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Alterations on piscivorous diet following change in abundance of prey after 
impoundment in a Neotropical river

Geuza Cantanhêde1, Norma Segatti Hahn1,2, Rosemara Fugi2 and Éder André Gubiani1

The goal of this study was to investigate the alterations of diet of a piscivorous fish (Acestrorhynchus pantaneiro) following changes 
in abundance of a forage fish (Moenkhausia dichroura) during the trophic upsurge stage in a reservoir. Fish samplings were taken 
monthly in the Manso Reservoir (State of Mato Grosso, Brazil) from March 2000 to February 2001 (period I) and from March 
2003 to February 2004 (period II). The abundance of Moenkhausia dichroura in the reservoir was significantly different in both 
periods, representing 9.6% of the individuals in period I and 66.4% in period II. Stomach contents analyses showed that the number 
of prey species consumed by A. pantaneiro decreased from 41 prey in period I to 14 in period II. In the last period M. dichroura 
was the most important prey, comprising 95% of the diet, in contrast with the period I when this species represented only 15% of 
the diet. The predator and prey size relationship was positive in both periods, however was significantly different, because small 
and large predators consumed mainly small prey (M. dichroura) in period II. Thus, the results showed that A. pantaneiro altered 
its diet composition, trophic niche breadth and prey sizes to feed on more abundant and accessible prey. These alterations probably 
caused a decrease in energy costs related to prey searching, maximizing the energy gain of the predator.

O objetivo deste estudo foi investigar alterações na dieta de um peixe piscívoro (Acestrorhynchus pantaneiro) após mudanças na 
abundância de um peixe forrageiro (Moenkhausia dichroura) durante a colonização de um reservatório. Os peixes foram amostrados 
mensalmente entre março/2000 e fevereiro/2001 (período I) e março/2003 e fevereiro/2004 (período II), no reservatório de Manso 
(Mato Grosso, Brasil). A abundância de M. dichroura foi significativamente diferente entre os períodos, representando 9,6% dos 
indivíduos no período I e 66,4% no período II. No período I A. pantaneiro consumiu 41 presas, enquanto que no período II foram 
registradas 14 presas, sendo que M. dichroura foi a presa mais consumida, passando a representar 95% da dieta, enquanto no 
período I representava apenas 15%. A relação entre o tamanho do predador e da presa foi positiva em ambos os períodos, porém 
significativamente diferente. No período II pequenos e grandes predadores consumiram principalmente pequenas presas (M. 
dichroura). Os resultados mostraram que A. pantaneiro consumiu, no período II, a presa mais abundante e disponível, alterando 
a composição de sua dieta, amplitude do nicho alimentar e tamanho da presa. Estas alterações provavelmente causaram um de-
créscimo nos custos energéticos associados à procura da presa, maximizando o ganho de energia do predador.
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Introduction

Environmental changes resulting from hydroelectric un-
dertakings, with the formation of large reservoirs, render local 
communities “unstable” mainly in the filling stage, with impli-
cations for the colonization of the new environment by the fish 
fauna (Agostinho et al., 1999, 2007). During the filling phase 
of a reservoir, the retention of nutrients, particularly those 
released by decaying submerged organic matter, is responsible 
for a marked increase in the system's biological production and 
a consequent increase in food supply (O’Brien, 1990; Williams 
& Winemiller, 1998). Under these new conditions, fishes that 
show flexible reproductive and feeding strategies become more 
abundant (Fernando & Holčík, 1991; Hahn et al., 1998; Ruiz, 
1998; Agostinho et al., 1999; Albrecht & Caramaschi, 2003; 
Agostinho et al., 2007).

According to Agostinho et al. (1999, 2007), an unavoid-

able effect of impoundment on the aquatic fauna is a change 
in the composition and abundance of species, with depletion 
or even local extinction of some populations and the explosion 
of others, which find suitable conditions to proliferate. Envi-
ronmental perturbations that subject a community to sudden 
changes in resource levels can provide insight into mechanisms 
structuring communities, such as competition for resources or 
predation (Piet, 1998).

It has been observed in several Brazilian reservoirs that 
small fish, which are able to complete their entire life cycle 
inside the reservoir (known as forage species), proliferate in 
the first years after impoundment (Agostinho et al., 1997; Hahn 
et al., 1998; Dias et al., 2005; Agostinho et al., 2007). Under 
these conditions, a marked increase in piscivorous species is 
expected to occur (Hahn et al., 1998; Agostinho et al., 1999; 
Luz-Agostinho et al., 2006), since their preferential food is 
widely available (Loureiro & Hahn, 1996).

Experimental collections at the Manso Reservoir (State of 
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Mato Grosso, Brazil) showed a marked increase in captures 
of Moenkhausia dichroura (Kner, 1858) (A. A. Agostinho, 
unpubl. data), a small-sized characid (maximum length = 
9.0 cm). It is a high fecundity species with an extended re-
productive period and a short embryogenesis period, giving 
important advantage in the colonization process (Agostinho 
et al., 1999, 2007). Acestrorhynchus pantaneiro Menezes, 
1992 (Acestrorhynchidae), a medium-sized species (maxi-
mum length = 35.0 cm), was the most frequently captured 
piscivorous species in the reservoir all over the study period 
(A. A. Agostinho, unpubl. data).

Thus, the formation of this reservoir provided a unique 
opportunity, in a macro scale and under actual ecological con-
ditions, to test several hypotheses regarding the predator-prey 
interactions. Although most piscivorous species consumed 
high diversity of prey (Popova, 1978; L’Abeé-Lund et al., 
2002; Kahilainen & Lehtonen, 2003), preference for a given 
prey depends on a set of factors, such as prey type, size, and 
abundance (Schoener, 1971; Griffiths, 1975; Popova, 1978; 
Garman & Nielsen, 1982; L’Abeé-Lund et al., 1993; Amund-
sen, 1994; Floeter & Temming, 2003; Kahilainen & Lehtonen, 
2003), predation risk, and competition (Milinski & Heller, 
1978; Gerking, 1994), among others. According to Gerking 
(1994) the overall objective of optimal foraging theory is 
to predict how animals can achieve a maximum net energy 
gain with the objective of maximizing lifetime reproductive 
success, or fitness.

In this study we analyzed data of A. pantaneiro diet from 
Manso Reservoir shortly after the filling phase of this reservoir 
(period I) and in the fourth year after the impoundment (pe-
riod II). Using fish diet and the abundance of all fish species 
caught in both periods (especially M. dichroura) our aim was 
to investigate alterations in the diet composition, trophic niche 
breadth and prey sizes of a piscivorous fish after change in 
abundance of prey. 

Material and Methods

Study area
Manso Reservoir (Fig. 1), formed in November 1999 

(the filling stage was short – from November to February), 
was built on the Manso River (14°32’-15°40’S and 54°40’-
55°55’W), in the Cuiabá River basin (State of Mato Grosso, 
Brazil). This is the most important river forming the Cuiabá 
River, which presents a dense drainage network and a regular 
rainfall regime and empties into the Pantanal of Mato Grosso, 
one of the largest wetlands of the world. The reservoir has 
an area of 427 km2. The main purpose of this reservoir is 
the generation of energy and regulation of flood and drought 
cycles, in order to protect large downstream cities.

Fish sampling
Fishes were sampled monthly from March 2000 to Febru-

ary 2001 (period I, shortly after the filling of reservoir) and 
from March 2003 to February 2004 (period II, four years after 
the impoundment), in six fixed sampling sites, distributed 
across the Manso Reservoir (Fig. 1). Fish were collected by 
a set of gillnets with different mesh sizes (2.4, 3, 4, 5, 6, 7, 
8, 9, 10, 12, 14, 16, 18 cm, opposite knots). Nets were set 
simultaneously in open areas, littoral areas and bottom during 
24h and fishes were removed in the morning (8:00 h), evening 

(16:00 h) and at night (22:00 h). Fishing effort was the same 
in all sampling sites and during all study period.

Immediately after the capture fishes were identified and 
measured (standard length cm) and a numerical scale was used 
to quantify the degree of stomach fullness in A. pantaneiro: 
0 = empty stomach, 1 = 0.25 full, 2 = 0.5-0.75 full and 3 = 
completely full. Stomachs in degree 2 or 3, representative of 
all months and periods, were preserved in 4% formalin for diet 
analysis. A total of 5993 stomachs of A. pantaneiro were exam-
ined, from which 85% were empty and 11% in degree 2 or 3. 

Data analysis
Abundance of all species was estimated, in both periods, 

by using the number of individuals caught in each of the six 
sampling sites. We did not used CPUE (number of individuals 
caught per m2 of net during 24 hours) as fishing effort at each 
sampling occasion was the same. To assess between periods 
differences (factor) in the abundance of M. dichroura (vari-
able) and of other species (variable) a one-way ANOVA was 
applied. As two tests were performed with the results of the 
same data matrix, we applied a multivariate analysis of vari-
ance (MANOVA) to assess if the differences on the abundance 
were not randomly determined. If the MANOVA is significant, 
it indicates the appropriateness of using a one-way ANOVA 
for each variable separately (Johnson, 1998). The assump-
tions of normality and homoscedasticity were tested using 
Shapiro-Wilk and Levene tests, respectively. If assumptions 
of ANOVA were not met, we used a non-parametric equivalent 
test (Kruskal-Wallis test (Zar, 1999)).

Diet of A. pantaneiro was evaluated using the frequency 
of occurrence, numerical, and volumetric methods (Hyslop, 
1980). These data were combined into the Index of Relative 
Importance (Pinkas et al., 1971):

 
IRI = (%N + %V) %F * 100

where, %N = numerical percentage, %V = volumetric percent-
age, %F = frequency of occurrence percentage.

In order to show the relative level of diet specialization, 
trophic niche breadth was estimated by Levin’s Index (1968):

B = 1/ (∑
=

n

j 1
pj

2)

where, B = Levin’s measured of niche breadth, pj = proportion 
of food item j in diet, n = number of food items. Niche breadth 
values range from 1 to n where n is the number of categories 
of the resource, and higher values mean a wider use of the 
resource under consideration (Edds et al., 2002). In addition, 
food items were arranged in descending order of importance 
(rank-abundance patterns) in order to allow the simultaneous 
visualization of prey richness and equitability.

Standard length in centimeters for each prey was obtained, 
when possible, to assess the relationship between predator and 
prey size for each period. This relationship was investigated 
using a dispersion graph.  The same predator length range in 
both periods was used. Data (standard length - Ls) were fitted 
by nonlinear regression analysis (quasi-Newton estimation 
methods) to the following model:

LS prey = a* expb*LSpredator
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The model parameters were estimated using the Statisti-
caTM 7.1 software. Fitting quality was evaluated by the total 
variation explained by each model (in %). Because these are 
nonlinear equations and their residues probably do not follow 
a normal distribution, the coefficient of determination (R2) 
is not suitable for statistical tests. However, it can be used 
as an indicator of the portion of total variation explained by 
the model. 

A covariance analysis (ANCOVA) was used to test the 
differences between the slopes of the straight lines obtained 
with the model (linearized) (Goldberg & Scheiner, 1993). 
This analysis evaluates if size of consumed prey was differ-
ent between periods, removing the predator size effect. Prey 
length was log-transformed. The explanatory variable, prey 
length, and the covariable, predator length, and the periods (I 
and II) were used as factors.

Results

In period I, M. dichroura represented only 9.66% of the 
abundance of all 102 species caught in the reservoir and it 
increased to 66.37% in period II when 89 species were caught 
(Fig. 2). According to the MANOVA, the effect of time was 
significant (F = 8.84; p = 0.007). Thus, we applied an ANOVA 
for each variable separately. This alteration in M. dichroura 
abundance was highly significant according non-parametric 
analysis of variance (H = 8.308; p = 0.0039; assumptions of 

one-way ANOVA were not met; p < 0.05). For all remaining 
species the differences of abundances between periods were 
not significant (F = 0.005; p = 0.945). 

The stomach contents of 469 A. pantaneiro individuals were 
analyzed; prey could be identified in 314 of them (187 in period 
I and 127 in period II). The A. pantaneiro trophic niche breadth 
varied between periods I and II (Fig. 3). The highest breadth 
value was recorded in period I (B = 10.35), when the predator 
consumed a large number of prey items (41 prey species) (Fig. 
3). The relative importance values for these items were low and 
indicate a low dominance of prey types. On the other hand, the 
trophic niche breadth was narrower in period II (B = 1.10), as 
a reduction in the food spectrum (14 prey species) and a high 
dominance of one prey type were recorded (Fig. 3).

In period I, Apareiodon affinis, Characidium zebra, M. di-
chroura, and Astyanax abramis were the most important prey, 
even though each one represented only about 15% of the IRI. 
During period II, the diet changed and M. dichroura became 
the most important prey (IRI = 95%) (Fig. 4).

Dispersion analysis revealed a positive relation between 
predator length and prey length, in both periods (Fig. 5 a-b). 
Fitted models were: Ls prey = 0.8926*exp(0.0953*Lspredator) 
(period I) and Ls prey = 1.6234*exp(0.0733*Lspredator) (period 
II), and explained variance percentages for each model were 
35% and 50.5%, respectively. There was a significant differ-
ence in the size of A. pantaneiro prey between sampling pe-
riods (ANCOVA, F1; 368 = 38.81; p < 0.05). The smaller slope 
of the straight line in period II showed a high consumption 

Fig. 1. Study area and location of sampling sites.

of smaller prey and an intense predation of M. 
dichroura by A. pantaneiro, because predators 
of all lengths consumed this prey (Fig. 5b). In 
period I the maximum relative length of the 
ingested prey was about 78% of the predator 
size, while in period II they only reached 66% 
of the predator size.

Discussion

After impoundment of the Manso River, 
variations in the composition and structure of 
fish assemblages were observed during the first 
four years. Although a high abundance of fish 
was verified when compared with the basin's 
lotic environments, specific diversity decreased 
during that period, especially due to a high 
dominance of some species (A. A. Agostinho, 
unpubl. data). Among these, M. dichroura was 
numerically the most important, and A. pan-
taneiro was the third most captured species. 
According to Krebs (1994), dominance can be 
an important component in the organization of 
the community; however, this attribute is little 
known, and dominant species could be the focus 
of interactions that structure the community. 

Shortly after the filling of the Manso Res-
ervoir (period I), A. pantaneiro seems to have 
followed a feeding pattern commonly found 
in piscivorous fish, i.e., its diet consisted of a 
large diversity of prey items (Almeida et al., 
1997; L’Abeé-Lund et al., 2002; Kahilainem 



Alterations on piscivorous diet after impoundment in a Neotropical river634

& Lehtonen, 2003; Hahn et al., 2004). However, among the 
41 prey species consumed, predation on only four of them (A. 
affinis, C. zebra, M. dichroura, and A. abramis) was important, 
corroborating conclusions by Popova (1978) that although 
predator fishes use a wide prey spectrum, the basic portion 
of feeding only includes a few species. The higher consump-
tion of a few species has been associated especially with their 
abundance in the environment (Griffiths, 1975; Popova, 1978; 
Garman & Nielsen, 1982; Amundsen, 1994; Edds et al., 2002; 
Floeter & Temming, 2003). According to Griffiths (1975), all 
optimal diet theories suggest that when a strong dominance of 
prey fish species does not occur, a predator must take items 
proportionally to their abundances in the environment, feeding 
as number maximizers.

Four years after the impoundment, however, the high abun-
dance of M. dichroura, which represented as much as 66.37% 
of the total number of fishes captured in the area, was certainly 

responsible for the alteration in the diet of A. pantaneiro. During 
that period, only 14 species were consumed, and M. dichroura 
represented 95% of the diet, showing high opportunism of the 
predator. In the Itaipu Reservoir, on the Paraná River basin, 
Hahn et al. (1997) recorded, for several years, a high constancy 
in number and biomass of the piscivorous species Plagioscion 
squamosissimus. The authors justified this fact due to an expres-
sive proliferation of Hypophthalmus edentatus and Roeboides 
paranensis (= Roeboides descalvadensis), which sustained the 
species. In the Segredo Reservoir, on the Iguaçu River basin, 
Hoplias malabaricus  and Oligosarcus longirostris  were also 
considered opportunistic piscivorous species, since they fed es-
pecially on tetragonopterines, which dominated the environment 
after impoundment (Loureiro & Hahn, 1996; Gealh & Hahn, 
1998). In the Guri Reservoir, in Venezuela, Cichla temensis fed 
predominantly on the three most abundant fish species in the 
littoral region of the reservoir (Williams & Winemiller 1998), 
while in a reservoir in Norway, minnows, Phoxinus phoxinus  
showed a marked increase and were easily available to brown 
trout, Salmo trutta, a piscivorous species that was dominant in 
the environment (Aass, 1953 apud L’Abeé-Lund et al., 2002). 
After four years, minnows were found in 90% of the trout's 
stomach contents.

Prey size results showed a positive relation between A. 
pantaneiro length and the length of their prey in both periods, 
showing that the predator's energy demand increases as it grows 
in size, and larger prey become energetically more advantageous 
(Elliot & Hurley, 2000). Acestrorhynchus pantaneiro utilized a 
wide range of prey length in period I, and their minimum size 
did not increase as rapidly as their maximum size. According 
to Popova (1978), it seems common among piscivorous fish 
that the minimum size of the ingested prey remains constant or 
increases slowly as the predator grows in size. Several studies 
have demonstrated that prey increase in size is associated with 
predator growth in piscivorous species (Popova, 1978; Amund-
sen, 1994; Almeida et al., 1997; Gealh & Hahn, 1998; Little 
et al., 1998; Hahn et al., 2000; Esteves & Pinto Lôbo, 2001; 
Kahilainen & Lehtonen, 2003). Consequently, although larger 

Fig. 2. Abundance of Moenkhausia dichroura and “other 
species” in the period I (From March 2000 to February 2001) 
and II (From March 2003 to February 2004), after impound-
ment of Manso River, Mato Grosso State, Brazil. Vertical bars 
represents the mean ± S.D.

Fig. 3. Dominance curve of prey items in the diet of Acestro-
rhynchus pantaneiro, based on Index of Relative Importance 
(IRI) in each sampling period at Manso Reservoir, Mato 
Grosso State, Brazil (n = 314; 187-period I and 127- period 
II). B = trophic niche breadth.

Fig. 4. Relative contribution (IRI) of prey fish in the diet of 
Acestrorhynchus pantaneiro in each sampling period at Manso 
Reservoir, Mato Grosso State, Brazil (n = 314; 187-period I 
and 127- period II).
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A. pantaneiro individuals can feed on larger prey, since they 
have larger mouth openings, prey with small length continued 
to be preyed upon. 

In period II, the maximum relative length of the ingested 
prey was about 66% of the predator size, while in period I they 
only reached 78% of the predator size. The reduction in the 
size spectrum of ingested prey in period II was attributed to 
the intense supply of M. dichroura in the environment, a forage 
species that did not grow beyond 9.0 cm in the reservoir. This 
fact considerably affected the predator-prey ratio, since this 
prey was commonly found in stomach contents, regardless of 
predator size. Pitcher & Hart (1990) stated that the ingestion of 
small prey occurs due to their availability and ease of capture, 
energy costs resulting from this type of capture, or a reduc-
tion in the number of larger prey. The energy cost associated 
with searching, chasing, capturing, digesting, and assimilating 
prey (Winemiller, 1989) varies with their size: it is considered 
minimum for a certain size, increasing for larger or smaller prey 
(Griffiths, 1975). According to the optimal foraging theory, 
the predator makes to judgement between the energy and time 
required to travel to a large prey and that of capturing a nearer, 
smaller prey (Gerking, 1994). Although the consumption of 

smaller prey apparently seems to be detrimental to the cost/ben-
efit balance, in A. pantaneiro it seems evident that predation on 
M. dichroura must have been compensated by the high density 
of this prey, which provided a higher encounter rate between 
both. According to Milinski & Heller (1978), high prey densities 
allow the predator to attain a high predation rate because of the 
short distances between prey. As a result, the predator alter its 
diet to acquire prey that is very abundant and easily accessible, 
which leads to a considerable drop in food searching costs, an 
increase in food intake, and finally a maximization in energy 
gain. Our results confirm this statement since A. pantaneiro 
altered its diet concerning composition (essentially consuming 
the most abundant prey species), trophic niche breadth (decreas-
ing the number of  prey species and increasing the dominance) 
and prey lengths (increasing the consume of smaller preys than 
those defined by morphologic constraints) when one prey spe-
cies dominated in the environment. 

Admitting that predator species are practically the only 
available means to control the abundance of forage species 
that reach high densities during the first years after reservoir 
filling (Popova, 1978), piscivorous species such as A. panta-
neiro may play an important role, allowing the coexistence 
of prey species and keeping their numbers below the level at 
which they would compete with one another for food or space 
(Paine, 1966). Consequently, by regulating the abundance 
of prey species, these piscivorous species can increase the 
stability of the ecosystem (Nikolsky, 1963; Popova, 1978).
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