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Abstract

Habitat used by fish is often related with the requirements of the species, according to
their morphological characteristics, feeding, and reproductive strategies. We describe the
habitat preference, foraging behavior, and camouflage strategy of Scleromystax barbatus
(Callichthyidae: Corydoradinae), an endemic catfish from coastal streams in the Atlantic
Forest. The movement and foraging behavior of 11 individuals were observed using focal-
fish method, and the habitat structure availability (i.e., depth, bottom type, and mesohabi-
tat) was measured in a clearwater stream stretch with 40 m length and 2.8 m width (£ 1.5
sd) in southeastern Brazil. In addition, six individuals were captured to verify stomach
contents. Habitat selectivity of the species was assessed using the Ivlev electivity index
that considers the frequency of occurrence of each habitat variable used by fish in relation
to its environmental availability. Scleromystax barbatus selected pools and runs with sandy
bottom in depths between 21 cm and 40 cm, and avoided gravel in shallower riffles (up to
10 cm). Individuals foraged close to the bottom in a head-down posture, speculating and
revolving the substrate composed by sand, fallen leaves, and twigs. Their long snout and
small barbels were used to dislodge the food items of the substrate, which were quickly
sucked by the mouth. Aquatic immature insects (mainly trichopterans) were predominant
in the stomach contents. Three fish species, Deuterodon iguape Eigenmann, 1907, Mima-
goniates microlepis Steindachner, 1877, and Geophagus brasiliensis (Quoy & Gaimard,
1824), were firstly registered following S. barbatus during its foraging activity. The brilliant
golden body color with darkish spots of S. barbatus strongly resembles the stream bottom,
which indicates disruptive camouflage.
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Resumo

O habitat usado por peixes é frequentemente relacionado com as necessidades das espé-
cies, de acordo com suas caracteristicas morfoldgicas e estratégias alimentares e reproduti-
vas. Descrevemos a preferéncia de habitat, forrageamento e a estratégia de camuflagem de
Scleromystax barbatus (Callichthyidae: Corydoradinae), um bagre endémico de riachos cos-
teiros da Mata Atlantica. O deslocamento e o comportamento de forragear de 11 individuos
foram observados pelo método animal-focal, e a disponibilidade da estrutura de habitat (i.e.,
profundidade, tipo de substrato, e meso-habitat) foi mensurada em um trecho de 40 m de
comprimento por 2,8 m de largura (+1,5 dp) em um riacho de agua clara no sudeste do Bra-
sil. Além disso, seis individuos foram capturados para verificar seus conteudos estomacais.
A seletividade de habitats por S. barbatus foi avaliada pelo indice de eletividade de Ivlev,
que considera a frequéncia de ocorréncia de cada variavel do habitat utilizada pelos peixes
em relagéo a sua disponibilidade total no ambiente. Scleromystax barbatus selecionou po-
¢oOes e rapidos com fundo de areia e profundidades entre 21 cm e 40 cm, e evitou cascalhos
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Introduction

Habitat used by fish is often related
with the requirements of the species
according to their feeding (Sabino and
Castro, 1990; Aranha et al., 1998),
reproductive habits (Aranha et al.,
1993), and morphological character-
istics (Teixeira, 1989; Braga, 2004;
Mazzoni et al., 2011). Moreover,
spatial resources (Gorman and Karr,
1978; Sheldon, 1968) and micro-
habitat availability (Carvalho et al.,
2006; Sazima et al., 2006; Zuanon et
al., 2006) are also important to com-
prehend how fishes use habitats and
how they are spatially distributed. In
coastal streams of the Brazilian Atlan-
tic Forest, studies have revealed fish
species’ preferences on the use of hab-
itats. For instance, Gymnotidae and
Synbranchidae species prefer veg-
etated sites near stream margins (Tei-
xeira, 1989), while Characidae spe-
cies are generally found near marginal
vegetation with lentic or lotic waters
(Sabino and Castro, 1990), and Lori-
cariidac and Crenuchidae species are
found at rocky lotic waters (Aranha et
al., 1998; Barreto and Aranha, 2005).
The knowledge of habitat preferences
and their different uses by freshwater
streams fishes are of stronger interest
to conservation due to the increase of
deleterious human activities in such
environments (Mazzoni et al., 2011).

The genus Scleromystax Glinther
(Siluriformes, Callichthyidae, Cory-
doradinae) comprises four endemic
species that inhabit small tributaries
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em ambientes rasos com menos de 10 cm de profundidade em corredeiras. Os individuos
forragearam proximos do fundo com a cabega inclinada em diregao ao chao, especulando e
revolvendo o substrato composto por areia, folhas e galhos caidos. O focinho longo e os pe-
quenos barbilhdes dos individuos foram usados para desalojar os itens alimentares do subs-
trato, que eram rapidamente sugados pela boca. Insetos aquaticos imaturos (principalmen-
te tricopteros) foram predominantes nos conteudos estomacais. Trés espécies de peixes,
Deuterodon iguape Eigenmann, 1907, Mimagoniates microlepis Steindachner, 1877 e Geo-
phagus brasiliensis (Quoy & Gaimard, 1824), foram registradas pela primeira vez seguindo
S. barbatus durante sua atividade de forrageamento. A coloragdo dourado-brilhante com
manchas escuras de S. barbatus se assemelha fortemente a cor do fundo do riacho e indica

camuflagem disruptiva.

Palavras-chave: Corydoradinae, uso do habitat, comportamento alimentar, camufla-

gem disruptiva.

of Atlantic Forest coastal drainages: S.
barbatus (Quoy & Gaimard, 1824), S.
macropterus (Regan, 1913), S. prio-
notos (Nijssen & Isbriicker, 1980),
and S. salmacis Britto & Reis, 2005
(Britto and Reis, 2005). Scleromystax
barbatus is a small air-breathing cal-
lichthyid catfish that inhabits clear-
waters (Gongalves and Braga, 2013).
Actually, it is subject to commercial
interest by the aquarium trade indus-
try (Reis, 2003) and few studies inves-
tigated its behavior in backwaters of
shallow streams (Aranha et al., 1998;
Esteves and Lobon-Cervia, 2001; Bar-
reto and Aranha, 2005).

In the present paper, we studied the
use of a clearwater coastal stream
by S. barbatus in the Atlantic Forest,
southeastern Brazil. We evaluated the
species’ habitat selectivity, its feeding
behavior, and social interaction.

Material and methods
Study area

The study was conducted in
Boguca stream (24°28°54.71”S and
47°13°02.05”W) at Juréia-Itatins re-
serve, an undisturbed protected area in
pristine conditions of Atlantic Forest
in Sao Paulo state, southeastern Brazil.
The climate is subtropical humid with-
out a pronounced dry season. The hotter
and rainier season occurs from October
to April and the lesser pronounced wet
season occurs from May to September.
The average annual rainfall and tem-
perature are 2,277 mm and 21.4 °C,
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respectively (Marques and Duleba,
2004). The main river of Juréia-Itatins
reserve is Una do Prelado, a lowland
and medium-sized river (100 m length)
which runs parallel to the seashore and
surrounds the Juréia mountain range
(Por, 1986, 2004). Boguga is a 2™ or-
der clearwater stream (considering a
1:50.000 scale map), tributary of the
Una do Prelado River. In a previous
survey (February 8", 2010) using elec-
trofishing gear, we recorded, in decreas-
ing order of abundance, 12 fish species
at the studied site: Mimagoniates mic-
rolepis (Steindachner, 1877) (Characi-
dae), Deuterodon iguape Eigenmann,
1907 (Characidae), Phalloceros reisi
Lucinda, 2008 (Poeciliidae), Pimelodel-
la cf. transitoria Miranda Ribeiro, 1907
(Heptapteridae), Characidium cf. pter-
ostictum Gomes, 1947 (Crenuchidae),
Gymnotus pantherinus (Steindachner,
1908) (Gymnotidae), Hollandichthys
multifasciatus (Eigenmann & Norris,
1900) (Characidae), Pseudotothyris
obtusa (Miranda Ribeiro, 1911) (Lori-
cariidae), Scleromystax barbatus (Quoy
& Gaimard, 1824) (Callichthyidae),
Hoplias malabaricus (Bloch, 1794)
(Erythrinidae), Geophagus brasiliensis
(Quoy & Gaimard, 1824) (Cichlidae),
and Rhamdia quelen (Quoy & Gaimard,
1824) (Heptapteridae). Voucher speci-
mens (except R. quelen) are deposited
in the fish collection of Departamento
de Zoologia, UNESP, So Jos¢ do Rio
Preto (SP), Brazil (DZSJRP 13236,
13238, 13242-45, 13249-50, 13253,
13255, 13258).
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Sampling procedures
and data analysis

Data collection was conducted on
February 24-25", 2011 in a stretch of
40 m length and 2.8 m width (+ 1.5 sd)
in the Boguca stream.

We used the focal-fish method (see
Lehner, 1998) with observers posi-
tioned outside the water at the stream
borders. The clearwaters of Boguca
stream provide sufficient transpar-
ency to observe fish behavior. We did
not conduct underwater observations
due to shallowness of the stream. The
behavior of 11 individuals of S. bar-
batus was observed with naked eye
on diurnal periods (from 09 a.m. to
03 p.m.). Individuals were also pho-
tographed and video-taped after ob-
servations. Each individual was ob-
served interruptedly during one-hour
(whenever possible), and the follow-
ing variables were recorded in sam-
plings conducted every five minutes:
fish activity (foraging, moving with-
out forage, or inactive), mesohabitat
and bottom type used (see sampling
description of the stream habitat
structure below), fish position in the
water column (surface, midwater, or
bottom), and its social interaction
(grouped or solitary).

At the end of observations, six in-
dividuals of S. barbatus were col-
lected and immediately fixed in 10%
formalin. This number was arbitrar-
ily defined to avoid impact on local
population, since two visual censuses
conducted at the same time by three
observers revealed 33 =+ 5 individuals
on the stream stretch. Caught speci-
mens were measured to obtain the
standard length (SL, in mm). Stomach
contents were analyzed to verify fish’s
diet. Food items were identified up to
the lowest taxonomic level possible
under a stereomicroscope, according
to Borror and Delong (1969).

The stream habitat structure was
evaluated in 40 linear transects. For
each one meter of each transect, we
registered the following variables:
stream depth (cm), predominant bot-

tom type (clay: < 0.05 mm, sand:
0.05-2 mm, gravel: 2-10 mm, and
plant debris), and mesohabitat type
(pool, run, and riffle). These meas-
ures were realized at the end of the
fish observations to avoid the habitat
structure disturbance.

The selectivity of S. barbatus on habi-
tat variables, such as mesohabitat, bot-
tom type, and position on water col-
umn, was evaluated by Ivlev electivity
index (E), according to: E = (r,— P)/
(r, + P), where r, is the frequency of
occurrence of each habitat variable i
used by fishes, and P, is the frequency
of occurrence of each habitat variable
i available on the stream stretch. This
index varies from —1 (non-selective)
to +1 (selective), and electivity is ab-
sent when £ = 0 (Ivlev, 1961).

Results

General behavior
and habitat use

We observed 11 individuals of S.
barbatus in 615 min (55.9 = 12.6 min
per individual), which resulted in 134
samplings. The species was more fre-
quently registered in an active way (N
=105 or 78.4% of samplings), than in
an inactive one (N =29 or 21.6 % of
samplings). When active, S. barba-
tus was foraging (N = 99 or 76.7%
of samplings), and rarely moved
without foraging on the stream (N =
5 or 3.9%). Active and inactive indi-
viduals were recorded both solitary
(N =96 or 70.1% of samplings) and
grouped with conspecific (2-6 indi-
viduals, mean = 2.5 +£ 0.9 sd; N =41
or 29.9% of samplings). Agonistic
behavior was rarely recorded; only
one individual demonstrated ago-
nistic behavior with a conspecific in
one sampling. Scleromystax barbatus
specimens were most frequent at the
stream bottom (N = 126 or 94% of
samplings) and were rarely recorded
in the middle of the water column
(N = 8 or 6% of samplings).

Scleromystax barbatus individuals
were registered using almost all avail-
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able habitats (Table 1), but this species
preferred depths between 11 cm and
50 cm, clay and sandy bottoms, pools
and runs. Depths up to 10 cm, riffles,
gravel, and plant debris bottom were
avoided (Table 1).

The brilliant golden body color with
darkish spots of S. barbatus resembles
the stream bottom coloration (Figure
1).This color resemblance allied to
a stationary position of individuals
in threatening situations, i.e. when
we approached them with an object
(piece of branch), indicate disruptive
camouflage.

Diet and feeding behavior

The six individuals collected ranged
from 37 to 58 mm SL. All specimens
were females with full stomachs.
Aquatic immature insects of autoch-
thonous origin, mainly trichopterans,
were predominant in the stomach con-
tents (Table 2). Sand grains occurred
in all stomachs, and unicellular algae
(Bacillariophyta and Chlorophyceae)
were also registered.

Scleromystax barbatus was observed
foraging close to the bottom speculat-
ing the substrate (N = 95 or 96.9% of
samplings), or picking up food items
in drift (N = 3 or 3.1% of samplings).
Individuals assumed a head-down po-
sition at stream bottom supported by
the ossified spines of the pectoral fins.
During substrate revolving (mainly
sandy bottom with plant debris - com-
posed by fallen leaves and twigs), they
used the long snout and barbels as-
suming the head-down posture when
food items were quickly sucked by the
mouth. Substrate clouds frequently
resulted from foraging movements.
Four individuals of Deuterodon ig-
uape Eigenmann, 1907 (Characidae),
two individuals of Mimagoniates mi-
crolepis Steindachner, 1877 (Characi-
dae), and one individual of Geopha-
gus brasiliensis (Quoy & Gaimard,
1824) (Cichlidae) were registered fol-
lowing a group of six individuals of
S. barbatus. This event occurred once
and lasted seven minutes.
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Table 1. Relative frequency (%) of depth, bottom type, and available mesohabitat cat- Discussion
egories and mesohabitat categories used by Scleromystax barbatus, indicating species
selectivity according to Ivlev electivity index (E).

Freshwater organisms may present

Available (%) Used (%) E strong preferences for local habitat
Depth (cm) variables (Lamouroux et al., 1999) as
0-10 0,35 0,04 0,81 verified to macroinvertebrates (Orth
and Maughan, 1983), and fish (Gross-
1-20 0,16 0.18 0,07 man and Freeman, 1987; Robertson
21-30 0,18 0,43 0,4 and Crook, 1999). Depth and stream
31-40 0,09 0.22 044 flow (Buck and Sazima, 1995), tem-
perature, dissolved oxygen, turbidity
41-50 0.11 0.13 0.08 and conductivity (Fialho ef al., 2008),
51-60 0,04 0 -1 and bottom type (Mazzoni et al.,
61-70 0,03 0 1 2011) are environmental variables of-
71-80 0.01 0 _1 ten relateq with habitat preferences by
’ fish. In this study, S. barbatus selected
81-90 0,02 0 -1 pools and runs with sandy bottom and
Bottom avoided gravels mostly in shallower
Clay 0.01 0.04 0,67 riffles. The only one .study .about S.
barbatus reported their habitat pref-
Sand 0,37 0,55 0,19 erence for lentic sites, however with
Gravel 0,2 0,04 -0,69 predominance of plant debris in the

Plant debris 0,43 0,38 -0,05 bottom (Aranha et al., 1998).
Our results indicated an active diurnal
Mesohabitat foraging of S. barbatus in addition to
Pool 0,43 0,54 0,12 the usually crepuscular and/or noc-
Run 0.3 043 0.18 turnal habits registered among Calli-
chthyidae (Paxton, 1997). Most indi-

Riffle 0,28 0,02 -0,85

viduals of S. barbatus were registered
foraging in an active way, i.e. hunting
by speculation (sensu Curio, 1976) or
using grubber excavation while mov-
ing (senmsu Sazima, 1986), without
signals of territoriality provoked by
agonistic encounters. Scleromystax
barbatus fed mainly on aquatic im-
mature insects, mostly trichopterans
buried in the sand. The presence of
sand grains and unicellular algae in S.
barbatus stomach contents is a con-
sequence of the indirect ingestion of
these items during foraging (Casatti et
al., 2009). Grubber excavation while
moving also creates possibilities for S.
barbatus to act as a nuclear species to
diurnal species, such as Deuterodon
iguape, M. microlepis, and G. brasil-
iensis. When foraging in the bottom,
S. barbatus induces substrate clouds
and the follower species took the ad-
vantage to feed on exposed items.
Callichthyidae are potential species to
perform the nuclear role due to their

Figure 1. Disruptive camouflage of Scleromystax barbatus in a clearwater coastal stream
of Brazilian Atlantic rainforest. The photo was taken during the study in their natural habi- -
tat, without flash. The arrow indicates an inactive individual of S. barbatus. bottom-forage habit, however, as far
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Table 2. Abundance (N) and frequency of occurrence (FO%) of food items recorded in
stomach contents of Scleromystax barbatus (37 mm — 58 mm SL) from Boguga stream,

southeastern Brazil.

Food items N FO (%)

Algae (Bacillariophyta and Chlorophyceae) - 33
Insects

Diptera (larvae) - Ceratopogonidae 2 17

Diptera (larvae) - Chironomidae 2 17

Diptera (larvae) - Culicidae 2 17

Ephemeroptera (nymphs) 5 67

Hymenoptera (adults) - Formicidae 1 17

Trichoptera (larvae, cases) 68 100
Sand grains - 100
as we know, no other study recorded Acknowledgments

S. barbatus as nuclear species in the
Atlantic Forest. In a unique record to
date, Sazima (1986) found Astyanax
bimaculatus  following Corydoras
polystictus.

Camouflage associated with disrup-
tive colors is one of the most dis-
played defense mechanism by bot-
tom species (Carvalho et al., 2006).
Regarding the resemblance of the
golden-and-black body color of S.
barbatus with the color of the most
available bottoms in the stream
stretch, i.e. sand and plant debris, we
suggest that this species strongly re-
lies on disruptive camouflage during
its foraging activity. In risky situa-
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ing’ their body with the stream bot-
tom. Fishes returned to forage when
disturbing conditions ceased. Accord-
ing to Sazima et al. (2006), disrup-
tive camouflage is related to defense
against visually oriented predators,
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cryptic and sand-color patterns in
fishes are advantageous for evasion
from predators (Zuanon et al., 2006).
The advance of deforestation in the
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parative data for future conservation-
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