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Abstract

Experiments were designed to determine if the juvenile forms of jundia (Rhamdia quelen) exhibit selectivity feeding
on zooplanktonic organisms and the influence of intraspecific competition on the diet. The fish were maintained in
5000-L containers, and after seven days from birth, they were acclimated in experimental units with different densities
and supplied with water containing plankton (natural), where they remained for 24 h in the environment with food. In
the first seven days at densities of 5 and 10 fish.L-1, the fish selected the Rotifera more intensely, and at densities of 20
and 40 fish.L-1, the Cladocera were more selected. At 14 days of age, the Cladocera were the most selected for all densi-
ties of fish. At 21 days of age, the juvenile forms of jundia maintained a preference for Cladocera, and there was an in-
crease in the capture of Copepoda at a density of 40 fish.L-1. At 28 days of age, the Cladocera were the most captured at
densities of 5 to 20 fish.L-1, and the consumption of copepods increased at a density of 40 fish.L-1. The juvenile forms
of Rhamdia quelen showed a high feeding preference for Cladocera at all the ages tested (7, 14, 21 and 28 days), but the
density of fish per litre influenced the capture of the preferential food. This study showed that the juvenile forms of
jundia had a more rapid response to the presence of food at densities of more than 10 fish.L-1, and that at higher densi-
ties the fish decreased interactions of territorial defense and formed schools, which allowed the foraging of zoo-
planktonic organisms, larger in size, more agile and of greater energy gain, such as the Cladocera and copepods.
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Atividade alimentar das formas jovens de jundiá (Rhamdia quelen Quoy and Gaimard,

1824) sobre organismos zooplanctônicos, e a influência da competição intra-específica na

dieta em laboratório

Resumo

Delineou-se um experimento com o objetivo de analisar se as formas jovens de jundiá (Rhamdia quelen) realizam
seletividade alimentar sobre os organismos zooplanctônicos, e como a dieta pode ser influenciada pela competição
intra-específica. Os peixes foram mantidos em caixas de 5000 L e após sete dias do nascimento foram acondicionados
nas unidades experimentais em diferentes densidades e abastecidos com água contendo plâncton (natural), permane-
cendo 24 horas no meio com alimento. Nos primeiros sete dias em densidades de 5 e 10 peixes/L, os peixes
selecionaram mais intensamente os Rotifera, nas densidades de 20 e 40 peixes/L os Cladocera foram os mais
selecionados. Aos 14 dias de idade os Cladocera foram os mais selecionados em todas as densidades de peixes. Aos 21
dias de idade as formas jovens de jundiá mantiveram a preferência por Cladocera e houve um aumento na captura de
Copepoda na densidade de 40 peixes/L. Com 28 dias de idade os Cladocera foram os mais capturados nas densidades
de 5 a 20 peixes/L, o consumo de Copepoda aumentou na densidade de 40 peixes/L. As formas jovens de Rhamdia
quelen apresentaram uma alta preferência alimentar por Cladocera em todas as idades testadas (7; 14; 21 e 28 dias), no
entanto, a densidade de peixes por litro têm influência sobre a captura do alimento preferencial. Verificou-se neste
trabalho, que as formas jovens de jundiá apresentaram uma resposta mais rápida a presença de alimento em densidades
superiores a 10 peixes/L, nas maiores densidades os peixes diminuíram as interações de defesa de território e formaram
cardumes, o que permitiu um forrageamento de organismos zooplanctônicos maiores, mais ágeis e de maior lucro
energético como Cladocera e Copepoda.

Palavras-chave: seletividade alimentar, densidade de estocagem, jundiá, zooplâncton.
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1. Introduction

Currently, there is a growing interest in information
on the various aspects of the trophic ecology of fish,
where it is increasingly necessary to know what the role
is of species in their environment, that is, how they inter-
act with the abiotic environment and other organisms, to
thereby understand the functioning of ecosystems, with
the aim of preserving them or managing them adequately
(Lowe-McConnell, 1999). Thus, knowledge about fish
behaviour, feeding sources utilised by the fish and exis-
tence or not of feeding selectivity is an important factor
in the ecological study of species (Zavala-Camin, 1996)
and a tool for biotechnological applications. Moreover,
information about the intensity of food intake can be use-
ful for the complementation of studies aimed at detecting
competitive interactions between species or distribution
of resources between them (Hahn and Delariva 2003).

Sharing of resources among fish has received consid-
erable attention on the part of many researchers (Lowe-
McConnell, 1999; Russo et al., 2004; Crippa et al., 2009;
Dias and Fialho, 2009; Brandão-Gonçalves et al., 2010).
However, one question that has been considered little in
these studies are changes in feeding habit according to
availability of food, and in the choice of food according
to its quality (Esteves and Aranha, 1999).

According to Zavala-Camin (1996), the presence of a
particular type of food in the digestive contents of fish
does not necessarily mean that it is the preferred food, be-
cause the majority of fish show plasticity in their diet,
considering that they choose new prey depending on
growth, moving to other habitats and seasonal and annual
availability, or that they display active selection depend-
ing on individual preferences for particular foods (Roche
and Rocha, 2005). Most times, this preference is condi-
tioned to availability in the environment (Weatherley,
1972).

Relatively small individuals such as fish larvae are
important consumers in aquatic ecosystems (Sipauba-
Tavares, 1993), where in this environment, it is believed
that the size of organisms can be a determinant factor in
the behavior of the food chain, ecological efficiency,
transfer of energy and type of organisms of highest
trophic levels (O’Gorman et al., 2010). In general, fish
larvae feed on zooplankton (Soares et al., 2000; Luz and
Zaniboni, 2002; Makrakis et al., 2005; Russo and Hahn,
2006), during this phase, fish can reach sufficient abun-
dances to cause reductions in density of zooplankton
populations in water bodies (Dettmers and Stein, 1992;
Devries and Stein, 1992; Shahady, 1993; Qin and Cul-
ver,1996).

This increase in abundance of fish and/or reduction
of quantity of prey can produce competition by the ex-
ploitation of these food resources, where this interaction
between individuals is caused by a similar requirement
for a resource, leading to a reduction in survival, growth
and/or reproduction of at least some of the competing in-
dividuals (Begon et al., 2006).

Competition for food can influence diets because of
the environment from alterations in abundance levels of
resources, modifications in distribution and behaviour by
interactive segregation (Arcifa et al., 1991; Bohn and
Amundsen, 2001). According to Gerking (1994), the
feeding behaviour of a fish should be observed under var-
ied conditions, including supply feeding, because a spe-
cialist can become a generalist, if a food source changes.

In works on fish farming, various authors have stud-
ied the effects of intraspecific interactions of fish larvae
and juveniles, such as competition for food and space
(Jobling, 1994; Hecht and Uys, 1997; Piaia and Baldis-
serotto, 2000). Stickney (1994) noted that stocking den-
sity influences the behaviour of fish, leading to an
increase or decrease in competitive interactions, directly
depending on the quantity of individuals in the same
place.

The cultivation of fish larvae in the laboratory allows
more detailed investigations of the habits and feeding
preferences and behaviour of larvae and observations on
their tolerance to different environments (Sipauba-Ta-
vares, 1993). Therefore, the aim of the present study was
to determine the feeding behaviour of juvenile forms of
Rhamdia quelen Quoy and Gaimard, 1824, at different
stocking densities, as they grow, to see if intraspecific
competition leads to changes in diet, providing informa-
tion on the existence of feeding selectivity in relation to
natural feeding (zooplankton), and if this factor can be in-
fluenced by the quantity of competing fish in one place.

2. Materials and Methods

The study was carried out in the laboratory at the
“Universidade Estadual do Oeste do Paraná” (20022’S
and 53044’W), during two months between February to
March 2011.

The larvae of jundia (Rhamdia quelen) were obtained
through induced reproduction of females maintained on
site. The zooplanktonic communities were isolated from
fish ponds using a 60 �m mesh plankton net, and main-
tained in laboratory culture.

The juvenile fish were maintained in 5000-L water
tanks, where they were transferred to experimental units
every seven days. Four feeding selectivity experiments
were carried out with jundias at different ages: 7, 14, 21
and 28 days.

Each experiment involved a battery with 12 small
containers (1 L each) distributed in a complete random-
ised experimental design with four treatments of differ-
ent stocking densities (DS) (DS1 = 5 fish.L-1, DS2 =
10 fish.L-1, DS3 = 20 fish.L-1 and DS4 = 40 fish.L-1) and
three repetitions each.

The juvenile forms of fish were maintained fasting
for 24 h and then collected from the water tanks and
placed in containers supplied with the environment of-
fered as food (water with zooplankton). After being dis-
tributed (according to treatments), they remained in the
aquariums for 24 h. The fish were then anesthetised with
benzocaine (25 mg.L-1) solution for 30 min in order to
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avoid regurgitation and then fixed in 10% formalin. The
water from the containers was also collected (1 litre) after
removal of the juvenile forms, filtered with a 60 �m mesh
plankton net, placed in glass flasks and fixed in 10 mL of
10% formalin.

The density of planktonic organisms present in the
tanks were determined by light microscopy, before their
offering as food, where a subsample (2 mL) was used for
counting. The individuals were quantified using a Sedg-
wick-Rafter type counting chamber, the counts and iden-
tification of organisms were performed under a stereo-
microscope and light microscope with 40X and 100 X
magnifications. The specimens were identified using the
specialised literature (Rocha and Matsumura-Tundisi,
1976; Koste, 1978; Segers, 1995; Elmoor-Loureiro,
1997).

The digestive tracts of five juvenile forms of fish per
treatment were removed under a stereomicroscope with
the help of a scalpel and then opened for visualisation and
counting of food items under a light microscope. Feeding
selectivity was determined according to Paloheimo
(1979) per environment using the following formula:
NFRi = (ri/pi)/ (�ri/pi), which was calculated based on
the relation between the proportion of prey present in the
diet of the predator (ri) and the proportion of prey in the
environment (pi).

To determine the existence or not of selectivity, the
index obtained was compared to the reference value,
which is equal to 1/n, where n is the number of different
food items in the environment. NFRi = 1/n is considered
without selection; if NFRi > 1/n, selection is positive; and
if NFRi < 1/n, selection is negative.

Based on the null hyptothesis H0, with the presuppo-
sition that: “The juvenile forms of Jundia (Rhamdia
quelen) at different ages and stocking densities do not
display feeding selectivity on zooplanktonic organisms,”
the data obtained were submitted to factorial analysis of
variance (factorial ANOVA, p > 0.05), taking into con-
sideration the age of the fish, DS and zooplanktonic
groups preyed upon as categorical predictors (factors)
and NFR values as the dependent variable.

In the case of statistical differences, Tukey’s test was
used at 5% level of probability. The assumptions of
homocedasticity (Levene test) and normality (Shapiro-
Wilk test) were evaluated. When these assumptions were
not met, these statistical analyses were performed with
Log (x + 1) transformed data, and the analysis and the
tests were carried out in the STATISTICA 7 computa-
tional program.

3. Results

A total of 240 juvenile forms of Rhamdia quelen at
different stages of development were desiccated (Fig-
ure 1), andx the mean size and weight of the individuals
were determined (Table 1).

The organisms present in the environment offered as
food were identified and classified to the species level.
During the analyses of the stomach contents of the fish,

the zooplanktonic species closely associated were
summarised and represented to the genus level due to the
difficulty in the differentiation of these when present in
the digestive tracts, and thus, the environment contained
12 food items, where the majority were copepods in the
form of naupliii and Calanoida copepodid (Table 2). Fig-
ure 2 displays the feeding selectivity index (NFR) for
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Figure 1 - Juvenile forms of Rhamdia quelen utilised in the
feeding selectivity and competition experiments, in the pe-
riod of February to March 2011 (a- 7 days of age; b- 14 days
of age; c- 21 days of age; d- 28 days of age). Bar = 0.5 cm.

Table 1 - Age, quantity, mean size (MS.) and mean weight
(MW) of individuals of Rhamdia quelen utilised in feeding
selectivity and competition experiments (SD= standard de-
viation).

Speci-

mens

Age

(days)

MS

(cm)

SD MW (g) SD

60 7 0.5 0.0619 0.0018 0.0001

60 14 1.1 0.0996 0.0255 0.0020

60 21 1.6 0.0783 0.0559 0.0060

60 28 2.6 0.0854 0.2479 0.0403



each zooplanktonic species consumed in each experi-
mental unit.

Factorial analysis of variance demonstrated that there
was an interaction between the factors: age of fish, stock-
ing density and group preyed upon (ANOVA, F = 14.94;
p < 0.05) (Table 3). Tukey’s test detected 17 significant
differences between the means of NFR of each group
preyed upon by R. quelen at different ages and stocking
densities. Based on these results, a scale was devised for
the level of consumption of each item depending on in-
tensity of predation.

The above scale was formulated based on the group-
ing of the means determined by Tukey’s test in intervals
of values, where these intervals distributed in classes
(levels), by the application of Sturges’ formula, accord-
ing to which: K = 1+3.22(log10 n), where K = number of

levels and n = number of observations. Having defined
the number of levels, the total range of the means was di-
vided by K, resulting in the interval of the values which
were allocated at each level (Table 4).

The juvenile forms of R. quelen at seven days of age
showed the highest selectivity indices for the group of
Rotifera at densities of 5 and 10 fish.L-1 (consumption
level “c” and “b,” respectively) (Figure 3). The Cla-
docera were the most consumed (consumption level “b”)
at densities of 20 and 40 fish.L-1, but Calanoida naupliii
were still positively selected in all experimental units
with more than 20 fish.L-1 (Figure 2). In the gastrointesti-
nal contents of the larvae at this age, Brachionus spp. pre-
dominated in the treatments with 5 and 10 fish.L-1 and
Moina spp. in the treatments of 20 and 40 fish.L-1 (Figu-
re 2).
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Figure 2 - Feeding selectivity index (NFR) of food items (species) consumed by Rhamdia quelen at different ages and stock-
ing densities, where NFR values equal to or greater than the reference (REF = 0.0833) indicate positive selection (1-
Brachionus spp.; 2- Lecane spp.; 3- Lepadella spp.; 4- Diaphanosoma brevireme; 5- Ceriodaphnia silvestrii; 6- Moina spp.; 7-
Argyrodiaptomus furcatus; 8- Calanoida copepodid ; 9- Calanoida nauplii; 10- Thermocyclops decipiens; 11- Cyclopoida
copepodid ; 12- Cyclopoida nauplii).



The Cladocera group was the most consumed by the
jundia larvae at 14 days of age, showing the highest NFR
values and consumption level “a” in all experimental
units (Figure 3). The species most consumed was Moina
spp. (Figure 2), where those positively selected were:
Moina spp., Diaphanossoma brevireme and Calanoida
copepodid, at all densities of fish examined.

The preference for the Cladocera group persisted for
the larvae with 21 days of age, at densities of 5, 10 and
20 fish.L-1 (level “a,” see Figure 3), while at a density of
40 fish.L-1, the predominance was shared between
Copepoda and Cladocera, both consumed at level “b”
(Figure 3).

In the relation to consumption of different zoo-
planktonic species supplied as food for the 21-day-old ju-
veniles, Figure 2 shows that the species most consumed
were those of Cladocera, Moina spp. and D. brevireme,
and those of Copepoda in the form of Calanoida
copepodid and naupliii, where these organisms were pos-
itively selected at all densities tested.

The Cladocera were those most consumed by the
28-day-old juveniles at all densities studied. This con-
sumption decreased at a density of 40 fish.L-1, where the
consumption of Copepoda increased in detriment of the
consumption of Cladocera, resulting in a balanced con-
sumption between these two groups (Figure 3).
Cladocera and Copepoda showed a “b” level of con-
sumption in the diet of the fish (Figure 3). There was a

positive selection for Moina spp., D. brevireme and
Calanoida copepodid at densities of 5 and 10 fish.L-1 and
for all Cladocera available and Calanoida copepodid and
naupliii at a density of 20 fish.L-1. At a density of
40 fish.L-1, the following were positively selected: Moina
spp., D. brevireme, Argyrodiaptomus furcatus,
Calanoida naupliii and copepodid.

4. Discussion

The factors that influenced the diet of the fish and ex-
istence or not of feeding selectivity are diverse, such as:
the abundance and size of prey, ease of capture (includ-
ing the prey’s visibility and ability to escape), nutritional
quality and competition, as well as the ontogeny of the
fish (Gill, 2003; Roche and Rocha, 2005).

Although some species of fish have a diet that is very
specific and defined, due to anatomic adaptations and
choice of habitat (Lazzaro, 1991; Zavala-Camin, 1996;
Fugi et al., 2001), there is evidence that especially for
young fish juveniles, nutritional quality and energy gain
are important factors (Hanson et al., 1997).

Planktonic organisms occupy a well-defined position
in the transfer of energy in aquatic ecosystems, since the
majority of species of fish utilise them as food during the
first phases of development, where changes occur with
respect to items ingested as the fish grow (Sipauba-
Tavares, 1993; Ribeiro et al., 2001; Hayashi et al., 2002
Feiden et al., 2006; Marques et al., 2007).

In an aquatic environment, intra- and interspecific in-
teractions determine the sources of food utilised by the
individuals of a particular species. The availability of
prey for a particular predator is the result of physiological
and behavioural processes displayed by both. In experi-
ments to estimate the availability and consumption of
prey, Werner and Hall (1974) and Mittelbach (1981)
found in species of the genus Lepomis that consumption
was influenced on one hand by the size, shape, pigmenta-
tion, contrast, movement and ability of escape of the
prey, while on the other hand, it was affected by the vi-
sion, preference and feeding behaviour of the predator
(Zaret, 1980; Rincon and Lobon-Cervia, 1999; Gill,
2003; Pinto and Uieda, 2007; Rezende et al., 2011).

In relation to the size of organisms consumed,
changes were observed with increase in age of the fish.
Other authors, including Soares (2000) and Makrakis et
al. (2005), also noted changes in the size of the most im-
portant items in the diets of juvenile forms of fish with in-
crease in age, and found that differences with respect to
the preferential food items for each species became more
evident with individuals of advanced age.

Considering the feeding of the larvae of South Amer-
ican fish, it has been reported that there is a preference for
the consumption of larger-sized zooplankton (Cladocera
and copepods) and reduced consumption of Rotifera and
Protozoa in the majority of the species studied (Prieto et
al., 2006), which corroborates the behaviour displayed
by the juvenile forms of Rhamdia quelen durring in the
course of the present study, where a greater consumption
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Table 2 - Mean abundance of zooplanktonic organisms pres-
ent in the environments offered as food for the juvenile
forms of Rhamdia quelen.

Items Abundance

(%)

Rotifera 16.82

Brachionus spp. Pallas, 1766 13.82

Lecane spp. Nitzsch, 1827 2.29

Lepadella spp. Bory of St. Vincent, 1826 0.71

Cladocera 27.05

Diaphanosoma brevireme Sars, 1901 10.67

Ceriodaphnia silvestrii Daday, 1902 1.59

Moina spp. Baird, 1850 14.80

Copepoda 56.12

Calanoida 46.59

Argyrodiaptomus furcatus Sars, 1901 6.45

Calanoida copepodid 12.54

Calanoida nauplii 27.60

Cyclopoida 9.54

Thermocyclops decipiens Kiefer, 1929 2.15

Cyclopoida copepodid 3.01

Cyclopoida nauplii 4.38



of Cladocera was observed. Priority for the consumption
of larger zooplanktonic organisms in the beginning of ex-
ogenous feeding can be explained by the advantages of
greater efficiency in the energy balance of larger prey
(Werner and Hall, 1974; Warburton 2003).

Fregadolli (1993) observed in a study on the larval
feeding selectivity of the fish pacu (Piaractus meso-
potamicus Holmberg, 1887) and tambaqui (Colossoma
macropomum Cuvier, 1816) that from the beginning of
exogenous feeding, the larvae showed greater selection
for prey that were larger and moved more, such as
Cladocera. There was little selection for Rotifera, except

in some cases with larger Rotifera. such as Brachionus
calyciflorus (Pallas, 1766), which were more selected as
alternative prey due to inefficiency in the capture of
Cladocera, which were more able to escape compared to
Rotifera.

The juvenile forms of Rhamdia quelen studied here
showed a feeding preference influenced not only by their
ages but also by the quantity of fish stocked in experi-
mental units. Rotifera were positively selected only by
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Figure 3 - Feeding selectivity index (NFR) of zooplanktonic groups consumed by juvenile forms of Rhamdia quelen at differ-
ent ages and stocking densities (DS). Levels of consumption in decreasing order represented by the letters a-f.

Table 3 - Factorial analysis of variance of feeding selectivity
indices (NRF) of juvenile forms of Rhamdia quelen (be-
tween 7 and 28 days of age) with regard to groups of
zooplanktonic organisms present in the environments of-
fered as food. Significant values denoted in bold (p < 0.05).

Effect F p

Age*Group 288.88 0.000000

Stocking density*Group 15.84 0.000000

Age*Stocking density*Group 14.94 0.000000

Table 4 - Scale of mean values referring to levels of con-
sumption of zooplanktonic groups preyed upon by Rhamdia
quelen during selectivity feeding and competition (decreas-
ing order).

NFR (Log x+1) Level of consumption

0.1963| - 0.2455 a

0.1570| - 0.1963 b

0.1178| - 0.1570 c

0.0785| - 0.1178 d

0.0393| - 0.0785 e

0.0011| - 0.0393 f



the larvae of R. quelen at 7 days of age and predominated
in the diet of individuals at densities of 5 and 10 fish.L-1 .
Some works suggest a relation between stocking density
and efficiency in capture of prey. Piaia and Baldisserotto
(2000) observed that jundia fry (R. quelen) submitted to a
density of 0.74 g/L remained in a group for the capture of
food. However, when submitted a lower density
(0.18 g/L), they formed distinct and individual territories.
Hecht and Uys (1997) found that higher stocking densi-
ties accelerated the response of juveniles of Clarias
gariepinus (Burchell, 1822) to the presence of food in the
tanks, that is, at the most elevated, the specimens in-
gested rapidly all the food, while at the lowest, ingestion
was interrupted by periods of inactivity or agressions. It
is likely that the reduced response to food at the low den-
sities was due the fact that the specimens were busy
maintaining territories (Hecht and Uys, 1997).

Pouey et al. (2011) found that Rhamdia quelen shows
an inverse relation between stocking density and growth
rate, due to the stress caused by the competition, but
breeding of jundia at high densities is viable, since it does
result in greater biomass despite showing a lower mean
weight.

These results revealed that low stocking densities
could have permitted the establishment of a more intense
hierarchical process than at higher densities. High densi-
ties increase the frequency of confrontations and threats
in territory disputes, up to the point that because the met-
abolic expenditure is very high, the fish abandon the de-
fense of their territory and begin to group in schools
(Jobling, 1994).

These factors can be considered in analysing the
choice of food by the fish studied in this work, where the
smaller and slower prey were more often captured at
lower stocking density and age of R. quelen. These fish
invested more energy in the defense of territories or sim-
ply had a slower response to the presence of larger prey,
which led to the consumption of food items easier to cap-
ture such as Rotifera. However, higher stocking densities
(20 and 40 fish.L-1), in conjunction with the formation of
schools, decreased the chances of the escape of larger
prey, which increased efficiency in the capture of
Cladocera and copepods.

Authors such as Piedras and Pouey (2005) and Prieto
et al. (2006) have demonstrated that groups of organisms
such as Cladocera are preferred by the fish in comparison
to copepods. This preference has been explained by body
shape as well as mechanism of locomotion, which is
more efficient among the copepods, facilitating their es-
cape (Zaret, 1980).

However, at more advanced ages (14, 21 and 28
days), despite the selection for Cladocera remaining high
and positive, there was positive selection for Calanoida
copepodid, where at 28 days and DS of 40 fish.L-1,
naupliii and Calanoida copepodid, besides adults of
Argyrodiaptomus furcatus, were positively selected,
reaching a proportion of capture similar to that of
Cladocera (level of consumption “b”). This indicates that
increase in mouth opening as well as the formation of

schools could have increased the capture efficiency of
larger and more agile organisms. Authors such as Ma-
krakis et al. (2005) and Mai and Zaniboni-Filho (2005)
observed that juvenile forms of carnivorous fish have a
tendency to develop abilities such as greater mouth open-
ing and caudal fins of greater propulsion, conferring
maior swimming capacity and skills, among other physi-
cal and behavioural characteristicas that allow increas-
ingly greater and more agile capture of prey as they grow.

5. Conclusion

The diet of the juvenile forms of Jundia (Rhamdia
quelen) analysed was not linked to the availability of or-
ganisms present in the environment offered as food, since
they demonstrated a high preference for Cladocera, de-
spite the high availability of copepods. There was an in-
teraction between age and the density at which they were
stocked, influencing the feeding selectivity of juvenile
forms on zooplanktonic organisms. At all ages, there was
a feeding perference for Cladocera in relation to the other
zooplanktonic groups. However, the presence of a lower
number of competing animals (low DS) led to the forag-
ing of smaller organisms, easier to capture, while the
higher densities increased capture efficiency due to the
formation of schools and more rapid response to the pres-
ence of food, which favoured the capture of items of
greater energy value, even including organisms that were
more difficult to catch due to their size and ability to es-
cape.
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