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Abstract
Freshwater species are under threat from anthropogenic disturbance from in-stream barriers. Trophic interactions 
are a major driver of community structure and understanding how species partition resources in relation to barriers 
can help determine ecological impacts. In this study, we analyzed the diet based on stomach contents of three cichlid 
species from distinct genera and with divergent morphologies that occur in syntopy (Apistogramma piauiensis, 
Cichlasoma cf. zarskei, and Saxatilia brasiliensis) from the Mata de Itamacaoca, middle Munim River basin, Maranhão, 
northeastern Brazil, examining prey diversity and richness variations above and below a dam. Apistogramma 
piauiensis and Saxatilia brasiliensis primarily consumed insects, while Cichlasoma cf. zarskei had a more diverse diet, 
including insects, substrate, and fish. The dam had no measurable effect on stomach content diversity or richness; 
however, there were species-specific differences, with the diet of A. piauiensis showing lower prey richness than the 
other two species and lower dietary diversity than Saxatilia brasiliensis. nMDS and PERMANOVA analyses indicated 
considerable dietary niche overlap among species, with a weak but significant effect of species on the composition 
of consumed prey. There was a high dietary overlap between Cichlasoma cf. zarskei and Saxatilia brasiliensis. 
All species separated in morphospace with Saxatilia brasiliensis exhibiting traits related to predatory foraging. These 
results indicate niche separation in ecologies among the three focal species, which may be related to differences 
in morphology. However, given the limited temporal scale and variables assessed, further studies are necessary 
to comprehensively evaluate the influence of the dam on trophic resources and fish assemblages.
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Resumo
Espécies de água doce estão sob ameaça de distúrbios antrópicos causados por barreiras nos cursos d’água. 
As interações tróficas são um dos principais fatores que moldam a estrutura das comunidades, e compreender como as 
espécies compartilham recursos em relação a essas barreiras pode ajudar a determinar os impactos ecológicos. Neste 
estudo, analisamos a dieta com base no conteúdo estomacal de três espécies de ciclídeos, de gêneros distintos e morfologia 
divergente, que ocorrem em sintopia (Apistogramma piauiensis, Cichlasoma cf. zarskei e Saxatilia brasiliensis), coletadas na 
Mata de Itamacaoca, bacia do médio Rio Munim, Maranhão, nordeste do Brasil, investigando variações na diversidade 
e riqueza de presas acima e abaixo de uma barragem. Apistogramma piauiensis e Saxatilia brasiliensis consumiram 
principalmente insetos, enquanto Cichlasoma cf. zarskei apresentou uma dieta mais diversificada, incluindo insetos, 
substrato e peixes. A barragem não teve efeito mensurável sobre a diversidade ou riqueza do conteúdo estomacal, mas 
diferenças específicas entre as espécies foram observadas. A dieta de A. piauiensis apresentou menor riqueza de presas 
em comparação às outras duas espécies e menor diversidade dietética em relação a Saxatilia brasiliensis. Análises de 
nMDS e PERMANOVA indicaram considerável sobreposição de nicho alimentar entre as espécies, com um efeito fraco, 
porém significativo, das espécies na composição das presas consumidas. Observou-se uma alta sobreposição dietética 
entre Cichlasoma cf. zarskei e Saxatilia brasiliensis. As espécies se diferenciaram no morfoespaço, com Saxatilia brasiliensis 
exibindo características relacionadas à forrageamento predatório. Esses resultados indicam separação de nichos ecológicos 
entre as três espécies focais, o que pode estar relacionado a diferenças na morfologia. No entanto, dada a escala temporal 
limitada e as variáveis ​​avaliadas, estudos adicionais são necessários para avaliar de forma abrangente a influência da 
barragem sobre os recursos tróficos e as assembleias de peixes.

Palavras-chave: Cichlidae, impacto de barragem, sobreposição de dieta, morfometria, nicho trófico.
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guilds—from detritivore to piscivore—with specialized 
morphologies for shell-crushing, algae scraping, and 
benthic foraging (Hulsey  et  al., 2008). Their ecological 
versatility and morphological disparity make cichlids an 
ideal model for exploring form-function relationships 
and assessing how environmental changes reshape niche 
dynamics (Muschick et al., 2012; Ford et al., 2016).

This study investigates the trophic structure and 
morphometric variation of three syntopic cichlid 
species [Apistogramma piauiensis Kullander, 1980, 
Cichlasoma cf. zarskei, and Saxatilia brasiliensis (Bloch, 1792)] 
inhabiting the fragmented Mata de Itamacaoca stream 
system, middle Munim River basin, Maranhão, Brazil. These 
species were selected not only due to their co-occurrence 
but also because the family Cichlidae is the second most 
speciose in the Mata de Itamacaoca (Oliveira et al., 2020), 
underscoring its ecological relevance in the local fish 
community. Although they belong to distinct genera and 
exhibit divergent morphologies, their syntopy makes them 
an excellent system to evaluate how habitat sharing shapes 
trophic differentiation in cichlid lineages (Muschick et al., 
2012; Ford et al., 2016). We test two hypotheses: (1) These 
species will exhibit significant divergence in feeding-related 
morphometrics, yet moderate dietary overlap, reflecting 
niche differentiation; and (2) dam-induced fragmentation 
will reduce resource diversity downstream, manifesting 
in diminished trophic richness and diversity in fish diets 
below the impoundment. By integrating morphometric and 
dietary analyses, this work contributes to understanding 
how anthropogenic disturbances influence coexistence 
mechanisms in Neotropical cichlids.

2. Material and Methods

2.1. Study area and field sampling

This study was conducted in the Mata de Itamacaoca, 
middle Munim River basin, State of Maranhão, northeastern 
Brazil, a 460-hectare protected urban area within the 
Cerrado biome, located at an altitude of approximately 
90 meters above sea level in Chapadinha, Maranhão State, 
Brazil (3°44’45.20”S, 43°19’15.10”W) (Figure 1, Table 1). The 
Munim River basin (approximately 16,000 km2), which spans 
between the Amazon and Cerrado biomes, hosts a diverse 
cichlid assemblage, with ecological data still limited in the 
region (Koerber et al., 2022; Vieira et al., 2023). This area 
is of significant importance due to the presence of a dam 
constructed to provide potable water to the municipality 
of Chapadinha, State of Maranhão. The dam is primarily fed 
by the springs and streams originating within the Mata de 
Itamacaoca, which serve as vital sources of freshwater. The 
establishment of this dam was a key factor in the creation 
of the protected area, emphasizing the need to conserving 
the integrity of the surrounding vegetation to maintain 
water quality and ensure a sustainable supply for the local 
population (Silva et al., 2008). The study area encompasses 
a rich diversity of vegetation types, including riparian and 
gallery forests that line the watercourses, as well as various 
stream sources that support a variety of fish communities 
(Oliveira et al., 2020; Vieira et al., 2023; Oliveira et al., 2024). 

1. Introduction

Freshwater ecosystems rank among the most imperiled 
globally, subjected to escalating anthropogenic pressures 
including habitat fragmentation, overexploitation, chemical 
pollution, and biological invasions (Tickner et al., 2020; 
Ottoni  et  al., 2023, 2025). These disturbances disrupt 
fundamental ecological processes by altering resource 
availability, modifying species interactions, and restructuring 
community assemblages (Freitas et al., 2022). In biodiversity-
rich Neotropical regions, freshwater fish assemblages-
particularly those comprising phylogenetically related and 
ecologically plastic species—serve as compelling models for 
investigating mechanisms of coexistence under dynamic 
environmental conditions (Reis et al., 2016). Understanding 
these mechanisms is critical, as anthropogenic modifications 
often intensify competitive interactions, potentially 
leading to local extirpations or shifts in trophic structure 
(Dala-Corte et al., 2020).

In this context, identifying the processes that enable 
species to coexist despite increasing environmental stress is 
a central tenet of community ecology (Lubich et al., 2024). 
Classical niche theory (Hutchinson, 1957) and modern 
coexistence frameworks (Chesson, 2000) posit that stable 
coexistence requires ecological differentiation along at least 
one niche axis—spatial, temporal, or trophic. In freshwater 
fish assemblages, such differentiation often manifests 
through morphological divergence in traits related to 
feeding, locomotion, or habitat use (Gomiero et al., 2010; 
Lubich  et  al., 2024). These morphological traits can be 
quantified through morphometric analyses, which provide 
indirect evidence of niche partitioning when integrated 
with dietary data (Meyer, 1990; Ibáñez and Jawad, 
2018, Dwivedi and De, 2024). However, the relationship 
between morphology and ecological function is not always 
deterministic, as behavioral plasticity and environmental 
constraints may decouple body shape from realized 
resource use (Vranken et al., 2020).

Predation and foraging behavior play pivotal roles in 
structuring aquatic assemblages, driving energy flow and 
influencing community stability (Sih et al., 1985). Stomach 
content analysis remains a foundational tool for resolving 
short-term trophic interactions, offering direct evidence of 
resource use (Baker et al., 2014). Yet, dietary patterns are 
shaped by the interaction between intrinsic species traits 
(e.g., morphology, behavior) and extrinsic environmental 
conditions (e.g., habitat heterogeneity, resource availability) 
(McCard et al., 2021; Luger et al., 2020). As such, integrative 
approaches that combine morphometric and dietary data 
have gained traction in quantifying trophic differentiation 
among sympatric species (Sibbing and Nagelkerke, 2000; 
Galvez  et  al., 2022). These approaches are particularly 
informative in groups exhibiting high trophic diversity 
(Meyer, 1990; Dwivedi and De, 2024), such as cichlids 
(Arbour and López-Fernández, 2014; Galvez et al., 2022).

Among Neotropical freshwater fishes, the family 
Cichlidae exemplifies adaptive radiation, characterized 
by exceptional ecological and phenotypic diversification 
(Montaña and Winemiller, 2013; Nelson  et  al., 2016). 
Neotropical cichlids encompass 84 genera and 564 species 
(Fricke et al., 2025), spanning a broad range of trophic 
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Figure 1. Study area map showing the sampling sites (C1–C4) in the Mata de Itamacaoca, municipality of Chapadinha, State of Maranhão, 
northeastern Brazil. The Itamacaoca Dam is highlighted in red.

Table 1. Sampling sites with geographic coordinates and number of individuals per species collected at each site at Mata de Itamacaoca 
and their positions in relation to the dam (Above or Below), middle Munim River basin, State of Maranhão, northeastern Brazil. The 
absence of Saxatilia brasiliensis at site C4 is indicated by a dash (–).

Collecting Site Coordinates Apistogramma piauiensis Cichlasoma cf. zarskei Saxatilia brasiliensis

C1 3°44’45.20”S 
43°19’15.10”W

10 10 10

(Above)

C2 3°44’58.24”S 
43°20’23.91”W

8 9 13

(Below)

C3 3°44’55.16”S 
43°19’57.10”W

12 11 14

(Above)

C4 3°45’8.20”S 
43°20’4.13”W

10 10 –

(Below)

Sample size 40 40 37
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Additionally, the area includes closed-canopy forests with 
trees exceeding 10 meters in height (Silva et al., 2008). The 
Mata de Itamacaoca was recognized as an Area of Relevant 
Ecological Interest by Municipal Decree No. 05/2018, 
underlining its importance in conserving local fauna and 
flora (Maranhão, 2018). Beyond its role in water provision, 
the area plays a crucial part in maintaining ecological 
balance, regulating the local climate, conserving soil, and 
enhancing water quality (Silva et al., 2008).

Sampling occurred quarterly from August 2014 to 
February 2020, encompassing 22 sampling campaigns. 
Fish sampling was conducted at four sites (C1-C4) located 
in tributaries that feed the Mata de Itamacaoca reservoir 
within the middle Munim River basin, Maranhão, Brazil. 
All four sites were sampled concurrently during each 
campaign, ensuring consistent temporal coverage and 
minimizing seasonal bias (Figure 1, Table 1). While only 
site C3 is situated downstream of the dam and exhibits 
typical characteristics of a fragmented lotic environment, 
all sites are hydrologically connected to the reservoir 
and may be differentially influenced by dam-induced 
alterations in flow regime (Figure  1). Although only 
one site is directly affected by the dam, hydrological 
continuity among sites suggests that indirect effects 
may extend upstream (Medeiros et al., 2014; Jorge et al., 
2019; Abbott  et  al., 2022). For the morphometric and 
trophic analyses presented herein, a subset of individuals 
from each species was selected to achieve approximately 
40 specimens per species (Table 1). Individuals were drawn 
in balanced proportions from all four sampling sites to 
ensure spatial representation (Table 1). Temporal variation 
was not incorporated as a factor in the analyses; instead, 
data were aggregated across sampling dates to focus on 
spatial comparisons among sites. Although temporal 
variability was not directly analyzed, aggregating data 
across multiple years helps capture the general trophic 
and morphometric patterns representative of each site, 
rather than transient fluctuations. This approach allowed a 
robust assessment of trophic structure and morphometric 
variation across sites with varying degrees of dam influence, 
while avoiding pseudoreplication by treating individual 
specimens as independent spatial replicates.

Fish were captured using hand nets (80 cm length x 
54 cm width, 2 mm mesh size) and seine nets (240 cm 
length x 100 cm height, 2 mm mesh size), following the 
methodologies outlined by Auricchio and Salomão (2002). 
The collection procedures adhered strictly to animal welfare 
guidelines, as established by Underwood and Anthony 
(2020). Specimens were euthanized using a solution of 
ethyl 3-amino-benzoate-methanesulfonate (MS-222) at 

a concentration of 250 mg/L until opercular movements 
ceased. After euthanasia, the specimens were preserved in 
10% formalin for 10-15 days before being transferred to a 
70% ethanol solution for long-term storage. All specimens 
were deposited in the Coleção Ictiológica do Centro de 
Ciências Agrárias e Ambientais of Universidade Federal do 
Maranhão (CICCAA) (Supplementary Material 1).

2.2. Stomach content analyses

To investigate trophic niches and morphometric 
variation, we examined the stomach contents of 
117 individuals from three Cichlid species: Apistogramma 
piauiensis (n = 40); Cichlasoma cf. zarskei (n = 40); and 
Saxatilia brasiliensis (n = 37) (Supplementary Material 1; 
Table  1;  Table  2). The frequency of occurrence (FO) of 
each food item was determined as the ratio of stomachs 
containing a specific item to the total stomachs examined 
(Hyslop, 1980). Dietary proportions were estimated visually 
using a grid-based method (Hyslop, 1980). Stomach 
contents were compressed to a consistent thickness of 
0.5 mm, and the covered surface area was estimated by 
counting 1 mm2 grid squares. Proportions were rounded 
to 0.1% and expressed as percentages. Mean and standard 
deviation of prey proportions were calculated for each 
species, excluding empty stomachs. The modified feeding 
index (IAi) was calculated following Kawakami and 
Vazzoler (1980).

To simplify analysis, prey items were grouped into 
functional categories based on size, shape, and movement 
patterns, including insects, insect larvae, plant material, 
benthic arthropods, crustaceans, fish, and substrate 
(Table 3). The category substrate comprises inorganic and 
non-nutritive materials such as sediment, sludge and debris, 
which are considered to be incidentally ingested during 
foraging (Bowen, 1983; Fugi et al., 2001; Novakowski et al., 
2016). Because substrate (sediment, sand, and inorganic 
material) does not represent intentional dietary intake, it 
was excluded from quantitative trophic analyses, including 
the Index of Alimentary Importance (IAi) and NMDS 
ordination, to avoid bias from incidental ingestion (Bowen, 
1983; Hyslop, 1980). However, substrate was retained in 
descriptive diet analyses—such as relative proportions 
of dietary items, indicator species analysis, and SIMPER 
analysis—to ensure a complete representation of stomach 
content composition.

We also conducted an indicator species analysis using 
the indicspecies::multipatt function in R to determine 
which dietary components significantly contributed 
to the stomach contents of each species (alpha = 0.05) 
(Dufrêne and Legendre, 1997; De Cáceres  et  al., 2010). 

Table 2. Trophic guild of the three Cichliform species employed in the variance in morphometrics and trophic niche, mean ± standard 
deviation (SD), median and range of all sampled Chicliform standard length (SL).

Family / Species Trophic Guild SL Mean ± SD (mm) SL Median (mm) SL Range (mm)

Apistogramma piauiensis Generalist 29.46 ± 2.72 29.29 36.68 – 24.59

Cichlasoma cf. zarskei Generalist 75.44 ± 10.09 76.82 98.33 – 53.18

Saxatilia brasiliensis Generalist 87.49 ± 10.47 84.38 110.55 – 67.87
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Non-Metric Multidimensional Scaling (nMDS) based on 
Bray-Curtis dissimilarity (vegan::metaMDS) was used to 
evaluate dietary overlap, with stress values <0.2 ensuring 
ordination quality. A PERMANOVA (999 permutations) 
was used to test whether there were species specific 
differences between resource consumption and the effect 
of the dam using a full interaction model. ANOSIM was 
used to test whether dietary differences between species 
was more than variation within species, and a SIMPER 
analysis was used to identify which resources contribute 
the most difference between the cichlid consumers. 

We also calculated Levins’ index of dietary niche breadth 
(Levins, 1968) (Equation 1):

2
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p

=

=
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 	  (1)

Where: B: Niche breadth index; pi: Proportion of resource 
i use relative to the total resources used; n: Total number 
of resource categories.

Table 3. Alimentary importance index (IAi) of food items of each of three Cichliform species in Mata de Itamacaoca, middle 
Munim River basin, Brazil.

Food items Apistogramma piauiensis Cichlasoma cf. zarskei Saxatilia brasiliensis

Insects

Coleoptera 4.83 0.30 2.29

Diptera 1.01 0.11 0.36

Ephemeroptera 2.47 0.35

Hymenoptera 1.30 0.50 1.61

Hemiptera 0.69 0.70 0.12

Isoptera 0.03 0.37

Collembola 0.17

Trichoptera 0.10

Odonata 0.04

Orthoptera 0.05

Insect remains 0.19 1.14 0.70

Insect larvae

Coleopteran larvae 1.40 0.13 0.42

Dipteran larvae 1.01 3.41 0.14

Lepidopteran larvae 0.02

Trichopteran larvae 0.10

Plant material

Flowers 0.08

Seeds 0.04

Plant remains 0.11 0.01

Filamentous algae 0.59 0.13

Benthic arthropods

Hydracarina 3.20 0.10

Araneae

Spiders 0.06 0.01

Crustaceans

Decapoda 0.54

Fish

Characiforms 0.14 1.62

Cichliforms 0.44 0.02

Siluriforms 0.01

Fingerlings 0.03 0.16

Fish scale 1.09 0.46

Fish bone 0.50 0.57

Fish remains 0.16 0.57
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And Pianka’s index of niche overlap (Pianka, 1973) 
(Equation 2):

1

2 2
1 1
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p p
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p p
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= =

= ∑
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 	  (2)

Where: Oij: Niche overlap index between species i and j; pik: 
Proportion of resource k used by species i; pjk: Proportion 
of resource k used by species j; n: Total number of resource 
categories.

Shannon diversity index (H) and prey richness (Sprich) 
were calculated to evaluate prey diversity and richness 
above and below the dam (Shannon, 1948). To further 
explore spatial variation in dietary composition, we also 
assessed prey richness and diversity at the individual site 
level (C1 to C4) for each species. All diversity calculations 
were based on volumetric data from stomach content 
analyses and were performed using the vegan package in 
R (Oksanen et al., 2022). Two Generalized Linear Models 
(GLMs) with a quasi-Poisson distribution were constructed to 
determine whether there were differences between cichlid 
species and dam location on H and Sprich. Initial models 
included a full interaction effect and which were removed 
if not significant. Model simplification was achieved via the 
R package “car” and Type 2 sum of squares and post-hoc 
differences established using “emmeans” (Lenth et al., 2020).

2.3. Morphometric analysis

To assess morphometric variation potentially related 
to trophic ecology among the three studied species, we 
adapted established protocols (Balon et al., 1986; Sibbing 
and Nagelkerke, 2000; Breda et al., 2005) to obtain 16 linear 
morphometric measurements from captured specimens 

(Figure 2; Supplementary Material 2; Table 2). These traits 
were selected based on previous evidence linking them to 
feeding performance, habitat use, and locomotion, which are 
important aspects influencing ecological niche differentiation 
(Supplementary Material 2). Measurements were taken 
using a digital caliper (accurate to two decimal places) and 
stereoscopic microscopy to ensure precision. To control for 
overall body size, Mosimann size correction method was 
applied (Jungers et al., 1995), dividing each trait by the 
geometric mean (GM) of all measured traits per individual 
to isolate shape variation. The GM was retained as an 
additional variable representing overall body size, preferred 
over standard length (SL) to better capture size-related 
variation (Nawa et al., 2024). Principal Component Analysis 
(PCA) on the correlation matrix of size-corrected traits was 
performed to explore morphometric differences among 
species. Statistical analyses were conducted using R software 
(R Core Team, 2021).

3. Results

3.1. Dietary composition

A total of 29 distinct food items were recorded in the 
diets of the three Cichliform species (Table  3). Insects 
dominated the diets of Apistogramma piauiensis (49.6%) 
and Saxatilia brasiliensis (40.4%), while Cichlasoma cf. zarskei 
exhibited a more diverse diet with significant proportions 
of insects (29.4%), substrate (23.3%), and fish (19.6%) 
(Figure 3). Significant dietary indicators included substrate 
for Cichlasoma cf. zarskei (p = 0.001) and crustaceans for 
Saxatilia brasiliensis (p = 0.001) (Table 4). Fish and plant 
material were key indicators for both of Cichlasoma cf. 
zarskei and Saxatilia brasiliensis (p < 0.05) (Table 4).

Figure 2. Schematic representation of a fish illustrating the linear morphometric measurements recorded from Cichliform species in 
the Mata de Itamacaoca, situated in the middle Munim River basin, northeastern Brazil. Adapted from Balon et al. (1986), Sibbing and 
Nagelkerke (2000). Illustration adapted from Novakowski et al. (2016).
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Figure 3. Proportional contribution (volume) of feeding items grouped into categories related to the three Cichliform species, Mata de 
Itamacaoca, middle Munim River basin. The presence of substrate-related items (e.g., sediment, sludge and debris) reflects incidental 
ingestion during foraging rather than targeted feeding, while the overall dietary profile illustrates the trophic composition associated 
with each species.

Table 4. All significant indicator resources of feeding items are grouped into categories related to each of the three Cichliform species. 
Indicator Value (stat): Higher values indicate a stronger association between the resource and the species. Resources in bold are those 
that were found to be statistically significant.

Species Resource Indicator Value (stat) p

Cichlasoma cf. zarskei Substrate 0.801 0.001

Seeds 0.316 0.315

Spiders 0.284 0.319

Saxatilia brasiliensis Crustaceans 0.284 0.001

Apistogramma piauiensis + Cichlasoma cf. zarskei Zooplankton 0.387 0.285

Cichlasoma cf. zarskei + Saxatilia brasiliensis Fish 0.827 0.001

Plant Material 0.562 0.01

3.2. Dietary niche breadth and overlap

The nMDS analysis (stress = 0.15) showed dietary overlap 
between the three species (Figure 4). PERMANOVA indicated 
a weak but significant difference in diet composition 
between the three species, explaining 17% of the variation 
(F2,57 = 5.68; R2 = 0.17; p < 0.001) and no effect of the dam 
wall on stomach contents, while ANOSIM also indicated 
weak but significant differences in diet dissimilarity 
(R = 0.21, p = 0.001). The SIMPER analysis revealed that 
diet dissimilarity between Apistogramma piauiensis 
and Saxatilia brasiliensis was primarily driven by fish 
(cumulative contribution: 0.70) and insects (0.36) (Table 5). 
For Apistogramma piauiensis and Cichlasoma cf. zarskei, the 
main contributors were insects (0.27), substrate (0.50), and 
fish (0.71). The dissimilarity between Saxatilia brasiliensis 
and Cichlasoma cf. zarskei was mostly influenced by plant 
material (0.79), substrate (0.69), insects (0.52), and fish 

(0.28). (Table 5). Dietary niche breadth ranged from 1.90 for 
Apistogramma piauiensis to 3.48 for Saxatilia brasiliensis 
and 4.75 for Cichlasoma cf. zarskei. Saxatilia brasiliensis 
and Cichlasoma cf. zarskei exhibited the highest overlap 
(OP = 0.84). Apistogramma piauiensis showed a moderate 
overlap with both Saxatilia brasiliensis (OP = 0.68) and 
Cichlasoma cf. zarskei (OP = 0.70).

3.3. Effect of consumer and dam on resource consumption

There were no interaction effects between species and 
the dam wall on dietary Sprich and H (Figure 5; Figure 6). 
Species had a significant effect on Sprich (χ2=8.71, df=2, 
p<0.05) and H χ2=6.68, df=2, p<0.05) (Table 6). For Sprich, 
Apistogramma piauiensis had significantly lower Sprich than 
Saxatilia brasiliensis (z=2.640, p < 0.05) (Table 6). There was 
no significant difference between Cichlasoma cf. zarskei 
and Saxatilia brasiliensis (z = 0.383, p > 0.05) (Table 6). 
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Figure 4. Non-metric multidimensional scaling of the resource use of Cichliform species of the Mata de Itamacaoca, middle Munim 
River basin. Shaded areas indicate trophic niche overlap.

Figure 5. Prey richness (Sprich) and Shannon-Wiener diversity (H) across sampling sites situated both above and below the dam wall. 
Boxplots represent the median and interquartile ranges, while individual points signify prey richness per site in the Mata de Itamacaoca.
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Figure 6. (A) Variation in prey richness (S) across sampling sites and among cichlid species. (B) Prey diversity, based on the 
Shannon-Wiener index (H), across sampling sites for each species in the Mata de Itamacaoca.

Table 6. Summary of GLMs used to determine differences in prey richness (Sprich) and Shannon-Weiner diversity index (H), with fish 
species as the independent variable. Significant p-values are highlighted in bold.

Contrast Response Variable Estimate SE z p

Apistogramma piauiensis - Cichlasoma cf. zarskei H -0.566 0.309 -1.833 0.1588

Apistogramma piauiensis - Saxatilia brasiliensis H -0.748 0.307 -2.440 0.0390

Cichlasoma cf. zarskei - Saxatilia brasiliensis H -0.182 0.261 -0.699 0.7643

Apistogramma piauiensis - Cichlasoma cf. zarskei Sprich -0.7367 0.315 -2.340 0.0504

Apistogramma piauiensis - Saxatilia brasiliensis Sprich -0.8346 0.316 -2.640 0.0225

Cichlasoma cf. zarskei - Saxatilia brasiliensis Sprich -0.0979 0.256 -0.383 0.9223

Table 5. Accumulated contributions (SIMPER) from the most influential food items to the dissimilarity in diet among cichlid species.

Species Resource Accumulated Contribution

Apistogramma piauiensis - Saxatilia brasiliensis Fish 0.362

Insects 0.707

Apistogramma piauiensis - Cichlasoma cf. zarskei Insects 0.274

Substrate 0.504

Fish 0.712

Saxatilia brasiliensis - Cichlasoma cf. zarskei Plant material 0.793

Substrate 0.698

Insects 0.526

Fish 0.289

For H, Apistogramma piauiensis had significantly lower H 
than Saxatilia brasiliensis (z=2.440, p < 0.05) (Table 6). The 
difference between Apistogramma piauiensis and Cichlasoma cf. 
zarskei was not significant (z = 1.833, p > 0.05), and similarly, 

no significant difference was found between Cichlasoma cf. 
zarskei and Saxatilia brasiliensis (z = 0.699, p > 0.05) (Table 6). 
The dam wall had no effect on Sprich (χ2=0.56, df=1, p=0.45) 
or H χ2=0.07, df=1, p=0.77).(χ2=0.07, df=1, p=0.77).
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3.4. Morphometrics

The PCA explained 54% of the variance in morphometrics 
(Figure 7; Table 7). Saxatilia brasiliensis clustered distinctly, 
driven by traits such as head length (HL), oral gape width 
(GW), and standard length (SL). Cichlasoma cf. zarskei 
exhibited greater head depth (HD) and body depth 
(BD), while Apistogramma piauiensis was characterized 
by elongated dorsal fins (DFiL) and gill-related traits, 
including gill raker length (GiRL) and distance (GiRD) 
(Figure 7; Table 7).

4. Discussion

We conducted the first study using morphometrics 
and trophic analysis to compare three Cichliform species 
(Apistogramma piauiensis, Cichlasoma cf. zarskei, and Saxatilia 
brasiliensis), which coexist in a protected area of the Mata 
de Itamacaoca, located in the middle Munim River basin, 
State of Maranhão, northeastern Brazil. In total, seven 
species of the family Cichlidae are recorded in the basin 
(Vieira et al., 2023). However, the selection of the three 
species analyzed was based on their coexistence within this 

Table 7. Abbreviation and Kendall correlation (tau Kendall) values were obtained for each linear morphometric variable the first and two 
axes (PC1 and PC2) of the principal component analysis (PCA). Values > 0.7 are in bold because they explain most of the morphometric 
patterns across the three Cichliform species.

Morphological attribute Abbreviation PC1 PC2

Body depth BD 0.8823 0.0038

Body width BW 0.5495 -0.2645

Standard length SL 0.8990 -0.0455

Head length HL 0.7923 0.1944

Head depth HD -0.8350 0.1371

Pectoral fin length PFiL -0.4808 0.1816

Dorsal fin length DFiL -0.0520 0.7510

Caudal fin length CFiL -0.5701 -0.0910

Caudal peduncle depth CPD 0.5663 -0.3769

Caudal peduncle width CPW -0.3512 0.4630

Oral gape width GW 0.7963 0.3416

Geometric mean GM -0.0494 0.6427

Oral gape height GH 0.6918 0.1153

Eye diameter ED -0.0665 -0.4425

Postorbital length POrL 0.6960 0.5394

Gill raker length GiRL -0.3953 0.7181

Gill inter-raker distance GiRD 0.1776 -0.7373

Figure 7. Biplot of the Principal Component Analysis (PCA) showing the linear morphometric space among Cichliform species and 
variable loadings on the PC axes.
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specific ecosystem, encompassing both areas upstream of 
the Itamacaoca Dam (reservoir) and downstream (the river 
stretch below the dam). This arrangement provides an ideal 
scenario for investigating ecological mechanisms associated 
with morphometric divergence and trophic strategies that 
favor the persistence of morphologically distinct species 
under the influence of interspecific competition (Burns and 
Sidlauskas, 2019). Despite its protected status, the area is 
subject to direct urban pressures (Oliveira et al., 2020, 2024). 
Although the sample size was modest, it was representative 
of the species within the study area, considering the limited 
extent of the Mata de Itamacaoca and its susceptibility to 
anthropogenic disturbances.

Although this study did not incorporate limnological 
or habitat structure variables, the focus on morphometric 
and dietary data allowed for a robust assessment of 
trophic differentiation among co-occurring cichlids. We 
acknowledge that integrating abiotic factors such as water 
quality, substrate type, or flow velocity could provide a 
more comprehensive understanding of the mechanisms 
underlying species coexistence and spatial variation 
(Jackson et al., 2001; Peres-Neto et al., 2006, Heino et al., 
2017; Tonkin et al., 2017). Future studies should aim to 
include environmental predictors to better disentangle 
the relative contributions of biotic and abiotic drivers in 
fragmented Neotropical stream systems.

While we did not detect clear spatial differences in diet 
attributable solely to the dam, we recognize that trophic 
patterns may reflect the combined influence of dam-related 
changes and site-specific environmental conditions, such 
as flow regime, habitat complexity, and oxygen availability 
(see Abbott et al., 2022). The observation of the absence 
of a significant effect of the dam on dietary composition 
aligns with the protected status of the Mata de Itamacaoca, 
which helps maintain ecological integrity despite 
anthropogenic pressures (Silva et al., 2008; Oliveira et al., 
2024). For example, the dam likely creates a more lentic 
environment upstream, fostering habitat complexity that 
supports a greater variety of prey types, such as benthic 
invertebrates and aquatic vegetation (Abbott et al., 2022). 
In addition, riparian and gallery forests likely mitigate the 
dam’s impacts by stabilizing hydrological processes and 
supporting diverse prey availability, thereby buffering 
aquatic communities from severe ecological shifts 
(Turunen et al., 2021; Wuerges et al., 2024).

The presence of substrate in the stomach contents 
likely reflects incidental ingestion during benthic foraging 
activities, rather than intentional consumption (Bowen, 
1983; Hyslop, 1980). While substrate was excluded 
from quantitative trophic analyses such as the Index of 
Alimentary Importance and NMDS ordination to prevent 
bias in the estimation of trophic structure and niche overlap, 
its inclusion in descriptive analyses—including dietary 
proportions, indicator species analysis, and SIMPER—allowed 
for a comprehensive representation of the stomach content 
composition. The occurrence of substrate thus provides 
indirect evidence of benthic foraging behavior and habitat 
use, particularly in species more associated with the bottom 
strata, and should not be overlooked when interpreting 
feeding ecology and ecological strategies in dam-influenced 
environments (Fugi et al., 2001).

Our results demonstrate distinct dietary patterns 
among the three cichlid species, accompanied by a degree 
of niche overlap. This pattern is likely facilitated by the 
ecosystem’s abundant resources, which reduce interspecific 
competition. Similar patterns have been observed in the 
Paraná River basin (Dias et al., 2017) and other tropical 
freshwater systems (Lowe-McConnell, 1987; Correa and 
Winemiller, 2014), where high resource availability permits 
niche overlap without competitive exclusion. Grouping 
prey items facilitated analysis but may have obscured fine 
dietary differences between species, which could explain 
the high trophic niche overlap observed. More detailed 
methods in future studies could clarify these subtleties. 
These findings are consistent with the niche expansion 
hypothesis proposed by MacArthur and Levins (1967), 
which posits that under conditions of high resource 
availability, species can afford broader niches with partial 
overlap, reducing the intensity of interspecific competition. 
Our results are in contrast to Figueiredo  et  al. (2015) 
who found that low food availability during a drought 
limited cichlid dietary overlap as they were forced to 
partition resources. The broader niche breadth observed 
in Cichlasoma cf. zarskei, compared to Saxatilia brasiliensis 
and Apistogramma piauiensis, underscores its ecological 
generalist. Further understanding the different mechanisms 
of resource selection and foraging strategies between 
these species is needed to predict future changes in 
trophic interactions. This is the first documentation of 
Cichlasoma cf. zarskei foraging patterns and our data 
suggests that due to generalist feeding the species may 
be resilient to ecological change.

Typically, an in-stream barrier will retain nutrients and 
reduce the drift of macroinvertebrates downstream which 
allows the fish assemblage to feed at a higher trophic 
level (Pennock et al., 2021; Abbott et al., 2022). Although 
previous studies have reported changes in trophic 
structure following damming, particularly in relation 
to altered resource availability and prey community 
shifts (e.g., Jorge et al., 2019), we did not detect marked 
differences in prey richness or dietary diversity between 
upstream and downstream sites. This absence of strong 
spatial signal may reflect the ecological resilience of 
the system or the buffering effects of riparian integrity 
(Turunen et al., 2021; Wuerges et al., 2024), but it should 
be interpreted with caution, given the limited number 
of variables and spatial points considered in this study. 
In our study, similar resources dominated the diet of all 
species, such as insects, insect larvae, crustaceans, and 
plant material, which may reflect the current conditions 
imposed by altered flow regimes rather than a direct 
dietary shift (Jorge et al., 2019; Wuerges et al., 2024). 
Given the generalist feeding behavior of many cichlids 
(Arbour and López-Fernández, 2014; 2016), it is likely 
that these species are exploiting the most abundant and 
accessible resources available in the modified habitat. 
Moreover, the high habitat complexity observed in both the 
riparian zone and in-stream areas, due to the protection 
status of the site, may help sustain diverse invertebrate 
communities (Taniguchi et al., 2003; Fenstermacher et al., 
2024), potentially buffering against more pronounced 
dietary shifts.
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These subtle variations in resource use are likely 
influenced by morphometric differences among the 
cichlid assemblage. Morphological traits likely reflect 
species-specific adaptations that enhance the efficiency 
of capturing and processing dietary resources (Gatz Junior, 
1979; Balon et al., 1986; Sibbing and Nagelkerke, 2000; 
Breda  et  al., 2005; Montaña and Winemiller, 2013; 
Novakowski et al., 2016; Garcia et al., 2020; Luger et al., 
2020; Oliveira  et  al., 2024). All three species exhibit 
generalist feeding strategies both above and below the 
dam wall. Apistogramma piauiensis exhibits adaptations 
such as an elongated dorsal fin, longer gill rakers, and 
increased gill raker distance, which facilitate filtering 
small invertebrates like insects and larvae (Balon et al., 
1986; Sibbing and Nagelkerke, 2000; Breda et al., 2005). 
Cichlasoma cf. zarskei is characterized by greater head and 
body depth, enabling the capture of larger prey (Balon et al., 
1986; Sibbing and Nagelkerke, 2000; Breda et al., 2005). 
Saxatilia brasiliensis exhibits a larger head length, wider 
oral gape, and greater standard length—traits associated 
with a more predatory diet focused on fish and larger 
prey (Balon et al., 1986; Sibbing and Nagelkerke, 2000; 
Breda  et  al., 2005; Nagelkerke  et  al., 2018). Their diets 
reflect these adaptations, with S. brasiliensis feeding on 
fish, crustaceans, and insects. Although limited trophic 
data restricts comparisons with similar species, members 
of the genus Apistogramma Regan 1913 are generally 
opportunistic feeders influenced by environmental prey 
availability (Virgilio  et  al., 2020). Species of the genus 
Cichlasoma Swainson 1839 are omnivorous, consuming 
invertebrates and plant material (Gurgel  et  al., 2005), 
while studies on S. brasiliensis is more predatory, with a 
preference for small fish, crustaceans, and insects, with diet 
changes reflecting prey availability (Gurgel et al., 2005).

In conclusion, the dietary patterns and morphometric 
variation of these three cichliform species reflect a balance 
between trophic specialization and plasticity within the 
dynamic Cerrado ecosystem (Oliveira et al., 2024). The 
ecological integrity of the Mata de Itamacaoca, ensured by 
its protected status, plays a fundamental role in mediating 
species interactions and maintaining biodiversity despite 
anthropogenic pressures (Oliveira et al., 2020, 2024). he 
marked dietary niche overlap among species is likely 
shaped by multiple factors. While the abundance of 
insects—sustained by intact riparian vegetation—played 
a central role (Taniguchi  et  al., 2003; Turunen  et  al., 
2021; Wuerges  et  al., 2024), other mechanisms may 
also contribute. The generalist feeding strategies of 
Neotropical cichlids (Arbour and López-Fernández, 2014) 
and the high availability of prey likely reduce interspecific 
competition, allowing species to share similar dietary niches 
(Vranken et al., 2020). In addition, grouping prey items 
into broader categories for analytical purposes may have 
masked finer-scale dietary differences, thereby inflating 
the observed trophic overlap. Stomach content analyses 
are also influenced by prey condition, as soft-bodied 
organisms are digested more quickly than those with 
exoskeletons (Buckland et al., 2017 which may explain 
the predominance of insects in the diets. Although fish 
were sampled quarterly over several years, data from all 
sampling events were pooled for analysis. This approach 

prioritized spatial comparisons of trophic structure across 
sites rather than temporal or seasonal variation. We 
acknowledge that this decision may limit the detection of 
temporal dietary shifts and short-term ecological responses. 
Future studies incorporating greater temporal resolution 
are recommended to better capture seasonal dynamics 
and refine our understanding of resource use and species 
interactions in dam-impacted Neotropical streams. The 
Itamacaoca Dam, inaugurated in 1982 and expanded in 
2015, shifted from a partial barrier to a complete obstacle 
for fish movement between upstream and downstream 
populations. Combined with the loss and fragmentation of 
native vegetation—which threaten groundwater recharge 
and the springs that feed the reservoir—this transformation 
highlights the urgent need for integrated management 
measures to mitigate ecological impacts and preserve 
ecosystem resilience.
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Supplementary material accompanies this paper.
Supplementary Material 1. Voucher numbers of examined specimens of Cichliforms, presented in alphabetical order. 

C1, C2, C3 and C4 are the collecting sites. All specimens were deposited in the Coleção Ictiológica do Centro de Ciências 
Agrárias e Ambientais of Universidade Federal do Maranhão (CICCAA)

Supplementary Material 2. Description of morphometric variables and their ecological roles of Cichliforms in Mata 
de Itamacaoca, middle Munim River basin, Brazil.

This material is available as part of the online article from https://doi.org/10.1590/1519-6984.293810
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