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Abstract

Resource partitioning is important for species coexistence. Species with similar ecomorpholo-
gical characters have a high potential for competition, especially when close phylogenetically.
The diet and resource partitioning of four snappers (Lutjanus alexandrei, L. analis, L. jocu and
L. synagris) was studied in the Tubardo River, north-eastern Brazil, between March and
November 2012. Specimens were caught using a beach seine, and a total of 731 stomachs
were analysed. The highest abundance of snappers was found near to vegetated habitats in
the middle estuary. Crustaceans were dominant in the diet of all four species, being found
in over 90% of the stomachs, followed by fish and molluscs. The species did not appear to
compete for common resources, probably because there was not always spatial overlap, and
differences in the proportions of consumption of items were observed. Ontogenetic compar-
isons of dietary compositions suggested differences among species, with changes in the diet
related to changes in the mouth area as the body size increased. The changes were more evi-
dent in L. analis and L. synagris where microcrustaceans (Calanoida, Cyclopoida and
Amphipoda) were dominant in the diet of the smaller size classes, and benthic crustaceans
(Brachyura) and fish in the diet of larger individuals. The intra- and inter-specific differences
in the dietary compositions, differences in the mouth area and feeding strategy contribute to
allow the co-existence of these snappers in the study area.

Introduction

Competition between species for shared resources generally increases differential resource util-
ization and decreases niche overlap between species (Amorim et al., 2016). Sympatric species
that interact are theoretically expected to evolve niche separation and resource partitioning to
reduce competition (Aradjo et al., 2016). Thus, ecological resource partitioning mechanisms,
such as prey and habitat selection and time segregation, minimize competition and allow these
species to coexist (Carvalho & Tejerina-Garro, 2014).

Closely related fish species often co-occur in the same habitat (Murie, 1995). The mutton
snapper Lutjanus analis (Cuvier, 1828), Brazilian snapper Lutjanus alexandrei (Moura &
Lindeman, 2007), dog snapper Lutjanus jocu (Bloch & Schneider, 1801) and lane snapper
Lutjanus synagris (Linnaeus, 1758) are four of the most common snapper species along the
north-eastern coast of Brazil (Resende et al., 2003; Frédou et al., 2009; Teixeira et al., 2010;
Previero et al., 2011). These species form an important resource for artisanal fishing in the
reef fish community. They have a similar morphology that contributes to the diet overlap
and consequently increases the competition for prey (Kamukuru & Mgaya, 2004; Kadison
et al., 2009). The juveniles of these species inhabit estuaries benefiting from optimal conditions
for growth, including high food availability, water temperature and low predation risk
(Aschenbrenner & Marques, 2016). The use of hypersaline habitats by early life stages snap-
pers is related to the benefits associated with microhabitat quality, which may directly influ-
ence fish recruitment, growth and survival (Osdrio et al., 2011; Sales et al., 2018).

Diet composition data can play an important role in the research on some ecological issues,
such as resource partitioning, which occurs during the early stages of fish life history
(Castillo-Vargasmachuca et al., 2013). Determining the feeding ecology of a particular organ-
ism is essential to understand its role in the ecosystem. Snappers are often classified as carniv-
orous fishes in marine ecosystems (Freitas et al, 2011), although there are significant
differences in the diets between species in this family (Mueller et al., 1994; Monteiro et al.,
2009; Pimentel & Joyeux, 2010). Snappers are opportunistic feeders and present ontogenetic
shifts in diet coupled with changes in jaw morphology and feeding strategies (Case et al.,
2008). Juvenile snappers consume primarily Crustacea, including shrimps and crabs, while
adults consume mainly fish (Franks & Vanderkooy, 2000; Wells et al., 2008; Monteiro
et al., 2009; Tarnecki & Patterson, 2015).

One of the strategies to avoid intra- and inter-specific competition is segregation. This may
include segregation by diet and feeding strategies and/or use of microhabitats. Many studies
indicate a significant absence of competition in tropical regions due to resource partitioning,
directly related to high feeding plasticity associated with high availability of food resources
(Harrison & Whitfield, 2012; Franga et al., 2012). Despite the importance of studies on feeding
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Fig. 1. Map highlighting the Tubardo River estuary, north-eastern Brazil. The sampling sites for each habitat are indicated: SNV (lines), MM (black) and MFM (black
dots). Habitats: SNV = non-vegetated habitat with sand bottom, MM = mangrove fringe with mud bottom; MFM =vegetated habitat with macroalgae and mud

bottom.

habits and overlap in all stages of fish life for a better understand-
ing of ecosystems, available studies on juvenile snappers are lim-
ited in comparison with adult populations (Sheaves, 1995;
Monteiro et al., 2009; Pimentel & Joyeux, 2010; Marshak &
Heck, 2017, 2019; Marshak et al., 2018).

The objectives of the current study were to provide informa-
tion on the distribution pattern and ontogenetic shifts in the
diets of four juvenile snappers in a tropical hypersaline environ-
ment. We intend to address the following: (1) describe the pat-
terns of habitat use by juveniles in a tropical hypersaline
environment; and (2) verify the existence of ontogenetic shifts
in food resource utilization by these snappers.

Material and methods
Study area

The Tubaréo estuary is 10 km long and is located on the northern
coast of the state of Rio Grande do Norte state, north-eastern Brazil
(5°04'37"S 36°27'24"W), within the limits of Ponta do Tubario
Sustainable Development Reserve — RDSEPT (Figure 1). The
main channel of the river is between 1 and 8 m deep, and is con-
nected to tidal creeks and other shallower channels (Queiroz &
Dias, 2014). This ecosystem is located in a region of semi-arid cli-
mate (BSh according to Koéppen climate classification; Alvares
et al., 2013), the typical climate of north-eastern Brazil, character-
ized as very low rainfall (annual average = 537.5 mm) with a ten-
dency to high temperatures throughout the year. This area has
a severe dry season, the driest month has precipitation below
20 mm with intense evaporation due to the high solar radiation
(7.1h of sunlight/day) and greater influence of constant trade
winds, mainly from the south-east, east and north-east quadrants
(IDEMA, 1999). The estuary is not fed by a freshwater spring,
and only receives fresh water from subjacent groundwater and
the rains that occur mainly from March to May (Queiroz &
Dias, 2014). The most upstream areas of the estuary showed hyper-
saline conditions due to the largest evaporation during all year
(Sales et al., 2018).

The environment is bordered almost completely by man-
groves, composed of Black mangrove Avicennia germinans

https://doi.org/10.1017/50025315420000375 Published online by Cambridge University Press

L. and Avicennia schaueriana Stapf & Leechman, Button man-
grove Conocarpus erectus L., White mangrove Laguncularia race-
mosa Gaerton and Red mangrove Rhizophora mangle L., which
function as natural protection between the coastline and main-
land. The soft-bottom flora of the channel is dominated by
the macroalgae Dictyota sp., Solieria filiformes (Kiitzing),
Gracilaria cearensis (Joly & Pinheiro), and Gracilaria domingensis
(Kiitzing). Other common vegetation consists of seagrass as
Halodule wrightii Ascherson and algae as Hypnea musciformis
(Wulfen). These habitats provide a rich source of food while
also offering refuge from predation for fish and invertebrates.

Sampling and laboratory procedures

The Tubardo estuary was sampled during the rainy (April and
July 2012) and dry (September and November 2012) seasons.
All sampling was restricted to daylight (06:00-17:00h) on the
low water spring tide due to logistic restrictions of sampling
with seine nets. Sampling was undertaken in different subtidal
microhabitats according to the following: non-vegetated habitat
with sand bottom - bare sand (SNV); narrow intertidal flat adja-
cent to mangrove fringe and mud bottom (MM); and broad inter-
tidal flat non-adjacent to fringe and containing expansive
macroalgae (Gracilaria domigensis, Hypnea musciformes) and sea-
grass (Halodule wrightii) beds, and mud bottom (MFM)
(Figure 1). Four sites were sampled for each habitat and three
replicates were collected at each microhabitat by pulling a beach-
seine net (10 m long and 1.5 m high, with a stretched mesh size of
5mm) across 30 m parallel to the coast, to a maximum depth of
1.5m (4 sites x 3 microhabitats x 3 replicates x 4 months = 144
samples). The collected fish were fixed immediately after capture
for later identification in the laboratory. The total length
(TL, mm) was measured for each individual.

Food resources found in stomachs were quantified using the
following indices: frequency of occurrence (%F), the percentage
number (%N) and the volume (%V) of different food items
(Hyslop, 1980). These indices (%F, %N, %V) were combined
into the Index of Relative Importance of Pinkas et al. (1971)
with the following formula: IRI = %F x (%N + %V), which was
computed for each food item. Each dietary item was identified
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to the lowest possible taxon. For items that could not be counted,
a value of 0.1 was given for their number (%N) to offset distor-
tions in the index (Abdurahiman et al., 2010). The volumes of
each item were verified in a way similar to that used by
Bemvenuti (1990) and analysed by displacement methods. The
total volumes of each item were obtained by summing individual
volumes across all samples. The volumetric proportion of each
item was then calculated based on the total volume of food
eaten per consumer. Although the volumes of unidentifiable
materials were also calculated, these were not considered valid
dietary categories and were not included in subsequent dietary
analysis (Abdurahiman et al,, 2010).

The body length intervals to each size class varied among spe-
cies. These intervals were applied to ensure that each class
included enough individuals to estimate the diet composition.
The individuals were grouped into the following three size classes:
small juveniles (TL;: <70 mm), medium-sized juveniles (TL,:
71-125 mm) and large juveniles (TL;: >126 mm). The asymptotic
length was obtained from Teixeira et al. (2010), Freitas et al.
(2011) and Previero et al. (2011). This method was applied
to standardize the size classes for all species getting a better com-
parison between them. Quantifying the abundance and distribu-
tion of size classes is fundamental to understand how different
habitats influence the fish populations throughout estuarine
systems.

The morphological measurements used were related to feed
structure: mouth height (My) is the height of the mouth fully
open; mouth width (M,,) is the width of the mouth fully open.
The mouth area (M,) (assuming an elliptical shape) was
described by: My =0.25n (MyM,,) (Karpouzi & Stergiou, 2003).

Statistical analyses

Two-way permutational multivariate analysis of variance
(PERMANOVA) was used to test for differences in fish abun-
dance and biomass between the three habitats (SNV, MM and
MFM) and seasons (dry and rainy). In all analyses, the same
two-factor design (season and habitat) was used. Pair-wise test
comparisons were used to determine which groups differed within
factors based on 9999 permutations performed for each test
(Anderson, 2001; Anderson et al., 2008).

The IRI contribution of each prey taxon by species and size
classes was square-root transformed and converted into a triangu-
lar matrix of similarities between all the samples (Schafer et al.,
2002). Hierarchical cluster analysis, using group-averaged linking,
was used to examine potential diet groupings based on species
and size classes. The Similarity Profile Analysis (SIMPROF) is
performed when it is used to objectively identify the members
of the ‘real’ groups present in the results returned from a classical
agglomerative hierarchical clustering method. This provides a
compelling alternative to more traditional methods that rely on
subjective assignment of arbitrary cut-off levels (Clarke et al.,
2008). The Similarity Percentage (SIMPER) procedure was
applied in SIMPROF groups to detect prey that contribute to
within-group similarity. The Cluster analysis, SIMPROF and
SIMPER procedures were performed with the PRIMER software
package, version 6.0 (Clarke & Warwick, 2001).

Trophic strategy

The trophic strategy was analysed graphically with the method
proposed by Amundsen et al. (1996), which incorporated the
prey-specific abundance (volume) into Costello (1990) analysis.
The Amundsen method is based on a two-dimensional represen-
tation wherein each point relates the %F of a prey to its prey-
specific volume %V. The vertical axis represents the feeding
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strategy of the predator in terms of specialization or generaliza-
tion. Predators are specialized when prey are positioned in the
upper part of the graph, whereas prey positioned in the lower
part were eaten occasionally (generalization).

The Shannon-Wiener diversity index using a natural loga-
rithm (Krebs, 1989), which corresponds to dietary breadth, was
calculated for each species using the volumetric data of feeding.
The Simplified Morisita Index Modified (Krebs, 1989) was used
to assess niche overlap among species and size classes. Niche
overlap was considered significant when it exceeded the value
of 0.6 (Labroupoulou & Eleftheriou, 1997; Mendoza-Carranza &
Vieira, 2009). For this calculation, the values of volume were
also used.

Results

A total of 796 juvenile snappers were collected during the study.
Lutjanus analis was the most abundant species accounting for
59.3% of the total catch. It was followed by L. alexandrei
(17.6%), L. synagris (17.1%) and L. jocu (6.0%). Overall,
PERMANOVA revealed significant differences between estuarine
habitats in the biomass (PERMANOVA, F, 144 =2.26, P=0.0152),
but not in the number of individual juvenile snappers
(PERMANOVA, F, 44 =130, P=0.2556) (Figure 2) (Table 1).
On the other hand, there were no significant temporal differences
for number (PERMANOVA, F, 144 = 1.14, P =0.338) and biomass
(PERMANOVA, F,44=0.91, P=0.468) (Figure 2) (Table 1).
MM estuarine habitat had the highest number of individuals
(1.7 £0.32 individuals/haul) followed by MFM (1.6 +0.51) and
SNV (0.1 £0.03). Spatial patterns in fish biomass showed similar
trends to the number of individuals: the mean biomass in the
MFM habitat (8.36 + 1.68 ghaul™") was about five times lower
than in the MM estuary (26.15 + 5.21 ghaul ™).

Juvenile L. analis were present in all habitats, and the highest
abundance was recorded at MM and MFM habitats whilst bio-
mass was highest in the MM habitat. Lutjanus jocu juveniles
were collected in higher abundance and biomass in MM habitat.
Higher catches of L. synagris occurred at MM and MFM habitats,
while L. alexandrei was often caught in high abundance and
biomass in the same habitats (Figure 2). No clear trend was
shown for L. alexandrei and L. jocu (PERMANOVA, P> 0.05).
Only L. synagris and L. analis showed significant differences
(PERMANOVA, P <0.05) in biomass, with highest values being
recorded in MM and MFM habitats, respectively (Figure 2).

The snapper species corresponded to immature size classes
ranging from 11 to 205 mm TL. In relation to fish size distribu-
tion in the estuary, the smallest and medium-sized individuals
of snappers of all species were observed in high frequency espe-
cially in MM and MFM habitats. Large individuals of L. jocu
were observed with higher frequency in SNV habitat (Figure 3).

Diet

Stomach contents were found in 112 of the 122 L. alexandrei
(92%), 49 of the 52 L. jocu (94%), 106 of the 117 L. synagris
(91%) and 401 of the 440 L. analis (91%). Crustaceans were
dominant in the diet of snapper species, being found in over
90% of the stomachs, followed by fish and molluscs.
Crustaceans were mainly represented by decapods and microcrus-
taceans (Calanoida, Cyclopoida and Amphipoda) (Table S1 and
Table S2).

In general, the diet composition in terms of the main prey
items differed between habitats. In SNV habitat, the diet of
L. analis and L. synagris consisted of microcrustaceans
(Amphipoda and Cyclopoida), and the diet of L. jocu was pre-
dominantly fish. The contributions of Brachyura and Peneidae
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Table 1. Results from the multivariate permutational analysis (PERMANOVA) of differences in total abundance and biomass between habitat and season

PERMANOVA df SS MS Pseudo-F P (perm)
Abundance

Habitat 2 6586.9 3293.4 1.3093 0.2556
Season 1 2891.9 2891.9 1.1497 0.3391
Biomass

Habitat 2 13,229 6614.4 2.2643 0.0152
Season 1 2673.8 2673.8 0.91529 0.4684
Pairwise test t P (perm)

SNV - MFM 1.6103 0.0266

SNV - MM 1.8501 0.0056

MFM - MM 1.0596 0.3469

SNV, non-vegetated habitat with sand bottom; MM, mangrove fringe with mud bottom; MFM, vegetated habitat with macroalgae and mud bottom.

to the diet of all snappers increased in MM habitat; contributions
made by microcrustaceans increased in L. analis and L. synagris in
MFM habitat, whereas that of Brachyura remained very high in
the diet of L. alexandrei and L. jocu (Figure 4).

Ontogenetic variation in diet of the four snapper species was
evident (Figure 5). The contributions made by Amphipoda to
the diet of L. alexandrei and L. jocu declined progressively from
nearly 60-80% IRI in the smallest juvenile to zero in large juve-
niles. The relative importance of Brachyura tended to increase
with size class (medium and large juveniles), whereas, in contrast,
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L. synagris and L. analis consumed far greater volumes of
Cyclopoida (71 and 47% IRI, respectively) and Amphipoda
(42% and 54% IRI, respectively) by small juveniles, whereas
large juveniles ingested Brachyura (51% and 52% IRI, respect-
ively) (Figure 4).

When the IRI data of each size class were plotted in a dendro-
gram, samples from smaller size classes (small juveniles) appeared
on the left side of the dendrogram and samples of larger-size
(medium and large juveniles) were shown on the right side
(Figure 5). SIMPROF showed that dietary compositions of
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different size classes in each pairwise comparison were signifi-
cantly different (m=5.4, P <0.05). SIMPER analysis showed that
the main prey of group A were Amphipoda, Penaeidae and
Cyclopoida (average similarity =62.74) and of group B were
Brachyura and fish (average similarity = 77.83).

Feeding strategy and mouth area

The feeding strategy observed in the size classes of the four species
of snappers is summarized in the Amundsen plots. From the prey
importance axis, the smallest size class for L. synagris, L. jocu and
L. analis showed a diet mostly based on rare prey taxa that were
eaten occasionally and in relatively small- to medium-volume,
such as Amphipoda, Cyclopoida and Brachyura (Figure 6). In
the other size classes there were differences between species: for
L. synagris and L. analis the generalist feeding strategy was contin-
ued with predation on Amphipoda and Brachyura, while L. jocu
and L. alexandrei demonstrated a more specialized feeding strat-
egy on Brachyura (Figure 6).

Niche breadth for the four co-occurring snappers presented
higher values for L. synagris and L. analis (H =0.19 and H =
0.21, respectively), and lower values for L. jocu and L. alexandrei
(H=018 and H =0.14, respectively). Similarly, the
Shannon-Wiener index values also showed changes of niche
breadth according to size classes of snappers, with it being
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inversely proportional to body length in all species.
Inter-specific niche overlap occurred at smallest sizes of four
snapper species, and intra-specific niche overlap between the lar-
gest sizes (Table 2).

When the mouth area of different size classes was analysed
among species, it was observed that L. synagris and L. analis
presented lower ranges (Lusy, = 6.58 mm?, Lusy, = 54.65; Luan, =
3.48 mm? Luan,=28.62mm? Luan;=120.60 mm?), compared
with L. jocu and L. alexandrei (Lujo; = 20.05 mm?, Lujo, = 80.75
mm?, Lujo; =177.32 mm?; Lual; = 37.36 mm?, Lual, = 65.94 mm?,
Lual; = 173.78 mm?).

Discussion

The greater abundance and degree of inter-specific food partition-
ing of snapper fishes suggested that this hypersaline environment
provides an important nursery area and feeding ground habitats.
Habitats that support high juvenile densities, and may contribute
juveniles to adult populations, have historically been referred to as
nurseries (Beck ef al., 2001). There are a few tropical estuaries on
the borders of semi-arid regions in north-eastern Brazil, which
provide good shelter for juvenile snappers and other juvenile
reef fish, as proposed by Sales et al. (2016). The results presented
here could be due to (1) habitat use by species and (2) differences
in trophic strategy and mouth area, resulting in resource
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partitioning. For example, Adite & Winemiller (1997) and Boyle
& Horn (2006) showed that the sharing of food resources by con-
geners is facilitated through differences in habitat use, in response
to environmental heterogeneity in ecosystems.

The results point to clear differences in utilization of different
habitat types by juvenile snappers in the Tubardo estuary. The
higher abundance of snappers registered in the MFM and MM
habitats of the Tubardo estuary was demonstrated, revealing the
structural complexity provided by proximity to habitats (such as
seagrass and mangrove roots) as an important factor. Similar
results were found by Sales et al. (2016) who argued that the greater
abundance and fish richness in this estuary might depend on the
substratum type and more complex and heterogeneous habitats,
such as mangrove fringe and macroalgae beds. Aschenbrenner
et al. (2016) also found that habitat selection by snapper species
in Brazilian estuaries is related to higher densities of juveniles in
mangrove areas. Habitat selection among snapper species has
been very evident, mainly due to formation of schools of conspeci-
fics in order to improve safety while foraging (Igulu et al., 2011).
These results support the hypothesis that the hypersaline ecosys-
tems are potential or alternative nursery grounds for these juvenile
fish to minimize mortality and maximize growth.

The results show the importance of different habitats as nur-
series for snapper species. Despite the differences between habi-
tats in abundance of snappers, juveniles of L. analis and
L. synagris showed some degree of similarity in habitat utilization,
with highest biomass in the MM habitat, due to the presence of
medium- and large-sized individuals close to the mangrove
fringes. It is important to note that small individuals of these spe-
cies were caught predominantly in SNV habitats. Differences in
the distribution of size classes among different habitats in our
study can be used to infer about the discontinuity hypothesis -
resources are patchily distributed so their availability varies
among spatial scales. Greater use of mangrove fringes by L. analis
and L. synagris is as reported in other studies (Ley et al., 1999;
Doncel & Paramo, 2010), and suggests that distribution of snap-
pers was influenced by food resources which may be over-
abundant and also dependent on abiotic factors. Nagelkerken
et al. (2000) have described a clear spatial separation in seagrass
and mangrove utilization among closely related fish species and
among different size groups within species, suggesting avoidance
of competition. Burke (1995) suggested that biotic and abiotic
gradients interact to create and guide fishes to species-specific
nursery habitats. In a number of studies, a greater abundance of
snapper species has been found in habitats with higher complex-
ity (mangrove roots and seagrass) (Mueller et al., 1994; Monteiro
et al., 2009; Freitas et al., 2011); these confer strong advantages for
young stages, such as a reduction of predation risk and access to
different prey species (Szedlmayer & Lee, 2004), with potential
consequences for growth rate (Aschenbrenner & Marques, 2018).

In the present study we found that the four juvenile snapper
species were exclusively carnivorous, feeding mainly on micro-
crustaceans and benthic crustaceans. The importance of these
items in the diet of snappers is highlighted here and corroborated
by earlier studies in tropical estuaries and mangroves
(Dorenbosch et al., 2004; Kamukuru & Mgaya, 2004), evidencing
the ability of these species to exploit them. In our study, the seg-
regations in diet among species were related to the habitat types
and relative abundances of their potential prey, and this strategy
contributes to species coexisting by facilitating resource partition-
ing. For example, L. synagris and L. analis forage in the water col-
umn and seagrass, feeding on Cyclopoida and Amphipoda in a
generalist way according to prey availability, whereas L. alexandrei
and L. jocu forage near the substrate feeding on Brachyura, behav-
ing more like a specialist. This difference was due to choice of the
way to feed in response to patterns of food density: a higher
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Table 2. Niche overlap index per size class (TL) for the four fish species (Luan = Lutjanus analis, Lujo = Lutjanus jocu, Lusy = Lutjanus synagris and Lual = Lutjanus
alexandrei) in the Tubardo River estuary, north-eastern Brazil

Luan; Luan, Luan; Lual, Lual, Luals Lujo, Lujo, Lujos Lusy; Lusy, Lusys
Luan; -
Luan, 0.66 -
Luans 0.21 0.36 =
Lualy 0.81 0.63 0.58 -
Lual, 0.07 0.12 0.12 0.50 =
Luals 0.02 0.89 0.74 0.46 0.99 -
Lujo, 0.67 0.62 0.80 0.91 0.72 0.46 —
Lujo, 0.07 0.17 0.91 0.99 0.99 0.99 0.71 -
Lujos 0.04 0.94 0.94 0.96 0.96 0.96 0.68 0.97 =
Lusy; 0.53 0.50 0.15 0.31 0.04 0.05 0.29 0.03 0.18 -
Lusy, 0.50 0.82 0.55 0.65 0.55 0.50 0.73 0.55 0.64 0.49 -
Lusys 0.15 0.62 0.81 0.44 0.76 0.74 0.66 0.78 0.80 0.17 0.81 -

Values in bold indicate biologically significant overlap (>0.6) according to Labroupoulou & Eleftheriou (1997). Small (TL;) Medium (TL,) and Large juveniles (TLs).

abundance of macroinvertebrates was recorded by Queiroz & Dias
(2014) and Medeiros et al. (2016) in Tubardo estuary in associ-
ation with algae beds, sandy and muddy bottoms, while the abun-
dance of Brachyura and Penaeidae increased as they approached
mangroves. Similar diet shifts related to habitat changes have
been reported for Lutjanus campechanus in the north-east Gulf
of Mexico (Szedlmayer & Lee, 2004).

The cluster analysis demonstrated that diet composition of
snappers is different between size classes, suggesting resource
partitioning. The diet shifts gradually between size classes of
L. synagris, L. alexandrei and L. analis from predominantly
microcrustaceans to Brachyura, fish and molluscs. This result
was corroborated by studies on diet of two of these species in
oceanic islands and reefs (Doncel & Paramo, 2010). On the
other hand, L. jocu ate Brachyura and Penaeidae at all size classes,
which has been noted in other studies in tropical estuaries
(Monteiro et al., 2009; Pimentel & Joyeux, 2010). The juvenile
reef fish presented ontogenetic dietary changes once they were
in the nursery habitats (Cocheret de la Moriniére et al., 2003;
Wells et al., 2008). The switch of a diet based on microcrustaceans
to a Brachyura- or Penaeidae-based diet probably occurred
because these items are more energetically profitable for larger
individuals, maximizing energy input (Yeager et al., 2014). Ross
(1986) suggested that changes in dietary preferences due to
ontogeny may reduce competition for resources between different
life history stages.

Other aspects of the ontogenetic shifts in diet were related in
changes in mouth area. Snapper range size increased with size
classes accompanied by a switch from microcrustacean prey in
small juveniles to Brachyura in larger juveniles, which supports
the hypothesis that optimal prey size is related to the opening
of the predator’s mouth. In addition, these changes indicated
that predator performance becomes more efficient, with hard
prey, such as crabs and molluscs, being incorporated into the
diet as the fish grow. For instance, Case et al. (2008) found that
ontogenetic change in the mouth morphology allowed large
juvenile red snapper (Lutjanus campechanus) to explore harder
types of prey. Previous studies also suggest that the progressive
increase of larger prey in the diet could be related to increase in
mouth size and ability to handle and crush prey in Lutjanidae
(Szedlmayer & Lee, 2004; Yeager et al., 2014) and other carnivor-
ous fish such as Sparidae (Sarre et al, 2000) and Serranidae
(Labroupoulou & Eleftheriou, 1997).
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Significant overlaps between size classes were observed due to
the prevalence of particular items in the diets of snappers.
However, segregation along two resource axes (habitat and
trophic) may have played an important role in niche segregation
of snappers, to avoid potential inter-specific food competition
among size classes. Furthermore, snappers adopted different strat-
egies among and within species to reduce competition; thus
L. synagris and L. analis tended to have broader diets while
L. jocu and L. alexandrei were more specialists. Our study sup-
ports the hypothesis that resource partitioning between congen-
eric fish species is related to spatial patterns of habitat use and
ontogenetic diet shifts, and also highlights the importance of
hypersaline ecosystems as nursery grounds for snappers.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S0025315420000375.
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