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Diet and ecomorphological relationships of four cichlid species from the

Cuiaba River basin

Gisele C. Novakowski'!, Fernanda A. S. Cassemiro?and Norma S. Hahn?

Relationship between diet and morphology of cichlid were analyzed considering that the trophic apparatus determines
differential food use among species. Cichlasoma dimerus and Satanoperca pappaterra showed a generalist diet, while
Chaetobranchopsis australis and Crenicichla vittata consumed zooplankton and fish, respectively. Significant correlation
between morphology and diet was not found, but C. australis differed from the others species in the upper mouth and
longer gill rakers. The morphology data and food size segregated the cichlids into three groups. The first was comprised
by C. australis, which has many and longer gill rakers and a more protractile mouth, the second by C. vittata, which have a
larger and more-protruded mouth and the third by S. pappaterra and C. dimerus, with a smaller and lower mouth. The latter
two groups have more widely spaced gill rakers and consumed larger food. Overall, our results showed different patterns
of species grouping when considering morphological or diet data. However, to C. australis the gill rakers determine both
the type and size of food.

A relagdo entre dieta e morfologia de ciclideos foi analisada considerando que o aparato trofico determina o uso diferencial
dos recursos alimentares entre as espécies. Cichlasoma dimerus e Satanoperca pappaterra, apresentaram dieta generalista,
enquanto Chaetobranchopsis australis e Crenicichla vittata, consumiram zooplancton e peixes, respectivamente.
Nenhuma correlagao significativa foi encontrada entre a morfologia e a dieta, entretanto, C. australis se distanciou das
demais espécies, por apresentar boca superior e rastros branquiais longos e numerosos. Os dados de morfologia e tamanho
do alimento consumido segregaram os ciclideos em trés grupos. O primeiro foi composto por C. australis, que possui
rastros branquiais longos e numerosos, além de maior protractibilidade da boca, o segundo por C. vittata, que tem maior
amplitude e protrusdo da boca e o terceiro por S. pappaterra e C. dimerus que possuem boca pequena e inferior. Os dois
ultimos grupos apresentaram ainda, maior distancia entre os rastros e consumiram alimentos maiores. Nossos resultados
mostraram que, quando somente os dados morfologicos sdo considerados, as espécies foram agrupadas de forma diferente
do que quando apenas os dados de dieta foram considerados. Entretanto, para C. australis os rastros branquiais determinam
o tipo e tamanho do alimento.

Keywords: Cichlid fauna, Feeding, Food size, Pantanal, Trophic morphology.

Introduction Several researchers have used ecomorphological

patterns in an attempt to explain morphological variations of

The diversity of feeding habits among fishes is the
product of evolutionary processes that have led to several
structural changes, due to the wide variety of environmental
situations that these organisms are subject (Santos-Santos
et al., 2015), and interactions among species (Lagler et al.,
1977; Ruber & Adams, 2001; Kocher, 2004). Evolutionary
divergence can largely be considered a balance between
selection and the mixing of organisms between alternative
environments (Langerhans ef al., 2003).

species over time, with the goal of establishing evolutionary
parameters among those that are closely related (Winemiller,
1992; Meyer, 1993; Adite & Winemiller, 1997; Langerhans
et al., 2003). The ecomorphological approach, with a
fairly high predictive power, is very useful when a rapid
ecological assessment is required (Hugueny & Pouilly,
1999). For fishes, the mouth opening is considered as one
of the most important food intake characteristics, however
other structures, including eye diameter and body height,
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head, and snout length (Ward-Campbell & Beamish, 2005)
and gill rakers (Schmitz & Wainwright, 2011) can drive
physical constraints on prey size. Another structure that
has been studied is the pharyngeal jaws, which may impose
a functional constraint on piscivory via pharyngeal gape
in cichlids (Burress et al., 2015). In this way, the trophic
ecology may be a key factor promoting morphological
differentiation (Riiber & Adams, 2001), allowing the
coexistence of cichlid species, as seen in the African Great
Lakes (Riiber & Adams, 2001; Kassam et al., 2003).

The study of functional morphology is based on the
concept that existing morphological differences (phenotype)
in animals may be the result of strong environmental and
biological pressures (Catella & Petrere Jr, 1998; Casatti
& Castro, 2006). These selective pressures can favor
specializations that maximize particular performances
in specialists, adapting them to their trophic and habitat
niches at each life stage (Santos-Santos et al., 2015). Thus,
investigations on the relationship of the phenotype of a
species to its use of the habitat can identify ecomorphological
similarities between phylogenetically distant species
(Chalcraft & Resetarits Jr., 2003; Oliveira et al., 2010), or
establish ecomorphological differences among closely
related species (Winemmiler ef al., 1995; Wainwright et
al., 2002). Many fish, including representatives of the same
family (Kassan et al., 2003; Sampaio et al., 2013) or the same
genus (Russo et al., 2004; Balassa et al., 2004; Corréa et
al., 2009), may have different feeding habits and associated
divergence in their feeding structures. Studies have also
shown that the morphology and feeding habits vary, even
among individuals of the same species that occupy different
environments (Meyer, 1990; Turigan et al., 1995).

Fishes have provided a fertile field for the study of the
relationship between form and function as a result of their
long evolutionary history, high diversity and multiple life
stages (Freire & Agostinho, 2001). Inter- and intraspecific
patterns of diet have often been compared to patterns of
variation in the body shape, structure of the mouth (e.g.,
Delariva & Agostinho, 2001; Wainwright et al., 2002)
and other trophic apparatus like as gill rakers (Delariva &
Agostinho, 2001; Lopez-Ferndndez ef al., 2012).

Considering South America, the Cuiaba River basin
has a representative cichlid fauna, composed by about 13
species (Verissimo et al., 2005). The sympatry of these
species in this basin, besides high morphological and trophic
diversity (Kullander et al., 2003; Lopez-Fernandez et al.,
2014), defined our choice of this group. In this study, we
analyzed the diet composition and trophic morphology of
four species of cichlids, for which it was possible to obtain
sufficient data. The studied species are the Chaetobranchini
Chaetobranchopsis australis Eigenmann & Ward, 1907,
the Cichlasomatini Cichlasoma dimerus (Heckel, 1840)
and the two Geophagini, Crenicichla vittata Heckel, 1840
and Satanoperca pappaterra (Heckel, 1840). Some studies
about ecomorphology and/or diet of these species have been
performed in other regions (Winemiler et al., 1995; Mérona

& Rankin-de Mérona, 2004; Burress et al., 2013a). However,
studies showing the relationship between the food size and
the morphology of the gill rakers are poorly evaluated among
cichlids. We test the hypothesis that the trophic apparatus
determines differential food use among species. In order to
evaluate interspecifics differences we seek to investigate:
i) variation in diet, ii) the relationship between diet and
trophic morphology, and iii) the importance of food size in
predicting diet and trophic morphology.

Material and Methods

Study area. The Cuiaba River basin covers an area of
approximately 9,365 km? comprising the Cerrado and
Pantanal regions of the state of Mato Grosso, which
are important areas for species diversity, the Cerrado
biome being considered one of the 34 world hotspots
for conservation priority (Mittermeier et al., 2004). The
Manso River cuts through a winding and enclosed valley,
receiving other tributary streams on both banks. About 80
km downstream from its confluence with the Casca River,
the Manso River joins with the Cuiabazinho River, forming
the Cuiaba River, which then continues through lowland
regions, flowing into the Pantanal (wetland) of Mato Grosso
(Sondotécnica/Eletronorte, 1999).

Fish used in this study came from surveys performed at
six sampling locations along the Cuiaba River basin. These
six sites were chosen to maximize variation in environmental
characteristics among habitats. We collected individuals
from lotic (sites 2, 3 and 4) and lentic environments (sites 1,
5 and 6) (Fig. 1).

Sampling and data analysis. Collecting was performed
monthly from April 2000 to March 2001, using gill nets with
different mesh sizes (3.0 to 16 cm between opposite knots)
and trawl nets, which were operated along the banks. The gill
nets were displayed for 24 h, and inspected in the morning,
in the afternoon, and at night. Individuals were frozen and
later fixed in 4% formaldehyde.

Voucher specimens are deposited at the Colegdo de
peixes do Nucleo de Pesquisas em Limnologia, Ictiologia e
Aquicultura (Nupélia, Universidade Estadual de Maringa,
Parand State, Brazil): NUP 3476 - Chaetobranchopsis
australis; NUP 0398 - Cichlasoma dimerus; NUP 3217 -
Crenicichla vittata and NUP 871 - Satanoperca pappaterra.

Fish specimens were dissected and the stomach contents
were removed and fixed in 4% formaldehyde. Food items
were identified under optical and stereoscopic microscopes.
After identification, the volume of each item was estimated
using a graduated cylinder for large items and a graduated
plate for small items. Additionally, frequency of occurrence
for each food item was used to calculate the Feeding Index
values (IAi), according to Kawakami & Vazzoler (1980).
Thus, [Ai was calculated as follows: IAi=%Fi * %Vi/(} %Fi
*0Vi) x 100, where: [Ai = Feeding Index; Fi = frequency of
occurrence of the resource i in the diet (%); Vi = volume of
the resource i in the diet (%).
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Fig. 1. Location of the Cuiaba River basin, Mato Grosso, Brazil, and the sampling sites: lotic (2, 3 and 4) and lentic (1, 5 and 6).

To avoid ontogenetic interference in the diet and
morphology, gonads were removed and macroscopically
analyzed to determine sexual maturity (immature/mature)
according to Vazzoler (1996). Immature specimens were
excluded of the analysis. The characters selected for the
morphological measures were the position and shape of the
mouth and the first gill arch on the right side. A digital
caliper (0.01 mm) was used to measure the standard length
(SL), height of the mouth (HM), width of the mouth (WM),
orientation of the mouth (OM), distance from the end of the
lower jaw to the anterior border of the eye with the mouth
closed (DMC), and the distance from the anterior end of the
lower jaw to the anterior border of the eye with the mouth
open (DMO) (Balon et al., 1986) (Fig. 2).

All measurements were taken linearly, except for the
orientation of the mouth, which is defined by the angle
formed between the plane tangent to the lips with the
mouth open, and the horizontal axis of the body. Angle
measuring between 10° and 80° characterize a superior
mouth; approximately 90°, a terminal mouth; and between
100° and 170°, an inferior mouth (Gatz, Jr.,1979). Based
on these measurements, the following ecomorphological
indices were calculated to size-corrections: relative
height of the mouth (RHM = HM/SL) and relative width
of the mouth (RWM = WM/SL). Also, the following
ecomorphological ratio was calculated: protrusion of
the mouth (PM = DMO/DMC) (Watson & Balon, 1984;
Winemiller, 1991).
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To evaluate the relationships between diet and
morphology, two dissimilarity matrices using the Bray-
Curtis Index and the UPGMA algorithm (average) were
constructed. This index is suitable for relative or absolute
abundance data. The arrays were made using the percentage
of Feeding Index (IAi) versus the species (Trophic Matrix)
and the ecomorphological attributes (RHM, SRGR, NGR,
PM, RWM, DRG e OM) versus species (Morphology
Matrix).

To test the null hypothesis that the diet similarity
can be explained by the morphology, the Mantel test for
comparisons of trophic matrices and morphology was
used. The Mantel test measures the correlation between
arrays of dissimilarity. The significance of the test was
assessed using 10,000 random permutations.

A Zeiss Axiovision imaging system was used,
together with an Axioskop 2 microscope and a Stemi SV
6 stereomicroscope, in order to estimate the food size
(FS), as well as the size (SR) and distance (DR) among the
gill rakers. The number of gill rakers of each species was
also counted. To eliminate the influence of the size of the
individuals on the size of the gill rakers, a measure of the
raker size relative to the length of the respective gill (LG)
was used, i.e., SRGR = SR/LG (Fig. 2).

The relative size (SRGR), number (NGR) and distance of
the gill raker (DR) data were initially analyzed for normality
using the Kolmogorov Smirnov test and Levene’s test for
homogeneity of variance. After, we conducted univariate
analyses (ANOVA) to examine SRGR, NGR and DR
differences among fish species. Tests were considered 0.05
significance level followed by Tukey HSD post hoc test.

To emphasize variation and bring out patterns between
the ecomorphological measurements (RHM, SRGR,
NGR, PM, RWM, DRG and OM) and the food size (FS),
a principal components analysis (PCA) on the correlation
matrix between the ecomorphological measurements and
the food size was performed. We adopted the analysis of the
components whose eigenvalues are greater than 1, because
beginning with the lower values the influence of the residual
variance increases, making analysis difficult (Legendre &
Legendre, 1998).

To identify the effect of the morphological variables
(predictors) on the food size (response variable), a stepwise
multiple linear regression was used according to Bayesian
methodology (Rossi, 2011), conducted using the software
WinBugs (Lunn ef al, 2000). All other analyses were
conducted using the statistical package R version 3.0.2 (R
Core Team, 2013).
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Fig. 2. Representation of ecomorphologlcal measurements taken for four species of cichlids of the Cuiaba River basin, Mato
Grosso, Brazil. OM = orientation of the mouth opening; HM = height of the mouth; WM = width of the mouth; DMO =
distance from the anterior end of the jaw to anterior border of the eye, with the mouth open; DMC = distance from the end of

the jaw to anterior border of the eye, with the mouth closed; LG =

SL = standard length.

length of the gill; DGR = distance between the gill rakers;
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Results

Diet composition and trophic morphology. The diet
and the trophic matrix showed a group consisting of
Cichlasoma dimerus and Satanoperca pappaterra,
which were generalists, consuming similar proportions
of insects, plants and detritus. Chaetobranchopsis
australis and Crenicichla vittata showed specialized
diets and diverged from the other species, with about
97% dissimilarity. For C. australis, microcrustaceans
comprised nearly 100% of the diet, and for C. vittata, fish
comprised more than 90% of the diet (Table 1, Fig. 3).
The morphological matrix generated a group with more
that 95% similarity: C. dimerus and C. vittata. With these
species, S. pappaterra showed about 90% similarity and
C. australis showed the most distinct morphological
variables, with about 70% similarity to the other species

(Fig. 3).

Table 1. Percentages (IAi) of food resources consumed by
four species of cichlids from the Cuiaba River basin, Mato
Grosso, Brazil. n = number of stomachs. SL = standard
length. C. australis = Chaetobranchopsis australis; C.
dimerus = Cichlasoma dimerus, C. vittata = Crenicichla
vittata; S. pappaterra = Satanoperca pappaterra.

Food Sources C. australis C. dimerus ~ C. vittata  S. pappaterra
n=21 n=26 n=17 n=47
Algae 0.05 0.88 0.34
Plants 1.07 24.19 0.22 24.62
Annelids 0.06 1.61
Microcrustaceans 98.42 0.03 0.99
Aquatic insects 23.28 1.62 20.55
Terrestrial insects 28.17
Insect remains 11.04 0.03 0.53
Scales 0.06 4.60 11.99
Fish 1.45 98.08
Detritus/sediment 0.34 6.39 0.02 39.37
SL (cm) 71-118 55-9.0 12.1-272 10.0-12.8

Cichlasoma dimerus and C. vittata have a terminal
mouth (OM~ 90°), whereas C. australis and S. pappaterra
have superior (OM < 80) and inferior (OM > 100) mouths,
respectively. The lips are more developed in C. vittata and
S. pappaterra.

Species differ as to the relative size (F, | ;= 847.7968; p<
0.05), number (F, .= 1763.1197; p< 0.05) and distance of

the gill rakers (F:lfz 103.94; p< 0.05). Chaetobranchopsis
australis has the largest amount and the longest and most
closely spaced gill rakers, whereas C. dimerus and S.
pappaterra have the shortest. The widest spacing between
the rakers was observed in C. vittata. Satanoperca
pappaterra is the only species that has an epibranchial

lobe (Fig. 4).
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Fig. 3. Dendrogram of Bray-Curtis dissimilarity for the
trophic matrix (percentage of IAi of the food resources
versus species) and morphologic matrix (RHM, SRGR,
NGR, PM, RWM, DRG, OM versus species) of the
cichlids of the Cuiaba River basin, Mato Grosso, Brazil.
[Ai=Feeding Index; RHM = Relative height of the mouth;
SRGR = Relative size of the gill rakers; NGR = Number
of gill rakers; PM = Protrusion of the mouth; RWM =
Relative width of the mouth; DRG = Distance between
gill rakers; OM = Orientation of the mouth. C. australis
= Chaetobranchopsis australis; C. dimerus = Cichlasoma
dimerus,; C. vittata = Crenicichla vittata; S. pappaterra =
Satanoperca pappaterra.
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Fig. 4. Position and shape of the mouth, and first pair of gill raker of cichlids from the Cuiaba River basin, Mato Grosso,

Brazil. Scale = 1 cm. (drawing by Gisele C. Novakowski).

Relationship between diet and morphology. Trophic and
morphology matrices did not show a significant correlation (r
=0.42; p=0.20), supporting the lack of association between
morphology and diet. The Principal Component Analysis,
applied on the morphological data and food size, explained
74% (axes 1) and 22% (axes 2) of the total variability of
the data. On the first axis, the most important attributes
with negative loadings were the number and relative size
of the gill rakers and the relative height and width of the
mouth. Food size and distance between gill rakers were the

variables that better discriminated species with positive
loadings. Thus, C. australis showed negative loadings,
in response to the longer and more numerous gill rakers.
The other species showed positive loadings, with greater
distances between the rakers and that consume larger food.
On the second axis C. vittata, with positive loadings, were
segregated in response to higher values of relative height
of the mouth. The orientation of the mouth with negative
loadings discerned S. pappaterra and C. dimerus which
have angle of the jaw > 90° (Table 2, Fig. 5).
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Only the distance between the gill rakers (DR) was not
significant for the multiple regression model, indicating that
the other measurements are sufficient to explain the food
size (Table 3).

Table 2. Eigenvectors of the principal components analysis
(PCA), with the first axis representing the principal component
1 (PC1) and the second axis the principal component 2
(PC2) calculated from the food size and the morphological
variables of cichlids of the Cuiaba River basin, Mato Grosso,
Brazil. In bold: eigenvectors that contributed most positively
and negatively to the formation of the axes.

Variables PC1 PC2
Orientation of the mouth (OM) 0.32 -0.32
Relative width of the mouth (RWM) -0.31 -0.47
Relative height of the mouth (RHM) -0.35 0.35
Number of gill rakers (NGR) -0.40 0.05
Relative size of the gill rakers (SRGR) -0.40 0.13
Distance between gill rakers (DGR) 0.33 0.43
Protrusion of the mouth (PM) -0.34 0.36
Food size (FS) 0.32 0.43
Eigenvalues 2.34 1.46
Variance explained % 74.35 22.78
Total variance 97.13
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Fig. 5. Projections of the scores on axes 1 (PC1) and 2 (PC2)
of the principal components analysis performed with values
of the morphological attributes and food size consumed
by four species of cichlids from the Cuiaba River basin,
Mato Grosso, Brazil. Variance explained: PCl= 68.55%;
PC2= 26.73%. Abbreviations are in Table 2. C. australis
= Chaetobranchopsis australis; C. dimerus = Cichlasoma
dimerus; C. vittata = Crenicichla vittata; S. pappaterra =
Satanoperca pappaterra.

Table 3. Ecomorphological parameters estimated according to the multiple regression analysis for cichlids species from the
Cuiaba River basin, Mato Grosso, Brazil. R?= linear correlation coefficient. OM = orientation of the mouth, RWM = relative
width of the mouth, RHM = relative height of the mouth, NGR = number of gill rakers, SRGR= relative size of the gill rakers,
DGR=distance between the gill rakers, PM = protrusion of the mouth. SD = standard deviation, MC error = Monte Carlo error.

Parameter Mean SD MC error 2.5% Median 97.5% Begin Sample
oM 0.334 0.16 0.001 0.016 0.335 0.651 1000 10001
RWM -0.386 0.15 0.001 -0.692 -0.387 -0.077 1000 10001
RHM -0.183 0.06 4.16E-4 -0.307 -0.183 -0.06 1000 10001
NGR 0.521 0.09 6.78E-4 0.339 0.521 0.705 1000 10001
SRGR -0.242 0.07 5.5E-4 -0.396 -0.242 -0.09 1000 10001
DGR -0.021 0.02 1.9E-4 -0.075 -0.021 0.031 1000 10001
PM -0.034 0.01 1.05E-4 -0.066 -0.034 -0.003 1000 10001
R? 0.75 0.11 0.002 0.449 0.78 0.89 1000 10001
Discussion appears to feed mainly in the pelagic zone. In addition,

The four species of cichlids exploited a variety of food
resources and diverged in their diets. The two species
with the closest values of feeding similarity, Cichlasoma
dimerus and Satanoperca pappaterra, differed in relation
to the predominant food type consumed. Cichlasoma
dimerus consumed mainly plants and aquatic and terrestrial
insects whereas S. pappaterra consumed a combination of
aquatic insects, plants and detritus. The high consumption
of detritus by S. pappaterra indicates that this species is a
bottom dwelling feeder, as reported by some authors (Hahn &
Cunha, 2005; Pelicice & Agostinho, 2006), while C. dimerus

Chaetobranchopsis australis and Crenichla vittata showed
more-divergent diets, consuming zooplankton and fish,
respectively. Chaetobranchopsis australis, is already known to
be zooplantivorous (Winemiller et al., 1995; Mérona & Rankin
de Mérona, 2004), while C. viftata and other species of the
same genus are known to be piscivorous (Burress ef al., 2013a,
2013b, 2015). Among Crenicichla species (adult individuals),
the piscivory degree varies between primary piscivorous (eat
only fishes) and secundary piscivorous (eat macroinvertebrates
and fishes) (Burress ef al., 2013a, 2013b, 2015). In this study,
C. vittata can be considered primary piscivorous, although the
number of analyzed stomachs has been restricted.
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The position of the mouth can be associated with the
location of preferred prey in the water column (i.e., Balassa
et al., 2004; Hahn & Cunha, 2005; Lopez-Fernandez et al.,
2014), being that fish with a terminal mouth are apparently
not restricted in acquiring food, as in the case of C.
dimerus and C. vittata. On the other hand, C. australis,
with a superior mouth, consumed food from the planktonic
regions, and S. pappaterra, with an inferior mouth,
exploited the benthic region. Crenicichla vittata and S.
pappaterra possess protruding lips, equipped with taste
buds (sensu Gerking, 1994). To S. pappaterra, these taste
buds should be used to grope food in the substrate where
vision has a small role due to the low light conditions.
Cassemiro ef al. (2008) reported that this species is not a
good visual predator, and as a bottom-dweller, it must use
other senses to detect food, such as smell. According to
Lopez-Fernandez et al. (2014), species with larger gapes,
such as Satanoperca spp., may be more efficient winnowers
of invertebrates embedded within sediments.

There is a close relationship between the food size
and spacing of the gill rakers, because the function of the
gill rakers is to help retain captured prey in zooplankton
(Schmitz & Wainwright, 2011). Thus, the longer and closer
together are the gill rakers, the smaller the food size, and
this relationship was observed in C. australis. Numerous
and long rakers are characteristic of Chaetobranchini
and this anatomical adaptation allowed these fishes to
efficiently retain and process zooplankton (Kullander &
Nijssen, 1989; Winemiller ef al., 1995; Mérona & Rankin
de Mérona, 2004). In the same way, shorter gill rakers
are associated with smaller food sized as observed to S.
pappaterra and C. dimerus. These findings suggest that
similar feeding performance among benthonic consumer
cichlids reflects constraints associated with functional
morphology. Although, considering the diet composition,
S. pappaterra proved to be a better consumer of benthic
resources than C. dimerus, this species has another trophic
specialization represented by the epibranquial lobe. The
epibranchial lobe is an antero-ventral expansion of the first
epibranchial bone capped with cartilage and lined with pad-
like gill rakers. It has been hypothesized that this structure
is either an adaptation for mouth brooding or for sifting of
substrate and food particles (see Lopez-Ferndndez et al.,
2012). In fact, this functionality applies to S. pappaterra,
which during feeding expels unpalatable items through the
mouth and operculum (Casatti et al., 2003). This structure
is the unique trait of the Geophagini (Lopez-Fernandez et
al., 2012).

Crenicichla vittata and C. dimerus were the most similar
species in relation to trophic morphology. Nevertheless,
very close to these two species was positioned S.
pappaterra, which in spite of sharing some characters with
the species above, show a smaller relative mouth height.
Chaetobranchopsis australis was distinguished from the
other species based on the greater length and closer spacing
of the gill rakers, a feature found only in this species.

Relationships between diet and morphology of the
species were not significant, since some characteristics were
more important than others in obtaining food. As an example
of this, C. australis showed many trophic attributes, whose
mouth position, size and width between gill rakers restricted
the type of food ingested, characterizing it as a trophic
specialist (Gerking, 1994), with a diet based essentially
on zooplankton, characteristic of the Chaetobranchini,
as already mentioned. The cichlid Ctenopharynx pictus
(Trewavas, 1935), from Lake Malawi, is an example of
the capacity of the gill rakers to process ingested items
differentially by size. Although this species has a large
mouth, consuming large volumes of food, the gill rakers
allow selection of small prey such as copepods, and the
exclusion of accidentally ingested sediment (Ribbink ef al.,
1983). Constraints imposed by head morphology limit the
type of prey that S. pappaterra is able to consume efficiently
on the substrate. Therefore, its feeding habit is compatible
with the inferior mouth and short gill rakers.

The PCA segregated the species according to the food size
ingested. The first axis was influenced by the characteristics
of the gill rakers, mouth size and food size, and for this
reason separated at extremes the planktivorous species (C.
australis) from C. vittata, which have a larger mouth and
larger food in the diet. The second axis was influenced by the
position and height of the mouth, distancing S. pappaterra
and C. dimerus from the other species as a function of their
mouths, which are smaller in height and have angles < 90°.
The results showed an interspecific divergence related to the
diet, although the trophic morphology only partly explained
the feeding strategies. Morphological characters, principally
related to the gill rakers and position of the mouth, were
more predictive, explaining the type of food ingested;
however, most of them showed only a weak association with
the diet. However, considering the food size ingested, it is
evident that the species are segregated in accordance with
their morphology, especially with the characters related to
the mouth. Overall, our results showed different patterns of
species grouping when considering morphological or diet
data. For this reason, the species diet probably can be more
related to the food availability than to trophic morphology.
However, with C. australis, the gill rakers determine the
type and size of the food consumed.
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