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Abstract 

The feeding habit of Chromidotilapia guntheri was investigated in seven hydrosystems of 

Ivory Coast. The contents of 156 non-empty stomachs were examined from specimens caught 

in the rivers Soumié, Eholié, Noé, Ehania and Banco, the Bea rill and the Kpoda lake. Diets 

composition, feeding strategy and trophic niche width were analyzed among hydrosystems. 

Stomach content analysis indicated that C. guntheri feeds preferentially on plants and insects 

debris and secondarily, it consumed insects’ larvae, nymphs and adults in all habitats. This 

species would be an omnivorous with a detritivorous tendency. As feeding strategy, it 

practices a generalist strategy even if some individuals displayed specialization intentions on 

insects at different stages of metamorphosis. Investigations on ontogenetic shift revealed that 

juveniles and adults of C. guntheri consume substantially the same types of prey with varying 

amounts depending on the size of the fish. However there is a significant decrease in the 

proportions of gastropods and oligochaetes ingested when growing. 

Keywords: Chromidotilapia guntheri, feeding habits, Ivory Coast. 

1. Introduction 

Chromidotilapia guntheri is a freshwater cichlid widely distributed in West Africa. It is 

known from the coastal basins from the River St. John in Liberia to the Cross in 

(Nigeria/Cameroon) (Paugy et al., 2003). C. guntheri exists in the Niger Basin (Benue 

included). Despite its widespread occurrence, C. guntheri has never been adequately studied. 

Studies on this species are scarce and available information is on the species distribution in 

natural habitats (Teugels et al., 1988; Lévêque et al., 1991; Vivien, 1991; Paugy et al., 1994; 

Konan et al., 2006) and morphometry (Boussou et al., 2010). Although it is not an 

economically important species, it does form an important component of the subsistence 

catch in Ivorian coastal rivers (Gourène et al., 1999; Da Costa et al., 2000; Konan et al., 

2006). Boussou et al. (2010) investigated its reproductive biology in hydrosystems of south 

and east of Ivory Coast and showed that C. guntheri is a multiple (fractional) spawner and 

breeds all year round with little fluctuation in spawning intensity. However, spawning 

activities were more intensive in August and September. The estimated mean standard length 

at first maturity did not differ significantly between rivers. Diet is a basic determinant of 

organism biology, being related with most of the ecological attributes (Hughes, 1993). Diet 

has been associated with morphology (Winemiller, 1991), physiology (McNab, 2002), 

behaviour (Ward et al., 2004), population abundances (Brown et al., 2004) and dynamics 

(Berryman, 1999), community structure (Arim et al., 2007) and even ecosystem processes 

(Thébault & Loreau, 2006). As a consequence, knowing species trophic behavior represents a 

central step in order to advance in understanding its natural history. Wootton (1990) also 

states that feeding is one of the most important functions of an organism, since growth, 

development and reproduction are the result of the quantity and quality of the food that a 

species ingests. 

The present study deals with the feeding habits of Chromidotilapia guntheri in some 

hydrosystems of eastern Ivory Coast on the basis of stomach content analysis. The specific 

goals are to determine diets composition and variations, trophic niche widths, feeding 
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strategies among habitats and assess ontogenetic changes in diet composition. 

2. Materials and Methods 

2.1 Study Area and Sampling Sites 

Five coastal rivers (Banco, Soumié, Eholié, Ehania and Noé), a rill (Bea) and one man-made 

lake were taken in account in this study (figure 1). They belong to the Western Guinean 

ichthyoregion, Eburnéo-Ghanaian sector and are located in lowland rainforest (Daget & Iltis, 

1965). Noé River (05◦19’ – 05◦35’ N and 02◦55’ –02◦47’ W) and Ehania River (05◦17’ – 

05◦43’ N and 02◦46’ – 03◦03’ W) are tributaries of Tanoé River. The Soumié River (05◦23’ – 

05◦39’ N and 03◦ 15’ –03◦29’ W) is a tributary of the Bia River.  Eholié River (05◦21’ – 

05◦36’ N and 03◦10’ – 02◦59’ W) runs into Aby lagoon. Bea Rill (5 ° 39 'N and 3 ° 45' W) is a 

watershed head small stream and a secondary tributary of Comoé river. Its average bed width 

is barely over 1 m. Banco River achieves its full course in a protected forest within Abidjan 

city, the Banco National Park and runs into Ebrié Lagoon. Kpoda Lake (8 ° 05 'N and 2 ° 51' 

W) is a hydro-agricultural reservoir built on an upper secondary tributary of Comoé River. 

2.2 Fish Sampling 

Fishes were sampled during eight surveys from July 2003 to March 2005 according to the 

climatic seasons of study area. Four surveys were conducted during each season (dry and 

rainy). The sampling sites covered a river section of approximately 1.5 km in length (i.e. 

reach scale), in order to sample a sufficient degree of habitat heterogeneity. Fishes were 

collected with two sets of eight gillnets (mesh sizes 12, 15, 17, 22, 25, 30, 40 and 45 mm). In 

Banco River and Kpoda Lake, fish were captured during three campaigns between February 

and March of 2009 with gill nets. In Bea Rill, specimens of C. guntheri were obtained from 

waterside residents fishing with hooks not baited, between August and September 2009. Fish 

specimens were identified according to the keys of Paugy et al. (2003). Each specimen was 

measured (standard length and total length) to the nearest millimeter and weighed to the 

nearest gram in situ. Fishes were then preserved in formalin 5% for later laboratory 

observations. 

2.3 Laboratory Work 

Stomachs were removed and preserved in 5% formalin. Then all food items were removed for 

examination under a stereomicroscope at 40x magnification. Each insect item in the stomach 

was identified to the lowest possible taxonomic level according to Tachet et al. (2003) and 

Dejoux et al. (1981) insects’ identification keys. Or when necessary, assigned to different 

food categories such as adult insects, Insects pupae, insects larvae, insects pieces, plant 

fragments, mud (silt), sand, Bivalves, gastropods, fish scales, fruits, fish eggs and 

unidentified debris (difficult to identify as animal or plant debris). As a proxy for the relative 

abundance of each prey item, food items were spread along a metric paper attached to a Petri 

dish, and then the number of millimeter squares occupied by each item was recorded.  

Gut contents were analyzed according to the method of frequency of occurrence, the 

volumetric analysis index and food items importance index following the procedure of 



Aquatic Science and Technology 

ISSN 2168-9148 

2018, Vol. 6, No. 1 

 21 

Lima-Junior & Goitein (2001). 

The Frequency of Occurrence, expressed as a percentage, is the number of times that a food 

item occurs in the stomachs analyzed, divided by the total number of stomachs analyzed 

containing prey: 

Occurrence Frequency of prey i (%)  

The Volumetric Analysis Index indicates the relative abundance of a particular item found 

in the stomach samples. Its calculation is based on points ascribed to distinct food items after 

a simple visual inspection of the stomach’s food contents. 
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Figure 1. Location of sampling stations used for the current study. = sampling stations. 

2.4 Data Analysis 

This procedure should be executed by a constant reference called Standard Weight (SW). The 

Standard Weight (SW) is the arithmetic mean of weights of stomach contents of specimens of 

a representative sample of the current study. Four points have been ascribed to the SW and 

then points have been ascribed to each stomach content (using integers) according to its 

proportional weight in relation to the SW. Points obtained for each gut content were then 

distributed to among the items in this stomach, in proportion to the volume each item 

occupies. The points ascribed to each food item found in the sample of stomachs were used to 

calculate the Volumetric Analysis Index according to the following formula: 
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where:  

Vi: Volumetric Analysis Index of the food item i in the sample i; ∑i: Sum of the ascribed 

points for the food item; n: total number of stomachs with food in the sample. 

The Items Importance or Preponderance Index indicates the relative importance a 

determined food category (item) plays in the fish’s diet. It has been obtained separately for 

each food item by using the following formula: 

 

where:  

IPi: Importance Index of the food item i in the sample; Fi: Occurrence Frequency of the item; 

Vi: Volumetric Analysis Index of the item. 

The IP calculated for each item, has been expressed in percentage as for IRI (index of relative 

importance) in order to make comparisons between samples. Thus, IP has been calculated as 

follows: 

%IPi  

Diet diversity was estimated using Levins’ (1968) index of niche breadth (also called niche 

width or niche size) according to Marshall & Elliot (1997): 

 

This index has been standardized in order to permit valuable comparisons between diets. 

Then the Levins Standardized Index according to Pedersen (1999) and Poslusziny et al. 

(2007): 

 

with B the Levins Index and n, the total number of prey items. Bstan ranges from 0 (diet 

restricted to a few number of prey) to 1(generalist diet) (Lorenzoni et al., 2007). 

The degree of similarity between the feeding habits in the different hydrosystems are given 

by the Morisita (1959) index of similarity modified by Horn (1966). Volumetric analysis 

index was used to calculated similarity index according to the formulae of Horn (1966): 
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Where Cjk  is the Horn similarity index, Vij and Vik are proportions of item i encountered 

respectively in diets of individuals groups j and k, n is the number of items common to both 

groups. The feeding habits are then compared by pair of hydrosystems. Cjk varies from 0 

when the feeding habits are completely distinct, to 1 when they are identical. Above 0.6 the 

similarity between feeding habits is considered significant. 

The Costello graphical method (Costello, 1990), modified by Amundsen et al. (1996), was 

employed to look for general trends in feeding behavior and feeding strategy of 

Chromidotilapia guntheri in the studied hydrosystems.  

Ontogenetic variation in prey preference was also assessed by means of “Focused Principal 

Component Analysis” (Falissard, 1999) as this test more carefully depicts than PCA 

correlations between independent variables and either size or weight. 

 

Figure 2. Modified Costello graph showing explanatory axes (modified from Amundsen et al., 

1996) and its interpretation to indicate feeding strategy. (BPC = between-phenotype 

component; WPC = within-phenotype component) 

3. Results 

3.1 Diet Composition 

Stomachs of 156 specimens of Chromidotilapia guntheri from five rivers, Banco, Soumié, 

Eholié, Ehania and Noé, a stream (Bea Rill) and from Kpoda Lake were analyzed. Fish size 

ranged from 50 to 140 mm SL. Size-frequency distribution was bimodal with modes at 75mm 

and 115mm (Figure 3). In most of the prospected hydrosystems, the most encountered items 

in gut contents of C. guntheri were plants debris and Insects pieces (Table 1). In addition to 
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debris, mud constituted an important part of the gut contents. Indeed, plants debris were 

preponderant in guts of individuals from Ehania (IP= 44.74%), Noé (IP= 34.77%), Banco 

(IP= 70.15%), Bea Rill (IP=37.10%) and Kpoda Lake (IP= 57.18%). In Eholié River, Insects 

pieces were more abundant in C. guntheri diet. The formally identified animal preys were 

Gastropods, Bivalves, Oligochaetes, Copepods, Adult Insects, Insect larvae and Nymphs. To 

these items, were added sometimes an important proportion of sand, mud, fruits (pulp, shells 

and seeds), fish scales and fish eggs.   

3.2 Trophic Niche Width per Ecosystem and Similarity of Feeding Habits between 

Hydrosystems 

The Levins’ (1968) index of niche breadth (Table 2) values are closer indicating that niches 

size in the studied hydrosystems were not significantly different. Nevertheless, Bea Stream 

(Bstan= 0.173) niche width was the largest and that of Noé river (Bstan= 0.132), the narrowest.  

The feeding habits compared by pair of hydrosystems through Horn index (Table 2) showed 

an important similarity in prey eaten by fishes in rivers Ehania, Eholié, Soumié and Noé (all 

pairwise comparison Horn index > 0.6). However, items consumed in these rivers were 

different from those eaten in Kpoda Lake. Feeding habits in Bea Rill and Banco River and 

that in Kpoda Lake are similar (all pairwise comparison Horn indices > 0.8). 

3.3 Feeding Strategies 

The feeding strategy of Chromidotilapia. guntheri in each hydrosystem was determined from 

Amundsen's modified Costello Diagram (Figure 4). 

 

Figure 3. Size-frequency distribution of Chromidotilapia guntheri, collected in the South and 

East hydrosystems of Côte d’Ivoire. SL = Standard Length 

As rivers Soumié, Eholié, Ehania and Noé are geographically close and C. guntheri has 

similar diets in these hydrosystems, the data for these rivers have been grouped into a single 

cluster. The diagram indicates that in these four rivers (Figure 4A), mud (IT4) is the most 

dominant item in stomach contents of this species and then, followed plants debris (IT2), 

Diptera larvae ( IT41) and fruits (IT5). The feeding strategy is generalist with a strong 

tendency for some individuals to specialize on adult insects of Ephemeridae (IT21) and 

Chironomidae (IT28) families, on nymphs of Coleoptera (IT37) and larvae of Libellulidae 
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(IT46). 

Table 1. Preponderance index (% PI) of items in diet composition of Chromidotilapia 

guntheri from hydrosystems of South and East of Ivory Coast. LKPD = Kpoda Lake. 

  Hydrosystems 

PREY CODE SOUMIE EHOLIE EHANIA NOE BANCO BEA LKPD 

Fish scales IT1 3.37 0.00 0.00 0.00 0.00 0.19 8.68 

Plant debris IT2 8.06 2.69 44.74 34.77 70.15 37.10 57.18 

Insects debris IT3 5.44 44.80 5.14 10.24 10.24 32.09 0.88 

Mud IT4 54.48 18.91 13.51 16.64 2.84 11.42 8.73 

Fruits IT5 0.19 0.00 2.42 7.73 0.00 1.93 0.00 

Miscellaneous debris IT8 21.45 17.02 31.27 19.29 13.88 3.69 13.74 

Gastropods         

   Planorbidae  IT10 0.00 0.00 0.09 0.00 0.00 0.00 0.00 

   Bithynia sp.  IT11 0.00 0.00 0.00 0.00 0.00 0.47 0.00 

   Hydrobiidae  IT12 0.00 0.00 0.00 0.00 0.00 0.90 0.05 

   Bivalves IT13 0.00 0.00 0.07 0.20 0.00 0.38 0.05 

   Pissidium sp. 

(Bivalve) IT14 0.36 0.00 0.00 0.00 0.00 0.93 0.00 

Oligochaetes IT15 0.00 0.00 0.00 0.00 0.00 1.76 0.00 

Copepoda IT16 0.09 0.09 0.21 1.09 0.00 0.00 0.01 

Sand IT17 0.00 0.00 0.00 0.00 0.00 4.20 0.59 

Adult Insects          

adult Insects not 

identified IT18 0.00 0.00 0.07 0.02 0.00 0.67 0.00 

Ephemeroptera IT19 0.48 0.00 0.01 0.00 0.00 0.02 0.00 

Diptera IT20 0.00 0.00 0.00 0.00 0.04 0.00 0.00 

Ephemeridae IT21 0.00 0.00 0.00 0.07 0.00 0.00 0.00 

Corixidae (Heteroptera) IT22 0.00 0.00 0.00 0.15 0.00 0.00 0.00 

Hydrophilidae IT23 0.02 0.00 0.05 0.00 0.00 0.00 0.00 

Hydrovatus sp. IT24 0.00 0.00 0.00 0.03 0.00 0.00 0.00 

Perridae (Plecoptera) IT25 0.00 0.00 0.04 0.00 0.00 0.00 0.00 

Perlidae (Plecoptera) IT26 0.03 0.00 0.00 0.00 0.00 0.00 0.00 

Nemuridae IT27 0.24 0.00 0.44 0.00 0.00 0.00 0.00 

Chironomidae IT28 0.00 0.00 0.00 0.04 0.00 0.00 0.00 

Mesovelia sp. 

(Heteroptera) IT29 0.00 0.00 0.00 0.00 0.00 0.00 0.06 

Dytiscidae (Coleoptera) IT30 0.00 0.00 0.00 0.00 0.03 0.00 0.00 

Hydranae (Coleoptera) IT31 0.00 0.00 0.00 0.00 0.14 0.00 0.00 

Hydrocara sp. 

(Coleoptera) IT32 0.00 0.00 0.09 0.00 0.02 0.00 0.04 

Corixa sp. (Heteroptera) IT33 0.00 0.00 0.00 0.00 0.03 0.00 0.00 

Asellidae (Isopode) IT34 0.00 0.00 0.00 0.00 0.00 0.00 0.01 

Insects Nymphs          
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  Hydrosystems 

PREY CODE SOUMIE EHOLIE EHANIA NOE BANCO BEA LKPD 

Nymphs not identified IT35 0.00 0.00 0.00 0.00 0.00 0.00 0.03 

Nymphs of 

Chironomidae IT36 0.16 0.00 0.00 0.00 0.00 0.00 0.15 

Nymphs of Coleoptera IT37 0.00 16.49 0.00 0.00 0.00 0.00 0.12 

Nymphs of Leuctridae  IT38 0.00 0.00 0.04 0.00 0.00 0.00 0.00 

Nymphs de Diptera IT39 0.00 0.00 0.00 0.00 0.00 0.19 1.46 

Larvae         

Larvae not identified IT40 1.92 0.00 0.24 0.00 0.00 0.00 0.00 

Larvae of Diptera* IT41 3.65 0.00 1.47 9.38 0.02 0.00 1.35 

Larvae of Chironomidae* IT42 0.01 0.00 0.01 0.00 1.36 1.81 3.87 

Larvae of Noterus sp. IT43 0.00 0.00 0.02 0.00 0.00 0.06 0.00 

Larvae of Hyphydrus sp. IT44 0.00 0.00 0.00 0.23 0.00 0.00 0.00 

Larvae of Ephemeroptera IT45 0.06 0.00 0.00 0.03 0.00 0.89 0.39 

Larvae of Libellulidae IT46 0.00 0.00 0.00 0.02 0.02 0.01 0.00 

Larvae of Trichoptera IT47 0.00 0.00 0.08 0.00 0.00 0.00 0.00 

Larvae of Philopotamidae IT48 0.00 0.00 0.00 0.02 0.00 0.00 0.15 

Larvae of Cordulegaster 

sp. IT49 0.00 0.00 0.00 0.02 0.00 0.06 0.00 

Larvae of Dryopidae  IT50 0.00 0.00 0.00 0.01 0.00 0.01 2.18 

Larvae of Chaoborus sp. IT52 0.00 0.00 0.00 0.00 0.84 0.00 0.00 

Larvae of Plecoptera IT53 0.00 0.00 0.00 0.00 0.00 0.08 0.00 

Larvae of Lepidoptera IT54 0.00 0.00 0.00 0.00 0.00 0.25 0.00 

Larvae of Esolus sp. IT55 0.00 0.00 0.00 0.00 0.00 0.07 0.05 

Larvae of Dytiscidae IT56 0.00 0.00 0.00 0.00 0.16 0.83 0.25 

Larvae of Corixa sp. IT57 0.00 0.00 0.00 0.00 0.00 0.01 0.00 

 

In the Banco River (Figure 4B), C. guntheri has adopted a generalist strategy focused on the 

consumption of insects and various debris with a strong tendency for opportunism on rare 

prey. However, plant debris (IT2) was the most abundant item in their diet. In Bea stream 

(Figure 4C), the feeding strategy is generalization on all prey. Here again plant debris were 

the most abundant consumed item. In Kpoda Lake (Figure 4D), although C. guntheri is a 

generalist, it has a strong propensity for opportunism, particularly on Coleoptera nymphs and 

Ephemeridae larvae. 
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Table 2. Horn index and Levin’s index (Bstan) showing respectively the similarity of feeding 

habits of Chromidotilapia guntheri between hydrosystems and the niche width by 

hydrosystem southeastern of Ivory Coast.  

 Banco Bea Kpoda 

Lake 

Soumié Ehania Eholié Noé 

 

Banco 1       

Bea 0.884* 1      

Kpoda Lake 0.923* 0.823* 1     

Soumié 0.321 0.411 0.422 1    

Ehania 0.568 0.812* 0.555 0.733* 1   

Eholié 0.598 0.613* 0.336 0.884* 0.787* 1  

Noé 0.274 0.521 0.299 0.601* 0.685* 0.952* 1 

Levin’s index (Bstan) 0.155 0.173 0.147 0.152 0.141 0.158 0.132 

*significant similarity 

3.4 Changes in Feeding Habits with Size 

As the main prey varied less according to the surveyed hydrosystems, this analysis took into 

account the grouped data (figure 5). Animal preys, mainly insects, are grouped according to 

their stages of development (larvae, nymphs and adults). 

Plants debris were widely consumed by Chromidotilapia guntheri in most of the size classes, 

particularly in the [70-80mm] and [120-130mm] classes where their IP exceeded 50%. In 

addition to plant debris, insect debris, miscellaneous debris, mud and insect larvae have been 

found in the stomachs of individuals of all sizes. Adult insects were more abundant in the diet 

of larger individuals (class [130-140mm]). Gasteropods were observed only in the first three 

size classes (from 50 to 80mm), that correspond to juveniles size (size <85 mm). 

The Focused Principal Component Analysis (FPCA) based on groups of items with a focus 

on the size of C. guntheri (Figure 6) indicated that, apart from ingestion of gastropods, 

oligochaetes and sand, the consumption of the other items is independent of the fish size. 

Indeed, only sand and gastropods are significantly correlated with the standard length of 

individuals. Their ingestion decreases significantly with fish size (negative correlation). In 

contrast, the consumption of miscellaneous debris, adult insects, insect larvae and mud does 

not increase significantly with fish size. On the other hand, miscellaneous debris, insect 

debris, adult insects, insect larvae and gastropods have been found frequently together in the 

same stomachs. 

4. Discussion 

The analysis of the stomach contents of C. guntheri in the studied hydrosystems reveals 

similar preferential preys in these habitats, although their proportions differ slightly from one 

site to another. In fact, this species feeds preferentially on plant and insect debris. Secondarily, 

it consumes insects of all ages (larvae, nymphs and adults). Fruits (hulls, pulps, seeds) are 

also an important part of food consumed secondarily by C. guntheri. According to the 

composition of the diet of C. guntheri in the different habitats, we can say that this species is 
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an omnivore with a detritivorous tendency. The large occurence of insect debris in the 

stomach contents of C. guntheri could probably result from insects consumed whole but 

found partially digested. The significant presence of mud (which may be due to swallowing 

of benthos prey), plant debris, larvae, nymphs and adult insects in this species diet indicates 

that this species feeds on available prey from water surface to the benthos. These results 

corroborate those of Whitehead (1969) who indicated that C. guntheri fed on plants and 

zoobenthos in Volta Lake. 

In terms of food strategy, results showed that this species practices a generalist strategy on 

animal and plant debris in the studied habitats. However, some individuals display 

specialization intentions on fruits and insects as Diptera, Coleoptera and Ephemeroptera at 

different stages of metamorphosis (larvae, nymphs and adults). Such a strategy (generalist), 

according to La Mesa et al. (2008), limits intraspecific competition on available food 

resources. According to Lévêque (2006), in small rivers, allochthonous contributions (fallouts 

of leaves or terrestrial insects for example) that constitute the base of the trophic web. 

Composition and extent of trophic niche of C. guntheri varied less from one habitat to another. 

Our results also confirmed the observations of Lauzanne (1988) who indicated that the 

feeding habit of African fish species is substantially identical over its entire area of 

distribution. The current study showed that Bea Rill that is a stream in the sampling area 

would provide a greater diversity of prey to C. guntheri than the other rivers relatively larger. 

Indeed, rills, with almost fully enclosed canopy, abundant aquatic vegetation and immersed 

wood, appeared to be more suitable for feeding of C. guntheri as this species is fond of plant 

debris, insects and other debris. 
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Figure 4. Costello diagrams (Amundsen et al., 1996) of Chromidotilapia guntheri diet by 

hydrosystem in south and east of Ivory Coast. A= four rivers Ehania, Eholié, Soumié and Noé 

grouped; B= Banco river; C= Bea stream; D= Kpoda Lake; IT= item. 

 

These results are in accordance with those of Rolla et al. (2009) who indicated that the fish 

fauna of small streams is dominated by fish with a generalist diet (omnivorous and 

insectivorous). 

The focused principal component analysis (FPCA) indicates that juveniles and adults of C. 

guntheri consume substantially the same types of prey with varying amounts depending on 

the size of the fish. However, fishes show a slight tendency when growing to eat adult insects, 

insect larvae and various debris. There is also a significant decrease in the proportions of 

gastropods and oligochaetes ingested when growing. An explanation is given in part by 

Singer (1985) who reported that changes in the food composition of a species when changing 

in size would be an adaptive functional response to changes in metabolic needs.  
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Figure 5. Variation in preponderance of diet components according to size classes of 

Chromidotilapia guntheri. The number on each column correspond to the number of stomach 

contents observed in the corresponding size class. 

 

Figure 6. Graph depicting the Focused Principal Component Analysis (FPCA) based on the 

size of Chromidotilapia guntheri as a dependent variable and the prey component of the diet 

as independent variables. Empty dots correspond to items negatively correlated with fish size; 

bold dots indicate items positively correlated with fish size. Points inside the dotted circle 

represent items that are significantly correlated (p < 0.05) with fish size. Grouped dots are 

prey found frequently together a same stomach content, whilst uncorrelated clusters make 

right angles at the circle origin. D= Debris; nymp = nymph; SL = standard length; Insct = 

insects; Gaster = Gastropods; Larv = larvae; Oligoch = Oligochaetes. Miscell.= 

Miscellaneous. 
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