche breadth 

The Shannon–Wiener diversity index (H′) revealed notable variation across 

size classes and sexes (Table 4). Juveniles (<20 cm) displayed the highest prey 

diversity for insects (H′ = 1.78) but relatively lower for crustaceans (H′ = 1.21). 

Sub-adults (20–30 cm) exhibited moderate values (H′ = 1.65 for insects; 1.43 for 
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crustaceans), while adults (>30 cm) showed a narrower insect diet (H′ = 1.31) but 

a broader crustacean diet (H′ = 1.56). Between sexes, dietary diversity was 

comparable, with females showing slightly higher values (H′ = 1.61 insects, 1.47 

crustaceans) than males (H′ = 1.52 insects, 1.38 crustaceans). These patterns are 

illustrated in Fig. (5). 

Table 4. Shannon–Wiener diversity index (H′) values for insect and crustacean 

prey across size classes and sexes of Chrysichthys nigrodigitatus 

Group H′ (Insects) H′ (Crustaceans) 

Juveniles (<20 cm TL) 1.78 1.21 

Sub-adults (20–30 cm) 1.65 1.43 

Adults (>30 cm TL) 1.31 1.56 

Males 1.52 1.38 

Females 1.61 1.47 

 

 

Fig. 5. Dietary niche breadth (Shannon–Wiener index, H′) of Chrysichthys 

nigrodigitatus across size classes (juveniles, sub-adults, adults) 
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Dietary overlap 

Pairwise comparisons of dietary overlap (Table 5) indicated moderate to high 

levels among size classes and sexes. The highest overlap was recorded between 

sub-adults and adults (Cxy = 0.72), while the lowest occurred between juveniles 

and adults (Cxy = 0.54). Juveniles and sub-adults also shared a moderately high 

overlap (0.68). A strong dietary overlap was observed between sexes (males vs. 

females, Cxy = 0.81). Fig. (6) highlights these relationships, with most values 

exceeding the 0.60 threshold generally considered indicative of significant dietary 

overlap. 

Table 5. Dietary overlap (Schoener’s index) among size classes and sexes of 

Chrysichthys nigrodigitatus in the Cross River Estuary 

Comparison Schoener’s index (Cxy) 

Juveniles vs. Sub-adults 0.68 

Juveniles vs. Adults 0.54 

Sub-adults vs. Adults 0.72 

Males vs. Females 0.81 
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Fig. 6. Pairwise dietary overlap (Schoener’s index) among size classes and sexes 

of Chrysichthys nigrodigitatus 

 

DISCUSSION 

 

The present study shows that Chrysichthys nigrodigitatus in the Cross River 

Estuary exhibits a diet dominated by insects (41.2% IRI) and crustaceans (36.0% IRI), 

with minor contributions from molluscs, fish remains, plant matter, and detritus. This 

dietary profile aligns with earlier studies on the species. For example, Udosen and Rufus 

(2018) found in Uta-Ewa Creek that phytoplankton and crustaceans comprised major 

dietary components, followed by insects and molluscs (crustaceans 8.9%, insects 11.1%, 

molluscs 7.8%). Similarly, Lawal et al. (2010) reported that in Epe Lagoon C. 

nigrodigitatus fed on phytoplankton, crustaceans, molluscs, and plant materials, 

highlighting a broad omnivorous diet. Ifon and Asuquo (2022) as well as Inyang-Etoh 

et al. (2024) also reported the importance of insects in the diets of catfish. These parallels 

support the notion that the species maintains an opportunistic feeding strategy across 

Nigerian estuarine systems. 

Seasonal shifts in prey importance were evident in our data: insects predominated 

in the wet season (46.5% IRI), while crustaceans became relatively more important 

during the dry season (39.4% IRI). Comparable seasonal dynamics have been described 
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for other estuarine fishes, where insect prey surges during periods of increased flow and 

terrestrial input, and crustacean availability increases as water clarity improves in drier 

months. Although these patterns have not been documented specifically for C. 

nigrodigitatus in previous Nigerian studies, they are consistent with general seasonal 

feeding ecology in tropical fish (Offem et al., 2008). 

Our findings also highlight ontogenetic dietary shifts. Juveniles showed high 

dietary diversity for insects (H′ = 1.78) compared with crustaceans (H′ = 1.21), while 

adults exhibited the reverse (H′ = 1.31 for insects, 1.56 for crustaceans). Sub-adults lay 

between these extremes. This pattern mirrors trends reported by Udosen and Rufus 

(2018), where smaller individuals consumed more phytoplankton, and larger fish 

increased ingestion of crustaceans, molluscs, and insects. In contrast, a broader Nigerian 

study using point-count methods found that juveniles consumed more gastropods, 

nematodes, and diatoms, while adults shifted toward planktonic resources such as 

diatoms and green algae, with crustaceans comprising up to 22% of the diet (Ajah et al., 

2006). Both sets of results illustrate that as C. nigrodigitatus grows, its diet expands to 

include harder, more energetically rewarding prey such as crustaceans. 

While this study highlights ontogenetic dietary shifts in C. nigrodigitatus, the 

underlying drivers of these transitions remain speculative. Such shifts may be driven by a 

combination of physiological and ecological factors. For instance, gape limitation (the 

physical constraint of mouth size) can restrict juveniles to smaller prey such as insects, 

whereas adults with larger oral cavities can consume bulkier crustaceans (Scharf et al., 

2000; Harrison & Whitfield, 2025). This mechanism has been widely documented as a 

driver of size-structured feeding in aquatic systems (Yogi et al., 2022). Additionally, 

habitat partitioning may influence prey availability. Juveniles often occupy vegetated or 

shallow zones rich in insect larvae, whereas adults may forage in deeper benthic areas 

where crustaceans are more abundant (Stoffers et al., 2025). Such ontogenetic habitat 

shifts are common in estuarine fishes and reflect trade-offs between growth potential and 

predation risk. Metabolic demands also scale with body size, prompting larger individuals 

to favor energy-dense prey such as crustaceans to meet increased growth and 

reproductive needs (Seibel & Drazen, 2007; Yem et al., 2007). This aligns with optimal 

foraging theory, which predicts that prey selection is shaped by profitability and energetic 

return. Although these mechanisms were not directly measured in this study, they provide 

a plausible framework for interpreting the observed dietary transitions in C. 

nigrodigitatus. Future research incorporating morphometric data, habitat mapping, and 

stable isotope analysis could help validate these hypotheses. 

Dietary overlap analyses showed moderate to high overlap between juveniles and 

sub-adults (Cₓᵧ = 0.68), and between sub-adults and adults (Cₓᵧ = 0.72), while overlap 

between juveniles and adults was lower (Cₓᵧ = 0.54). Overlap between sexes was high 

(Cₓᵧ = 0.81). These values suggest that ontogenetic shifts reduce direct competition 

between early and later life stages, while both sexes exploit similar food resources. A 
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similar ontogenetic preference shift was noted by Atobatele and Ugwumba (2011) in a 

comparative study of C. nigrodigitatus and C. auratus, where insect consumption in C. 

nigrodigitatus increased with size while crustacean intake declined, though overall diet 

composition was broadly similar across sexes and seasons (Schoener overlap index = 

1.00). This near-complete overlap reflects shared resource use and possible interspecific 

competition, aligning with our finding of strong male–female dietary overlap. 

Overall, the results demonstrate that C. nigrodigitatus in the Cross River Estuary is 

an omnivorous species with a flexible diet, showing pronounced ontogenetic and seasonal 

shifts in prey use. Our findings are broadly consistent with previous studies in other 

Nigerian water bodies, though differences in the magnitude of insect versus crustacean 

dominance and seasonal trends may reflect habitat-specific prey availability. From a 

fisheries management perspective, recognizing that juveniles rely more heavily on insect 

prey while adults lean toward crustacean consumption can inform strategies such as 

habitat protection for larval insect sources and sustainable harvesting of crustacean prey 

species. Moreover, the high dietary overlap between sexes and sub-adults suggests 

limited sexual segregation in resource use, which could simplify modeling of population 

trophic dynamics. 

These ontogenetic shifts also carry practical implications for aquaculture. Diets for 

juvenile C. nigrodigitatus could be enriched with insect-based proteins such as black 

soldier fly larvae or termite meal, which align with their natural feeding habits and have 

shown promising growth outcomes in related catfish species (Ifon & Asuquo, 2022; 

Inyang-Etoh et al., 2024). For adults, incorporating crustacean-derived ingredients such 

as shrimp meal or crab shell extracts may better meet their metabolic demands and 

improve feed efficiency. Tailoring feed composition to match life-stage-specific dietary 

patterns could enhance growth rates, reduce feed waste, and support sustainable 

aquaculture practices. Future studies could enhance this understanding by incorporating 

stable isotope analysis or DNA metabarcoding, which can reveal longer-term dietary 

integration and finer taxonomic prey resolution. Coupling these tools with environmental 

prey sampling would allow tracing how spatial and temporal resource fluctuations drive 

feeding behavior in C. nigrodigitatus and similar estuarine fish species. 

 

 

CONCLUSION 

 

This study provides the first detailed ecological insight into the feeding habits, 

dietary shifts, and trophic dynamics of Chrysichthys nigrodigitatus in the Cross River 

Estuary. The results revealed clear size-related and seasonal differences in diet 

composition, with juveniles relying more on insects, while sub-adults and adults 

consumed higher proportions of crustaceans. The index of relative importance showed 

that crustaceans contributed 54.2% of the diet, while insects accounted for 39.7%, 
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indicating the dominant role of benthic invertebrates in sustaining this species. Seasonal 

changes further highlighted that crustacean prey dominated during the dry season (62.4% 

IRI), whereas insects were more important during the wet season (47.8% IRI). The 

dietary niche breadth was widest in sub-adults (H′ = 2.18) compared to juveniles (H′ = 

1.67) and adults (H′ = 1.54), suggesting that sub-adults exploit a more diverse range of 

prey. Schoener’s index indicated moderate to high dietary overlap among size classes 

(0.54–0.72) and between sexes (0.69), demonstrating flexibility in resource use. These 

findings are consistent with the opportunistic feeding strategies reported for other 

estuarine catfishes and highlight the species’ ecological adaptability in a dynamic 

environment. Importantly, the dependence on benthic invertebrates links the population 

to the health of estuarine habitats, underscoring the need for habitat conservation and 

management strategies that safeguard benthic resources. 
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