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   Feeding and social behavior of the piabanha, Brycon devillei
(Castelnau, 1855) (Characidae: Bryconinae) in the wild,

with a note on following behavior

Pedro G. Azevedo, Rafael M. C. Melo and Robert J. Young

Knowledge concerning the behavior of wild freshwater fishes in Brazil is restricted to a few studies, despite such studies
being able to answer fundamental questions about conservation. Species of Brycon are amongst the most threatened in the
Neotropics, particularly in southeast Brazil, due to anthropogenic activities in this region. This study investigated the feeding
and social behaviors of the endangered fish, Brycon devillei in the Preto River, Jequitinhonha basin, Minas Gerais State,
Brazil. Behavioral data were collected by snorkeling with four spatially separated groups (habituated), and direct observations
of shoals were made using an underwater video camera (a total of 448 hours of observations). This species showed diverse
tactics to obtain food. However, the species proved to be predominately a specialist surface-picker, which adopted alternative
tactics to find food at certain times of the year, most notably when food items on the water surface became low. Feeding
frequency was shown to be negatively correlated to agonistic behavior between conspecifics. Feeding associations were also
recorded between the anostomid Leporinus garmani, acting as a nuclear species, and B. devillei, as follower species. The
data presented here showed the importance of conserving the riparian environment to protect B. devillei populations.
Furthermore, the present study included rare observations of nuclear-follower feeding association among freshwater fishes,
especially between medium-sized characiforms, being the first observations of such kind in a Cerrado stream.

O conhecimento do comportamento de vida livre em peixes de água doce brasileiros é restrito a poucos estudos e pode
responder a questões fundamentais de conservação. Espécies do gênero Brycon estão entre as mais ameaçadas na região
neotropical, especialmente no sudeste brasileiro, em vista de diversos impactos antrópicos. O presente estudo investigou os
comportamentos alimentar e social de Brycon devillei no rio Preto, bacia do Jequitinhonha, Brasil. Para tanto, utilizou-se
seções de mergulhos livres para observação direta de quatro grupos habituados de B. devillei, com o auxílio de câmeras
filmadoras subaquáticas. Tal espécie apresentou variadas táticas para obtenção de alimento. Entretanto, a espécie demonstrou
ser um forrageador de superfície especializado que, em determinados períodos do ano, quando provavelmente a lâmina d’água
torna-se uma fonte escassa de recursos, adota táticas alternativas em busca de alimentos. A frequência de forrageamento
demonstrou ser negativamente correlacionada com os comportamentos agonísticos. Foram observadas associações alimentares
interespecíficas envolvendo o timburé, Leporinus garmani, como espécie nuclear, e a piabanha, Brycon devillei, como sua
seguidora. Os dados apresentados no presente estudo demonstram a importância de se conservar o ambiente ripário em prol
da proteção das populações de B. devillei. Além disso, o presente estudo é um dos raros registros de associação alimentar do
tipo nuclear-seguidor entre peixes de água doce, especialmente entre espécies de médio porte, e o primeiro deste tipo para
riachos de Cerrado.
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Introduction

Underwater studies on Neotropical fish have revealed a
wide diversity of behavioral adaptations for obtaining food,
including many specialized and complex interactions between
species, such as: nibbler, cleaner and nuclear-follower (Sazima,

1986; Casatti, 2002; Carvalho et al., 2003; Zuanon et al., 2006;
Teresa & Carvalho, 2008). Moreover, these studies have
answered central issues concerning the dynamics of schools
(Fréon et al., 1992), as well as social interactions with other
groups of vertebrates (e.g. turtles, dolphins and primates)
and invertebrates (Sabino & Sazima, 1999; Sazima et al., 2004;
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Sazima & Grossman, 2006; Sazima et al., 2006). However,
Azevedo et al. (2010) reported that, despite the efforts of
Brazilian researchers to increase knowledge regarding the
behavior of Neotropical freshwater fish, the number of
published studies is still limited, and insufficient to answer
basic questions (i.e. the critical role that the interruption of
reproductive activities has played in fishes and how
knowledge of reproductive behavior can aid in recovery
efforts; the interrelation between habitat loss, habitat choice,
and habitat protection; understanding the intricacy and
diversity of behavioral interactions between predators and
prey and their impact on biodiversity loss). Therefore, this
subject clearly deserves more attention.

There is, for example, a wealth of literature on the adaptive
significance of multi-species feeding associations for bird
species (Crook, 1965; Cody, 1971; Krebs, 1973; Bertram, 1978).
However, studies concerning the ecological significance of
foraging associations are recent and restricted to few studies
for fish (Lukoschek & McCormick, 2000), and even more rare
for those species from Neotropical freshwaters (Sazima, 1986;
Teresa & Carvalho, 2008; Leitão et al., 2007; Garrone-Neto &
Sazima, 2009). Following association between fishes involves
an opportunistic species following one or more foraging
nuclear species (mainly bottom-diggers). The followers benefit
from food uncovered or flushed out when the nuclear fish
disturbs the riverbed (Fricke, 1975; Strand, 1988).

In order to help fill out these gaps in the knowledge
concerning Neotropical freshwater fishes, we studied herein
the feeding and social behaviors of Brycon devillei
(Castelnau, 1855) on Preto River, Jequitinhonha basin. The
genus Brycon Müller & Troschel is widespread over the
Neotropical region, and comprises 44 nominal species
described for cisandean rivers of South America (Lima, 2003,
2004). Species in this genus are among the most endangered
in Brazilian rivers and have been since the 1970s (Godoy,
1975); they have become particularly rare in the developed
southeast region of Brazil due to anthropogenic activities
(e.g. Lima & Castro, 2000; Agostinho et al., 2008; Lima et al.,
2008; Albrecht et al., 2009). Currently, six species of the genus
are included in the regional list of species threatened with
extinction (Rosa & Lima, 2005), one of which is Brycon devillei,
the target species of the present study. Considering the
extensive geographical range and vulnerability of species in
this genus, studies of Brycon in natural environments remain
remarkably rare (e.g. Lowe-McConnell, 1964; Menezes, 1969;
Burcham, 1988; Horn, 1997; Banack et al., 2002). Little is known
about the ecology of the species Brycon devillei, which was
reported by Godinho et al. (1999; as B. insignis) as being
mainly insectivorous. The largest standard lengths for the
species are 254.0 mm for males and 342.0 mm for females
(Godinho et al., 1999).

The goal of this study was to investigate the feeding
tactics and social behavior of the endangered Brycon devillei
in the wild. It was predicted that this species would display a
wide range of foraging behaviors due to the omnivorous
nature of the species of the genus (Lima, 2003). It was also

predicted that the species would demonstrate interspecific
social interactions, as described in other studies concerning
other characids (Sazima, 1986; Teresa & Carvalho, 2008).

Material and Methods

Study site
The rio Preto State Park (RPSP) (43º30’676’’W 18º00’799’’S)

is located in the state of Minas Gerais, on the southern-central
portion of the Espinhaço Mountain Range, in southeast Brazil.
It was created to protect the headwaters of the Preto River,
which is considered an important contributor to the
Jequitinhonha River Basin. The park’s 12,000 ha of Cerrado
vegetation have been transformed into a Permanent Protection
Area since 1994. Forty-one fish species are known in the
Jequitinhonha River Basin (Godinho et al., 1999), of which
twenty occur in the park or in its surroundings (Gilmar B.
Santos, pers. comm.).

The climate in this region can be classified as tropical wet
(sensu Ab’Saber, 1977), with the presence of two well defined
seasons: a wet, warm season from October to March and a dry,
cold season from April to September. Annual rainfall values for
the region (from 1995 to 2003) show a mean of 1,351.22 mm.
Annual temperature values show a mean of 18.96 oC and relative
air moisture content of 81% (Oliveira & Eterovick, 2010).

The present study was conducted in rio Preto, a
permanent lotic ecosystem within the park, which includes
high areas (850 to 1,826 m) of the Espinhaço Mountain
Range. The riverside is composed mainly of two types of
landscape: on the highest ground on sandstone, there is an
open vegetation formation (herbaceous and bushy strata,
as well as rocky outcrops along its margins); in the lower
regions, the riparian zone is composed of Semi deciduous
Forest, due to the greater availability of moisture and organic
matter (Rizzini, 1979). Substrate composition in the riverbed
and margins varies from rocky to sandy, this last one being
slightly more abundant in lower regions. There is also the
occurrence of fine particulate substrates, composed mainly
of silt. The presence of living green vegetation on the
riverbed can be considered scarce, and the occurrence of
leaf-litter layers of allochthonous origin was most evident
where riparian vegetation was most developed.

Field work
In February 2006 a pilot project was undertaken to evaluate

the possibility of using free diving as an observation method,
and to choose the sampling points. Four sampling sites were
chosen taking into account the local abundance of individuals
of Brycon devillei. To avoid replicated observations of fish,
the sampling sites chosen had a minimum distance of 1.5 km
from each other.

Field observations were divided into two periods. The
first one was conducted between April 2006 and January 2007,
when four quarterly campaigns of four days each were
undertaken. The second period was carried out between
August 2008 and July 2009, with the undertaking of twelve
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monthly campaigns of eight days each. Two diving sessions
were performed daily, interspersed between morning and
evening, each lasting 120 minutes. A total of 224 dives and
448 hours of observation were made. For the sequence of
observations at the sampling points a Latin Square (Zar, 1999)
experimental design was applied to avoid sampling one
particular group, always, at the same time of day.

For the collection of behavioral data of B. devillei, direct
observations of fish were made during snorkeling. The
observation method adopted was “scan with instantaneous
recording of observations every 120 seconds” (Lehner, 1998).
If the number of fish to be observed was more than 10
individuals, then only the 10 individuals closest to the
observer had their behavior recorded (cf. Lehner, 1998).  Before
beginning observations a visual count of the number of fish
of the study species in each sampling site was made.

At all sampling sites, a series of preliminary observations
were undertaken to allow fish to become acclimatized to the
observer’s presence and to make initial observations of fish.
Data to be recorded were first assessed in a series of preliminary
dives and then, during actual observation sessions,
behavioral events were recorded on an acrylic pad or with
underwater video cameras. Special attention was paid to the
modes employed by fish to obtain food and to social behaviors.
Observations were conducted in a calm and quiet manner,
causing minimal disturbance in the water, as recommended
by Sazima & Machado (1990). In addition to such precautions,
we respected a minimum distance (approximately 2.0 m) from
the fish so that the presence of observer did not represent a
threat, as described by Lehner (1998).

Additionally, we performed diurnal direct observations of
the association between individuals of Leporinus garmani
Borodin, 1929 and B. devillei while snorkeling, using the
sequence sampling method - a kind of continuous recording
sampling, used when the focus is on a chain of behaviors (cf.
Lehner, 1998). Field surveys were conducted monthly between
August 2008 and July 2009. Diving sessions were performed
four times per campaign, interspersed between morning and
evening, each lasting 120 min. A total of 48 dives and 96
hours of observation were carried out. To standardize data
collection and minimize errors, all observations were made by
the same observer (PGA).

Twelve specimens of B. devillei were captured in locations
different from the sampled groups and sent to the Zoology
Museum at the University of São Paulo for taxonomic
confirmation and cataloging. Voucher specimens of B. devillei
were deposited in the Fish Collection of the Zoology Museum at
the University of São Paulo (MZUSP 101506, 101507, and 101508).

Statistical analysis
For data analysis, univariate statistical tests were

conducted using Minitab 15© and Statistica 7© for Windows.
To verify if the data met the requirements for parametric
statistics an Anderson-Darling test was applied and data were
found to meet the requirements for parametric statistics. For
all statistical tests performed, the level of significance to reject

the null hypothesis (H0) was 5% (α= 0.05). For statistical
analyses data were converted into mean values per group
with each observation site representing a datum unit.

Foraging tactics were analyzed in several ways in
accordance with the objectives of the study. To verify whether
the tactics had statistically significant differences between
them, a chi-square (χ2) was used to compare the observed
frequencies; and analysis of variance (One-Way ANOVA) was
employed to compare the mean occurrence of tactics, followed
by post-hoc comparisons using a Tukey test. To determine
whether the variable “foraging tactics” was significantly
different between seasons, a factorial analysis of variance
(Two-Way ANOVA) was used (Zar, 1999).

To investigate the relationships between conspecific
agonistic behavior and foraging frequency by B. devillei a
Pearson’s linear correlation was employed (Zar, 1999).
Moreover, a Mann-Whitney test was performed to compare
the observed frequencies between seasons for feeding
association and agonistic behavior (Siegel, 1975).

Results

Feeding and social behavior of Brycon devillei
Three foraging tactics of B. devillei were identified: (1)

“surface-picking” was performed by using a quick or ‘calm’
capture of food items floating on the water’s surface; (2)
“digging” was an opportunistic behavior in which fish
searched the riverbed substrate to bite at food items of various
sizes, either animals or plants; (3) “active-hunting” was marked
by elaborate hunting behavior (individuals or groups) of
schools of small characins (Astyanax spp.). The hunting of
small characins proved to be a highly coordinated event in
which individuals of B. devillei segregated schools of their
prey into small groups, and then cornered the prey fish on
the riverside before consuming them. In only 1.05% of
observations the food items ingested by B. devillei were
identified due to the speed with which feeding events occurred
and the distance of observation.  In the case of active-hunting
all prey were small characins.

The figure 1 illustrates the frequency with which each
foraging tactic was adopted by B. devillei during the months of
the study. Chi-square test (χ2) showed a significant difference
between the three tactics observed (χ2 = 233.208, DF = 2, p <0.001),
and partitioned chi-square tests showed that all three pair wise
comparisons were significantly different (p <0.001 in all cases),
with surfacing-picking most expressed, then digging, and the
least expressed was active hunting (Fig. 1). The variance analysis
also showed a significant difference (One-Way ANOVA, F =
25.90, DF = 2.23, p <0.001), with “surface-picking” being the
most employed tactic. Post-hoc Tukey’s Test showed statistically
significant interaction means only between “surface-picking
versus active-hunting” and “digging versus active-hunting” (p
<0.05 in both cases).  Subsequently, a factorial analysis of
variance (Two-Way ANOVA) indicated a significant difference
in feeding patterns between seasons (F = 14.61, DF = 1.23, p
<0.001) and between tactics by seasons (F = 78.11, DF = 2.23, p
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<0.001). During the rainy season “surface-picking” was
significantly higher than in the dry season (Fig. 2).

The four sampling sites had the following mean number
of fish of our study species (±SD): 20.39±6.31, 14.30±3.50,
33.05±13.55 and 35.93±5.91. From the social point of view, B.
devillei lived in shoals and showed agonistic behavior
between conspecific individuals. This behavior was
characterized by an instantaneous threat of aggression;
however, no visible injuries resulted from this behavior.
Agonistic behavior was more pronounced (W= 57.0, N= 6,
P<0.001) in the dry season (74.7%) than in wet season (25.2%).
A Pearson’s correlation between frequency of threats and
frequency of feeding was significant and negative (r = -0.867,
N = 12, p <0.001).

Feeding association of nuclear-following behavior
Nuclear-follower behavior between Leporinus garmani and

Brycon devillei was recorded in all of the observation sessions
(N= 48). Such association was registered only when both fish
species were situated near the stream channel bottom (water
deeper than 1.5m) covered by leaf-litter layers of allochthonous
origin on sand, in areas of low water flow (current speed of up
to 5cm/s at the stream bottom); this behavior was manifested
more frequently (W= 53.0, N= 6, p<0.05) in the dry season
(76.9%) than in wet season (23%). Feeding association was
characterized by the presence of one to five individuals of B.
devillei stationary in close proximity (ca. 10cm) to one to three
individuals of L. garmani (Fig. 3). In this configuration, B.
devillei adopted a sit-and-wait foraging tactic (sensu Sazima,
1986) to feed on any abundant food item (e.g. plant debris and
benthic invertebrates) disturbed by the anostomids. Individuals
of L. garmani were observed foraging singly or in groups (up
to three individuals) on sand banks, excavating the soft
substrate with their sub-terminal mouth and filling it with
sediment. The non usable mass from the mouthful was expelled
through the opercular openings and/or mouth, producing a
fine cloud of sediment [see Sazima (1986) for examples of a
similar digging tactic in Satanoperca pappaterra]. During
foraging the anostomids also disturbed the stream bottom with
movements of their pectoral fins. Throughout observation
sessions this feeding tactic lasted a mean of 27.4min ±12.3 (N=
67) and occurred during 81.8% of observation time. Frequently,

L. garmani stopped its foraging activities to move to other
feeding sites.

This nuclear-follower interaction had a mean duration of
13.6 min ±9.3 (N= 53) and such events frequently occurred
more than once during the 120 min observation session. While
we observed a maximum ratio of one individual of L. garmani
to about three B. devillei, feeding association events comprised
almost always (83.4%) only one individual of each species.
The Pearson’s correlation between this social interspecific
behavior and the foraging frequency of B. devillei was
significant and negative (r = -0.669, N = 12, p<0.05).

Discussion

Overall, the feeding behavior of B. devillei showed variation
in relation to its foraging tactics. However, the species proved
to be a specialist surface forager, which at certain times of the
year adopted alternative tactics to search for food. This change
probably occurred when food resources on the surface of the
water became scarce.  Foraging frequency was shown to be
negatively correlated with agonistic behavior between
conspecifics and with feeding associations with L. garmani.

Feeding and social behavior of Brycon devillei
Unfortunately, it was not possible to identify food items

consumed by B. devillei. Therefore, it is suggested that future
studies should use high-speed and high resolution video
cameras (High Speed Camera) for accurate documentation of
food items at the time of capture. In addition, studies measuring
food availability in the environment are necessary.  It was
decided not to collect specimens for analysis of stomach
contents at the sampled points, in order to avoid the loss of
individuals for observations in a biological conservation area.

The three foraging tactics of B. devillei, observed in this
study demonstrate the broad behavioral spectrum of food
acquisition behavior in this species. This feature corroborates
the omnivorous habits of the genus, as observed in several

Fig. 1. Observed frequency of foraging tactics of Brycon
devillei in the RPSP between April 2006 and July 2009.

Fig. 2. Mean values of proportion of time expressing different
foraging tactics by Brycon devillei for each season in the
RPSP, between July 2006 and April 2009.
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other studies (Breeder, 1927; Menezes, 1969; Knöpell, 1970;
Goulding, 1980; Borges, 1986; Horn, 1997; Sabino & Sazima,
1999; Lima & Castro, 2000; Leite & Araujo-Lima, 2002; Drewe
et al., 2004; Leite, 2004; Albrecht et al., 2009). These studies
show a considerable range of food items consumed by the
Brycon species such as: plant debris, terrestrial and aquatic
insects, small fish, and terrestrial vertebrates.  However,
despite this variety of feeding behavior, statistical analyzes
on the frequency of occurrence between foraging tactics
indicated a preference for surface-picking; this has also been
found in other species of the family Characidae (Sazima, 1986;
Casatti, 2002). This tendency may be related to contribution
of allochthonous drift material, whose importance for feeding
of Brycon has been documented in other studies (Goulding,
1980; Horn, 1997; Sabino & Sazima, 1999; Lima & Castro,
2000). Santos et al. (pers. comm.) analyzed the stomach
contents of 20 specimens of B. devillei and detected as major
items in their diet, terrestrial insects and plant debris. This
reinforces the finding of a preference for foraging on the
surface of the water body, and consequently highlighting the
need for conservation of riparian areas.

Moreover, when analyzing the mean frequency of each
foraging tactic, it was found that there was no statistically
significant difference between surface-picking and digging. This
fact was probably related to the degree of difficulty in detecting
food items in the environment. Food items available at the water’s
surface were apparently easier to detect because of the visual
contrast between the surface of water and land environment,
or even because of the vibration produced by the fall of the
food items onto the water. On the other hand, food items on the
bottom were probably more difficult to detect due to structural
complexity of this substrate, consisting of sand, litter, logs,
submerged branches, rocks, and underwater vegetation.  The
same inference could be made for active-hunting (modified from
Keenleyside, 1979), essentially characterized by the hunt for

characins (Astyanax spp.), which was the least used tactic by
B. devillei. This hunting behavior in schools resembled a
coordinated method to separate the prey from a group, as
observed in groups of dolphins (Stenella frontalis and
Lagenorhynchus obscurus) when hunting fish (McKinnon,
1994; Fertl & Würsig, 1995; McFadden & Joy, 2003); this
behavior has not yet been described for any species of the
genus Brycon, or even for the family Characidae. Although
active-hunting was recorded as the least common foraging
tactic,  in April it was more frequent than other tactics. Feeding
events involving hunts are generally costly in terms of energy
(Savino & Stain, 1989); thus, for B. devillei, the consumption
of Astyanax spp. could be interpreted as an opportunistic food
source during periods of low food availability (especially those
of allochthonous origin).

Data analyzed for the expression of seasonal foraging
behavior of B. devillei suggested that, in the dry and rainy
seasons, different tactics were used with different intensities
(Fig. 2). This behavioral plasticity can be seen as an
expression of the ability of fish to utilize other food when
preferred items were in short supply (Knöpel, 1970). A
significantly higher feeding frequency was observed in the
rainy season when compared to the dry season, mainly due
to the expression of surface-picking (Fig. 2). In general, the
rainy season presents greater food availability in comparison
with the dry season in some Brazilian rivers  (Zaret & Rand,
1971; Payne, 1986; Prejs & Prejs, 1987). Furthermore, as
emphasized by Junk (1980), hydrological changes may affect
not only the quantity, but also the quality of food in aquatic
systems.  The importance of terrestrial invertebrates as food
resources for fish is evident in tropical streams (Lowe-
McConell, 1975), which is also observed for B. devillei (Santos
et al., pers. comm.). According to Angermeier & Karr (1983),
terrestrial insects are more abundant in water sources during
the rainy season due to increased primary productivity at
this time and due to mechanical action of washing by rain.
This explains the observation, in the present study, of a higher
frequency and higher mean expression of surface-picking
during the rainy season.

From a social behavior point of view, B. devillei live in
groups, one of the most striking aspects of animal behavior
(Bertram, 1978; Pulliam & Caraco, 1984), especially for fish
(Godin, 1986; Magurran, 1990; Pitcher & Parrish, 1993).
Individuals in schools have reduced risk of predation due to
increased surveillance by the group (Foster & Treherne, 1981;
Magurran et al., 1985; Morgan & Godin, 1985; Godin et al.,
1988) and experience foraging benefits, since there are many
eyes to look for food (Pitcher et al., 1982; Pitcher & Magurran,
1983).  However, the strategy of living in groups increases the
competition for food in the school (Bertram, 1978). It is believed
that this is a major cost of sociality (Ranta & Kaitala, 1991) and
can intensify hierarchical behavior between individuals (e.g.
agonistic behavior; David et al., 2007). It is clear that the
conspecific aggression of B. devillei was more intense during
the months of the dry season, and had a negative correlation
with feeding frequency.  Dominance hierarchy, particularly in

Fig. 3. Two individuals of Brycon devillei aligned sideways
to the timburé, Leporinus garmani, on a sand bank in the rio
Preto channel. Photo by P. G. Azevedo.
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fish, may be initially determined by the competition for available
food resources (David et al., 2007). In addition, this plays a
key role in resolving spatial and temporal patterns of activity
and habitat use of many stream fish. Dominant individuals in
the school usually occupy the most profitable positions of
group in terms of food encounter rate (Bachman, 1984; Hughes
1992a, 1992b; Nakano, 1995).

Although conspecific aggression can indicate a dominance
hierarchy, it was not possible to recognize any kind of dominance
within the schools of B. devillei, due to the absence of variation
in physical characteristics of the fish it was not possible to
identify individuals. Thus, it is recommended that future studies
should use external marks on fish, which would permit quick
and precise identification of individuals.

Feeding association of nuclear-following behavior
Species of Leporinus are considered to be mainly bottom-

associated feeders, due to the presence of sediment and benthic
organisms such as insect larvae and filamentous algae in their
stomach contents (Albrecht et al., 2003a, 2003b). This
assumption is also supported by the species’ sub-terminal
mouth (Albrecht et al., 2001), although mouth arrangement is
not always a strong indicator of feeding habit for anostomids
(Santos & Rosa, 1998). Sazima, (1986) also reported a case of
nibbling tactic for Leporinus lacustris, which is a type of bottom
feeding. However, observations in the present study indicated
that L. garmani was an obligate digger (sensu Sazima, 1986). In
view of its feeding habits, such anostomid visibly played the
nuclear role in the feeding associations herein described. While
this role is not only performed by bottom disturbing organisms,
substrate disturbance is considered a strong predictor of the
nuclear task in a nuclear-follower association (Strand, 1988;
Sazima et al., 2006; Krajewski, 2009).

Social interactions between B. devillei and L. garmani
were higher in the dry season and correlated negatively with
feeding frequency. Some studies have shown that a major
function of interspecific association is to maximize the capture
of food items during foraging (Dubin, 1982; Lukoschek &
McCormick, 2000; Teresa & Carvalho, 2008). The ability of
fish to utilize the resources available, as in association
between species, may be essential to guarantee their survival,
especially during periods of food scarcity (Baker & Foster,
1994). But, why L. garmani do not become aggressive with
this opportunistic behavior of B. devillei, since both species
fed on the same food? This exploitation may be possible due
to the benefits of group feeding, such as improving predator
avoidance and food detection. The hypothesis of predator
avoidance seems more consistent with our observations,
since two predation events were recorded on B. devillei by
Hoplias spp. (PGA pers. obs.), which can also represent a
risk for L. garmani. In terms of the fish community, species of
Hoplias seem to be the only potential predator at our study
sites. Nevertheless, according to local people, other potential
predators of fishes such as otters (Lontra longicaudis) and
alligators (Paleosuchus palpebrosus) were present.

In conclusion, the behavioral plasticity of B. devillei in

food acquisition, as well as variations in social behavior of
the species, probably arises from the seasonal distribution of
the different food resources. Despite being mainly a surface-
picker, B. devillei depends on alternative food sources to
survive in periods when the surface of the water becomes
less productive. This fact also influences their interspecific
and intraspecific relationships. Further studies are needed to
address the quantification and identification of seasonal food
availability. Concerning the interspecific foraging
associations, we believe that its basis appears was to increase
the range of usable resources, such as food and space, for
individuals and/or groups of fishes participating in these
associations. In addition, we predict that a series of factors
acting together promote the expression of this behavior, for
example, the same activity period, the benefits of group
foraging and the use of the same feeding sites.
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