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One of the core challenges of functional diversity is the identification of traits that
can accurately be linked to ecological processes. Trait-based metrics have been used
to detect and quantify the effects of deterministic processes, such as niche filtering
and co-occurrence mechanisms. However, most functional studies have simplified the
measured attributes, especially for fish species. Here, we aimed to test the influence
of trait resolution and surrogates on the accuracy in expressing resource partitioning
among tropical fish species. We assessed pairwise species similarity between distinct
ways of express resource use by species (through increasing trait resolution), and tested
whether differences in resolutions are strong enough to provide different patterns in the
functional structure of tropical fish assemblages. Our study shows that distinct ways
of expressing resource partitioning among species may provide different ecological
interpretations of this process as different resolutions or surrogates can change pairwise
species, similarity.
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INTRODUCTION

The last decade has seen an explosion of interest in the use of functional traits in community
ecology research, spurred in part by McGill et al.’s (2006) influential synthesis and repositioning
of the field (Didham et al., 2016). Much of the promise of functional approaches rests on
the assumption that patterns of dissimilarities among co-occurring species can provide direct
insights into ecological processes (Vandewalle et al., 2010; de Bello, 2012). For instance, trait-
based metrics have been used to detect and quantify the effects of deterministic processes,
such as niche filtering and co-occurrence mechanisms (Siefert et al., 2013). Yet, one of the
core challenges of applied functional research is the identification and discrimination of traits
that can be accurately linked to direct ecological processes (McGill et al., 2006; Didham et al.,
2016). More precisely, as observed by Didham et al. (2016), most functional studies have simply
quantified a small number of easily measured attributes from a few “representative” sample of
species within a defined taxonomic or functional group. This is potentially problematic because
decisions about the chosen “resolution” (here defined as the degree of detail applied in the
measurement of a particular function or process) can have a significant influence on the robustness
of functional diversity estimation (Lavorel et al., 2008) and consequently in subsequent inferences
about ecological processes (Poff et al., 2006).
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Resource partitioning among fish species, for example, is one
of the ecological process that is often inferred and expressed
through different trait resolutions and/or surrogates (Albouy
et al., 2011). Ideally, direct measurement of this mechanism,
such as through diet analysis, would not only capture the
functional structure of communities but also give a full picture
of how species use available resources in ecosystems, allowing
inferences about functions performed by species and their
influence on ecosystem processes (Violle et al., 2012). However,
such analysis typically requires considerable research effort and,
thus, is rarely performed, leading researchers to often use in
studies a variety of alternative methods. For example, at a
smaller measurement resolution, resource partitioning within
communities may be assessed by the classification of species
into guilds according to the type of prey consumed, giving
partial information on the trophic niche occupied by species in
assemblages’ organization (Albouy et al., 2011). Although widely
used in studies, there are a few issues with this approach because
species in the same guild will inevitably differ in some subtle
aspects of resource use (Petchey and Gaston, 2002a; da Silva
and Fabré, 2019), resulting in a vague understanding of the
partitioning process.

In the same manner, we can also highlight other simpler
and less research-intensive surrogates widely used to express
resource use by species that still need further investigation
on how effective they are for functional analysis (Didham
et al., 2016; Soler et al., 2016; Ramírez-Ortiz et al., 2017). For
instance, the use of morphological patterns and phylogenetic
relationships in functional studies have always been surrounded
by important issues in relation to at what extension functions
and ecological processes are being assessed by these different
surrogates (Hugueny and Pouilly, 1999; Cadotte et al., 2013;
Gibb et al., 2015; Didham et al., 2016; Tucker et al., 2017).
Ideally, traits such as mouth size, eye position and body shape
are expected to indicate the types of consumed preys and/or
feeding strategies adopted by species (Albouy et al., 2011; Dolbeth
et al., 2016), providing information on ecological specialization
of species to the use of core resources (Adite and Winemiller,
1997; Ramírez-Ortiz et al., 2017). Likewise, the evolutionary
history of species should also reflect such mechanisms as the
topology of a phylogenetic tree represents the differences in
phenotypic, genetic and behavioral features of species (Vitt and
Pianka, 2005; Grime, 2006; Diniz-Filho et al., 2010; Mouquet
et al., 2012). Yet, it is still unclear how strong is the correlation
between such surrogates and the direct measure of resource
use in ecosystems.

Precise identification of which trait resolution and/or
surrogate can be used to assess functions performed by species
in ecosystems is a key factor in the advance of functional
ecology studies (Villéger et al., 2017). Therefore, the present
study aimed to test the influence of trait resolution on the
accuracy in expressing resource partitioning among tropical
fish species. Specifically, we assessed pairwise species similarity
between different ways of express resource use, and tested
whether differences in resolutions are strong enough to provide
contrasting patterns in the functional structure of tropical
fish assemblages.

MATERIALS AND METHODS

Sampling Design and Study Area
Fishes were sampled from a coastal area in the tropical Atlantic
Southwest ecoregion (09◦47′80′′S – 35◦49′56′′W and 10◦21′26′′S,
36◦ 05′33′′W) that is comprised of three geomorphologically
distinct habitats: (i) reef habitats (hereafter named reef),
characterized by sandstone reefs making up 23% of the
total area; (ii) an estuary lagoon habitat (hereafter named
lagoon), influenced by one of the largest lagoons of Brazil,
the Mundaú-Manguaba estuarine complex (CELMM) which
generates a plume of sediment that influences the surrounding
coastal area; and (iii) an estuary-river habitat (hereafter named
estuary), characterized by the drainage of the São Francisco
River, the second largest river in Brazil (Knoppers et al.,
2006), whose sediment plumes extends for 10–20 km from
the river mouth.

Six sampling sites for fish collections were used in each
habitat (reef, lagoon, and estuary) generating 36 sampling points
per sampling trip. Samplings were carried out from January
to July 2013 using ten nylon gillnets of 100 m long, 2.9 m
height with different meshes which were linked by nylon cables
in a random arrangement. The linked nets were set at each
site, close to the bottom, for 4 h to catch demersal species
(Federal Scientific Fish Sampling License 1837810). The catch
was immediately placed in ice slurry to sedate the fish and to
aid preservation.

Diet Analysis and Traits Characterization
In the laboratory, fish were identified to species level following
Figueiredo and Menezes (1978), Lessa and Nóbrega (2000),
and (Carpenter, 2002). Morphometric measurements were
taken from each fish individual to obtain morphological
traits, and stomachs were removed and fixed in formalin
(4%) for gravimetric gut content analysis. Each food
item was identified to the lowest possible taxonomic level
depending on the state of preservation and then weighed to
the nearest gram.

We then characterized the functional traits of species
using seven different forms of measurement, all related to
resource partitioning among species: five increasing levels of diet
resolutions (R1 to Rmax) and two surrogates of resource use (S1
and S2). A concise summary of each form of measurement is
given below:

Resolution 1 (R1)
Species were grouped in trophic guilds according to the main
diet of adults, using information of published papers and online
databases (e.g., FishBase1).

Resolution 2 (R2)
As in R1, species were also grouped in trophic guilds. However,
guilds were defined by qualitative analysis of food items found
in the gut content of species. A presence/absence matrix of preys
found in diet composition of species was built and a hierarchical

1www.fishbase.org
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agglomerative clustering by Ward’s Method with Euclidean
distance was performed to visualize trophic similarity between
species. We identified groups that had diet similarity among
species greater than 50%. To test whether or not the differences in
prey similarity among identified guilds were significant, we used
an analysis of similarities (ANOSIM) at a significance level of
p = 0.05. The similarity percentage (SIMPER) was later used to
typify and discriminate which prey species contributed the most
for dissimilarity between trophic guilds. Multivariate analyses
were performed in the software PAST v.3 (Hammer et al., 2001).

Resolution 3 (R3)
We carried out a qualitative analysis (presence/absence) of food
items found in the gut content without grouping species in guilds.

Resolution 4 (R4)
Quantitative data from categorized feeding index (FIiC) using
an ordinal scale. We first obtained the feeding index values
(FIi) for each species through the frequency of occurrence
(Fi%) and total weight (Wi%) of found preys. Fi% indicates
the proportion of stomachs containing a specific prey i in
relation to all stomachs examined for the species (Hynes, 1950).
The weighted index (Wi%) estimates the proportion of total
weight of a specific prey taxa i in relation to the weight
of all preys consumed by the species (Hynes, 1950). Both
indexes were combined to obtain FIi for each species following
Kawakami and Vazzoler (1980) adapted by Oliveira et al. (2004):

FIi =
Fi%∗Wi%∑
(Fi%∗Wi%)

The Feeding index was then categorized (FIiC) using
an ordinal scale according to the degree of food item
importance (0 = prey absence; 1 = prey with less than
20% importance; and 2 = prey with 20% or more of
importance). This categorization process causes details in
diet composition to be lost as the real importance of food items
are not evaluated.

Maximum Resolution (Rmax)
At the highest resolution, we defined feeding habit of species
using quantitative raw data from FIi values. Specifically, we took
in consideration the actual importance of each food item found
in the gut content analysis for each species, which provided us
a more detailed and comprehensive information on how species
use available resources.

Surrogate 1 (S1)
Seven morpho-functional traits were chosen based on their well-
documented relationships with feeding habit and strategies (see
Table 1 for description of traits and ecological meaning). Size-
related variables were taken as ratios of standard length to reduce
the effects of allometry.

Surrogate 2 (S2)
A phylogenetic analysis of species was carried out based
on the current taxonomy of fishes (Betancur-r et al., 2013).
The phylogenetic topology was built using the software

TABLE 1 | Ecomorphological traits used as surrogates for fish diet.

Functional trait Formula Ecological meaning Reference

Oral shape Mouth height
Mouth wide

Capture food resources 1

Relative mouth height Mouth height
Standard length

Associated with the
size of prey

2

Relative mouth wide Mouth wide
Standard length

Associated with the
size of prey

3

Eye position Eye height
Head length

Vision for feeding 1, 3, 4

Relative head height Head height
Standard length

Associated with the
size of prey

2

Relative head length Head length
Standard length

Associated with the
size of prey

3, 4

Standard length Standard length Associated with the
size of prey

4

1Albouy et al. (2011); 2Pouilly et al. (2003); 3Gatz (1979); 4Hugueny and Pouilly
(1999).

Mesquite2. Finally, branch length was used to estimate
the dated phylogeny by the software Phylocom3 using
the function bladj.

A trait-species matrix was created for each diet resolution
(R1, R2, R3, R4, and Rmax) and the morphological surrogate
(S1) with species in rows and functional traits in columns.
The number of columns (traits) varied greatly between matrices
with its number increasing with higher resolutions (for the
exact number of traits in each resolution see Figure 1A).
The trait-species matrices and the phylogenetic topology
were treated in two different ways which will be discussed
in next sections.

Testing Similarity Pairwise Matrix
The core aim of our study was to identify how different
ways of express one particular function or process may affect
our perception of this process. Therefore, to test whether
different trait resolutions and surrogates change pairwise species
similarity, the trait-species matrices and the phylogenetic
topology were all converted into distance matrices, and a
Mantel test was carried out to evaluate correlations between
the maximum resolution (Rmax) to the other four diet
resolutions (R1, R2, R3, and R4) as well as to the two
studied surrogates (S1 – morphological traits and S2 –
phylogeny) (Figure 1B). As each resolution and surrogate
presented different types of data, the distance matrix of
each component was created using different measures: Jaccard
distance for qualitative data (R1, R2, and R3), Bray–Curtis
distance for quantitative data (R4, R5, and S1), and the
Cophenetic distance for phylogeny data (S2). The pairwise
similarity correlation (with 999 permutations) was performed
in the software R (R Core Team, 2013) using the Vegan
package at a significance level of 0.05. The threshold of 0.7
was adopted to identify which matrices were highly correlated
(Dormann et al., 2013).

2http://mesquiteproject.wikispaces.com/
3http://phylodiversity.net/phylocom/
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FIGURE 1 | Methodological framework. (A) Traits related to resource partitioning were expressed through five levels resolutions of feeding data and two surrogates
of feeding strategy (ecomorphological traits and phylogeny), which were used to create six trait-species matrices and one phylogenetic topology; (B) a Mantel Test
was carried out to test pairwise species similarity between trait matrices and the maximum level of resolution of feeding data (Rmax); (C) functional diversity index (FD)
was calculated using resolution and surrogate individually; (D) we compared observed functional patterns found for each resolution and surrogate between three
habitats found in the study area to test whether differences in resolutions are strong enough to provide different patterns in the functional structure of tropical fish
assemblages. (R1 – Qualitative data grouped in guild from FishBase source; R2 – Qualitative data grouped in guild from similar food item; R3 – Qualitative food items
data ungrouped in guild; R4 – Quantitative data from Feeding Index Categorized (FIiC); Rmax – Quantitative data from FIi not categorized; fh – feeding habitat; et –
morphological trait; Morpho – ecomorphological trait; Sp – Species; Morpho and Phylo – phylogenetic topology of the species. The connotation fh46,2 matches 46
rows and 2 columns so on; FD R1 – Value of FD from matrix of qualitative data grouped in guild from FishBase source; FD R2 – Value of FD from matrix qualitative
data grouped in guild from similar food item; FD R3 – Value of FD from matrix qualitative food items data ungrouped in guild; FD R4 – Value of FD from matrix
quantitative data from Feeding index Categorized (FIiC); FD Rmax – Value of FD from matrix quantitative data from Feeding index (FIi) not categorized; fh: feeding
habitat; et: morphological trait; (FD Morpho) Value of FD from matrix morphological trait, and FD Phylo – Value of FD from topology of phylogeny of the species. FD –
Value of functional diversity; RE – reef; LA – lagoon and ES – estuary.)
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TABLE 2 | Fish species collected during the study period and their respective guilds based on secondary data (R1: CARN – carnivores; OMNI – omnivores) and primary
data (R2: BESI – benthivorous sedentary invertebrates; BEMI – benthivorous mobile invertebrate; and PISC – piscivores).

Family Species Guild

Secondary data (R1) Primary data (R2)

Albuliformes Albula vulpes CARN BESI

Ariidae Bagre bagre OMNI PISC

Bagre marinus OMNI PISC

Canthorops spixii OMNI BESI

Bothidae Bothus ocellatus CARN PISC

Carangidae Carangoides bartholomaei OMNI PISC

Caranx crysos CARN PISC

Caranx hippos CARN PISC

Chloroscombrus chrysurus OMNI PISC

Oligoplites saurus CARN PISC

Selene setapinnis CARN PISC

Carcharhinidae Rhizoprionodon lalandii CARN PISC

Clupeidae Opisthonema oglinum CARN BEMI

Dactylopteridae Dactylopterus volitans CARN BEMI

Engraulidae Fistulariidae Cetengraulis edentulus CARN PISC

Lycengraulis grossidens CARN PISC

Fistularia tabacaria CARN PISC

Gerreidae Diapterus rhombeus CARN BESI

Eucinostomus gula CARN BEMI

Eucinostomus jonesii CARN BEMI

Haemulidae Conodon nobilis CARN BESI

Haemulom aurolineatum CARN PISC

Orthopristis ruber OMNI BEMI

Haemulopsis corvinaeformis OMNI BESI

Lutjanidae Lutjanus analis OMNI BEMI

Lutjanus synagris OMNI PISC

Mullidae Pseudupeneus maculatus OMNI BEMI

Paralichthyidae Syacium micrurum CARN PISC

Syacium papillosum CARN BEMI

Polynemidae Polydactylus virginicus OMNI BEMI

Rhinobatidae Rhinobatos percellens CARN PISC

Sciaenidae Cynoscion jamaicensis CARN PISC

Cynoscion virescens CARN PISC

Larimus breviceps CARN PISC

Menticirrhus americanus CARN PISC

Menticirrhus littoralis CARN PISC

Micropogonias furnieri CARN BESI

Stellifer brasiliensis CARN BEMI

Umbrina coroides CARN BEMI

Scombridae Euthynnus alletteratus CARN PISC

Scomberomorus brasiliensis CARN BESI

Scomberomorus cavalla CARN PISC

Sphyraenidae Sphyraena guachancho CARN PISC

Synodontidae Synodus intermedius CARN BEMI

Tetraodontiformes Aluterus monoceros CARN BEMI

Triglidae Prionotus punctatus CARN BEMI

Effect of the Trait Resolution in the
Community Assemblage Patterns
Second, we tested whether studied resolutions and surrogates
provide different ecological interpretations of communities.

Functional diversity of fish assemblages for the three habitats
found in the study area was measured by the standardized size
effect of Petchey and Gaston’s (2002b), using all trait-species
matrices and the phylogenetic topology, individually (Figure 1C).
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FIGURE 2 | Dendrogram of the trophic guilds of the fish assemblage using qualitative data of food item (R2). BEMI: Benthivorous mobile invertebrates; PISC:
Piscivores; and BESI: Benthivorous sedentary invertebrates.

A one-way analysis of variance (ANOVA) was then performed
to test differences in FD obtained for each resolution between
habitats (Figure 1D).

Here, FD was defined as the sum of the total branch length
of the functional dendrogram connecting co-occurring species.
The standardized effect size was used to control the influence of

species richness in the estimation of FD (Kembel et al., 2010).
Prior comparisons of FD values, normality and homoscedasticity
assumptions were checked using Shapiro–Wilk and Levene’s
test, respectively. Whenever necessary, data was transformed –
ln(x+1) or x2 – to reduce the effect of data aggregation. All
functional analyses were performed in the software R.
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RESULTS

Diet Composition and Trophic Guild
The gut content of 213 individuals from 46 species was
analyzed. Species classification in trophic guilds differed
between applied methods (Table 2). For instance, in R1,
according to publishing data and online database searching,
species were only classified into two groups (carnivorous and
omnivorous). Meanwhile, when considering the gut content
in R2, three different guilds were found (benthivorous mobile
invertebrates/BEMI; piscivores/PISCV and benthivorous
sedentary invertebrates/BESI). The PISCV group was the
most representative guild with 24 species, BEMI was
comprised of 15 species, and BESI was represented by
7 species (Figure 2). Diet composition among the three
guilds was significantly different (ANOSIM, R = 0.538;
p < 0.01), supporting the results of the cluster analysis.
Detritus (16%) and Decapoda (9%) contributed the most
to total dissimilarity between the BESI and PISCV, while
Osteichthyes (28%) and Decapoda (15%) were responsible
for dissimilarity between PISCV and BEMI. Differences
between BESI and BEMI were caused by detritus (11%) and
Osteichthyes (10%) items. A full characterization of food items
identified for species is provided in Supplementary Material
(Supplementary Table S1).

Similarity Between Rmax and
Resolutions and Surrogates of Diet
The correlation between Rmax and other diet measures (R1,
R2, R3, and R4) increased with higher resolutions (Figure 3),
indicating that more detailed information on diet provide a
better picture of how species share resources. Although the
first resolution using qualitative data from published literature
(R1) did not present a significant relationship (p > 0.05)
with the highest resolution (Rmax), from R2 onward, where
we used direct analysis of gut content in different ways,
correlations were statistically significant (p < 0.05). Surprisingly,
surrogates (S1 and S2) did not present any correlation with
Rmax (p > 0.05).

Effect of Trait Resolution on Detection of
Functional Diversity Patterns
Overall, we found that observed functional patterns of fish
assemblages may differ depending on trait resolution (Figure 4).
Specifically, lower resolutions (R1 to R4) and surrogates (S1
and S2) were not able to identify significant differences in the
functional structure of assemblages between studied habitats
(p > 0.05, Figure 4), while the maximum resolution showed
functional aggregation of species in the estuary habitat in relation
to the others (p < 0.05).

DISCUSSION

Our results support the idea that different methods used in the
measurement of a particular process can create distinct patterns

FIGURE 3 | Correlation coefficient from Mantel test performed between
(Rmax) with morphological traits, phylogeny, and increasing diet resolution
(R1, R2, R3, and R4). (R1) qualitative data grouped from FishBase; (R2)
qualitative data grouped by food item; (R3) qualitative food items data
ungrouped; (R4) quantitative data from Feeding Index Categorized (FIiC); and
(Rmax) Quantitative data from Feeding Index (FIi) not categorized. The dashed
line represents the level of significance at p < 0.05.

in observed functional diversity. Specifically, our study shows
that distinct ways of expressing resource partitioning among
species may provide different ecological interpretations of this
process as different resolutions or surrogates can change pairwise
species similarity.

Trait Resolution and Surrogates to
Assess Resource Partitioning
Trophic interactions play an important role in maintaining the
structure and functioning of ecosystems (Longo et al., 2014),
thereby, it is not surprising that the trophic niche of species is
one of the most studied niche dimensions in animal ecology
(Winemiller et al., 2015). The description of this dimension
may be accomplished through the analysis of the different
mechanisms underlying this process, such as the understanding
of how species use the different resources available in ecosystems.

Typically, one of the easiest ways of study resource
partitioning is by categorizing species into guilds based on
literature information (secondary data), as primary data for
most groups of species are hard to be obtained, especially
in the tropics (Nonogaki et al., 2007). However, our results
indicate that data retrieved from online databases or published
papers might be a poor surrogate of in locus species traits,
as R1 was the only diet resolution that had no correlation
with Rmax (Figure 3). One of the main reasons for such
differences is that available data may not always translate
ecological characteristics of particular species as plasticity in
feeding behavior depends on many factors, such as variation
in productivity levels, ontogenetic and prey availability (Bowen
and Allanson, 1982; Reisinger et al., 2017). Moreover, diet
shifts of single species may spatially occur due to regional
differences in environmental conditions (Condini et al., 2015)
which may result in the misclassification of species. Thereby,
the use of published data to categorized species should be
done with caution.
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FIGURE 4 | Mean functional diversity by habitat (± standard deviation). (A) R1 – qualitative data grouped from FishBase; (B) R2 – qualitative data grouped by food
item; (C) R3 – qualitative food items data ungrouped; (D) R4 – quantitative data from Feeding Index Categorized; (E) Morpho – morphological trait; (F) Phylo –
topology of species phylogeny; (G) Rmax – quantitative data from Feeding Index (FIi). FD: functional diversity index; RE: reef; LA: lagoon, and ES: estuary.

Resolutions that used data obtained from gut content analysis
were all positively correlated with the maximum resolution
(Rmax), with the degree of correlation increasing as more
detailed information of diet were included. Many studies have
acknowledged that detailed information about traits are the
best choice for analyzing ecological processes and understanding
ecosystem functioning (Violle et al., 2007). In fact, these “hard
traits” – direct information of a particular function – are
known for their highly explicative power as they take in
consideration variability in many aspects of species’ biology
(Lavorel and Garnier, 2002), providing a better picture of the
niche occupied by species (Herbert et al., 1999). For example,
although species grouping in trophic guilds based on qualitative

analysis of diet (R2) was correlated to the highest resolution
(Rmax), this relationship was not strong (Figure 3), indicating
that the information loss that occurs during the clustering process
masks the fine-scale aspects of resource use. This is particularly
problematic as new studies have shown that even redundant
species may differ in the way they perform a particular function
(Elmqvist et al., 2003; Nyström, 2006; Cariveau et al., 2013;
da Silva and Fabré, 2019), which makes necessary the use of more
detailed data to accurately assess ecological information.

Our results also suggest that both phylogeny and morphology
are a poor proxy of resource partitioning among coastal marine
fishes in the tropics (Figure 3). No relationship between
morphological traits (S1) with the maximum resolution (Rmax)
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was found in our study, indicating that fish species with similar
morphological patterns do not necessarily use the same food
items available in ecosystems. Although widely used in functional
ecology, many authors have addressed some important issues in
relation to the use of morphology in predicting functions related
to the use of resources by species, possibly due to the generalist
prey selection of species as well as their high plasticity in feeding
behavior (Pouilly et al., 2003; Ibañez et al., 2007; Reecht et al.,
2013; Teresa and Casatti, 2017). The core challenge is that most
morpho-anatomical traits are only capable of discriminate groups
without assessing fine-scale aspects of fish ecology (Albouy et al.,
2011), thus expressing only the potential or fundamental niche
of species. This happens, in part, because species that present
similar body structures may have different mechanisms for food
acquisition and consumption (Konow and Bellwood, 2011),
resulting in a weak relationship between body shape and the
actual diet of species, as shown in our results.

The absence of correlation between the trait-phylogeny matrix
with Rmax found in our study may be associated to many
factors, including local environmental conditions. Even though
phylogenetically related species are expected to be more similar in
their functional role, trait variability may occur due to pressures
from ecological divergence. For instance, in tropical areas,
the high competition for resources and diet partitioning may
cause trait divergence, regardless of morphology and phylogeny
(Vitt and Pianka, 2005; Grime, 2006; Cadotte et al., 2013).
Furthermore, the availability of preys may cause high trophic
plasticity as an adaptation to current conditions, leading trait
variation in the ecological time but not in the evolutionary history
(Vitt and Pianka, 2005). For this reason, some studies involving
phylogenetic structure and trait analysis have not been able to
detect covariation (Gibb et al., 2015).

Trait Resolution and Its Impact on
Functional Analysis
Our results also showed that different measures of resource
partitioning may provide distinct patterns in observed functional
diversity of fish assemblages. More precisely, when functional
diversity between studied habitats was tested, only the direct
measure of resource partitioning (expressed through the
maximum diet resolution) was able to identify significant
differences among habitats (Figure 4). These different patterns
in the observed functional structure of assemblages found
herein may result from the level of detailing considered in the
measurement of the partitioning process. Although expensive
and a research-intensive alternative, detailed information
on resource use provides more reliable niche dimensions,
allowing the comprehension of niche-based processes that
drive assemblages’ structure (Gonçalves-Souza et al., 2014;

Passos et al., 2016). Moreover, hard traits, such as diet
composition, have been shown as good predictors of the
ecological performance of species, showing fine-scale aspects
of habitat selection, physiological response to environmental
conditions and shifts in behavior (Violle et al., 2007;
Lozanovska et al., 2018).
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