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Implications of low food availability on resource partitioning
among three species of Cichlidae (Pisces: Perciformes)
in a Brazilian semi-arid reservoir
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Abstract: Aim: Resource partitioning has been recognized as a major driver affecting
fish communities, with the potential to reduce interespecific competition. This is the result
of differences in feeding apparatuses and feeding mode, location of the fish species in the
water column and swimming ability, as well as type and size of prey and its availability. The
present study surveys a highly limited aquatic system in semi-arid Brazil with regard to
habitat and food availability, with very low diversity of fish, and poor in underwater habitat
structures and prey, with the objective of understanding resource partitioning among fish
species under such conditions. Methods: Three species of Cichlidae (Pisces: Perciformes)
were sampled during the dry and wet seasons and had their stomach contents analyzed
to evaluate food consumption. The resource partition among fish species was evaluated
based on Pianka’s niche overlap index and tested for significance against null models.
Results: It was observed a low overlap among the study species in food resource use,
with individuals tending to specialize to select some food items. This is likely the result of
low natural variation in abundance of specific food items associated with fish preferences
(both morphological and behavioral). Conclusions: These results support evidence that,
in Brazilian semi-arid aquatic systems, coexistence of fish species seems to be enhanced by
the partition of food items at specific trophic levels. Within this context, flow variability
would have a key hole in fish coexistence by promoting a high diversity of aquatic habitat
elements available for colonization of fish and their prey. Furthermore, food resources
available to fish play an important role in this dynamics since prey foods are expected to
vary in abundance as the habitat changes.

Keywords: fish; stomach content; drought; null model; species coexistence.

Resumo: Objetivos: A particio de recursos tem sido reconhecida como um
importante fator que influencia comunidades de peixes, com o potencial de reduzir a
competi¢io interespecifica. Isto resulta de diferencas no trato digestivo e habito alimentar,
localizagao das espécies de peixes na coluna de dgua e habilidade natatéria, bem como
tipo e tamanho da presa e da disponibilidade desta no ambiente. O presente estudo avalia
a parti¢do de itens alimentares presentes na dieta de peixes, em um sistema aqudtico do
semidrido brasileiro que apresenta baixa diversidade de espécies de peixes e de estruturas
subaqudticas que compoem o habitat. Objetivou-se compreender como trés espécies de
peixes particionam o limitado recurso disponivel no ambiente. Métodos: Trés espécies
de Cichlidae (Pisces: Perciformes) foram amostradas durante perfodos de seca e de chuva
e estes tiveram seu contetido estomacal analisado para quantificar o consumo de itens
alimentares. A partilha de recursos alimentares entre as espécies estudadas foi avaliada
usando o indice de sobreposi¢io de nicho de Pianka e testada para sua significAncia
usando modelos nulos. Resultados: Foi observada uma baixa sobreposicao alimentar
entre as espécies estudadas, onde os individuos de cada espécie tenderam a se especializar
consumindo itens alimentares especificos. Isto dado pela baixa abundancia natural de itens
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alimentares associada com as preferéncias especificas (morfolégicas e comportamentais)
de cada espécie estudada. Conclusio: Os resultados apresentados suportam outras
evidéncias de que a coexisténcia de espécies de peixes em ambientes aqudticos do semidrido
¢ mediada pela partigdo dos itens alimentares em niveis mais especificos. Nesse contexto,
a variabilidade do fluxo de dgua teria um papel chave na coexisténcia de espécies por
produzir uma alta diversidade de itens alimentares e heterogeneidade do habitat.

Palavras-chave: peixes; contetido estomacal; estiagem; modelo nulo; coexisténcia

de espécies.

1. Introduction

The fish fauna of Brazilian semi-arid aquatic
systems is diverse with the presence of innumerous
endemic species (Rosa et al., 2003; Maltchik &
Medeiros, 2006). Nonetheless, several non-native
fish species have been introduced in these systems
as part of programs for water resource development,
despite the fact that the introduction of exotic
species often leads to a decrease in richness and
abundance of native species in dryland river systems
(Arthington et al., 1983; Bunn et al., 1999; Bunn
& Arthington, 2002).

In Brazil, water resource development policies
emphasize construction of large dams, weirs,
artificial channels and, more recently, large-scale
inter-basin water transfers which represent one
of the main threats to the ecological integrity of
rivers (Baxter, 1977; Bunn & Arthington, 2002;
Agostinho et al., 2005). Furthermore, long-term
programs of introduction of exotic species of fish,
such as the Cyprinus carpio Linnaeus 1758 and
Cichla ocellaris Bloch & Schneider, 1801 (Gurgel
& Oliveira, 1987) in these artificial reservoirs
have contributed to the degradation of the natural
biodiversity in aquatic environments in semi-arid
Brazil.

Fish species in reservoirs may present a greater
trophic plasticity (Abelha & Goulart, 2004), but
the occurrence of specialists or generalists in a given
habitat type is influenced by the food resources
available (Abelha et al., 2001). In systems where
there are few food items, generalist strategies would
be expected (Roughgarden & Feldman, 1975). In
this context, a restricted food spectrum, that is,
the preference for few food items, would not be
advantageous for freshwater fish in systems highly
subjected to water level changes, since the same
food items will not be available during the entire
hydrological cycle (Agostinho et al., 2007). Zaret
& Rand (1971), for instance, demonstrate that the
partitioning in food resource use is more effective,
or evident, during periods of food scarcity, which
highlights the importance of food availability in its
partition by fish species.

Resource partition is seen as the differences in
resource use by coexisting species, including food,
habitat and other limiting factors. These factors
correspond to the three dimensions in which
resource segregation may occur: food, habitat
and time (Wootton, 1990), food being the most
important factor in resource partitioning among
fish (Angermeier, 1982). Resource partitioning
has been recognized as a major process affecting
fish communities, with the potential to reduce
interespecific competition (Ross, 1991), which is
the result of differences in feeding apparatuses and
feeding mode, location of the species in the water
column and swimming ability, as well as type and
size of prey (Medeiros & Arthington, 2008a).

Within this context, the present study
surveys a highly limited aquatic system in semi-
arid Brazil with regard to habitat and food
availability, with very low diversity of fish, and
poor in underwater habitat structures and prey
(Medeiros et al., 2008; Medeiros et al., 2010;
Silva et al., 2010; Medeiros et al., 2011). We
evaluate the diets of three species of cichlid fish,
Oreochromis niloticus (Linnaeus, 1758), Parachromis
managuensis (Gunther, 1867) and Geophagus
brasiliensis (Quoy & Gamard, 1824) with the aim
of understanding resource partitioning among
these species under conditions of limited food
availability. Oreochromis niloticus is an introduced
species from the African continent (Attayde et al.,
2007). Studies refer to this species as an omnivore,
with microalgae and plant material as its main food
items (Oso et al., 20006). Parachromis managuensis
is also an introduced cichlid from Central America
(Barbosa & Mendonga, 2006) and is considered a
voracious piscivore (Agasen et al., 2006). Geaphagus
brasiliensis is the only native cichlid recorded
in the study site. This species is typical of lentic
environments, bottom dweller and omnivorous,
feeding on insect larvae and zooplankton when
young (less than 4 cm) and adding gastropods,
vegetable matter, sediment and algae to its diet as it
grows (Lazzaro, 1991; Moraes et al., 2004).
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2. Materials and Methods

The present study was performed at the Gurjao
reservoir (08°42°13,6”S; 36°36°35,5”W), an
impoundment on the Salobro stream (Una River
basin), which is located in the Buique/Vale do
Ipojuca area (sensu Tabarelli & Silva, 2005) of
northeastern Brazil. This site was chosen because
previous studies show that this reservoir is very
poor in fish species diversity (5 species during the
study period), in underwater and littoral habitat
structures and also in prey items available for fish
consumers (Medeiros et al., 2008; Silva et al., 2010;
Medeiros et al., 2011). Climate in the study area
is semi-arid BSh (Peel et al., 2007) and the average
annual temperature and precipitation are 25°C and
1095.9 mm, respectively. Rainfall is concentrated
between April and June and altitudes range between
800 and 1000 m (Rodal et al., 1998).

Sampling was conducted on two occasions
during the wet and dry seasons of 2006. All
collections were performed during daylight hours.
Fish collections were performed in accordance with
Medeiros et al. (2010) using four different types of
sampling gear: a short beach seine net (4 m long,
1.5 m high and 5 mm mesh), a long beach seine net
(20 m long, 2 m high and 12 mm mesh), one set of
gill nets (30 m long and 1.5 m high, equally divided
into three 10 m panels of 35, 45 and 55 mm meshes)
and a cast net (2.4 m high and 12 mm mesh). Gill
nets were kept in the water for a period of 6 hours
being checked at the third and sixth hour. The seine
net hauls were approx. 10 m long for the large seine
net and repeated 3-5 times, and 3 to 5 m long for
the short seine net, being repeated 7-12 times. The
cast net was repeated 12 times for each sampling
occasion. Fish caught were fixed in 10% formalin
neutralized with sodium tetraborate and later
transferred to 75% ethanol. Collections were
performed under license No. 032DIFAP/IBAMA
from 23 March 2006.

The structure of the habitat was measured
as physical and chemical variables, reservoir
morphology, substrate composition and habitat
structure. Physical and chemical variables were
measured using portable equipment for dissolved
oxygen (mg/L) and temperature (°C) (Lutron
DO-5510). Transparency (cm) was measured using
a Secchi disk. Morphology was evaluated using
GPS receiver for width (cm) and a measuring pole
for depth (cm), both taken from three transects
across the reservoir. The substrate composition
and habitat structure were estimated in 9 to 12
survey points of 1 m? measured in the margins. In
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each survey point, the proportional cover of the
sediment composition (classified as mud, sand,
gravel, and cobbles) and littoral and underwater
structures (e.g., macrophytes, grass, submerged
vegetation, overhanging vegetation, leaf litter,
algae, and woody debris) were visually estimated
(Medeiros et al., 2008).

For the stomach content analysis, a maximum
of 15 specimens of each study species per sampling
occasion was selected. In the laboratory, each
individual fish was measured (mm) for the standard
length (SL). For the dietary analysis, the stomach
of each fish was removed, blotted, placed in a
Petri dish and observed with a stereomicroscope
for macroscopic analysis of contents. The degree
of stomach fullness was visually estimated
assigning a score between 0 (empty) and 100 (fully
distended with food), reflecting percentages of
stomach volume occupied by food (Medeiros &
Arthington, 2008b). The proportional contribution
of each food item to the diet of individual fish was
estimated using an indirect volumetric method
(Arthington, 1992; Pusey et al., 2000), where
stomach items belonging to each food category
are lumped together and squashed to a uniform
depth of 1 mm. The area covered was taken to
represent the volumetric contribution of that food
category to the total stomach contents in mm?®.
Given the high contribution of bottom sediment
to the diet of O. niloticus, further analysis was
performed to evaluate composition of microscopic
food items. After the macroscopic evaluation on
stereomicroscope, the stomach content was diluted
to a volume of 10 mL with ethanol 70% and
three sub-samples were analyzed using a binocular
microscope (Silva et al., 2010). Microalgae were
counted on three horizontal transects of the diluted
stomach content mounted into an unsealed slide.
Taxonomic classification of microalgae was based
on Bicudo & Menezes (20006).

To estimate prey available for fish, aquatic
macroinvertebrates were collected from three
subsamples of 40 x 40 x 2.5 cm of sediment
randomly taken from the margins using a D-shaped
net (40 cm wide and 250 pm mesh). Samples
were fixed in 4% formalin in the field and taken
to the laboratory where they were preserved in
70% alcohol. Macroinvertebrate individuals were
sorted, identified to the lowest possible level (usually
family) and counted. Identification followed
standard literature (Mccafferty, 1983; Borror
& Delong, 1988; Williams & Feltmate, 1992).
Zooplankton was collected using a plankton
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net (opening diameter 30 cm, 70 cm long and
mesh size of 60 pum). The net was towed for a
distance of 10 m on the surface of the water (see
Medeiros et al., 2011) and the zooplankton was
preserved in 4% formalin. In the laboratory, three
sub-samples were taken from each sample and all
individuals were identified (Sudrez et al., 1996;
Elmoor-Loureiro, 1997; Segers, 2007) and counted
in a Sedgewick-Rafter counting cell (I mL).
Only rotiferans, cladocerans and copepods were
considered in the present study. Fish abundance
was standardized per unit of effort of capture,
where the number of fish captured was divided by
the number of hours or replicates of each sampling
technique on each sampling occasion and site
(Medeiros et al., 2010). All prey items are presented
as proportional density (expressed as individuals
per liter).

2.1. Data analysis

To calculate the contribution of a given food
item to the diet of a fish species, the volume of
each food item across stomachs was expressed
as percentage. Frequency of occurrence (%) was
calculated as the number of times a food item
occurred in the stomachs of a given species divided
by the number of stomachs. Dietary breadth was
estimated using the Shannon’s diversity index.
Temporal patterns of variation in food items
and variation across species were evaluated using
Nonmetric Multidimensional Scaling (NMDS),
based on the relativized Bray-Curtis distance of the
arcsine square root transformed data matrix. The
Multiresponse Permutation Procedure (MRPP)
(Biondini et al., 1985; Mccune & Grace, 2002) was
used to test for significance of differences in diet
composition across sampling occasions and species.
The value of “A” is presented as a measure of the
degree of homogeneity between groups compared to
random expectation. The Indicator Species Analysis
(ISA) was used as a way to determine which food
items were significant indicators of species diets. The
indicator value (IV) for each item was calculated
using the method of Dufrene & Legendre (1997).
This value is tested for significance using the
Monte Carlo test (999 permutations). Statistical
analyses (0=0.05) were performed on PC-ORD
4.27 (Mccune & Mefford, 1999).

The feeding strategy and feeding preferences
of fish were evaluated using a modification of
the graphic method of Amundsen et al. (1996).
Ordinarily, the prey-specific abundance is plotted
against the frequency of occurrence of food
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items in stomachs on a two-dimensional graph
(Amundsen et al., 1996). In the present study,
the proportion of natural prey abundance (%) in
the environment is used instead of prey-specific
abundance, thus allowing for the analysis of
feeding strategies and niche width based on
natural abundances of prey. Given that the
unidentifiable digested matter is not measurable
in the environment, it was removed from the data
matrix for this analysis.

Volumetric dietary overlap was calculated using
Pianka’s overlap index (O,). To determine niche
overlap, dietary data was distributed into two
matrices representing the wet and dry season diets.
Entries in the matrixes were proportional volumes
of a given food item consumed by a given species
at each season. Niche overlap was calculated and
statistically tested against null models using EcoSim
7.0 (Gotelli & Entsminger, 2001). The program
performs 1000 Monte Carlo randomizations to
create pseudo-communities and statistically tests
the mean niche overlap values for the species pairs
between randomized communities and those in
the real data matrix. Interspecific food partitioning
might be occurring when the observed mean overlap
values are significantly lower than those expected
by chance, whereas similar foraging patterns lead
to values higher than those expected by chance
(Albrecht & Gotelli, 2001). For the present
study two different algorithms were used to test
for non-random patterns of resource utilization
(Winemiller & Pianka, 1990): the RA3 algorithm,
where entries in each row are randomly reshuffled
(this procedure preserves the niche breadth degree
of specialization of the species, but permits the
utilization of any resource available in the matrix)
(Albrecht & Gotelli, 2001); and the RA4 algorithm,
where only entries different from zero are reshuffled
in each row, thus both the niche breadth and zero
states are retained. That means that if a species has
not consumed a certain item in the real data, it will
not be allowed the consumption in the simulated
assemblage (Albrecht & Gotelli, 2001). It was also
assumed that resource states are considered to be
equiprobable (equally abundant or usable by all
species). Both algorithms were applied to each of
the two (wet and dry) data matrices.

3. Results

A total of 90 stomachs were analyzed and
26 of these were empty (Table 1). The average
size of fish ranged from 53 to 80 mm, with
G. brasiliensis being the largest species on average.
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Table 1. Data on fish size, stomach fullness and food items consumed by O. niloticus, R managuensisand G. brasiliensis.

O. niloticus

P. managuensis G. brasiliensis

N 30 30 30
SL mm (+SD) 53(+8.1) 65(x4.1) 80(£18.3)
SL mm (min-max) 40-69 59-73 53-120
Empty stomachs 2 14 10
Niche Breadth 0.06(x0.15) 0.51(20.33) 0.65(+0.38)
Food items (%) Vol. F.O. Vol. F.O. Vol. F.O.
Sediment 985 100.0 0.0 0.0 23.4 80.0
Chironomidae (Larvae) 0.0 0.0 0.0 0.0 2.0 35.0
Calanoida 0.6 10.7 1.9 12.5 0.0 0.0
Cladocera 0.5 14.3 1.8 375 0.0 0.0
Fish scales 0.4 214 30.0 93.8 6.1 30.0
Vegetable matter 0.1 10.7 0.0 0.0 9.2 35.0
Digested matter 0.0 0.0 11.1 62.5 58.3 90.0
Sand 0.0 0.0 40 25.0 0.0 0.0
Fish remaining 0.0 0.0 33.8 37.5 0.0 0.0
Shrimp 0.0 0.0 17.3 18.8 0.0 0.0
Algae (filamentous) 0.0 0.0 0.0 0.0 0.6 25.0
Mollusk 0.0 0.0 0.0 0.0 0.3 5.0
This species and 2 managuensis showed the highest
numbers of empty stomachs. Richer diets were " 7
observed for G. brasiliensis (niche breadth=0.5) % /
and P managuensis (niche breadth=0.6) with the . / /// X
former species feeding mostly on sediment, but / 7
also showing high proportion of digested material /
in the stomach contents. Parachromis managuensis g 067 / .: S .:
fed mostly on fish and shrimp and O. niloticus diet 2 T
was based mostly on sediment (niche breath=0.06) E |
(Table 1, Figure 1). Frequency of occurrence of 047 1t T
food items in fish stomachs agreed with volumetric T
data, where sediment and digested matter showed o :
high frequency of occurrence in the stomachs of ' :
G. brasiliensis. Nonetheless, chironomids, fish scales,
vegetable matter and filamentous algae were also 0.0- | | | |
frequently found in the stomachs of this species. ON-W OND PM-W PM-D GB-W GBD
Parachromis managuensis showed high frequency Species
of ingestion of zooplankton, sand and digested B sodmont ElDigested
matter, and O. niloticus also showed high frequency NchironL Hsand
of zooplankton with further contributions in ﬁca'amida EFiShR
Cladocera [1Shrimp
frequency by fish scales and vegetable matter Pscales  HAlgae F
(Table 1). Bveg M E Mollusk

Nonmetric Multidimensional Scaling (NMDS)
(Figure 2) showed clear segregation in fish diets
across species (MRPD, A=0.48, p<0.01) but no
differences between seasons for each species (MRPD,
A=0.005, p=0.22). It is important to note that the
average distance among individuals in the ordination
space was higher for P managuensis (0.42) and
G. brasiliensis (0.31) than for O. niloticus (0.07),
when compared with the grand mean (centroid)
of 0.66, indicating less individual variation in

Figure 1. Proportional composition of food items to
the diet of O. niloticus (ON), P managuensis (PM) and
G. brasiliensis (GB) during the wet (W) and dry (D)
periods. See Table 1 for full food items names.

diet composition for O. niloticus. Indicator
Species Analysis (ISA) showed that food items
that significantly contributed to the segregation
of the study species diets were sediment (IV=80.8,
p=0.001) for O. niloticus; fish scales IV=77.1,
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Figure 2. NMDS results for individual fish diet compo-
sition across species (A=0. niloticus, NV =G. brasiliensis,
A =P managuensis), with variance explained for each axis
and stress value.

p=0.001), fish remainings (IV=37.5, p=0.001), sand
(IV=25.0, p=0.003), Cladocera (IV=29.4, p=0.007)
and shrimp (IV=18.7, p=0.015) for P managuensis,
and chironomids (IV=35.0, p=0.001), digested
matter (IV=75.6, p=0.001), vegetable matter
(IV=34.8, p=0.004) and algae (IV=25.0, p=0.005)
for G. brasiliensis.

Environmental variables measured showed
little variation and the study site presented well
oxygenated, cool and transparent waters (Table 2).
Site morphology indicated a large shallow reservoir,
with low temporal variation (shown by the standard
deviations of the averages), and long water retention,
as shown by the absence of water flow during the
study period. Habitat was composed mostly of
low proportional cover of macrophytes and algae,
and the substrate composition was dominated
by mud (henceforth referred to as sediment).
Natural abundances of food items were higher for
Copepoda (among the zooplankton), Thiaridae
(among the mollusks), larvae of chironomids
(among the insects), sediment and P managuensis
and O. niloticus (among the fish) (Table 3).

The feeding strategy plots based on frequency of
occurrence of food items in the stomach contents
of the study species and natural abundances of
prey items in the environment (modified from
Amundsen et al., 1996) showed that most food
items consumed had frequency of occurrence
lower than 50%, being arrayed to the left of
the plots (Figure 3). In general, sediment was a
dominant food item to the diets of O. niloticus and
G. brasiliensis, being both frequent in the diet and
abundant in the environment (Table 3). Despite
the fact that fish scales were abundant in the
environment, these items were not frequent in the
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Table 2. Environmental variables (average + SD) collected
in the study site.

Morphology
Altitude (m) 713
Water velocity (m/s) 0.0
Maximum bank slope 30.0
Maximum depth (cm) 65.0 (+4.2)
Littoral depth (cm) 6.7 (£1.5)

Site width (m) 313.7 (x17.4)
Water variables

Water temperature (°C) 26.7 (2.8)
Dissolved oxygen (mg/L) 6.1 (£3.3)
Transparency (cm) 42.1 (£13.7)

Habitat composition (%)

Macrophyte cover 12.8 (£22.6)
Littoral grass 5.2 (16.5)
Submerged vegetation 7.3 (£12.5)
Overhanging vegetation 0.9 (£1.6)
Leaf litter 0.0
Algae 17.3 (£3.1)
Root masses 0.0
Woody debris 0.9 (x0.7)
Substrate composition (%)
Mud 94.4 (+4.6)
Sand 3.9 (+2.0)
Gravel 1.7 (£0.4)
Cobbles 0.0
Rocks 0.0
Bedrock 0.0

Table 3. Natural abundance (%) of possible food items
measured during the study period.

%

Zooplankton

Copepoda 12.26
Rotifera 6.48
Cladocera 419
Mollusk
Thiaridae 9.61
Planorbidae 1.86
Ampularidae 0.31
Insect
Chironomidae (larvae) 8.99
Chironomidae (pupae) 0.62
Baetidae 0.31
Gomphidae 0.31
Other
Sediment (mud) 21.66
Aquatic vegetation 4.61
Algae 3.97
Oligochaeta 0.93
Sand 0.89
Fish
Parachromis managuensis 11.89
Oreochromis niloticus 9.01
Geophagus brasiliensis 1.54
Astyanax bimaculatus 0.45
Astyanax fasciatus 0.04
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Figure 3. The feeding strategy diagram of food items
natural abundance (%) plotted against frequency
of occurrence (%) of food items in the stomach
contents of the study species (modified from

Amundsen et al. (1996)).
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diet of these species. All other food items consumed
by O. niloticus and G. brasiliensis were not abundant
in the environment yet consumed in lower
frequency. Geophagus brasiliensis was more selective
than O. niloticus, feeding on chironomids, vegetable
matter and algae, even in lower natural abundances.
Parachromis managuensis took advantage of higher
abundances of its natural prey feeding frequently
on fish. However, this species was highly selective
for Cladocera, shrimp and sand, which showed
very low natural abundances but were found in
medium frequencies in their stomachs. We believe
that, in the preset study, fish scales are found in diets
resulting from advanced stages of digestion of prey
fish consumed, and that sand is eaten in association
with shrimp which are bottom dwellers.
According to the null models of Pianka’s index,
the diet overlap among the study species was low
(Oik <0.41), with the highest overlap being observed
between O. niloticus and G. brasiliensis (Ojk =0.40)
(Table 4). The ovetlap values between the dry and
wet seasons for each species was high (> 0.87)
(Table 4), which further corroborates previous
analysis showing no temporal variation in diets.
Considering proportional food items volume of the
three study species separately for the dry and wet
seasons, niche overlap was also low (O, observed
mean for the wet season = 0.23 and O, observed
mean for the dry season = 0.18). Randomizations
performed separately for temporal (dry and wet
season) data produced no significant difference
between the observed and expected niche overlap
for both wet season (RA3 algorithm: p observed
< expected = 0.71 and p observed > expected =
0.29; RA4 algorithm: p observed < expected = 0.75
and p observed > expected = 0.25) and dry season
(RA3 algorithm: p observed < expected = 0.66 and
p observed > expected = 0.34; RA4 algorithm:
p observed < expected = 0.70 and p observed >
expected = 0.30). Therefore, the values of diet
overlap across species were not significantly different
from those expected by chance (null communities)

Table 4. Pianka’s overlap index of diet across fish species and seasons during the study period.

O. niloticus

P. managuensis G. brasiliensis

Wet Dry Wet Dry Wet Dry
O. niloticus Wet -
Dry 0.9998 -
P. managuensis Wet 0.0081 7.5E-6 -
Dry 0.0039 1.0E-6 0.8734 -
G. brasiliensis Wet 0.3323 0.3311 0.3537 0.1396 -
Dry 0.4039 0.4031 0.3411 0.1326 0.9853 -
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Table 5. Proportional abundance of microalgae genera observed in the stomach contents of O. niloticus during the

study period.

Bacillariophyceae

Cyanophyceae

Oedogoniophyceae

Achnanthes sp. 13.11 Anabaena sp. 13.82 Oedogonium sp. 3.40
Amphora sp. 3.54 Aphanocapsa sp. 4.96
Cocconeis sp. 0.28 Aphanothece sp. 3.05 Zygnemaphyceae
Cymbella sp. 0.64 Chroococcus sp. 1.56 Closterium sp. 0.07
Epithemia sp. 0.07 Coelomoron sp. 0.28 Spirogyra sp. 0.28
Eunotia sp. 0.07 Coelosphaerium sp. 0.07
Gomphonema sp. 1.56 Gloeotrichia sp. 0.07
Gyrosigma sp. 3.83 Johannesbaptista sp. 0.14
Navicula sp. 1.77 Lyngbya sp. 5.74
Nitzschia sp. 0.35 Merismopedia sp. 0.43
Surirella sp. 0.21 Nodularia sp. 1.63
Planktothrix sp. 0.14
Chlorophyceae Spirulina sp. 0.14
Coelastrum sp. 0.07
Oocystis sp. 6.17 Euglenophyceae
Trachelomonas sp. 0.07
Coscinodiscophyceae
Aulacoseira sp. 28.21 Fragilariophyceae
Cyclotella sp. 0.21 Fragilaria sp. 3.76
Melosira sp. 0.28

(»>0.05), suggesting that these values have a high
probability of being random, and thus showing no
evidence of resource sharing.

Microscopic analysis of the stomach contents
of O. niloticus showed the occurrence of mostly
microalgae, which were likely ingested with the
sediment. A total of 34 genera was recorded in
the stomach contents of O. niloticus. The most
abundant algae were Cyanophyceae 32.0%),
Coscinodiscophyceae 28.7%, Bacillariophyceae
25.4%, Chlorophyceae 6.2%, Fragilariophyceae
3.8%, Oedogoniophyceae 3.4%, Zignemaphyceae
0.6% and Euglenophyceae 0.1% (Table 5).

4. Discussion

Aquatic systems in the tropics are known for
their variety of fish species, adapted to consume
food resources from a range of different sources
(aquatic and terrestrial/animal and vegetal)
(Lowe-Mcconnell, 1987). The present study
surveyed a site that was poor in fish richness
and in food and habitat resources available for
fish (Medeiros et al., 2008; Silva et al., 2010;
Medeiros et al., 2011). As a consequence, diet
composition was narrow, with the study fish species
consuming few food items from the short range
available, compared with the far greater range of
food items reported for the study species in the
literature (Abelha & Goulart, 2004; Barbosa &
Mendonga, 2006; Oso et al., 2006). In general,

the study species maintained their expected diet
composition with G. brasiliensis being mostly
omnivorous and P managuensis being piscivourous,
both showing greater breadth of food items than
O. niloticus, whose diet was based on microalgae
from the sediment. Feeding on harder to digest
items, such as bottom sediment or detritus in order
to extract mote nutritious food resources has been
reported for other fish species in dryland aquatic
systems (Silva et al., 2010; Medeiros & Arthington,
2011). There is evidence indicating that these more
refractory components are physically separated
and/or the nutritious component selectively
digested (Bowen, 1984).

Opverall morphological and behavioral differences
among the study species (Meyer, 1987; Wimberger,
1991; Toguyeni et al., 1997) most likely led to the
observed differences in dietary composition, but
differences between individuals of the same species
and seasons were low, mostly so for O. niloticus.
Populations of species with generalist feeding
behavior will tend to be made either of individuals
with narrow but different dietary breadths or
individuals with shared broader breadths (Pianka,
1994). In the present study, the low natural diversity
of food items and habitat types may have led to the
overall high similarity in diet composition among
individuals of O. niloticus. However, the more
generalist species (G. brasiliensis and P managuensis)
showed comparatively (with O. niloticus) less similar
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individual dietary composition, which can indicate
a greater degree of individual specialization. This is
corroborated by the fact that the more generalist
species showed also more indicator food items (fish
scales, fish remainings, sand, Cladocera and shrimp
for P managuensis; and chironomids, vegetable
mactter and algae for G. brasiliensis) when compared
to O. niloticus, which had only sediment as indicator
food item for the species.

Seasonal (wet/dry) variation in diet composition
of the study species was not significant, as
demonstrated by the multivariate analyses. This
is likely the result of a lack of variation in natural
abundance of prey items during the present study,
which accompanied the overall lack of temporal
variation in the morphological and water variables
characteristics in the study site. The dynamics of
the aquatic habitat has been reported as a basic
framework affecting the colonization of the aquatic
fauna and flora (Martin-Smith, 1998), which in
turn sustains fish consumers (Mugodo et al., 2006).
Furthermore, most food items with low proportional
natural abundance were consumed in low frequency
by the study species, indicating that their availability
in the environment is an important determinant
of food choice (Prejs & Prejs, 1987). Interestingly,
dominant food items in the diets of O. niloticus
and G. brasiliensis were also abundant in the
environment (except for fish scales). Nevertheless,
G. brasiliensis and P managuensis were more selective
than O. niloticus, both feeding on items with lower
natural abundances (such as chironomids and
vegetable matter and cladocerans, respectively)
regardless of the higher natural abundance of other
items, such as mollusks and copepods (respectively).

Null models showed that diet overlap among the
study species was low and that the seasonal overlap
for each species was high. This further corroborates
previous arguments showing no temporal variation
in diets, and evidence of resource partitioning
among the species. The fact that each cichlid
species presented specific preferences, resulting
from morphological and behavioral characteristics,
for some food items is the most likely cause for
the partition in food resources, that is each species
feeding on few food items, therefore, not sharing
with other species. Lower competition of species
in Brazilian semi-arid aquatic systems has been
proposed by Silva et al. (2010), on the basis that
fish select from a wide range of food items available.
But that study was performed on species that feed
on different trophic levels in habitats richer in food
items, fish species and underwater structures.
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Two interpretations can be made from the
data present in this study, to explain why diet
did not overlap. The first is that the study
species are competing against each other and
therefore partitioning the resource available
(Corréa et al., 2011). That could be supported by
the evidence from the present study showing that
resource available is scarce and habitat available is
not diverse; and that the three species coexist in the
same habitat, since they were captured by the same
sampling techniques employing the same sampling
effort. The second interpretation is that the fish
species have naturally different feeding habits and
feeding apparatus morphology (Meyer, 1987;
Wimberger, 1991; Toguyeni et al., 1997), thus
segregating food items without competition per se.
This is supported by the fact that, G. brasiliensis
and O. niloticus, which are more similar in feeding
apparatus morphology, also showed greater overlap,
feeding largely on sediment.

Differences in underwater and marginal
aquatic elements across variable habitat types have
been reported for semi-arid aquatic systems of
Brazil (Medeiros et al., 2008). The results of the
present study provide evidence that the dietary
composition of fish is influenced by the availability
and composition of prey items, in conditions of
low prey diversity and poor habitat structure,
therefore associated with low spatial changes in
the environment. Given the relatively low range of
food items consumed, the results suggest that the
lack of overall habitat variability and consequently
low variability regarding the array of food items
available, led to few and dominant food items
consumed by the study species of fish. In the present
study, a narrow range of food items was consumed
by the fish species, as each of the species showed
specific dietary preferences with predominance of
items observed in greater natural abundance in the
environment. These results and the low overlap in
food resource use indicate that in the presence of
restricted availability of resources (food and habitat)
fish species and individuals tend to specialize to
select some resources. This is likely the result of
low natural variation in abundance of specific
food items associated with fish morphological and
behavioral traits. These results support evidence that
in Brazilian semi-arid aquatic systems coexistence
of fish species seems to be enhanced by the highly
variable water flow and by the high diversity of
aquatic habitat elements available for colonization
of fish and their prey. Furthermore, food resources
available to fish play an important role in this
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dynamics since prey foods are expected to vary in
abundance as the habitat changes. Given the overall
lack of information on resource partitioning and
feeding preferences of fish for the Brazilian aquatic
systems, further studies need to be performed to
evaluate the patterns observed in the present study
in other systems, such as intermittent streams and
natural shallow lakes, in order to better understand
coexistence of fish in these systems.
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