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Abstract 

 

 The dietary ecology of the Alestidae fishes was studied from two rivers, Boumba and Kadei, in eastern 

Cameroon. A total of 106 (individual) fish specimens including five species in the Boumba (Alestes 

macrophthalmus, Brycinus macrolepidotus, Brycinus longipinnis, Bryconaethiops sp. and Hydrocynus vittatus) 

and four species in the Kadei (A. macrophthalmus, B. macrolepidotus, Brycinus imberi and H. vittatus) was 

collected monthly from December 2018 to May 2019. The stomach contents of these fish were analyzed using 

Corrected frequency of Occurrence (Fc), Percentage by Weight (P) and Index of preponderance (Ip). Qualitative 

analysis of all of these stomach contents reveals that the diet of fish hovers around four food categories: prey 

fish, macroinvertebrates, macrophytes, and other unidentifiable particles. Depending on their food preferences, 

the Alestidae of the Boumba and the Kadei rivers were placed into two groups: carnivores and omnivores. 

Although their eating habits may vary significantly and / or not with the size of individuals, diet overlap exists 

among omnivorous diet species. In addition, some Alestidae (Alestes macrophthalmus, Brycinus 

macrolepidotus) adapt their diets according to the quality and quantity of resources available in their living 

environment. 
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Introduction 

Fishes, which alone constitute more than half of the vertebrates on Earth [1], are the world's main source of 

protein of animal origin [2]. Most fish species have a diverse range of dietary habits that allow them to adapt best 

to environmental conditions, although their morphology is sometimes adapted to a specific diet [3]. Thus, 

research in the food ecology of fishes provides information on the trophic potential of the environment and is 

essential for understanding the relationships between the different species of an aquatic ecosystem [4]. Data on 

the dietary preferences and behavior of fish are important for the implementation of conservation strategies and 

sustainable management of stocks [5]. Indeed, the quality and quantity of food are among the most important 

exogenous factors that directly affect the growth and indirectly the maturation and mortality of fishes [6].  

The feeding of the fish takes into account the time when it feeds, the place and the duration of the feeding period, 

the preys that are most adequate (size and nutritional value), the way in which it will seek these preys and 

capture them [7]. This diet is correlated either to the morphology of the head and the mouth [7], or to the position 

of the mouth [8], or even to the morphology of locomotion (linear or serpentine) [8]. This is the case with the 

example of Alestes baremoze (Joannis 1835), a zooplanktonivore and an excellent swimmer capable of migrating 

over long distances in lakes [9].  

In their natural environment, fishes encounter very diverse food elements. Some species feed on dead animals, 

others on live animals, some feed only on microorganisms, others on larger plants and animals, and finally some 

species of fish are opportunistic, feeding on everything they can find in their environment [10]. Depending on the 

type of diet, fish in general are divided into four broad categories, herbivores which feed on plants; scavengers 

that eat decaying organisms; omnivores who have a mixed diet, plant and animal; carnivores that feed on other 

fishes and invertebrates [11]. However, while the diets of many fishes around the world is relatively well 

understood, the diet of fishes across the tropics, where most species are found, is relatively poorly understood. 
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The Congo Basin is full of tropical forest waterpaths that present a very great ichthyological diversity as well as 

a diversity of food source for the fishes that live there [12]. Unfortunately, apart from the work of Akenze et al. [13] 

on the feeding behavior of Schilbe grenfelli (Boulenger 1900) in the Congo River (near Brazzaville), to our 

knowledge, there is no other study on the diet of fishes in the Congo Basin in general and the Boumba and Kadei 

in particular. The aim of this work is to make a contribution to the knowledge of the diets of Alestidae, a family 

of fish well represented in the Boumba and Kadei rivers, through the study of their stomach contents with an 

evaluation of their variability according to the environment and the size of individuals. 

 

Materials and Methods  

Description of the Study Sites  

This study was carried out between December 2018 and May 2019 in two rivers (Boumba and Kadei, Congo 

Basin) in the region of East Cameroon, located respectively in the Department of Boumba and Ngoko for the 

Boumba and in the Department of Kadei (Division of Ndélélé) for the portion of Kadei that was the subject of 

this study (Figure 1).  

The Boumba River, which is nearly 530 km long, takes its source around Lomié to the north-west of that of the 

Dja, and has an average annual flow of 106 m3 / s [14]. With a catchment area of 27,400 km2, the Boumba is a 

tributary of the Dja River, near Mouloundou and it is adjacent to the Boumba -Bek National Park, bounded on 

the east by the Boumba and on the west by the Bek River. It receives on the right bank the Bek River at 

Moulondou level and on the left bank the Landjoué and Bangé Rivers and Lokomo around Yokadouma [14]. The 

Kadei River, for its part, originates at an altitude of about 100 m at Garoua - Boulaï and corresponds to the 

border between Cameroon and Central African Republic for about 80 km [14]. It is 570 km long and has an 

average annual flow of 247 m3 / s [15]. It receives on the right of the banks of river Oudou the downstream of 

Ngoura and on the left bank, the Doumé in Mindourou and the Boumbé II downstream of Mindourou [14]. 

Throughout the Congo Basin, the prevailing climate is sub-equatorial same as the Congo-Guinean type with two 

dry seasons which alternate with two rainy seasons. The average rainfall varies between 1,500 and 2,000 mm 

over 10 months. The annual average temperature is in the range of 23 to 27 ° C. The relative and average 

humidity is above 80% [16].  

Sampling for this study on the Boumba river took place at two places: Biwala 1, geographical coordinates 03o 

13. 306 ’N and 014o 54. 158’ E and altitude 477 m; and Biwala 2, geographical coordinates 03o 13. 205 ’N and 

014o 55. 281’ E and altitude 481m. On the Kadei river, this sampling took place in both places: Soné, 

geographical coordinates 04o 05. 940 ’N and 014o 55. 001’ E and altitude 572 m; and Mindourou, geographical 

coordinates 04o 08. 074 ’N and 014o 34. 208’ E and altitude 574m.   

To draw statistical interpretation, descriptive statistics, i.e., mean and standard error of mean along with the one 

way ANOVA were performed to test the presence of any significant differences between all the data at 0.05 

level. 

 

 
 

Fig 1: Map of the study area locating Boumba and Kadei and the Sampled Localities. 
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Data Collection  

Sampling and Dissection of Fish  

The fish were collected successively twice a day (morning from 5:30 a.m. to 11 a.m. and evening from 3 p.m. to 

6 p.m.), six days a week, during the six months of sampling, using different fishing gears that are usually used by 

local fishermen (gillnets, cast net, hook, trap). The captured fish were sorted and classified on a morphological 

basis, then transported fresh in cold isothermal coolers to the packing station where they were tagged and 

photographed on the left side on a dissection rack graduated to the nearest millimeter. The sample fish were 

weighed using a portable balance with a sensitivity of 0.5g and their standard (SL) and total (TL) lengths were 

measured using an ichthyometer to the nearest millimeter. The fish were then dissected to remove the stomach 

tubes, which were stored in 60ml (for small specimens) and 125ml (for large specimens) tubes, each containing 

70% alcohol. The carcasses of the fish stripped of their stomach tubes were kept in a container containing 10% 

formaldehyde for later identification at the Zoology laboratory of the University of Yaoundé I.  

Fish identification was done on the basis of morphometric and meristic characteristics using a combination of 

fish identification keys [17, 18, 19]. Species details were carefully observed under a 10X magnification "WILD 

HEERBRUGG M5-63644" brand binocular loupe.  

 

Identification of Stomach Contents  

In the laboratory, the stomachs of the sample fish were opened by incision; the contents obtained were rinsed in 

petri dishes, then filtered through a sieve with a 25 μm diameter mesh, to remove the very fine materials and the 

digestive juices present. The fractions retained on the sieves and the filtrate was sorted either with the naked eye 

or under the LEICA EZ4D brand camera microscope with magnification (8X to 13.5X) according to the size of 

the constituents. The different elements were separated, determined and most often counted (except in the case 

of phytoplankton or uncountable prey).  

Preys were identified using a combination of stomach contents identification keys [20, 21, 22, 23, 24]. They were 

counted and weighed using a precision electronic balance to the nearest thousandth of a gram (0.001g). In the 

case of animal prey already fractionated in the digestive tract, counting of fragments was carried out (e.g. whole 

heads with the rest of the body digested) and these were counted as whole individuals, then a total weight of each 

item was calculated.  

 

Data Analysis  

To accurately assess the different diets and their variations, various diet indexes were calculated, for all sampled 

fish, including the digestive emptiness coefficient (Cv), the corrected percentage of occurrence (Fc), the weight 

percentage (P), as well as the preponderance index (Ip) of Natarajan and Jhingran [25] modified by Amundsen et 

al. [26] and the Horn's dietary overlap index [27], expressed respectively as follow:  

 

 Vacuity Coefficient (CV)  

This coefficient allowsto identify the weak and intense periods of feeding activity of the fish studied over time 

and the availability of food in an environment [28]: Cv = (Ev / Nt) x 100  

Where, Ev = number of empty stomachs and Nt = total number of stomachs examined.  

 

 Corrected Frequency of Occurrence (Fc) [29]:  

 

Fc = Fi/ƩFi × 100 with Fi = ni / nt  

 

Where, Fi = frequency of prey i, ni = number of stomachs containing prey i, nt = total number of full stomachs 

examined. The calculation of the corrected frequency of occurrence (Fc) makes it possible to assess the degree of 

fidelity of the fish to its prey. It varies as follows  

 When Fc is greater than or equal to 80% (Fc ≥ 80%), the prey is considered to be very frequent;  

 When (Fc) is between 60 - 79% (60 ≤ Fc ≤ 79%.), the prey is said to be frequent;  

 When (Fc) is between 40 - 59%. (40 ≤ Fc ≤ 59%.), the prey is said to be quite frequent;  

 When (Fc) is between 20 and 39% (20 ≤ Fc ≤ 39%.), the prey is said to be accessory;  

 When (Fc) is less than 20% (Fc <20%), the prey is said to be accidental.  

 

 Weight percentage (P) [30]  

 

P=Pi/Pt x 100  

 

Where, Pi = total weight of individuals of the same prey category i, Pt = total weight of inventoried prey. 

 

 Index of preponderance (Ip) of Natarajan and Jhingran [25] modified by Amundsen et al. [26] and 

combining the percentages of occurrence (Fc) and weight (P): Ip = Fc x P/Ʃ (Fc x P) x 100;  

The preponderance index (Ip) was chosen in order to eliminate the bias caused by the different percentages (Fc 

and P) that compose it [29, 30]. This index varies from 0 to 100 and the prey categories have been classified 

according to the following classification scale:  
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Ip <10: accessory prey;  

10 <Ip <25: secondary prey;  

25 <Ip <50: important preys;  

Ip> 50: main prey.  

 

This index has the advantage of not including a numerical percentage because among the prey taxa there is a 

large amount of leaves, plant debris and insect debris that cannot be counted.  

 

 Horn's dietary overlap index [27]  

 

 
 

Where S is the total number of food items; xi and yi represent the proportion (Ip) of a prey i consumed 

respectively by species x and y. This index is used to assess the degree of similarity between the diets of 

individuals of different species. If the value of Cλ is between 0 and 0.6 (0 <Cλ <0.6) it means that the two 

species do not have the same diet; on the other hand, if the value is greater than 0.6 (Cλ ˃ 0.6) this means that 

there is an overlap of the diet [31]. The different size classes of the sampled specimens were defined on the basis 

of Sturge's rule [32], as follow:  

 Number of classes (NC) = 1 + 3.3 log10 N, where N = total number of specimens examined.  

 The interval of each class was determined according to the formula: I = (SL max-SL min) / NC, with SL 

max = maximum standard length and SL min = minimum standard length.  

 

Spearman's rank correlation tests were performed to compare diets across the sampled data based on location and 

size of fish. Statistical analyzes were performed using Excel 2010 software and the differences were considered 

significant at p <0.05.  

 

Results  

Specific Richness and Abundance of Alestidae  

A total of 106 fish specimens belonging to the Alestidae family, divided into four genera (Alestes Müller & 

Troschel, 1846, Brycinus Valenciennes, 1850, Bryconaethiops Günther, 1873 and Hydrocynus Cuvier, 1816) and 

six species (Alestes macrophthalmus Günther 1867, Brycinus imberi (Peters 1852), Brycinus macrolepidotus 

Valenciennes 1850, Brycinus longipinnis (Günther 1864), Bryconaethiops sp. and Hydrocynus vittatus 

(Castelnau 1861)) were collected in the two rivers. Five of these species are present in the sampled stations in 

Boumba and four in those of the Kadei. The Boumba’s collection has 63 specimens including 39 A. 

macrophthalmus, 12 B. macrolepidotus, one B. longipinnis, 10 Bryconaethiops sp. and one H. vittatus while the 

Kadei’s sample has 43 specimens including two A. macrophthalmus, 23 B. macrolepidotus, 13 B. imberi and five 

H. vittatus.  

Depending on the sampling sites, the average size and weight of specimens varies, from individual to individual 

(within the same species) and from species to species (Figure 2). 

 

 
 

Fig 2: Comparative variations in average length and weight of different species of Alestidae collected. MTL = 

average of total lengths, MSL = average of standard lengths, M.W = average of weights. 
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General Diet Profile  
Of the 106 individuals sampled, the stomachs collected were either full or empty. Thus 89.7% of the fish 

collected in the Boumba had full stomach tubes against 7.7% empty, while in the Kadei, 76.1% of the stomachs 

were full against 14.9% empty. The stomachs of some individuals were decomposed before their laboratory 

analysis and were therefore considered to be absent (Figure 3).  

 

 
 

Fig 3: State of the stomachs of fish according to the sampling sites. 

 

Observation of these stomachs made it possible to assess the emptiness coefficient of each species listed in the 

different sites. Thus in A. macrophthalmus it is 8.33 at Boumba and 50 at Kadei, the high value of the vacuity 

coefficient observed in this species at Kadei is mainly due to the low number of individuals collected (two 

individuals including one had an empty stomach and the other was loaded); in Bryconaethiops sp and B. imberi 

the coefficient of emptiness is 33.3 and 25 respectively, which means that only a few individuals of each of these 

species had empty stomachs and the vast majority had full stomachs; in B. macrolepidotus it is zero (0) in the 

Boumba and 9.09 in the Kadei, this means that all the individuals captured in the Boumba had their stomachs 

stuffed with food, as in the Kadei, the observation is almost similar, as the vast majority of individuals captured 

had a loaded stomach (Table 1). 

 

Table 1: Calculation of the coefficient of vacuity in the different species of the two rivers 
 

Species 
Boumba Kadei 

Coefficient of vacuity Coefficient of vacuity 

A. macrophthalmus 8.33 50 

Bryconaethiops sp 33.3 / 

B. longipinnis 0 / 

B. macrolepidotus 0 8.69 

B. imberi / 25 

H. vittatus 100 60 

 

Qualitative analysis 

The qualitative analysis of all the stomach contents of the different species of fish collected in the Boumba and 

in the Kadei reveals that the fish diet oscillates around four food categories: prey fish, macroinvertebrates, 

macrophytes, and others miscellaneous unidentifiable particles. Prey fish are made up of small fish, fish scales 

and fish debris (bones, skulls, fins). Macroinvertebrates are represented by aquatic insects (Diptera, Coleoptera, 

Ephemeroptera, Trichoptera and Odonata); terrestrial insects and invertebrates (Isoptera, Hymenoptera, 

Lepidoptera and Myriapoda) and Crustaceans (which are represented here by Shrimps only). In the category of 

macrophytes, one fraction consists of terrestrial plants (fragments of leaves, flowers, seeds, fruits) and another 

consists of aquatic plants (mosses, ferns, green algae and other unidentified leaves). The already decomposed or 

unidentified food fraction and other miscellaneous debris have been grouped together under the term "other". 

From this analysis it clearly emerges that macroinvertebrates are also well represented both in the diet of fish 

from the Boumba and those from the Kadei; these are followed by macrophytes (Table 2). 

 

Table 2: Presence-absence of prey identified in the stomach contents of dissected individuals. 
 

Sites 

 

Prey Fish Macroinvertebrates Macrophytes Other 
 

Species 
Wh/Pat AI InsT/InvT Cr TP AP 

 
Mis 

 
Sf Fs Fd Co Tr Od Or Le Hy Is My De Lf Fl Fr Se AP Ib Ie Ff Un 

Boumba 

A. macrophthalmus 
  

⁺ ⁺ 
  

⁺ ⁺ 
       

⁺ ⁺ ⁺ ⁺ 
 

⁺ 

Bryconaethiops sp. 
 

⁺ 
   

⁺ 
 

⁺ 
        

⁺ 
    

B. longipinnis 
       

⁺ 
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B. macrolepidotus 
       

⁺ ⁺ 
   

⁺ 
 

⁺ 
 

⁺ 
    

H. vittatus 
                     

Kadei 

A. macrophthalmus 
      

⁺ 
              

B. imberi 
  

⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ ⁺ 
      

⁺ ⁺ 
   

B. macrolepidotus 
   

⁺ ⁺ 
   

⁺ 
 

⁺ ⁺ 
 

⁺ ⁺ 
 

⁺ ⁺ 
 

⁺ 
 

H. vittatus ⁺ 
                    

 

Quantitative analysis 

Analysis of stomach contents of fish species sampled in Boumba and Kadei was done using the frequency of 

occurrence (Fc) and the preponderance index (Ip). According to the frequency of occurrence (Fc), Lepidoptera 

are the most frequent (Fc = 100%) and main (Ip = 100%) preys in the diet of B. longipinnis in the Boumba, while 

at the Kadei, the Orthoptera (Fc = 100%; Ip = 100%) and prey fish (Fc = 100%; Ip = 100%) are the most 

frequent in A. macrophthalmus and H. vittatus respectively. However, the vast majority of the prey consumed by 

the different species of fish in the Boumba and in the Kadei seems to be accidental (Fc <20%) and / or accessory 

(Ip <10) prey, with the exception of Hymenoptera which are fairly frequent (40 ≤ Fc ≤ 59%) and main (Ip> 50) 

preys in the diet of B. macrolepidotus in Kadei. In the Boumba in this same species, the Hymenoptera appear as 

accidental (Fc <20%) and / or accessories (Ip <10) preys (Table 3). 

 

Table 3: Corrected frequencies (Fc), weight percentages (P) and preponderance indices (Ip) of the prey 

consumed by the different species of fish sampled in Boumba and Kadei. 
 

Preys 
Metric 

analyzed 

Sites 

Boumba Kadei 

A. 

macrophtha

lmus 

Bryconaeth

iops sp. 

B. 

longipin

nis 

B. 

macrolepid

otus 

H. 

vittatu

s 

A. 

macrophtha

lmus 

B. 

imber

i 

B. 

macrolepid

otus 

H. 

vittatu

s 

Fishes 

Fc 2.9 14 0 0 0 0 7.1 0 100 

P 0.1 2.6 0 0 0 0 4.5 0 100 

IP 0 0.7 0 0 0 0 3 0 100 

Coleopte

ra 

Fc 2.9 0 0 0 0 0 7.2 5.9 0 

P 1.1 0 0 0 0 0 6.7 0.1 0 

IP 0.1 0 0 0 0 0 4.5 0 0 

Trichopt

era 

Fc 0 0 0 0 0 0 7 .1 2.9 0 

P 0 0 0 0 0 0 1.1 0.1 0 

IP 0 0 0 0 0 0 0.8 0 0 

Odonates 

Fc 0 14 0 0 0 0 7.1 0 0 

P 0 4.1 0 0 0 0 13.1 0 0 

IP 0 1.1 0 0 0 0 9 0 0 

Orthopte

ra 

Fc 15 0 0 0 0 100 7.1 0 0 

P 12 0 0 0 0 100 6 .2 0 0 

IP 3.6 0 0 0 0 100 4.2 0 0 

Lepidopt

era 

Fc 5.9 14 100 8.3 0 0 7.1 0 0 

P 5.9 2.6 100 1.2 0 0 0.2 0 0 

IP 0 .7 0.7 100 0.4 0 0 0.2 00 0 

Hymeno

ptera 

Fc 0 0 0 8.3 0 0 14 53 0 

P 0 0 0 18 0 0 15 60 0 

IP 0 0 0 5.7 0 0 20 90 0 

Isoptera 

Fc 0 0 0 0 0 0 7.1 0 0 

P 0 0 0 0 0 0 31 0 0 

IP 0 0 0 0 0 0 21 0 0 

Myriapo

da 

Fc 0 0 0 0 0 0 0 2.9 0 

P 0 0 0 0 0 0 0 6.6 0 

 
IP 0 0 0 0 0 0 0 0.6 0 

Decapod

s 

Fc 0 0 0 0 0 0 0 2.9 0 

P 0 0 0 0 0 0 0 0.2 0 

IP 0 0 0 0 0 0 0 0 0 

Fruit 

Fc 0 0 0 25 0 0 0 2.9 0 

P 0 0 0 28 0 0 0 2.8 0 

IP 0 0 0 27.2 0 0 0 0.2 0 

Flowers 

Fc 0 0 0 0 0 0 0 5.9 0 

P 0 0 0 0 0 0 0 2.7 0 

IP 0 0 0 0 0 0 0 0.5 0 
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Leaf 

fragment

s 

Fc 0 0 0 17 0 0 0 0 0 

P 0 0 0 13 0 0 0 0 0 

IP 0 0 0 8.8 0 0 0 0 0 

Aquatic 

plants 

Fc 62 57 0 42 0 0 7.1 12 0 

P 79.1 90.7 0 35.4 0 0 11.1 24.2 0 

IP 96 98 0 58 0 0 7.5 8.1 0 

Other 

Fc 12 0 0 0 0 0 29 12 0 

P 1.3 0 0 0 0 0 11 3.1 0 

IP 0.1 0 0 0 0 0 30 0.6 0 

 

To better appreciate the quantitative values of the food items, a grouping by categories of prey was carried out 

and recorded in (table 4). It emerges that, the majority of fish, regardless of the study site, has a strong food 

preference for macroinvertebrates followed by aquatic plants. 

 

Table 4: Corrected frequencies (Fc), weight percentages (P) and preponderance indices (Ip) of the prey groups 

consumed by the different fish species sampled in the Boumba and the Kadei. 
 

Preys 
Metric 

analyzed 

Sites 

Boumba Kadei 

A. 

macrophtha

lmus 

Bryconaeth

iops sp. 

B. 

longipin

nis 

B. 

macrolepid

otus 

H. 

vittatu

s 

A. 

macrophtha

lmus 

B. 

imbe

ri 

B. 

macrolepid

otus 

H. 

vittatu

s 

Fish 

Fc 2.9 14.3 0 0 0 0 7.1 0 100 

P 0.1 2.6 0 0 0 0 4 .5 0 100 

IP 0.01 0.7 0 0 0 0 3 0 100 

Macroinver

tebrates 

Fc 26.5 28.6 100 16.7 0 100 57.1 67.6 0 

P 20.5 6.7 100 18.7 0 100 73.3 67.2 0 

IP 4 .4 1.8 100 6.1 0 100 59 0.1 0 

terrestrial 

plants 

Fc 0 0 0 41.7 0 0 0 8.8 0 

P 0 0 0 41.1 0 0 0 5.6 0 

IP 0 0 0 36 0 0 0 0.7 0 

aquatic 

plants 

Fc 61.8 57.1 0 41.7 0 0 7.1 11.8 0 

P 79.1 90.7 0 35.4 0 0 11.1 24.2 0 

IP 95.6 97.5 0 57.9 0 0 7.5 8.07 0 

miscellaneo

us 

Fc 8.8 0 0 0 0 0 28.6 11.8 0 

P 0.2 0 0 0 0 0 11.2 3.1 0 

IP 0.02 0 0 0 0 0 30.2 0.6 0 

 

In Boumba there is an overlap in diet between A. macrophthalmus and Bryconaethiops sp.; A. macrophthalmus 

and B. macrolepidotus and between Bryconaethiops sp. and B. macrolepidotus. On the other hand, at Kadei there 

is an overlap in diet only between A. macrophthalmus and B. imberi (Table 5). 

 

Table 5: Index of dietary overlap between different species. 
 

Sites Comparison Species /species Overlap index (Cλ) Observations overlap in diet 

Boumba 

A. macrophthalmus/ Bryconaethiops sp. 0.999 Cλ ˃ 0.6 Yes 

A. macrophthalmus/ 

B. longipinnis 
0.046 0 < Cλ <0.6 No 

A. macrophthalmus/ 

B. macrolepidotus 
0.804 Cλ ˃ 0.6 Yes 

A. macrophthalmus/ H. vittatus 0 0 < Cλ <0.6 No 

Bryconaethiops sp. / 

B. longipinnis 
0.018 0 < Cλ <0.6 No 

Bryconaethiops sp. / 

B. macrolepidotus 
0.797 Cλ ˃ 0.6 Yes 

Bryconaethiops sp. /H. vittatus 0 0 < Cλ <0.6 No 

B. longipinnis/B. macrolepidotus 0.083 0 < Cλ <0 .6 No 

B. longipinnis/H. vittatus 0 0 < Cλ <0.6 No 

B. macrolepidotus/H. vittatus 0 0 < Cλ <0.6 No 

Kadei 

A. macrophthalmus/B. imberi 0.818 Cλ ˃ 0.6 Yes 

A. macrophthalmus/ 

B. macrolepidotus 
0.002 0 < Cλ <0.6 No 

A. macrophthalmus/H. vittatus 0 0 < Cλ <0.6 No 



International Journal of Zoology Studies   www.zoologyjournals.com 

103 

B. imberi /H. vittatus 0.041 0 < Cλ <0.6 No 

B. imberi/ B. macrolepidotus 0.037 0 < Cλ <0.6 No 

B. macrolepidotus/H. vittatus 0 0 < Cλ <0.6 No 

 

In order to assess the variation in the diet of fish according to size, it is necessary to first assess the different size 

classes by species. Thus, at the Boumba, in A. macrophthalmus the smallest size interval is [11.5 to 13.8], as a 

difference of 2.3 from one interval to another and in the Kadei it is [9.8 to 20.25], with a difference of 10.45 

from one interval to another (Table 6). 

 

Table 6: size range class of different fish species depending on the biotope. 
 

River Parameter 
A. 

macrophthalmus 

Bryconaethiops 

sp. 

B 

imberi 

B. 

longipinnis 

B.  

macrolepidotus 
H.vittatus 

Boumba 

Number of 

classes 
6 4 0 1 4 1 

interval [11.5 - 13.8] [10.5 - 13.5] 0 [1 - 8.3] [5.8- 9.8] [1- 8.2] 

Kadei 

Number of 

classes 
2 0 4 0 5 3 

Interval [9.8 - 20.25] 0 
[4.9 - 

6.5] 
0 [7.7 - 9.8] 

[14.7 - 

15.5] 

 

In a given environment, individuals of the same species can modify their food preferences according to their 

size. Thus, the study of the preponderance index (Ip) as a function of increasing size intervals in Boumba and 

Kadei reveals a change in food preference during growth. This is the case in B. macrolepidotus in the Boumba 

(Table 7) and Kadei (Table 8) where food preferences change from one size interval to another. In particular, he 

switches from a diet exclusively made from Lepidoptera in individuals of size between 7.7 and 9.8 cm to a diet 

based on plant resources (plants and fruits) in individuals of sizes between 17.8 and 21.8 centimeter, passing 

through a very varied diet in individuals of intermediate sizes at these two previous intervals (Table 7). 

 

Table 7: preponderance index (Ip) in B. macrolepidotus in the Boumba. 
 

Classes [5.8- 9.8] [9.9-13.8] [13.9-17.8] [17.8 -21.8] 

Aquatic plants 0 0 45.96 50.50 

Terresrtral plants 0 0 28.09 0 

Hymenoptera 0 0 18.30 0 

Lepidoptera 100 0 0 0 

Fruit 0 0 7.66 49.50 

 

At the level of Kadei, the change in food preference in B. macrolepidotus according to size intervals is also 

visible, but this is contrary to the that observed in Boumba. Here, small individuals ([7.7 - 9.8]) have a food 

preference based on aquatic plants (Ip = 80) and large individuals ([16.2-18.2]) have rather a diet made only 

from Hymenoptera. Individuals at intervals between these other two have a diet that tends to be more varied 

(Table 8). 

 

Table 8: preponderance index (Ip) in B. macrolepidotus in the Kadei. 
 

Classes [7. - 9.8] [9.9-11.9] [12-14] [14.1-16.1] [16.2-18.2] 

Aquatic plants 80 0 4.70 25.04 0 

Miscellaneous 0 0 0 1.67 0 

Hymenoptera 0 97.14 94.98 63.61 100 

Lepidoptera 0 0 0 0 0 

Trichoptera 0 2.86 0 0 0 

Insects broyard 20 0 0 0 0 

Crustacea 0 0 0.31 0 0 

Myriapoda 0 0 0 9.68 0 

 

However, in A. macrophthalmus in Boumba, the finding is totally opposite to that made in B. macrolepidotus in 

the two rivers. In fact, the diet does not change (or almost does not) during the growth of A. macrophthalmus, 

since individuals of small sizes ([11.5 - 13.8]), individuals of large sizes ([24. 3- 26.8]) passing through those of 

intermediate sizes, there is a strong preference for foods of plant origin (Ip> 50), interspersed with a small 

fraction of other food items (Table 9). 
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Table 9: preponderance index (Ip) in A. macrophthalmus in the Boumba. 
 

Classes [11.5 - 13.8] [13.9- 16.4] [16.5-19] [19.1-21.6] [21.7- 24.2] [24.3- 26.8] 

Aquatic plants 52.11 0 100 88.39 88.8 100 

Miscellaneous 0 0 0 0.43 0 0 

Coleoptera 0 0 0 0.32 0 0 

Orthoptera 0 0 0 10.83 4.47 0 

Prey fish 0 0 0 0.03 0 0 

Lepidoptera 47.89 0 0 0 6.45 0 

Insects broyard 0 0 0 0 0.09 0 

 

Confirmation of whether or not the diets of different-sized fish overlap requires a correlation test. Thus, the 

result of the Pearson correlation test (p <0.05), carried out between the diets of class fish of different sizes in B. 

macrolepidotus at Boumba reveals a negative correlation between fish of size intervals between [ 5.8-9.8] and 

[13.9-17.8] on one part and those between [5.8-9.8] and [17.8-21.8] for another side (Table 10). 

 

Table 10: Correlation test between the diets of the different size intervals in B. macrolepidotus in the Kadei. 
 

Classes compared Pearson correlation coefficient (r); (p < 0.05) Sense of correlation 

[5.8- 9.8]   and [13.9-17.8] -0.159 Negative 

[5.8- 9.]   and [17.8 -21.8] -0.123 Negative 

[13.9-17.8] and [17.8 -21.8] 0.591 positive 

 

Similarly, to Kadei in this same species, this test reveals a negative correlation between individuals with size 

intervals between [7.7-9.8] and [9.9-11.9]; [7.7 - 9.8] and [12-14] and between those of [7.7 - 9.8] and [16.2-

18.2]. However, there is a positive correlation between individuals with size intervals between [7.7 - 9.8] and 

[14.1-16.1]; [9.9-11.9] and [12-14]; [9.9-11.9] and [14.1-16.1]; [9.9-11.9] and [16.2-18.2]; [12-14] and [14.1-

16.1]; [12-14] and [16.2-18.2]; [14.1-16.1] and [16.2-18.2] (Table 11). 

 

Table 11: Correlation test between the diets of the different size intervals in B. macrolepidotus in the Kadei. 
 

Classes compared Pearson correlation coefficient (r); (p < 0.05) Sense of correlation 

[7.7 - 9.8] and [9.9-11.9] -0.128 Negative 

[7.7 - 9.8] and [12-14] -0.077 Negative 

[7.7 - 9.8] and [14.1-16.1] 0.229 positive 

[7.7 - 9.8] and [16.2-18.2] -0.124 Negative 

[9.9-11.9] and [12-14] 0.998 positive 

[9.9-11.9] and [14.1-16.1] 0.918 positive 

[9.9-11.9] and [16.2-18.2] 0.999 positive 

[12-14] and [14.1-16.1] 0.937 positive 

[12-14] and [16.2-18.2] 0.999 positive 

[14.1-16.1] and [16.2-18.2] 0.920 positive 

 

On the other hand, in A. macrophthalmus in the Boumba, the various Pearson correlation tests (p <0.05) carried 

out between the different size intervals all revealed a positive correlation (Table 12). 

 

Table 12: Correlation test between the diet of the different size intervals in A. macrophthalmus in the Boumba. 
 

Classes compared Pearson correlation coefficient (r); (p < 0.05) Sense of correlation 

[11.5 - 13.8] and [16.5-19] 0.683 positive 

[11.5 - 13.8] and [19.1-21.6] 0.659 positive 

[11.5 - 13.8] and [21.7- 24.2] 0.726 positive 

[11.5 - 13.8] and [24.2- 26.8] 0.683 positive 

[16.5-19] and [19.1-21.6] 0.993 positive 

[16.5-19] and [21.7- 24.2] 0.997 positive 

[16.5-19] and [24.2- 26.8] 1 positive 

[19.1-21.6] and [21.7- 24.2] 0.94 positive 

[19.1-21.6] and [24.2- 26.8] 0.993 positive 

[21.7- 24.2] and [24.3- 26.8] 0.997 positive 

 

Discussion  

Specific richness and abundance of Alestidae in the localities sampled 

The results showed that the sampled sites in the Boumba River have a greater number of individuals and species 

of Alestidae (63 specimens captured belonging to five species) than those of the Kadei River (43 distributed only 
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in four species). In the Boumba, the most abundant species is A. macrophthalmus, while in the Kadei it is B. 

macrolepidotus, with numbers of 39 and 23 individuals respectively, A. macrophthalmus was represented by 

only two individuals in the Kadei. The absence of A. macrophthalmus in the Kadei (at Soné and Mindourou 

sites) can be explained by the fact that the vegetation (preferred food of A. macrophthalmus) is severely 

damaged at the level of the Kadei, following very marked human activities at the banks of the river Kadei. This 

is not the case at Boumba where the vegetation is less degraded. Indeed, according to Kouamelan et al. [33], the 

presence of significant vegetation along the river would promote the availability of macrophytes (fruits and plant 

debris), food sources for several fish. Likewise, B. macrolepidotus is thought to be more present in Kadei 

because it is a surface swimmer with a diet based on terrestrial insects and, to a lesser extent, macrophytes [34]. 

The physiological parameters (length and weight) taken from identical species belonging to the two rivers show 

a big difference. This may be due to the quantity and quality of food resources present in each environment. 

 

General diet profile 

Depending on the species and the river, the emptiness coefficients varied. In A.  macrophthalmus, the low value 

of the emptiness coefficient observed could be explained by the fact that this species has a diurnal food activity, 

having a strong food preference for plants, which are immobile prey and therefore accessible at any time. Our 

observations are similar to those of Lauzanne [35] who, following a study on the diets of the main fish species of 

the eastern archipelago of Lake Chad, qualified A.  macrolepidotus as grazers of submerged plants.  

In Bryconaethiops sp and B. imberi the values of the emptiness coefficient obtained in these two sites, would be 

explained by the fact that the search for food in these two species is essentially linked to their opportunistic 

character, which allows them to eat what they find in their habitat [36].   

In B. macrolepidotus, the permanent presence of food in the stomach is certainly due to the abundance of 

resources that it exploits in its living environment, and the fact that it does not have a particular time slot for its 

feeding. In fact, the natural daily and seasonal variations in the availability of food in the natural environment 

influence the rate of feeding activity in certain fish, including B. macrolepidotus [37]. In B. longipinnis, its poor 

representation in the samples (a single individual) unfortunately does not allow us to conclude on the state of 

emptiness of its stomach.  

In H. vittatus, the high proportion of empty stomachs could be caused by certain fishing techniques of the purse 

seiners. Indeed, catches with gillnets would cause stress, which could lead to regurgitation of the prey contained 

in the stomachs of the fish caught [38]. This observation corroborates that made by Menard et al. [39], who in their 

work on the feeding of tunas linked to the fish concentration device and those in free schools, showed that fish 

with empty stomachs were more numerous under the fish concentration device than those in free schools. 

However, the advanced state of digestion observed in some stomachs, would reflect the diurnal predatory nature 

of this species. Because according to Koné et al. [5], the high percentage of empty stomachs, usually reported in 

predatory fish, is linked to the faster digestion of animal prey. In addition, it should be pointed out that the small 

proportion of individuals of this species in our sampling does not allow us to draw definitive conclusions about 

this species. 

 

Food preference depending on the river system  

In Brycinus longipinnis, Lepidoptera appeared to be the very frequent (Fc = 100%) and main (Ip = 100%) prey, 

in the diet. This would mean that this species is carnivorous with specialist tendencies of insects, which are their 

preferential prey. This result is similar to that of Planquette and Lemasson [40] which revealed that B. longipinnis 

mainly consumed aquatic insects in Bandama in Côte d'Ivoire. Similarly, Dietoa et al. [41], showed that this 

species had a predominantly entomophagous diet in Bia in Côte d'Ivoire. In addition, in the Tovè river in South 

Benin, B. longipinnis, showed a feeding tendency dominated by insects associated with plant debris [42]. 

However, the low numbers of individuals of B. longipinnis do not allow a conclusion. 

The presence of fish as the only prey found in the stomachs of H. vittatus indicates that this species is a 

predatory carnivore and specialist especially in prey fish. This result agrees with that of Lewis [43] who reported 

that Hydrocynus forskhalii and Hydrocynus brevis were both predators, one feeding largely on small clupeids, 

and the other preying on a wide variety of species of which it swallows entirely (small fish) and / or consumes in 

pieces (large fish).  

In both rivers, A. macrophthalmus not only exploits prey fish, but also certain other animal resources (insects) as 

well as plant resources. The finding here suggests that this species has a general omnivorous diet. This result 

corroborates those of Poll [44], as well as those of Ricardo-Bertram [45] and Bowmaker [46] who had all shown that 

A. macrophthalmus has an omnivorous diet based on fish, aquatic insects and plants in both Lake Tanganika and 

Lake Bangwéolo.  

 B. macrolepidotus in both rivers exploits both animal (invertebrate) and plant resources, which shows that this 

species is omnivorous. This observation made here in B. macrolepidotus corroborates that of Dietoa et al. [35] 

which had revealed that B. macrolepidotus is an omnivorous fish, mainly feeding on exogenous food in the Bia 

basin in Côte d'Ivoire. In addition, in this species, Hymenoptera are prey whose frequency value varies from one 

stream to another (fairly frequent and main prey like Kadei, but accidental and / or accessory prey like Boumba). 

This would mean that B. macrolepidotus has a high capacity for adaptation depending on the quality and 

quantity of the resource encountered in its living environment. 
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Bryconaethiops sp. in the Boumba and B. imberi in the Kadei each exploit in its biotope almost the same food 

resources (of animal and plant origin). By these feeding behaviors they would both be taxed as omnivorous. 

 

Overlapping diets between different species of fish in their biotopes 

Interspecific competition is defined as a reduction in individual fertility, survival, or growth resulting from the 

joint exploitation of resources or from interference with individuals of another species [47]. Our results show that 

several species of fish exploit the same food resources in their living environment, suggesting an overlap in diet. 

For example, in Boumba, there is an overlap in diet between A. macrophthalmus and Bryconaethiops sp; A. 

macrophthalmus and B. macrolepidotus and between Bryconaethiops sp. and B. macrolepidotus. On the other 

hand at Kadei there is an overlap in diet only between A. macrophthalmus and B. imberi. The overlap of diet in 

each of the pairs of species present here, would be justified by the fact that all these species of fish have an 

omnivorous diet. Indeed, according to the conventional model of ecological niche theory, the first determinant of 

interspecific competition is the overlap in the resources used [48]. 

 

Variation of diet according to size height in A. macrophthalmus and   B. macrolepidotus 

The variation of diet according to size was studied in A. macrophthalmus and in B. macrolepidotus due to their 

high representation in the sampled population.  

In A. macrophthalmus, fish of different size classes consume all invertebrates (Orthoptera, Coleoptera and 

Lepidoptera) as well as aquatic plants. The Pearson correlation test performed between the different size class 

intervals of the fish all approached the value one (01). This means a strong positive correlation between the 

different size classes. In other words, from one size class to another, the diet is roughly the same because it does 

not vary very significantly. This maintenance of the diet during growth may be due to the predisposition of a 

definitive and identical oral and digestive system in both small and larger individuals. Indeed, the variation in 

diet in a given species may be linked to the level of differentiation of the digestive system and to the habitat used 
[5].  

In B. macrolepidotus from Boumba, small individuals (TL ≤ 9.8) only consume invertebrates (Lepidoptera) 

while large individuals (TL ≥13.9) also consume these invertebrates plus aquatic and terrestrial plants. This 

observation is similar to that made by Siaka et al. [49], where the adults of Engraulis encrasicolus (Linnaeus, 

1758) had a broad spectrum by ingesting in addition to insects, macrophytes. Pearson's correlation test between 

short and tall individuals gives a negative value, this means that individuals of these two different size classes 

have different diets. In addition, in the same species in Kadei, individuals of small size (TL ≤ 9.8), have a food 

preference for aquatic plants while in those of large sizes (TL ≥ 11.9), it is invertebrates (Hymenoptera, 

Trichoptera, Crustaceans, Myriapods) which are the preferred foods.  

However, in each size interval we found both plants and invertebrates, but this in different proportions. This 

would explain the negative value of the Pearson correlation coefficient observed between these two fish size 

slices. In other words, despite the presence of the same food items in both size classes, the diet is different. Thus, 

the proportions ingested change with the size of the fish, which is probably linked to changes in energy 

requirements and the establishment of a more elaborate predation strategy in large individuals [37]. According to 

Sylla et al. [39] and Castillo-Rivera [50], the progressive modification of the diet in many African fish would be 

linked to ontogenetic, anatomical and morphological modifications during their growth. Moreover, this 

observation made in B. macrolepidotus and in Boumba and Kadei differs from that made by Dietoa et al. [35], in 

the fluvio-lacustrine complex of Bia, where the eating habits of B. macrolepidotus did not change significantly 

with size. The differences observed here would probably be due to the absence of a great variety of prey in the 

Bia compared to the Boumba. 

 

Conclusion 

The study of the diet of Alestidae in Boumba and Kadei reveals that depending on their mode of feeding, 

Alestidae fishes can be carnivorous (H. vittatus) or omnivorous (A. macrophthalmus, Bryconaethiops sp., B. 

macrolepidotus and B. imberi). However, an overlap in diet has been observed in omnivorous species, especially 

between A. macrophthalmus and Bryconaethiops sp.; A. macrophthalmus and B. macrolepidotus; 

Bryconaethiops sp. and B. macrolepidotus at Boumba and between A. macrophthalmus and B. imberi at Kadei. 

In addition, the diet within the different species may or may not vary during growth. 
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