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Abstract: Shoaling can provide a number of advantages for individual fish, enhancing foraging efficiency and
reducing predation risk. We investigated the role of multiple characid species shoaling (Compsura heterura
and Serrapinnus piaba) in order to recognize social behavior, foraging strategy, and diet composition in one semiarid
stream from northeast Brazil. The study was done by field observations (ad libitum). The most frequent social
behavioral (Arranged Mixed-species school - 38.46%) was represented by mixed-species schools structured with
large-sized individuals of C. heterura using the school periphery and small individuals of both species using the
center of the school. Shoals with lower individuals inhabiting shallow locals and pools presented higher frequency
of this behavior. Although foraging behavior did not vary significantly between the two species, each characin
species explored distinct food resources, indicating that diet segregation can act as a strategy to both species
foraging in the same shoal. These results suggest that C. heterura and S. piaba have mechanisms to facilitate their
coexistence in structured mixed-species schools, minimizing the costs of living in groups.

Keywords: coexistence; animal aggregations, feeding habits; schooling behavior; stream-dwelling fish.

Um por todos e todos por um: comportamento de cardume em peixes de riacho

Resumo: Cardumes podem oferecer diversas vantagens para os peixes, como aumento na eficiéncia do forrageio
e redugdo do risco de predagdo. Neste estudo, nds investigamos o papel de cardumes mistos de caracideos
(Compsura heterura e Serrapinnus piaba) com o objetivo de reconhecer diferentes tipos de comportamento, suas
estratégias alimentares e composi¢do da dieta em um riacho do semidrido brasileiro, na regido nordeste do Brasil.
Nossas analises foram realizadas através de observacdes em campo. O comportamento social mais frequente foi
representado por cardumes estruturados e organizados pelas duas espécies (38,46%) com individuos maiores de
C. heterura utilizando a periferia do cardume e individuos menores de ambas as espécies utilizando a porc¢do
central do cardume. Esse comportamento foi observado com maior frequéncia em cardumes menores que estavam
ocupando habitats mais rasos e de aguas paradas. Apesar do comportamento alimentar ndo apresentar diferencas
entre as duas espécies, o conteudo estomacal revelou que cada espécie explorou diferentes recursos troficos,
indicando que uma segregagdo na dieta pode atuar como estratégia de forrageio dentro do mesmo cardume. Assim,
nossos resultados sugerem que C. heterura e S. piaba possuem mecanismos que facilitam sua coexisténcia dentro
de cardumes mistos e estruturados, minimizando os custos de viver em grupo.

Palavras-chave: coexisténcia, segregacoes animais; estratégias alimentares; cardumes mistos, caracideos.

Article

Introduction

Grouping behavior is largely observed in different animal taxa and
an important behavior for the maintenance of many species (Krause
& Ruxton 2002). About half of all fish species live in groups at some
period in their life cycle, probably because of the significant benefits
gained with the interactions, such as, social information transmission
among individuals, reduction of predation risk, and increased predators’
detection (Pitcher 1983, Shaw 1978).

Shoals and schools are typical grouping behaviors used by various
fish species (Pitcher 1983) and differ because of the high organized
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and synchronized movement shown by schooling fishes and the non-
synchronous loosely organized movement shown by shoaling ones
(Pitcher 1983, Carvalho et al. 2007). Shoaling and schooling are
mediated by biological traits (e.g. aggregative tendency of a group or
tendency to polarize) operating in different ways, and through different
effects (Delcourt & Poncin 2012). For example, dilution and confusion
effects play different roles in the reduction of predation risks both
in shoaling and schooling species (Pitcher & Parrish 1993, Bumann
etal. 1997), showing different mechanisms for the same function. Here,
we considered shoals as cohesive slightly or highly structured groups
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and schools as highly structured groups with synchronized movements
(Gautrais et al. 2008, Delcourt & Poncin 2012).

Shoaling and schooling are collective movements that are part of a
continuum, from random orientated to a polarized behavior, with many
intermediate ones, such as swarms (Delcourt & Poncin 2012). These
aggregations provide a number of general benefits to individuals, such
as a reduction of individual predation risk (Landeau & Terborgh 1986),
and increased foraging opportunities (Ranta et al. 1994), but it also
provides some costs such as competition for food (Ward et al. 2002). It
is generally believed that shoal members benefit most when the shoal is
phenotypically homogeneous (Krause 1993). Nonetheless, it has been
shown that mixed-species aggregations do occur when advantages
accrue to individuals (Allan & Pitcher 1986).

Although mixed-species aggregations provide individual benefits
(Romey 1995, Marras & Domenici 2013), many studies have shown
that individuals living in groups can face challenges to competition for
food (Pavlov & Kasumyan 2000, Ward et al. 2002). To overcome these
challenges, individuals use to evaluate roles of both predation risk and
food competition (Mathis & Chivers 2003), performing group choice
decisions concerning a risk-balancing trade-off between deciding to
stay, go off alone or join other fish (for a review, see Krause & Ruxton
2002, Pitcher & Parrish 1993).

Responding to these challenges, spatial position within the
group can influence individual performance on feeding efficiency
and predation avoidance (Bednekoft 2003, Morrell & Romey 2008).
Individual shoal members can respond to each other’s behavior affecting
the emergence and maintenance of social roles within groups (Jolles et
al. 2014). Shoaling fishes may present individual differences in behavior
(Marras & Domenici 2013) with few individuals acting as leaders, and
many as followers (Jolles et al. 2014). The position of each individual
in a shoal may be more or less advantageous in terms of predation risk
and foraging efficiency (Krause et al. 1992, Killen et al. 2012, Ajemian
et al. 2016).

Fishes of the family Characidae are endemic to the Neotropical
region (Melo et al. 2022) and the most abundant species living in
Brazilian small streams (Buckup 2021). Nonetheless, information on
the coexistence of these species in mixed-species aggregations is scarce
(e.g. Suzuki & Orsi 2008) with only the studies of Sazima (1980) and
Godoy (1975) being known so far. In this study, we use mixed-species
shoals composed by the characids Compsura heterura Eigenmann, 1915
and Serrapinnus piaba Liitken, 1875, as a model to test the mechanisms
of co-occurrence by two ecological similar species at the same shoal.
For this, we test the effects of shoal size (number of individuals), habitat
variables (water flow and stream depth) and diet on social and feeding
behavior in order to discuss the benefits and costs of living in groups.
This information can add important knowledge about the interactions
of multispecies shoaling and the strategies on coexistence of species
that are phenotypically and behaviorally similar.

Material and Methods

1. Study area

Shoaling behavior was observed in one transect (95 m length) in
the Curu stream (3°49°10.9” S 39°19°57.2” W), into the Curu Basin
located at Ceara State, in the Brazilian semi-arid region (Figure 1).
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This is a seventh-order stream when considering the entire catchment
and a fourth-order stretch at the study site (Silva et al., 2018). This site
is located in Municipality of Pentecoste and surrounded by savannah
vegetation and characterized by pools and runs (riffles were absent)
with abundant aquatic macrophytes.

The studied species Compsura heterura and Serrapinnus piaba are
very abundant characids in the semi-arid zone in Northeast of Brazil
(Teixeira et al. 2017) and are among the most widely distributed species
in the study area (Curu stream system - Manna et al. 2019). Three
potential predators (Hoplias aff. malabaricus, Crenicichla menezesi, and
Cichlasoma orientale) occur in the study area (Manna et al. 2019). These
species have different predator behavior with Hoplias aff. malabaricus
as ambush predator and C. menezesi and C. orientale as chase predation
(Sabino & Zuanon 1997, Winemiller 1989, Sazima 1986).

2. Data sampling

Behavior survey was performed along dry season in November
2011 at daylight, following the ad libitum (sensu Lehner 1996) and
focal animal protocols (Altmann 1974) through snorkeling sessions.
The type of behavior presented by each group of fish was recorded,
following Sabino (1999). Due to the morphological similarities of
the two characids species, the diver (LRM) conducted 10 hours of
preliminary observation in order to guarantee the correct identification
of individuals. After that, the two species were identified underwater
based on minor morphological differences (e.g. body height) and
swimming performance (Figure 2). Additionally, individuals from both
species were collected and identified by specialists. Voucher specimens
were deposited in the ichthyological collection of the Fish Systematics
and Morphology Laboratory at the Federal University of Paraiba (UFPB
7075, UFPB 7077).

The sampling transect was divided into seven sectors of 15 m each
(Figure 2) based on type of habitats where shoals were located, totaling
seven different observed shoals. The sampled transect presented clear
and warm water with temperature around 30 °C facilitating underwater
sampling methods. Habitat variables (stream depth and water velocity)
were measured on each sector. Stream depth was measured using a
measuring tape (in cm) considering the distance from water surface
to stream bottom and water velocity was measured with a fluxometer
probe (in m/s).

Diving sessions were conducted throughout the sampling transect
and the behavior was recorded every time a subject appeared in the
visual field of the diver. All data were collected by the same diver
(LRM) to avoid observer bias. At the beginning of each diving session,
the diver stood still for 10 min downstream of the site, so that the fish
became used to the observer. Only fishes that appeared to be undisturbed
by the observer’s presence were recorded. During the observation, the
diver stayed in a fixed position and distant at least one (1) meter from
the fishes. Each type of behavior was recorded using frequency method
(presence/absence) and tabulated in one waterproof board during each
diving session. A total of 31 h of active underwater observation was
registered with several sessions of 30 min each, totaling 62 observations
with 30 min of interval between sessions.

Behavior was grouped in two different categories: social and
feeding (Table 1). Social behavior was classified into five categories:
(i) disarranged mixed-species shoal - DS; (ii) arranged mixed-species
school - AS; (iii) presence of predators - PP; (iv) predator attack - PA;
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Figure 1. Study area with sampling site at Curu stream, Municipality of Pentecoste, Ceara State, Northeast of Brazil.

and (v) reorganization - RE. Feeding behavior was classified into four
categories: (i) foraging on the bottom - FB; (ii) foraging in the middle
of the water column - FMI; (iii) foraging on the surface - FS; and (iv)
foraging in the macrophytes - FMA. These behavior categories were
defined after 10 h of previous underwater sessions based on different
behaviors displayed by the entire shoal. Number of individuals on each
shoal was also registered to determine shoal size.

After behavior observations, 57 individuals of S. piaba and 54
individuals of C. heterura were sampled for diet analysis using seine
nets (3.5 x 2.5 m, mesh size 5 mm) along the seven observed habitat
sectors (Figure 2). In each sector, the nets were passed twice during
daylight. Each captured fish was euthanized using a 30 mL of a 10%
Eugenol solution in 970 mL of water and then fixed in 10% formalin.
Individuals were measured (Standard Length, cm), stomach contents
were preserved in 70% ethanol, and food items were identified under a
stereomicroscope to the lowest feasible taxonomic level according to
the literature (Bicudo & Bicudo 1970, Mugnai et al 2010, Triplehorn
& Johnson 2005). Stomach content analysis was performed following
numerical and volumetric methods since both techniques are useful to
represent the contribution of each food item on diet (Hyslop 1980).
Based on these techniques, we accessed the relative importance
of each food item through the alimentary index (Al7) proposed by
Kawakami & Vazzoler (1980) and adapted by Hahn et al. (1997),
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following the equation 1. The Ali was used to describe the diet of
two studied species.

Ali = (Fi * Vi)/Z Fi = Vi) = 100

Equation 1: Alimentary Index (Al7), wherei=1, 2, ... n, food items;
Fi = frequency of occurrence of a given food item; Vi = volume of a
given food item.

According to the collecting curves (Figure S1) we detected that the
cumulative frequency of items composing species diet was stabilized,
in three items, at 36 and 25 individuals for Compsura heterura and
Serrapinus piaba, respectively. The two items observed beyond 50
stomachs of S. piaba were accidental or rare food items (i.e. scale and
Acarina).

3. Data analysis

As a descriptive analysis, the frequency of each behavioral category
was calculated considering presence and absence of each behavior
during all observation sessions. Differences among behavior traits
frequency displayed by shoals were descriptively verified without
statistical tests. Analysis of Variance (ANOVA) was applied to test the
differences in average body size among shoals.
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No=7
Nd =27

No = number of behavior
observations on each habitat
Nd = number of individuals
sampled for diet analysis

H = Habitats where shoals
were observed for data
behavior and sampled for
diet analysis.
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Nd=10
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Figure 2. Methodological workflow to investigate social and feeding behavior in a mixed-species shoals at Curu stream, Municipality of Pentecoste, Ceara State,
Northeast of Brazil.
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Table 1. Categories of behavior traits for Compsura heterura and Serrapinnus piaba in Curu stream, Northeast of Brazil with respective codes, descriptions, and
schematic representation. CH = Compsura heterura; SP = Serrapinnus piaba.

Behavior trait Code

Description Schematic representation

Social behavior

Disarranged Mixed-species DS
shoal

Arranged Mixed-species AS
school

Presence of predators PP
Predator attack PA
Reorganization RE

Aggregation of individuals of both species without

arrangement
e <

Aggregation of individuals of both species with m "

coordinated movements «

g

44

34
3

Aggregation of individuals with coordinated %
movements moving away from the predators

!
%ﬁﬁ

<hy <ix

Aggregation of individuals moving rapidly after » %
predator attacks #ﬁ

e

Reorganization of shoal following an attack

¢

b
34
3

)
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macrophytes

presence of food items
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...Continuation
Behavior trait Code Description Schematic representation
Feeding behavior
Foraging on the bottom FB Individual investigates the bottom substrate for the
presence of food items, which it ingests
Foraging in the middle of  FMI Individual investigates the middle of the water
the water column column for the presence of drifting food items, which
it ingests
Foraging on the surface FS Individual swims to the surface to ingest floating
material
FMA Individual investigates macrophyte bed for the

http://www.scielo.br/bn
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The relative volume of food items in the diet was used to calculate
Bray-Curtis distance between two species. We built two multidimensional
spaces summarizing differences in feeding behavior (or diet) between
two species, using Principal Coordinates Analysis (PCoA) computed on
Bray-Curtis distance matrices. Next, diet differences between species
were tested with a permutational multivariate analysis of variance
(PERMANOVA), with 999 permutations, using dissimilarities among
species in its distance matrix to verify if the two characin species of all
observed shoals fed on different food items. Additionally, Schoener’s
D index was applied to test the diet niche overlap between species
(Schoener 1970). We also tested if the proportion of each feeding
behavior was the same for the two species, for this we used the chi-
squared test for 2 x 2 contingency tables (Zar 1999), one for each
behavior category. Finally, PCoA plots were elaborated to illustrate
feeding and diet functional spaces.

Linear Mixed Models (LMMs) were used to test specifically the
influence of extrinsic variables (shoal size, water flow, and stream
depth) and diet (aquatic insects, algae, and ostracods) on the Schooling
Behavior (Arranged Mixed-species School, Table 1) frequency. Food
items with higher values of IAi were selected for this analysis and the
relative volume of food items was applied. Two models were tested,
including all possible combinations of explanatory variables, for
the response variable (Arranged Mixed-species School). In the first
model, Shoal Size, Water Flow, and Stream Depth were selected as
fixed effect variables while in the second model, were Aquatic Insects,
Algae and Ostracods. In both models, Shoal Identity was selected
as random effect variable. The model with the lowest value of the
Akaike’s Information Criterion (AIC) was considered the best fit,
and then, the others were ranked according to differences calculated
between AICs (AAIC). In order to determine the relative significance
of models, the Normalized Akaike’ Weight (W) was calculated
(Johnson & Omland 2004). ANOVA was used to test the significance
of the best-fitted model.

All statistical analyses were performed in the R statistical and
programming environment (R 3.3.1., R Development Core Team 2016)
using “vegan” (Dixon 2003), “ade4” (Dray & Dufour 2007), “lme4”
(Bates et al. 2015) and “car” (Fox & Weisberg 2019) packages.

Results

Stream depth in the study site varied from 15 to 97 cm (mean =
55.51 em, SD = 15.64) and water velocity from 0.0 m/s and 0.46 m/s
(mean =0.12 m/s, SD =0.11). We found differences between behavior
categories with AS (arranged mixed-species school) as the most
frequent social behavior (38.46%) and FMI (foraging in the middle
of the water column) as the most observed feeding behavior (42.19%)
(Figure 3). In all cases that shoals presented the arrangement in mixed-
species schools, larger individuals of C. heterura were located in the
periphery of the shoal and smaller individuals of both species in the
middle zone (see mixed shoal structure in Figure 2). Three different
fish predators (Hoplias aff. malabaricus, Crenicichla menezesi, and
Cichlasoma orientale) were frequently observed at least 30 cm next
to the shoals in the total observation sessions (25 occasions, 21.37%)
(Figure 3). On 15 of these occasions, the predators attacked the shoal
causing the formation to fall into disarray. In more than half of these
attacks (53.3%), the larger individuals of C. heterura returned first to
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their original positions followed by the smaller ones of both species (see
the schematic representation of RE - reorganization in Table 1). There
was no significant variation in body size among shoals (ANOVA test,
F =1.10; p = 0.29) revealing that the mean body size from each group
of individuals was similar among shoals (Table S1).

Feeding behavior did not vary significantly between the two species
(Chi-squared: p > 0.1; Table S2) with FMI (foraging in the middle of
water column) and FS (foraging on the surface) as the primary behaviors
presented by both species (Figure 3). However, stomach content analysis
revealed that diet was different between species (PERMANOVA:
d.f.=111,F=3.7019, p=0.001; Table 2) with C. heterura presenting
preference for aquatic insects (Ali = 96.66) and S. piaba consuming
algae (Ali = 54.30), aquatic insects (Al; = 30.02) and ostracods
(Ali = 15.04) (see Table S3 for details). PCoA analyses revealed
higher functional space overlap between species for feeding behavior
when compared to diet (Figure 4, Tables S4-S5), confirming that the
two characin species fed on similar portions of the water column but
consuming different food items (Schoener’ D index = 0.34).

Considering extrinsic variables data, the best-fitted LMM models for
Schooling Behavior had as fixed effect variables Shoal Size and Flow,
and Shoal Identity as random fixed effect variable ((Schooling Behavior ~
Shoal Size+(1|Shoal Identity), and ~ Flow+(1|Shoal Identity))
(Table 3) revealing that variation in schooling behavior was explained
by shoal size and water flow. Considering diet, the best-fitted LMM
model for Schooling Behavior had Ostracod and Algae as fixed effect
variables and Shoal Identity as random fixed effect variable ((Schooling
Behavior ~ OST+(1|Shoal Identity), and ~ ALG+(1|Shoal Identity))
(Table 3). Shoals with lower numbers of individuals were related to
higher frequencies of schooling behavior (Arranged mixed-species
school) (Table 3). Values of water flow and stream depth revealed that
shoals inhabiting shallow locals with higher water flow were the shoals
that displayed schooling behavior with high frequency (Table 4).

Discussion

The mixed-species shoals presented a consistent pattern of
organization, with larger individuals of C. heterura located in the
periphery and smaller individuals of both species located in the center
of the group. The mean body size on each shoal was not different
among shoals, revealing that this pattern of body size was similar
among studied shoals. Arranged mixed-species schools was the most
frequent social behavior and could be associated with anti-predator and
feeding behavior (Hoare et al. 2000, Hemelrijk & Kunz 2004). Groups
of individuals are able to detect predators more efficiently than lone
ones (Magurran et al. 1985), and shoaling can reduce the per-capita
predation risk (Landeau & Terborgh 1986). In our study, larger bodied
individuals were located in the shoal periphery. Depending on predator
size, this can be an effective behavior to reduce predation because larger
bodied prey restricts the efficiency of predators (Nilsson & Bronmark
2000, Scharf et al. 2000).

Shoaling behavior incorporates strategies ensuring that individuals
remain in close proximity and aligned with one another (Griinbaum
1998). The shoals observed in the present study were formed by
individuals of two different characid species. Schooling behavior
is beneficial for both species because it increases the efficiency
of predator detection and avoidance (Parrish et al. 2002, Vital &
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Figure 3. Mean values of behavioral traits frequency displayed by studied mixed-shoals in Curu stream, Municipality of Pentecoste, Ceara State, Northeast of Brazil.

Table 2. Results of the Multivariate Analysis of Variance (PERMANOVA) for diet differences between Compsura heterura and Serrapinnus piaba from all mixed-
species shoals in Curu stream, Municipality of Pentecoste, Ceara State, Northeast of Brazil.

DF Sums of Squares Mean Squares F Model R? P
Diet:Species 1 101.19 101.191 3.7019 0.03256 0.001
Residuals 110 3006.81 27.335 0.96744
Total 111 3108.00 1.00000

Martins 2013). Predator detection is more accurate with increasing
group size and not with individual ability, and detection by a single
individual equates to detection by the entire shoal (Ward et al. 2011).
Predators are also efficiently avoided because of increased evasive
behavior (Kelley & Magurran 2003). Here, evasive behavior has
been characterized by rapid movements of larger individuals placed
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in the front of aggregation, triggering evasive behavior by the smaller
individuals placed backwards. This behavior is accomplished by
efficient collective evasion of fish individuals (Zheng et al. 2005).
The efficiency of evasive behavior can be facilitated by visual cues
of more experienced individuals that act as ‘demonstrators’ and
transfers their successful antipredator behavior to other individuals
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Figure 4. Principal coordinate analysis (PCoA) using data from feeding behavior (a) and diet (b) for both species. Data spaces for Compsura heterura are represented

by gray color and for Serrapinnus piaba by blue color.

of the same group (i.e., small individuals) (Kelley et al. 2003). In
the current study, the large-bodied individuals act as demonstrators,
while the small-bodied ones act as learners, improving their own
antipredator response by following the evasive behavior of larger and
more experienced individuals.

Specifically for schooling behavior observed in different shoals,
our results suggest that shoals with lower numbers of individuals
in each shoal displayed this behavior with higher frequency. Larger

https://doi.org/10.1590/1676-0611-BN-2024-1730

schools detect predators sooner when compared to smaller schools
(Magurran et al. 1985) and feeding success of individuals improves
with group size (Ranta & Kaitala 1991). However, living in larger
groups can allow many costs for individuals of the same group, such
as competition for food (Killen et al. 2012). The two studied species
consumed different food items, especially in relation to ostracods.
Thus, these data suggest that trophic segregation between two species
balanced the costs of intragroup potential competition (Sazima 1980,
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Table 3. Results of the LMMs analysis for the response variable, Schooling Behavior, and predictive variables: shoal size, flow, and depth (extrinsic variables); and
aquatic insects (IA), algae (ALG) and ostracods (OST) (food items) (AIC = Akaike’s Information Criterion; W, = Akaike’s weight).

Model (LMMs) AIC AAIC W,
Schooling Behavior ~ Extrinsic variables

~ Shoal Size + (1|Shoal Identity) 13.08 0 1

~ Flow + (1|Shoal Identity) 14.39 1.31 0.27
~ Depth + (1|Shoal Identity) 19.52 6.44 0.002
~ Shoal Size + Flow + (1|Shoal Identity) 19.58 6.5 0.002
~ Flow + Depth + (1|Shoal Identity) 23.41 10.33 <0.0001
~ Shoal Size + Depth + (1|Shoal Identity) 23.89 10.81 <0.0001
~ Shoal Size + Flow + Depth + (1|Shoal Identity) 29.96 16.88 <0.0001
Schooling Behavior ~ Diet

~ OST + (1|Shoal Identity) 13.48 0 1
~ALG + (1|Shoal Identity) 15.09 1.61 0.19
~ IA + (1|Shoal Identity) 18.18 4.7 0.009
~ALG + OST + (1|Shoal Identity) 20.31 6.83 0.001
~IA + OST + (1|Shoal Identity) 22.67 9.19 0.0001
~IA + ALG + (1|Shoal Identity) 24.06 10.58 <0.0001
~IA+ ALG + OST + (1|Shoal Identity) 29.12 15.64 <0.0001

Table 4. Schooling behavior (Arranged Mixed-species school) displayed by each shoal and your respective number of individuals, values of water flow and stream
depth in habitats that mixed-species studied shoals were observed at Curu river, Ceard, Brazil. Schooling behavior is represented by number of events that this

behavior was registered.

Number of individuals

Schooling behavior

Mean water flow (m/s) Mean stream depth (cm)

Shoal 1 42 4
Shoal 2 16 11
Shoal 3 14 6
Shoal 4 20 7
Shoal 5 23 7
Shoal 6 15 5
Shoal 7 10 6

0.27 27
0.15 17
0.20 26
0.15 21
0.18 37
0.14 22
0.18 30

Ward et al. 2006). Moreover, stream depth and water flow were also
important factors to determine the structure of fish groups in our
study, revealing that physical parameters can influence behavior
displayed by fish.

Characids are highly active and forage in groups (Sazima 1980).
Although C. heterura and S. piaba foraged together forming a mixed-
species shoal, the composition of their diets was different. Algae is
commonly the main food item for S. piaba and C. heterura (Dias &
Fialho 2009) but here, C. heterura fed mostly on immature aquatic
insects, revealing trophic segregation between studied species. Foraging

http://www.scielo.br/bn

in groups can provide facilitation on the successful of feeding attempts
by individuals (Schrandt & Powers 2015). However, feeding in a
group also carries a cost. For example, food competition increases
with enlargement of group size and cohesion (Krause & Ruxton 2002,
Gimeno et al. 2016). In mixed-species groups, differences on trophic
niche can be related to prey size class and time of capture (Olson et al.
2014, Alatorre-Ramirez et al. 2017).

In conclusion, despite the similarity on social and feeding behavior,
the studied characids are segregating in prey choice, which can facilitate
their coexistence in the same shoals, minimizing the costs of living in

https://doi.org/10.1590/1676-0611-BN-2024-1730



Biota Neotrop., 25(4): €20241730, 2025

11

Shoaling behavior in stream fish

groups. Such findings suggest that the two characid species may increase
feeding success and reduce predation through schooling behavior
in mixed-species aggregations. Understanding the mechanisms of
grouping behavior is important to clarify the co-occurrence of species
with similar ecological requirements and reinforce the need for future
studies evaluating fish behavior with an evolutionary perspective.
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