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ABSTRACT

The purpose of this study is to ascertain whether variations in the limnological parameters of the Corumbatai
river resulting from the discharge of a variety of wastes into its waters may be responsible for spatial shifts
in the diet and capture of the armored catfish Hypostomus strigaticeps (Regan, 1907). Individuals were
collected over a period of two years from two sites with similar physical, albeit distinct limnological
characteristics. As a whole, the environmental variables (temperature, pH, dissolved oxygen, electrical
conductivity, and total coliforms and fecal coliforms) of the two sites were found to vary significantly. The
food items found in the guts of these armored catfish (sediments, diatoms, fungi hyphae, chlorophytes,
cyanophytes and non-identified material) ranked differently in samples from the two sites. In the more
polluted (site B), diatoms and chlorophytes ranked higher in the diet than in that of individuals caught in
the more preserved location (site A). This fact may be related to the greater amount of organic material
found at site B, which provides favorable environmental conditions for such algae and, consequently, for
algivorous fishes. Even so, fewer fish were captured at site B than at site A, suggesting that although food
is more abundant in the more polluted site, its limnological conditions appear, on the whole, to be less
beneficial than the conditions at site A.
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RESUMO

Dieta e captura de Hypostomus strigaticeps (Siluriformes, Loricariidae) em um
pequeno riacho brasileiro: relacio com aspectos limnologicos

O propésito deste estudo € investigar se as variacdes dos pardmetros limnolégicos do rio Corumbatai
— como uma conseqiiéncia do langamento de dejetos em suas dguas — € responsavel por variagdes na dieta e
na captura do cascudo Hypostomus strigaticeps (Regan, 1907). Os individuos foram coletados durante dois
anos em dois pontos do rio, com caracteristicas fisicas semelhantes, mas sujeitos a diferentes condi¢des
limnoldgicas; as varidveis ambientais (temperatura, pH, oxigénio dissolvido, condutividade elétrica,
coliformes totais e coliformes fecais), quando consideradas conjuntamente, variaram significativamente
entre os locais. As categorias alimentares encontradas nos tubos digestérios dos cascudos (sedimento,
material ndo identificado, hifas de fungo, diatomdceas, cloréfitas e ciandfitas) apresentaram ordenamento
hierarquico distinto nas amostras provenientes de diferentes pontos do rio. No local mais poluido (ponto B),
diatoméceas e clordfitas ocuparam postos mais importantes em relacio ao observado na dieta dos individuos
coletados no ponto mais preservado (ponto A). Este resultado possivelmente esteja relacionado a maior
concentracdo de matéria orgdnica observada no ponto B, propiciando condi¢des ambientais favordveis
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a proliferagdo de algas e, conseqiientemente, para um peixe comedor de algas. Contudo, o niimero de
individuos capturados no ponto B foi menor, sugerindo que, embora a oferta de alimento seja mais
abundante no local mais alterado, as condi¢des limnoldgicas neste ponto, quando consideradas em seu
conjunto, sdo possivelmente menos benéficas para a sobrevivéncia da espécie que as condigdes observadas

no ponto A.

Palavras-chave: Hypostomus, rio Corumbatai, impacto ambiental, peixe, poluicao.

INTRODUCTION

Mankind’s influence on ecosystems is almost
always negative (Odum, 1986). In water systems,
for example, anthropic interference seriously
impacts aquatic organisms, possibly leading to the
disappearance of many fish species and affecting
their diversity (Malins & Ostrander, 1994;
Magurran & Phillip, 2001). In this context, studies
of the possible effects of environmental alterations
on fish biology serve to evaluate the extent of
damage caused by humans to aquatic systems.

The investigation of the diet of a particular fish
species is a valuable tool, aiding in the interpretation
of the trophic relationships established in water
ecosystems (Hahn et al., 1997) by providing
information about the life of the fish, such as its
position in the food web, the food resources it uses
and its possible competitors (Schoener, 1974).

The system selected for this study was
the Corumbatai river, a small Brazilian river
that supplies potable water to approximately
600.000 inhabitants, including those of larger
cities such as Rio Claro and Piracicaba, in the
state of Sdo Paulo. However, its use has not been
carefully planned, for the river is also the recipient
of domestic, industrial and agricultural wastes
and its water quality varies considerably from one
section to another.

Hypostomus strigaticeps (Regan, 1907) is
one of the most abundant and widely distributed
species in the Corumbatai river. Like other
loricariids (Siluriformes, Loricariidae), it exhibits
important functional adaptations — ventral mouth,
modified lips forming an adherent sucker and teeth
resembling spatulae — to scrape its food from a
variety of substrates (Shaefer & Lauder, 1986;
Delariva & Agostinho, 2001), for it feeds mainly
off diatoms and periphyton (Power, 1984; 1990).
Another feature of the genus Hypostomus that
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differentiates it from other loricariids is its greater
ability to breathe atmospheric air. The stomach walls
of this armored catfish are abundantly embedded
with veins that allow gaseous exchanges between
the swallowed air and the blood (Armbruster,
1998). According to Val & Almeida-Val (1995), it
may be classified in a group of fishes that display
accessory breathing, using this strategy when the
water conditions are severely hypoxic.

Considering that armored catfish are fairly
resistant to altered environments, since they have
accessory breathing, and eat algae, whose growth
is maximized in waters with a high level of organic
material (Harper, 1992; Wetzel, 1993), the purpose
of this study is to investigate whether variations
in the limnological parameters of the Corumbatai
river — as a result of the different wastes it receives
— may be responsible for spatial shifts in the diet
and abundance of H. strigaticeps.

MATERIAL AND METHODS

Two sites in the Corumbatai river were
sampled bimonthly between June 2000 and
April 2002, totaling 12 paired samples. These
sites have similar physical characteristics — border
vegetation, channel sinuosity, rock basement,
substratum type, declivity, horizontal and vertical
dissection and relief energy, but their limnological
conditions are distinct. Site A (22° 12”47 S and
47° 37 40” W) is located upstream from the river’s
main sources of pollution (Fig. 1). Site B (22° 32’
31”7 S and 47° 40’ 09 W), on the other hand, is
located downstream from the sites where domestic
and industrial wastes from several cities flow into
the river (Fig. 1).

Four water parameters were measured at
the fish collection sites: temperature (°C), pH
(pH units), dissolved oxygen (mg.L") and electrical
conductivity (uS.cm™). In addition, the relative
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Fig. 1 — Corumbatai Basin in the state of Sao Paulo (A) and Corumbatai Basin in detail (B), indicating the fish collection

sites (adapted from the original: Atlas, 2001).
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amount of total and fecal coliforms present in
water samples was measured in the laboratory after
incubation at 35 °C for 24 h. The results of these
variables were obtained in triplicate samplings and
transformed into means for each of the 12 samples
collected at each site. The means of each site were
then compared for each sample, using the r-test
(o0 =0.05) as described by Zar (1996).

Fish were caught using gill nets (mesh size
1.5,2.0,4.0 and 6.0 cm between knots) and cast nets
(mesh size 1.2, 2.0 and 3.5 cm between opposite
knots), applying the same fishing effort for all the
samples. To test the null hypothesis that the number
of fish captured would not differ between sites, the
data obtained for the 12 samples were compared
using the Mann-Whitney test (Zar, 1996), assuming
the alternative hypothesis at p < 0.05.

In the laboratory, the gut of each individual
was weighed (in g, to the nearest 0.01 g) and
preserved in a 70% ethanol solution until the
analysis. Because the stomach contents are
difficult to recognize, these analyses were done
using the material collected from the anterior third
section of the digestive tract containing the more
recently ingested food, which is in a better state for
identification.

The gut contents were diluted in water and
shakentoobtainahomogeneousextract. Subsamples
from these extracts were inspected microscopically
and each recognized food item was assigned a value
proportional to its abundance. The reference used
for these values was the standard weight (SW),
which is the approximate arithmetic mean of the
weight of the sample’s gut content, as proposed by
Lima-Junior & Goitein (2001). Assuming that the
SW (4.0 gin this study) is equivalent to 4 points, the
gut contents were initially assigned a total value,
according to the proportion of their mass in relation
to the SW. Based on a simple visual inspection, this
total value was then divided among the food items,
according to their relative volume.

To analyze the data in terms of the species’
diet, the individuals caught at different sites were
considered separate samples. The Importance Index
of the food items was then calculated according to
the method described by Lima-Junior & Goitein
(2001) and used by Lima-Junior & Goitein (2003),
whereby the sum of points attributed to each food
item, divided by the total number of guts in the
sample, resulted in the mean of the ascribed values
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of each food item. This mean was multiplied
by 25 to transform it into a percent value, the
so-called Volumetric analysis index (V,). The
result obtained by the multiplication of V, by the
frequency of occurrence (Hyslop, 1980) of each
item corresponds to the Importance Index of the
food item in the sample.

These results were statistically analyzed
applying the method described by Fritz (1974), in
which the food items are ranked in each sample
and compared using the Spearman rank correlation
coefficients. The correlation was considered
statistically significant at p < 0.05.

RESULTS

Limnological parameters

The temperature variations were considered
normal within the region’s climatic pattern.
Thus, the maximum temperatures were recorded
during the warmer months and the lowest ones
during the colder months. Although some slightly
higher temperatures were observed at site B, the
differences between sites were not statistically
significant (Fig. 2a, Table 1).

The results of the pH analyses at the two sites
revealed an irregular pattern, demonstrating that
these places did not differ markedly in relation to
this parameter (Fig. 2b, Table 1).

On the other hand, the results obtained for
dissolved oxygen, electrical conductivity and
number of coliforms (total and fecal) presented
significant differences between the sites in almost
all the samplings (Fig. 2c-f, Table 1), indicating
that site B was more highly impacted and had
worse water quality than site A.

Capture

The total number of individuals caught at
site A was more than twice the number caught at
site B (n, = 634 and n, = 304). The result of the
Mann-Whitney test, obtained by comparing the
series of data from the two sites throughout the
whole period (Fig. 3), confirmed the significance
of this difference in the capture of individuals
(p =0.0242).

Diet
It was observed that H. strigaticeps at the
two sites on the Corumbatai river consumed
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Fig. 2 — Mean values (£ standard deviation) of the limnological parameters in each sample. Black lines represent the data for

site A and gray lines represent data for site B.

TABLE 1

Statistical comparison (z-test) of the sites according to the limnological parameters of each sample. The significant
differences are highlighted in bold (p < 0.05).

Sample | Water temperature pH Dissolved oxygen | Conductivity | Total coliforms | Fecal coliforms
1 0.3394 0.0302 0.0045 < 0.0001 < 0.0001 0.0001
2 0.1755 0.0759 0.0054 < 0.0001 <0.0001 0.0011
3 0.0303 0.1962 0.0003 < 0.0001 0.0475 0.2379
4 0.0011 0.2934 0.0537 < 0.0001 0.0020 < 0.0001
5 0.0385 0.0340 0.0013 0.1482 < 0.0001 < 0.0001
6 0.4826 0.0023 < 0.0001 < 0.0001 0.0133 0.0454
7 0.1043 0.6701 < 0.0001 < 0.0001 0.0006 0.0001
8 0.0652 < 0.0001 < 0.0001 < 0.0001 <0.0001 < 0.0001
9 0.0502 0.0003 <0.0001 < 0.0001 <0.0001 0.0003

10 0.0107 0.4225 0.0002 <0.0001 0.0005 < 0.0001
11 0.0225 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
12 0.0009 0.1037 0.0021 < 0.0001 0.0003 < 0.0001
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Fig. 3 — Number of individuals collected in each sample. Black bars represent the data for site A and gray bars represent

data for site B.

diatoms (Navicula, Nitzschia and Melosira), fungi
hyphae (Trichoderma), chlorophytes (Closterium
and Oedogonium) and cyanophytes (Lyngbya and
Oscilatoria), as well as a considerable amount of
sediment (sand and mud) and undentified material
(detritus of uncertain composition — organic or
inorganic). Despite the similarity of the diet at
the two sites, the statistical comparison of the
Importance Index (Spearman rank correlation
coefficient) did not indicate a significant correlation
between the sites for most of the samples. Thus,
it can be stated that there were differences in the
importance hierarchy of the food items ingested
by the individuals collected at each location
(Fig. 4, Table 2). In fact, an analysis of the diet of
individuals collected at sites A and B indicated that
diatoms and chlorophytes ranked higher in the diet
at site B.

DISCUSSION

The analysis of the diet of H. strigaticeps
clearly showed, in almost all the samples, that the
individuals captured at site B consumed diatoms
and chlorophytes (green algae) more often and
more intensely that those captured at site A in
the Corumbatai river. These findings suggest that
armored catfish, which are grazing animals that
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feed mainly on algae (Shaefer & Lauder, 1986;
Power, 1990), encounter greater food availability at
site B. This may be explained by the higher levels
of pollution, as indicated by the concentration of
dissolved oxygen, electrical conductivity, and
quantity of total and fecal coliforms found at
this site. The direct consequence of this process
is an increase in the concentration of nutrients
(artificial eutrophication), which in turn leads to a
proliferation of the algae population (Harper, 1992;
Wetzel, 1993).

Since sediment ingestion depends on how
these fish graze their food from the substrate,
swallowing it in large amounts simultaneously with
organic components, the higher importance indices
observed in site A samples provide reinforcing
evidence that food availability is lower in this
location, since armored catfish would ingest higher
volumes of sand and mud to obtain sufficient food
usually mixed with the sediment. The microscopic
analysis of the gut contents confirmed that the most
important food items — diatoms, fungi hyphae and
unidentified material — were, in fact, associated
with the sediment.

Matthews & Berg (1997) stated thatlow oxygen
rates would be expected to have a negative effect
on fish, inducing them to migrate in search of other
places with better oxygen concentration. Although
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this may be discussed in the case of H. strigaticeps,
which is an alternative breathing species that uses
its stomach to carry out gaseous exchanges (Val
& Almeida-Val, 1995; Armbruster, 1998), a fewer
individuals were caught at site B. This fact indicates
that site A probably offered better conditions for the

species’ survival, considering that the same fishing
effort was applied in both locations.

High concentrations of metal ions are known
to affect the respiratory and osmoregulatory
functions of fish, increasing the mortality rate
of individuals (Poléo et al., 1997; Playle, 1998;
Gensemer & Playle, 1999). Thus, the hypothesis
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TABLE 2

Statistical comparison (Spearman rank correlation) of the sites according to the food items ranking in each sample. The
significant correlation coefficients are highlighted in bold (p < 0.05).

Sample

r

0.6000

0.6571

0.6000

0.8286

0.5429

0.6000

0.8286

0.4857

0.7537

0.8197

can be put forward that H. strigaticeps is sensitive
to inorganic pollution, since the moderate process
of eutrophication to which it is subjected at site B
on the Corumbatai river may not, per se, impose
restrictions on the survival of the species, but
instead, contribute to an increase in the supply
of its main food source. However, the higher
concentration of metal ions in the water may be a
decisive factor contributing to the lower number
of individuals captured at this location. This
possibility, however, would require a separate
study since it lay outside the scope of this one.
This hypothesis may be corroborated by other
researchers who, upon examining the effects
of water quality on another armored -catfish,
discovered a direct relationship between the level of
water pollution and the occurrence of wounds and
histopathological alterations affecting fish health
(Flores-Lopes et al., 2001). In addition, fish affected
by dysplasia showed lower survival chances, and
were more easily eliminated from the population
(Bergman, 1985).

As a final consideration, one may conclude
that there is a strong relationship between the
limnological conditions of the Corumbatai river
and the diet of H. strigaticeps and, although the
food supply may be greater at the most highly
impacted site, the limnological conditions may, on
the whole, be more adverse for the survival of the
species than the conditions at the more preserved
site.
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