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a b s t r a c t

Several species of marine fish use different coastal systems especially during their early development.
However, these habitats are jeopardized by anthropogenic influences threatening the success of fish
populations, and urgent measures are needed to priorize areas to protect their sustainability. We applied
taxonomic (Dþ) and functional (Xþ) distinctiveness indices that represent taxonomic composition and
functional roles to assess biodiversity of three different costal systems: bays, coastal lagoons and oceanic
beaches. We hypothesized that difference in habitat characteristics, especially in the more dynamism and
habitat homogeneity of oceanic beaches compared with more habitat diversity and sheltered conditions
of bays and coastal lagoons results in differences in fish richness and taxonomic and functional diversity.
The main premise is that communities phylogenetically and functionally more distinct have more in-
terest in conservation policies. Significant differences (P < 0.004) were found in the species richness, Dþ
and Xþ among the three systems according to PERMANOVA. Fish richness was higher in bays compared
with the coastal lagoons and oceanic beaches. Higher Dþ was found for the coastal lagoons compared
with the bays and oceanic beaches, with the bays having some values below the confidence limit. Similar
patterns were found for Xþ, although all values were within the confidence limits for the bays, sug-
gesting that the absence of some taxa does not interfere in functional diversity. The hypothesis that
taxonomic and functional structure of fish assemblages differ among the three systems was accepted and
we suggest that coastal lagoons should be priorized in conservation programs because they support more
taxonomic and functional distinctiveness.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Understanding the links between species distribution and
habitat characteristics is often the first step in unraveling the
mechanisms that control biodiversity distribution (Matthews and
Whittaker, 2015; Vasconcelos et al., 2015; Whitfield and Pattrick,
2015; McLean et al., 2016). In this sense, the investigation of spe-
cies composition and functional traits has been proposed as a
means to assess the structure and dynamics of ecological com-
munities. Species richness is practically always used as an explan-
atory variable for ecosystem function because it is easy to estimate
and assumed to be a good estimator for functional diversity
(Tilman, 1999). The introduction of functional groups was an
important step in estimating functional diversity, with species be-
ing grouped by similar function, similar effects on ecosystem pro-
cesses or similar responses to environmental pressures (Wilson,
1999; Walker and Langridge, 2002). Therefore, classifying species
into groups based on taxonomic relationship and similar function is
a useful approach to studying species environmental or perturba-
tion influences on the coastal systems.

Several species of marine fish use sandy beaches in different
coastal systems especially during their early development. How-
ever, this kind of habitat is at risk because of anthropogenic activ-
ities, which jeopardize the success of fish populations, and urgent
measures are needed to priorize areas to protect the sustainability
of such natural resources. The traditional diversity indices have
been used in the last decades to quantify changes in communities,
reducing complexity for ecological groups to numbers that are
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based on species composition and their relative abundances. Such
indices are poor predictors of communities' structure and function.
One of their inconsistence is the premise that all species are
equivalent in composition and function, that is, all species have the
same importance in respect to quantified information that they
carry, irrespective of their degree of relatedness, and role in the
community processes. The development of more efficient tools to
assess diversity, both taxonomic and functional, and their relation
with environmental constraints has been proposed. The main
premise is that communities phylogenetically (average taxonomic
distinctiveness) and functionally (average functional distinctive-
ness) more distinct have more interest in conservation policies.

Taxonomic distinctness does not measure the number of species
per se but rather the taxonomic relatedness of species in a com-
munity (Clarke andWarwick, 1998, 1999; Leonard et al., 2006). This
is done by defining the path length along the taxonomic hierarchy
of each species pair in the community and then averaging across all
species pairs. A major benefit of this index over species richness is
its virtual independence of sampling effort. Rogers et al. (1999)
applied to an extensive dataset of bottom-dwelling fish in the
coastal waters of NW Europe, suggesting that the use of taxonomic
distinctness measures provided additional insights of relevance to
biodiversity assessment. O'Connell et al. (2009) calculated taxo-
nomic distinctness of fish assemblages from multiple estuarine
regions of Southeastern Louisiana, and concluded that this method
is more useful for large scale than other diversity measures.
Lefcheck et al. (2014) analyzing demersal fishes in Chesapeake Bay
concluded that an index of diversity derived from taxonomic hi-
erarchy served well as a practical surrogate for functional and
phylogenetic diversity of the demersal fish community. Barjau-
Gonz�alez et al. (2016) analyzed rocky reef fish in southwestern
Gulf of California and found greater anthropogenic impact would
cause differences in taxonomic distinctness. To date, such ap-
proaches have not being applied for the tropics.

Functional diversity is by sure an important component of
biodiversity that quantifies the difference in functional traits be-
tween organisms and explains the roles that organisms play within
ecosystems. A trait-based approach to diversity is attractive
because functional traits can, in principle, be directly linked to
ecosystem processes (Mouillot et al., 2005, 2007; Somerfield et al.,
Fig. 1. Map of the study area with indication of the three coastal systems along the Rio de
(dissipative beaches); 2) coastal lagoons, Araruama (CL1) Saquarema (CL2) and Maric�a (CL3
2008; Mouchet et al., 2010, 2013; Stuart-Smith et al., 2013; Laureto
et al., 2015). Vill�eger et al. (2010) studied changes in taxonomic and
functional diversity in the T�erminos Lagoon (Gulf of Mexico) of
estuarine fish communities facing environmental and habitat al-
terations and found that three, among the four largest bay zones,
did not show strong functional changes but in one of them there
was an increase in fish richness but a significant decrease of func-
tional diversity. They explained this result by a decline of special-
ized species, while newly occurring species are redundant with
those already present. Wiedmann et al. (2014) found that trait-
based methods detect substantial spatial variation in functional
diversity of fish community in Barent Sea partly associated with
hydrographic characteristics.

The 650 km extent of the coast of Rio de Janeiro State, South-
eastern Brazil, encompasses different coastal systems, with oceanic
coastal beaches predominating in the North, coastal lagoons in the
Center, and large bays in the South (Fig. 1). In this study, we focused
on comparing fish assemblages richness and taxonomic (Dþ) and
functional (Xþ) distinctiveness of fish community in these three
different coastal systems that have different environmental con-
ditions: (1) the oceanic beaches with more dynamisms and wave
exposure; 2) the coastal lagoons with marked stable salinity
gradient, low hydro dynamism and well protected habitats due to
the narrow sea connection; and (3) the bays with a slight salinity
gradient and more tidal influence. We hypothesized that these
differences in the environmental conditions result in differences on
richness, taxonomic and functional distinctiveness of the fish as-
semblages of these different systems. The following questions were
postulated: 1) Do differences in environmental conditions among
the three systems result in different fish assemblages? 2) Do
taxonomic and functional distinctness changes among the sys-
tems? With the answers to these questions we will test our raised
hypothesis and we hope to provide useful information for conser-
vation managers.

2. Material and methods

2.1. Study area

The coast of Rio de Janeiro State, located near to the southern
Janeiro State: 1) oceanic beaches, RB1 and RB2 (reflective beaches) and DB1 and DB2
); 3) bays, Sepetiba (B1) and Ilha Grande (B2).
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limit of tropical region (22-23
�
S), have an extension of ca. 650 km,

encompassing different coastal systems determined by geomor-
phological and ecological characteristics (Fig. 1). In the north, be-
tween Cape S~ao Tom�e Cape and Cape Frio, there is a predominance
of oceanic beaches (dissipative, DB; and reflective, RD) interspersed
by small estuaries; in the central area, between Cape Frio and
Guanabara Bay, there is a predominance of coastal lagoons with
different sea water influences (e.g., Araruama, CL1; Saquarema,
CL2; and Maric�a, CL3); whereas the southern area is characterized
by large bays areas (e.g., Sepetiba Bay, B1; and Ilha Grande Bay, B2).
Each of these three geographical areas has a shoreline extension of
ca. 150e200 km and the coastal systems are ca. 80 km apart.

The sediment granulometric fractions change among the bea-
ches. Very fine sand was higher in the outer zones of bays and
coastal lagoons whereas silt and clay were higher in the inner
zones. Most of the sediment in the bays was classified as fine sand
according to Silva-Camacho et al. (2015). Granules and very coarse
sand were comparatively higher in reflective oceanic beaches,
whereas in dissipative beaches sediment had coarse sand and
medium sand (Veloso et al., 2003).

2.2. Sampling design

Samplings were carried out during the day, between 10 and
16 h, twice a year (January and July), during two-yearly period
(2011/2012; and 2012/2013). For the coastal lagoon and bays, four
sandy beaches with different morphodynamic characteristics were
sampled with four replicates, totaling 64 samples (2 years x 2
seasons x 4 beaches x 4 replicates) in each coastal lagoon (CL1, CL2
and CL3) and in each bay (B1 and B2). In the oceanic beaches, four
beaches were sampled, two reflective (RB) and two dissipative
beaches (DB). At each beach, hauls were performed at two sites
with four replicates, totaling 58 samples (2 years x 2 seasons x 2
beaches x 2 sites x 4 replicates). Six hauls were missed because of
bad weather.

The fish assemblages were sampled using a beach seine
(12 � 2.5 m; 5-mm mesh size). The net was fitted with 30-m
hauling ropes and set perpendicular to the shore at approxi-
mately 1.5 m depth. Seine hauls were performed by two persons,
one on each end of the rope, covering an extension of approxi-
mately 30 m; hauling lasted an average of 15 min. The distance
seined and the time required for each haul was standardized, thus
allowing comparison among samplings. The total sampled areawas
taken to be the distance the net was laid offshore multiplied by the
mean width of the haul, resulting in an effective fishing area of
approximately 300 m2. Fish were fixed in 10% formalin, and after
48 h, preserved in 70% ethanol. All fishes were identified to the
species level, counted, measured (total length in millimeters) and
weighed (g). Vouchers specimens were deposited in the Ichthyo-
logical Collection of the Laboratory of Fish Ecology of the Uni-
versidade Federal Rural do Rio de Janeiro.

2.3. Data analysis

The taxonomic distinctness index (Dþ) was calculated according
to Clarke and Warwick (1998) and Warwick and Clarke (2001)
following the formula:

Dþ ¼
2
4XX

i< j

uij

3
5,½SðS� 2Þ=2�

where, uij is the branch length between species pairs linking spe-
cies i and j in the hierarchical classification, and S is the number of
observed species in the sample. Species were placed within a
taxonomic hierarchy, according to Nelson et al. (2016) classification
into species, genus, family and order. The average taxonomic
distinctiveness (AvTD¼ Dþ) is simply themean number of steps up
the hierarchy that are taken to reach a taxonomic rank common to
two species, and the computation across all possible pairs of species
in an assemblage (see Clarke and Warwick, 1998, 1999; Warwick
and Clarke, 2001). Thus, if two species are congeneric, one step
(species-to-genus) is necessary to reach a common node in the
taxonomic tree; if the two species belong to different genera but to
the same family, two steps will be necessary (species-to-genus and
genus-to-family), and so on, with the number of steps average
across all species pairs. The various branch lengths in the ontoge-
netic phylogeny are determined by species richness in every taxo-
nomic category. By default, equal step lengths are assumed, with
branch lengths standardized so that the shortest path and the
longest path in the tree are set from zero to 100. AvTD is not
dependent on sampling effort (Clarke and Warwick, 2001). The
randomization testwas applied to indices to test the null hypothesis
that the species present in any system represent a random selection
from the master species list (Clarke and Warwick, 1998, 2001).
Taxonomic distinctness indices and 95% confidence funnel curve
were performed by routine TAXDTEST in the software PRIMER
version 6 (Clarke and Warwick, 2001; Clarke and Gorley, 2006).

To identify which taxa influenced patterns of taxonomic
distinctness, we compared taxonomic trees across three systems to
examine how the branching patterns differed. We calculated the
frequency of occurrence for each species in each system and con-
structed trees for each that comprised those species which
occurred in at least 20% of the hauls for that system. This ‘20% trees’
cut-level does not completely describe the classification tree for the
three systems, but they do provide a qualitative guide to the type of
transitions in relatedness among taxa that occurs between the
systems. A similar procedure was used by Tolimieri and Anderson
(2010), that studying taxonomic distinctness of demersal fishes of
the California Current selected only those species which occurred
in at least 50% of the hauls.

The Average functional distinctness (AvFD ¼ Xþ) was calculated
according to Somerfield et al. (2008). They describe how the idea of
taxonomic relatedness among species may be extended to incor-
porate functional relatedness among species, and consider how this
may be used to derive functional indices. The index is supposed to
reflect the similarity among species, in terms of functional traits,
within each sample. Information on life history and ecological traits
for each species (Supplementary Data, Table SM-1) was compiled
using a range of sources, starting with Fishbase (Froese and Pauly,
2013), then searches of primary literature, regional guidebooks,
and species catalogues. We converted all traits to a series of binary
possibilities by scoring the trait as 1 if a species falls within a trait
category and 0 if it does not.

We defined average functional distinctness (Xþ) simply as the
average resemblance among species in a sample. Calculation of
relatedness measures and associated simulations using resem-
blance matrices and calculation of resemblance matrices from an
aggregation file. Routines were implemented in TAXDTEST in the
software PRIMER version 6 (Clarke and Warwick, 2001; Clarke and
Gorley, 2006).

A Principal Component Analysis was used to represent species
groups sharing similar functional traits and was performed with
the software Statistica for Windows (release 7.0; StatSoft, Tulsa,
Oklahoma, U.S.A.). A Permutational Analysis of Variance (PERMA-
NOVA) based on Euclidean distance and permutation of residuals
under a reduced model was performed to compare the indices
among the three systems (fixed factors). Significant differences
among the factors were followed by PERMANOVA pairwise com-
parison tests. PERMANOVA was performed with the software
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PRIMER version 6.02 (Anderson et al., 2008).

3. Results

A total of 103 fish species in 16 orders, 38 families and 76 genera
was found. The total number of species differed among the three
systems, with 69 species being recorded in the bays, 55 species in
the coastal lagoons and 46 species in the oceanic beaches (Table 1;
Table 1
Number of taxonomic categories of the three systems.

Taxonomic level Coastal lagoons Bays Oceanic beaches

Species 55 69 46
Genus 45 53 35
Family 26 31 22
Order 14 15 10
Class 1 2 1

Table 2
Means ± SE and results of PERMANOVA for comparisons of the number of species (Spp) p
systems in Rio de Janeiro State. Significant differences (p < 0.01) indicated in bold. CL, coa

Source of variation df MS Pseudo-F

Spp/sample 2 179.23 12.3
Taxonomic index 2 72.2 6.3
Functional index 2 221.49 13.7

Fig. 2. Average taxonomic distinctness (Dþ) and Average functional distinctness (Xþ) of fis
taxonomic distinctness and functional distinctness, in random subsamples of the fish specie
also showed.
Supplementary Data, Table SM-2).
Significant differences in the number of species per sample

(P ¼ 0.001), in the average taxonomic distinctiveness AvTD
(P ¼ 0.001), and in the average functional distinctiveness AvFD
(P ¼ 0.004) were found among the three systems according to
PERMANOVA (Table 2). The number of species per sample was
higher in the coastal lagoons compared with the bays and oceanic
beaches. Similarly, the highest AvTD and AvFD were found for the
coastal lagoons compared with the bays and oceanic beaches. Most
of the AvTD and AvFD samples were located within the 95% con-
fidence limit funnel. The coastal lagoons had most samples above
the AvTD and AvFD average, whereas some samples of the Bays
were located below the funnel significance level (Fig. 2).
3.1. Taxonomic distinctiveness

The taxonomic trees provided here, based on those species
er sample, taxonomic and functional distinctiveness indices among the three coastal
stal lagoons; B, bays; OB, oceanic beaches. dg, degree of freedom; MS, mean square.

P (perm) Pair-wise test

0.001 Cl (11,9 ± 0,52) > B (10,0 ± 0,71), OB (7,3 ± 0,69)
0.004 Cl (75,4 ± 0,33) > B (73,1 ± 0,75), OB (72,9 ± 0,68)
0.001 Cl (41,6 ± 0,47) > B (37,4 ± 0,67), OB (37,5 ± 0,96)

h communities from the three coastal areas in the Rio de Janeiro State. The ‘expected’
s included in the study (dashed line) and the 95% probability limits (continuous lines)
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found in at least 20% of the samples within a given system, was
comprised by 20 species for the coastal lagoons, 15 species for the
bays and 11 for the oceanic beaches (Fig. 3). Six orders (Cypri-
nodontiformes, Clupeiformes, Tetraodontiformes, Mugiliformes,
Siluriformes and Perciformes) showed differences in their
branching patterns. The highest number of species belongs to
Perciformes (13 species) and Clupeiformes (5 species), and some
orders had only one species, as the case of Atheriniformes, Elopi-
formes, Pleuronectiformes, Beloniformes and Syngnathiformes.
The trees contained a combination of short branches and long
branches, and differed in their taxa composition among the three
systems. The Cyprinodontiformes order was represented by two
families (Anablepidae and Poeciliidae) with a single species for
each family being recorded in the coastal lagoons only. The Clu-
peiformes order was represented in the coastal lagoon by two
families (Engraulidae and Clupeidae) with two species in each
family, and the Clupeidae family containing two different genera. In
the bays, this family was represented by three species in two
families (Harengula clupleola, Clupeidae; Anchoa tricolor and
A. januaria, Engraulidae), whereas in the oceanic beaches only two
Fig. 3. Taxonomic trees for the three coastal �areas in the Rio de Janeiro State. Species
are those found in at least 20% of the trawls in a given system. Species code indicated
in Table A3, Supporting Information.
species (A. tricolor and A. januaria, Engraulidae). The Tetraodonti-
formes order (family Tetraodontidae) had two species in a single
genus in the bays (Sphoeroides testudineus and S. greleeyi) and was
not recorded in the coastal lagoons and in the oceanic beaches.

In relation to the Perciformes order, five families were recorded
in these three systems, but differences in families were found
among the systems. In the coastal lagoons, the Gerreidae family had
2 genera and four species (Diapterus rhombeus, Eucinostomus mel-
anopterus, E. argenteus, Eucinostomus sp.), Sciaenidae had only one
species (Micropogonias furnieri) and Gobiidae had two genera and
two species (Microgobius meeki and Ctenogobius boleosoma) in the
coastal lagoons. In the bays, the Sciaenidae family had three 3
species and 3 genera (Menticirrhus littoralis, M. furnieri and
U. coroides), Gerreidae had one species (E. argenteus) and Car-
angidae had two genera and two species (Oligoplites saurus and
Trachinotus carolinus). In the oceanic beaches, the Sciaenidae family
had 2 species and 2 genera (Menticirrhus littoralis and Umbrina
Fig. 4. Principal Component Analysis on functional traits for the three coastal �areas in
the Rio de Janeiro State. Species are those found in at least 20% of the trawls in a given
system. Species code indicated in Table A3, Supporting information.
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coroides), Carangidae had only one genus and two species (Trachi-
notus falcatus and T. carolinus) and Polynemidae had one species
(Polydactylus virginicus). The Ariidae family was represented by 2
species and two genera (Genidens genidens and Cathorops spixii)
only in the oceanic beaches whereas Mugilidae was represented by
two species in the coastal lagoons (Mugil curema andMugil sp.) and
one species (Mugil liza) in the bays and in the oceanic beaches.

3.2. Functional distinctiveness

A principal component analysis on the fish traits (Fig. 4)
revealed important functional groups (factor loading > 0.6) in the
three coastal systems (Table 3). Generalist species with high
occurrence and abundance in most habitats (Functional Group 0,
FG-0) were the members of the Sciaenidae (Menticirrhus litorallis,
Umbrina coroides, Micropogonias furnieri), the Gerreidae (Eucinos-
tomus argenteus, Eucinostomus melanopterus, Eucinostomus sp.,
Diapterus rhombeus) families and the Atherinidae A. brasiliensis that
had no significant correlation with the two first axes of the prin-
cipal component analyses and were positioned near to the center of
the diagram (Fig. 4; Supplementary Data, Table SM-3).

3.2.1. Coastal lagoons
Principal Component Analysis on the traits (Fig. 4) revealed that

27.27% of the variance was explained in the first component (PC1),
and 17.33% by the second component (PC2). Three functional
groups were identified in the first axis. A functional group, repre-
sented by the species H. unifasciatus, E. saurus, H. clupeola, B. aurea,
A. januaria, Anchoa sp. Mugil sp. and M. curema (FG-1), that have
pelagic vertical distribution, elongated body shape, high mobility
and external fertilization without parental care were negatively
correlated with axis 1. Other functional group included the gobiids
C. boleosoma and M. meeki (FG-2) that have benthonic habits, low
mobility (sedentary), dorsoventrally flattened body shape, ben-
thophagous feeding guild and external fertilization with parental
Table 3
Factor scores of the principal component analysis on the traits of selected species in the
system. Values in bold indicate greater scores (>0.6) in each axis.

Traits Coastal lagoons

Axis 1 Axis 2

Pelagic ¡0.81 0.31
Benthonic 0.81 �0.31
Elongated ¡0.71 �0.03
Filiform 0.02 0.11
Flattened laterally symmetrical 0.19 �0.55
Flattened laterally asymmetric 0.32 0.22
Cilindric
Flattened dorsoventrally 0.59 0.32
Mobile ¡0.77 �0.41
Sedentary 0.77 0.41
Planktivorous �0.49 0.19
Piscivorous �0.26 0.08
Benthophagous 0.72 0.31
Hyperbenthophagous
Detritivorous �0.38 0.12
Opportunistic 0.12 ¡0.86
External fertilization - parental care 0.68 0.30
External fertilization - without parental care ¡0.66 0.39
Internal fertilization - internal development 0.14 ¡0.92
Resident species 0.59 0.27
Marine migrants �0.54 0.17
Marine straggles �0.12 0.15
Semi-anadromous species �0.26 0.08
Freshwater 0.14 ¡0.92

Eigenvalues 6.27 3.99
% total variance 27.27 17.33
care were positively correlated with axis 1. Another functional
group was negatively associated to the second axis included the
cypronodontids Jenynsia multidentata and Poecilia vivipara (FG-3)
that use freshwater habitats and have opportunist feeding guilds,
internal fertilization (viviparity). This functional group was exclu-
sive of the coastal lagoons.

3.2.2. Bays
Principal Component Analysis on the functional traits (Fig. 4)

revealed that 25.13% of the variance was explained by the first
component (PC1) and 16.15% by the second component (PC 2). Two
functional groups were identified along the first axis. The first
including the clupeiforms A. tricolor, A. januaria and H. clupeola and
themulletM. liza (FG-1) that had pelagic habits and elongated body
shape. These species were positively associated to axis 1. The sec-
ond functional guild included the species Trachinotus carolinus,
Sphoeroides greleeyi and Sphoeroides testudineus (FG-4) that hade
benthonic habits, benthophagous feeding guild, and low mobility
(residents) and were negatively correlated with axis 1. The third
functional group was inversely associated to axis 2 and were
comprised only by the flatfish Achirus lineatus (FG-5) that have a
flattened laterally asymmetric body shape and low mobility
(sedentary). Moreover, the species Strongylura timicu and Oligo-
plistes saurus formed another functional group (FG-6) that were
positively associated with axis 2 and have high mobility and
piscivorous feeding guild.

3.2.3. Oceanic beaches
Principal Component Analysis of the traits revealed that 34.84%

of the variance was explained by the first component (PC1) and
26.49% by the second component (PC2). Two functional groups
were associated with the first axis. The first one was negatively
associated to axis 1 and was comprised by the species A. tricolor, A.
januaria andM. liza (FG-1) that have pelagic habits, elongated body
shape and external fertilization without parental care. The second
three coastal areas. Species are those found in at least 20% of the trawls in a given

Bays Oceanic beaches

Axis 1 Axis 2 Axis 1 Axis 2

0.80 �0.53 ¡0.60 0.66
¡0.80 0.53 0.60 ¡0.66
0.69 �0.08 ¡0.77 0.30
0.01 0.50
�0.22 0.13 0.05 ¡0.76
�0.59 ¡0.60
�0.37 0.08

0.90 0.39
0.59 0.60
�0.59 ¡0.60
0.65 �0.53 �0.42 0.52
0.08 0.60
¡0.62 �0.03 �0.23 �0.10
�0.22 0.13 �0.01 ¡0.82
0.36 �0.08 �0.37 0.32
�0.05 0.04 0.81 0.25

0.90 0.39
¡0.90 �0.39

¡0.62 �0.30 0.08 ¡0.75
0.44 0.45 �0.58 0.42
�0.05 0.11 �0.17 �0.28
0.42 �0.38 0.65 0.57

4.76 3.04 5.57 4.24
25.13 16.15 34.84 26.49
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group was positively associated to axis 1 and was comprised by the
marine catfish Cathorops spixii and Genidens genidens (FG-7) that
have benthic habits, flattened body shape, opportunistic feeding
guild and external fecundity with parental care. Occurrences of
ariids were associated to the proximity of small estuaries in the
area. A functional group formed by the carangids Trachinotus fal-
catus and T. carolinus (FG-8) have symmetrical laterally flattened
body shape, hyperbenthophagous feeding guild, and resident
habitat use. This group was negatively correlated with axis 2.

4. Discussion

The coastal lagoons had the highest taxonomic distinctiveness
compared with the bays and oceanic beaches, which imply that this
type of tropical coastal system has environmental characteristics
that enable a more diverse ichythyofauna. Although the bays had
the highest total number of recorded species, the AvTD and the
number of species/sample was highest in the coastal lagoons,
which can be a reflex of their largest environmental gradient. For
example, brackish fishes species of the Cyprinodontiformes order
were recorded only in coastal lagoons, which is associated to
freshwater influences, thus confirming the highest salinity gradient
in these systems. Fish distribution is influenced by changes in their
local habitat features and salinity is a main factor to influence
distribution of fish species at local scale (Barletta et al., 2005).
Franco et al. (2006) found strong habitat influence structuring the
fish assemblages of the Venice Lagoon (North Adriatic Sea) that
support specialized and recognizable fish assemblages, especially
the “transition” habitats, with highly variable fish assemblages.
Mouillot et al. (2007) reported that salinity was positively related
diversity of fishes in two coastal brackish lagoons of southern
France. Franco et al. (2014) found awell-defined salinity gradient in
all these three studied coastal lagoons, which is likely to be
attributed to their narrow connection with the sea and low rainfall
in the area (Knoppers, 1999), thus favoring the extended salinity
gradient, and consequently diversified fish fauna.

Differently from the coastal lagoons that had values of AvTD
within the expected values as indicated by the funnel, some sam-
ples from the bays had values below the confidence limit. These
samples can be associated to eventual habitat disturbances since
some habitat types may have naturally lower values of taxonomic
distinctness than others. According to Clarke and Warwick (1998),
the taxonomic distinctness values do not fall below the lower
boundary of the 'funnel' unless the habitats are degraded in some
way. The increased human activity in the Sepetiba Bay and Ilha
Grande Bay shorelines probably contributed to degrade habitats
and to increase pollution in the area (Copeland et al., 2003; Leal
Neto et al., 2006; Molisani et al., 2006; Teixeira-Neves et al.,
2015) thus influencing fish richness as reported by Pessanha and
Araújo (2003) and by Pereira et al. (2014). However, most of sam-
ples in the two bays were within the expected values for taxonomic
distinction despite some the sites locations to be near impacted
shoreline by human activities.

The oceanic beaches are the systems with higher habitat ho-
mogenization comparedwith coastal lagoons and bays and this was
reflected in the lowest total number of species recorded. The surf
and swash zones of oceanic beaches are environments where the
wave energy is the driving force of most of the physical, chemical
and biological processes (Bennett, 1989), with high instability due
to wave exposure (Romer, 1990). It is likely that because of the
stress in the surf zones, the oceanic beaches, especially the reflec-
tive beaches suffer a taxa reduction with predominance of highly
adapted species to such dynamic conditions. According to Niang
et al. (2010), the continuous wave exposure in these oceanic bea-
ches although cause stress in fish, also contribute to enhance
feeding availability to species that can cope with such dynamics
conditions, whereas in dissipative beaches comparatively calmer
waters contribute to slight increases in species richness.

Unlike taxonomic distinctiveness, all samples of functional
distinctiveness were located within the confidence limits for the
bays, suggesting that the absence of some taxa did not interfere in
the functional role of the assemblages. Somerfield et al. (2008), also
found that changes in taxonomic distinctiveness does not neces-
sarily imply in changes in functional distinctive in fish the North
Sea. In this study, the majority of the functional groups are taxo-
nomically related. The Clupeidae and Engraulidade family formed
consistently the functional group of planktivorous in all the three
systems (FG-1). Moreover, the generalist and wide abundant spe-
cies also formed another functional group (FG-0) common in the
different systems. On the other hand, two species of the Carangidae
of the Trachinotus genus formed the functional group of hyper-
benthivorous (FG-8) in the oceanic beaches only, while the Cypri-
nodontiformes order were freshwater species (FG-3) recorded in
the coastal lagoons only. The species of the Gobiidae family (FG-2)
were also present only in the coastal lagoon, associated with low
salinity and benthonic habits.

Our results reveal that average functional distinctness is not
independent of taxonomic distinctness. This is expected, but the
weakness of the relationship suggests that both indices may prove
useful, because they are not constrained to convey the same in-
formation. Birkhofer et al. (2015), studying terrestrial arthropods
also revealed that functional distinctness increased significantly
with increases of taxonomic distinctness suggesting a high func-
tional redundancy, that is, several species can support the same
function of taxonomically closely related species. However,
Mouillot et al. (2014) indicate that, even in highly diverse systems
like coral reefs, we can no longer assume that the loss of species
diversity can be discounted by the high probability of functional
redundancy. Indeed, they show that fish species tend to dispro-
portionately pack into a few particular functions while leaving
many functions highly vulnerable, i. e., they are supported by just
one or few species. In the present study, the oceanic beaches seem
to be themost vulnerable system, because there are only one or few
species fulfilling key functional roles which may be least able to
withstand eventual disturbances.

Species of the Sciaenidae and Gerreidae families and the Athe-
rinidae A. brasiliensis formed the group of generalist and abundant
species common in the three environments, which means that
although they are taxonomically different, they share similar traits
and behavior in the different systems. According to Guedes et al.
(2014), Polychaeta was the most important food source in Sepe-
tiba bay for the gerreids species Eucinostomus argenteus, Eucinos-
tomus gula and for the Sciaenidae M. furnieri categorizing these
species in the Polychaeta Eaters guild. The Gerreidae species were
better represented in the coastal lagoons than in bays and oceanic
beaches, whereas the members of the Sciaenidae family were
better represented in the bays and oceanic beaches compared with
the coastal lagoons. The Atherinidae Atherinella brasiliensis inhabits
coastal regions mainly near to mangroves and is considered a
resident species in different coastal areas, being widely distributed
in different ecosystems in the State of Rio de Janeiro (Pessanha and
Araújo, 2001; Neves et al., 2006).

Trophic guild and body shape seem to separate most functional
groups of beaches, lagoons and bay. Recent studies have attempted
to elucidate trophic pathways on sandy beach ecosystems, pointing
out that trophic pathways and food web complexity can be strongly
linked to morphodynamic factors (Lercari et al., 2010; Bergamino
et al., 2011; Gravel et al., 2016). Bergamino et al. (2013) revealed
that the dissipative beaches (wide and flat) and the reflective
beaches (narrow and steep) in the Uruguayan coast had differences
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in the structural properties of the fish community food web. The
reflective beaches had higher degree of connectance and propor-
tion of omnivorous species, but lower trophic levels, lower number
of trophic links between species, and proportion of intermediate
trophic species than the dissipative beaches. Moreover, consumers
in the dissipative beaches seem to havemore generalized diets than
consumers in the reflective beach, which coincide with our find-
ings, with predominance of planktophagous, benthophagous and
piscivorous in bays, and benthophagous and opportunistic in the
coastal lagoons and hyperbenthivorous in the oceanic beaches.
These suggest differences in the ecosystem functioning, especially
in relation to the food web among the three systems.

The body shape of the fish clearly influence its ecological per-
formance and habitat use, corroborating the link between basic
form and ecological function (Gibran, 2010; Oliveira et al., 2010;
Soares et al., 2013; Pessanha et al., 2015). In our study, fish with
larger swimming activity that also have a more elongated body
shape occurred in all three systems, with some differences in the
attributes for each system. Changes in the fish body shape might be
a clear sign of exploitation of the habitat. For example, fishes with
depressed bodies exploited the sediment because they reduce hy-
drostatic pressure that tends to lift them up from the substrate as
found in the bays with laterally asymmetric flattened body shape
species represented by flatfishes in bays and coastal lagoon,
whereas those with dorsoventrally flattened body shape repre-
sented by the gobies C. boleosoma and M. meeki were recorded in
the coastal lagoons only. Moreover, the symmetrical laterally
compressed fishes dwelling the water column with body position
to suck small prey items from the water column were found in the
oceanic beaches as the carangid T. falcatus and T. carolinus.

Different habitat types within each system are likely to offer
different resources (e.g. food resources or shelter) and the use of
these habitats may be part of species life cycle (Meyer and Posey,
2009; Able, 2005; Sheaves, 2016). Some patterns of habitat use
were detected in this study. For example, the abundant opportunist
atherinid (A. brasiliensis), species of Clupeiformes that form a
functional group of mobile pelagic species that are planktophagous,
and the Sciaenidae and Gerreidae that form a functional group of
benthic benthophagous species are common in the three systems.
Moreover, the wide range of salinity favored the use of Cypri-
nodontiformes and gobies in the coastal lagoons, whereas a more
restricted number of species is adapted to the high hydro-
dynamism and homogeneous habitats of the oceanic beaches,
namely the laterally flattened species of the Trachinotus genus
(benthic) and the anchovies (planktivorous). The bays have some
typical species as the low mobile laterally flatted flatfish Achirus
lineatus, and the high mobile piscivorous Strongylura timucu and
Oligoplites saurus.

Young fishes are often dependent on nearshore coastal habitats
for their survival, and protecting these habitats may be crucial for
maintaining strong adult stocks. Using taxonomic and functional
distinctness for conservation plan is consistent with innovative
approaches promoting the protection biodiversity. The three
studied systems seem to have differentiated taxonomic and func-
tional structure of fish assemblages and we suggest that the coastal
lagoon should be priorized in conservation programs because they
support more taxonomic and functional distinctness. With this
understanding, we believe that manage coastal habitats connecting
science to conservation andmanagement action is a step forward to
protect biodiversity.
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We thank Antônio Gomes da Cruz-Filho, Janaina D'arc Silva and
D�ebora de Souza Silva for helping in fieldwork. This work was
partially supported by CNPq - Brazilian National Agency for Sci-
entific and Technological Development (Grants for the last author,
Process: 304954/2011-0) and by FAPERJ - Foundation of Rio de
Janeiro State to Research Development, CNE Process: E-26/102.997/
2011.

Appendix A. Supplementary data

Supplementary data related to this chapter can be found at
http://dx.doi.org/10.1016/j.marenvres.2017.05.007.

References

Able, K.W., 2005. A reexamination of fish estuarine dependence: evidence for
connectivity between estuarine and ocean habitats. Estuar. Coast. Shelf Sci. 64,
5e17. http://dx.doi.org/10.1016/j.ecss.2005.02.002.

Anderson, M.J., Gorley, R.N., Clarke, K.R., 2008. PERMANOVAþ for PRIMER: Guide to
Software and Statistical Methods. PRIMER-E Ltd.

Barjau-Gonz�alez, E., Rodríguez-Romero, J., Galv�an-Maga~na, F., Maldonado-
García, M., 2016. Seasonal shift in the taxonomic diversity of rocky reef fishes in
the southwestern Gulf of California. Rev. Biol. Mar. Oceanogr. 51, 11e19. http://
dx.doi.org/10.4067/S0718-19572016000100002.

Barletta, M., Barletta-Bergan, A., Saint-Paul, U., Hubold, G., 2005. The role of salinity
in structuring the fish assemblages in a tropical estuary. J. Fish. Biol. 66, 45e72.
http://dx.doi.org/10.1111/j.0022-1112.2005.00582.x.

Bennett, B.A., 1989. The fish community of a moderately exposed beach on the
southwestern cape coast of South Africa and an assessment of this habitat a
nursery for juvenile fish. Estuar. Coast. Shelf Sci. 28, 293e305. http://dx.doi.org/
10.1016/0272-7714(89)90019-X.

Bergamino, L., G�omez, J., Barboza, F.R., Lercari, D., 2013. Major food web properties
of two sandy beaches with contrasting morphodynamics, and effects on the
stability. Aquat. Ecol. 47, 253e261. http://dx.doi.org/10.1007/s10452-013-9440-
5.

Bergamino, L., Lercari, D., Defeo, O., 2011. Food web structure of sandy beaches:
temporal and spatial variation using stable isotope analysis. Estuar. Coast. Shelf
Sci. 91, 536e543. http://dx.doi.org/10.1016/j.ecss.2010.12.007.

Birkhofer, K., Smith, H.G., Weisser, W.W., Wolters, V., Gossner, M.M., 2015. Land-use
effects on the functional distinctness of arthropod communities. Ecography 38,
889e900. http://dx.doi.org/10.1111/ecog.01141.

Clarke, K.R., Warwick, R.M., 2001. Change in Marine Communities: an Approach to
Statistical Analysis and Interpretation, second ed. Primer-E, Plymouth.

Clarke, K.R., Gorley, R.N., 2006. Primer V6: User Manual/Tutorial. Primer-E Ltd,
Plymouth, UK.

Clarke, K.R., Warwick, R.M., 1998. A taxonomic distinctness index and its statistical
properties. J. Appl. Ecol. 35, 523e531.

Clarke, K.R., Warwick, R.M., 1999. The taxonomic distinctness measure of biodi-
versity: weighting of step lengths between hierarchical levels. Mar. Ecol. Progr.
Ser. 184, 21e29. http://dx.doi.org/10.3354/meps184021.

Copeland, G., Monteiro, T., Couch, S., Borthwick, A., 2003. Water quality in Sepetiba
bay. Braz. Mar. Environ. Res. 55, 385e408. http://dx.doi.org/10.1016/S0141-
1136(02)00289-1.

Franco, A., Franzoi, P., Malavasi, S., Riccato, F., Torricelli, P., Mainardi, D., 2006. Use of
shallow water habitats by fish assemblages in a Mediterranean coastal lagoon.
Estuar. Coast. Shelf Sci. 66, 67e83. http://dx.doi.org/10.1016/j.ecss.2005.07.020.

Franco, T.P., Araujo, C.E.O., Araújo, F.G., 2014. Lengtheweight relationships for 25
fish species from three coastal lagoons in Southeastern Brazil. J. Appl. Ichthyol.
30, 248e250. http://dx.doi.org/10.1111/jai.12271.

Froese, R., Pauly, D., 2013. FishBase. Available at: http://www.fishbase.org.
Gibran, F.Z., 2010. Habitat partitioning, habits and convergence among coastal

nektonic fishspecies from the S~ao Sebasti~ao Channel, Southeastern Brazil.
Neotrop. Ichthyol. 8 (2), 299e310. http://dx.doi.org/10.1590/S1679-
62252010000200008.

Gravel, D., Albouy, C., Thuiller, W., 2016. The meaning of functional trait composi-
tion of food webs for ecosystem functioning. Phil. Trans. R. Soc. B 3719
(20150268), 1e14. http://dx.doi.org/10.1098/rstb.2015.0268.

Guedes, A.P.P., Araújo, F.G., Pessanha, A.L.M., Milagre, R.R., 2014. Partitioning of the
feeding niche along spatial, seasonal and size dimensions by the fish commu-
nity in a tropical bay in Southeastern Brazil. Mar. Ecol. 36 (1), 38e56. http://
dx.doi.org/10.1111/maec.12115.

Knoppers, B.A., 1999. Environmental Geochemistry of Coastal Lagoon Systems of Rio
de Janeiro. Universidade Federal Fluminense, Brazil. Program of Environmental
Geochemistry: Finep, 210 p.

Laureto, L.M.O., Cianciaruso, M.V., Samia, D.S.M., 2015. Functional diversity: an
overview of its history and applicability. Natur. Conserv. 13, 112e116. http://
dx.doi.org/10.1016/j.ncon.2015.11.001.

Leal Neto, A.C., Legey, L.F., Gonz�alez-Araya, M.C., Jablonski, S., 2006. A system dy-
namics model for the environmental management of the Sepetiba Bay Water-
shed. Braz. Environ. Manage 38 (5), 879e888. http://dx.doi.org/10.1007/
s00267-005-0211-5Neto, 2006.

Lefcheck, J.S., Buchheister, A., Laumann, K.M., Stratton, M.A., Sobocinski, K.L.,
Chak, S.T.C., Clardy, T.R., Reynolds, P.L., Latour, R.J., Duffy, J.E., 2014. Dimensions

http://dx.doi.org/10.1016/j.marenvres.2017.05.007
http://dx.doi.org/10.1016/j.ecss.2005.02.002
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref2
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref2
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref2
http://dx.doi.org/10.4067/S0718-19572016000100002
http://dx.doi.org/10.4067/S0718-19572016000100002
http://dx.doi.org/10.1111/j.0022-1112.2005.00582.x
http://dx.doi.org/10.1016/0272-7714(89)90019-X
http://dx.doi.org/10.1016/0272-7714(89)90019-X
http://dx.doi.org/10.1007/s10452-013-9440-5
http://dx.doi.org/10.1007/s10452-013-9440-5
http://dx.doi.org/10.1016/j.ecss.2010.12.007
http://dx.doi.org/10.1111/ecog.01141
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref9
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref9
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref10
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref10
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref11
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref11
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref11
http://dx.doi.org/10.3354/meps184021
http://dx.doi.org/10.1016/S0141-1136(02)00289-1
http://dx.doi.org/10.1016/S0141-1136(02)00289-1
http://dx.doi.org/10.1016/j.ecss.2005.07.020
http://dx.doi.org/10.1111/jai.12271
http://www.fishbase.org
http://dx.doi.org/10.1590/S1679-62252010000200008
http://dx.doi.org/10.1590/S1679-62252010000200008
http://dx.doi.org/10.1098/rstb.2015.0268
http://dx.doi.org/10.1111/maec.12115
http://dx.doi.org/10.1111/maec.12115
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref21
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref21
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref21
http://dx.doi.org/10.1016/j.ncon.2015.11.001
http://dx.doi.org/10.1016/j.ncon.2015.11.001
http://dx.doi.org/10.1007/s00267-005-0211-5Neto
http://dx.doi.org/10.1007/s00267-005-0211-5Neto


M.C.C. Azevedo et al. / Marine Environmental Research 129 (2017) 180e188188
of biodiversity in Chesapeake Bay demersal fishes: patterns and drivers through
space and time. Ecosphere 5 (2), 1e48. http://dx.doi.org/10.1890/ES13-00284.1.

Leonard, D.R.P., Clarke, K.R., Somerfield, P.J., Warwick, R.M., 2006. The application of
an indicator based on taxonomic distinctness for UK marine biodiversity as-
sessments. J. Environ. Manage 78, 52e62. http://dx.doi.org/10.1016/
j.jenvman.2005.04.008.

Lercari, D., Bergamino, L., Defeo, O., 2010. Trophic models in sandy beaches with
contrasting morphodynamics: comparing ecosystem structure and biomass
flow. Ecol. Model 221, 2751e2759. http://dx.doi.org/10.1016/
j.ecolmodel.2010.08.027.

Matthews, T.J., Whittaker, R.J., 2015. On the species abundance distribution in
applied ecology and biodiversity management. J. Appl. Ecol. 52 (2), 443e454.
http://dx.doi.org/10.1111/1365-2664.12380.

McLean, D.L., Langlois, T.J., Newman, S.J., Holmes, T.H., Birt, M.J., Bornt, K.R., Bond, T.,
Collins, D.L., Evans, S.N., Travers, M.J., Wakefield, C.B., Babcock, R.C., Fisher, R.,
2016. Distribution, abundance, diversity and habitat associations of fishes
across a bioregion experiencing rapid coastal development. Estuar. Coast. Shelf
Sci. 178, 36e47. http://dx.doi.org/10.1016/j.ecss.2016.05.026.

Meyer, D.L., Posey, M.H., 2009. Effects of life history strategy on fish distribution and
use of estuarine salt marsh and shallow-water flat habitats. Estuar. Coast 32,
797e812.

Molisani, M.M., Kjerfve, B., Silva, A.P., Lacerda, L.D., 2006. Water discharge and
sediment load to Sepetiba Bay from an anthropogenically-altered drainage
basin, SE Brazil. J. Hydrol. 331, 425e431. http://dx.doi.org/10.1016/
j.jhydrol.2006.05.038.

Mouchet, M.A., Burns, M.D.M., Garcia, A.M., Vieira, J.P., Mouillot, D., 2013. Invariant
scaling relationship between functional dissimilarity and co-occurrence in fish
assemblages of the Patos Lagoon estuary (Brazil): environmental filtering
consistently over shadows competitive exclusion. Oikos 122, 247e257. http://
dx.doi.org/10.1111/j.1600-0706.2012.20411.x.

Mouchet, M.A., Vill�eger, S., Mason, N.W., Mouillot, D., 2010. Functional diversity
measures: an overview of their redundancy and their ability to discriminate
community assembly rules. Funct. Ecol. 24, 867e876. http://dx.doi.org/10.1111/
j.1365-2435.2010.01695.x.

Mouillot, D., Dumay, O., Tomasini, J.A., 2007. Limiting similarity, niche filtering and
functional diversity in coastal fish communities. Estuar. Coast. Shelf Sci. 71,
443e456. http://dx.doi.org/10.1016/j.ecss.2006.08.022.

Mouillot, D., Gaillard, S., Aliaumea, C., Verlaque, M., Belsher, T., Troussellier, M.,
Chi, T.D., 2005. Ability of taxonomic diversity indices to discriminate coastal
lagoon environments based on macrophyte communities. Ecol. Indic. 5 (1),
1e17. http://dx.doi.org/10.1016/j.ecolind.2004.04.004.

Mouillot, D., Vill�eger, S., Parravicini, V., Kulbicki, M., Arias-Gonz�alez, J.E., Bender, M.,
Chabanet, P., Floeter, S.R., Friedlander, A., Vigliola, L., Bellwood, D.R., 2014.
Functional over-redundancy and high functional vulnerability in global fish
faunas of tropical reefs. Proc. Natl. Acad. Sci. U. S. A. 111, 13757e13762. http://
dx.doi.org/10.1073/pnas.1317625111.

Nelson, J.S., Grande, T.C., Wilson, M.V.H., 2016. Fishes of the World, fifth ed. John
Wiley & Sons Inc, Hoboken, N.J. 707 p.

Neves, L.M., Pereira, H.H., Costa, M.R., Araujo, F.G., 2006. Uso do manguezal de
Guaratiba, Baía de Sepetiba, Rio de Janeiro, pelo peixe-rei Atherinella brasiliensis
(Quoy & Gaimard) (Atheriniformes, Atherinopsidae). Rev. Bras. Zool. 23,
421e428. http://dx.doi.org/10.1590/S0101-81752006000200017.

Niang, T.M.S., Pessanha, A.L.M., Araújo, F.G., 2010. Diet of juvenile Trachinotus car-
olinus (Actinopterygii, Carangidae) in sandy beaches on coast of Rio de Janeiro,
Brazil. Iheringia S�er. Zool. 100 (1), 35e42. http://dx.doi.org/10.1590/S0073-
47212010000100005.

O'Connell, M.T., O'Connell, A.M.U., Hastings, R.W., 2009. A meta-analytical com-
parison of fish assemblages from multiple estuarine regions of southeastern
Louisiana using a taxonomic-based method. J. Coast. Res. SI 54, 101e112. http://
dx.doi.org/10.2112/SI54-002.1.

Oliveira, E.F., Goulart, E., Breda, L., Minte-Vera, C.V., Paiva, L.R.S.P., Visma, M.R.V.,
2010. Ecomorphological patterns of the fish assemblage in a tropical floodplain:
effects of trophic, spatial and phylogenetic structures. Neotrop. Ichthyol. 8 (3),
569e586.

Pereira, H.H., Neves, L.M., Costa, M.R., Araújo, F.G., 2014. Fish assemblage structure
on sandy beaches with different anthropogenic influences and proximity of
spawning grounds. Mar. Ecol. 36 (1), 16e27. http://dx.doi.org/10.1111/
maec.12113.

Pessanha, A.L.M., Araújo, F.G., 2003. Spatial, temporal and diel variations of fish
assemblages at two sandy beaches in the Sepetiba Bay, Rio de Janeiro, Brazil.
Estuar. Coast. Shelf Sci. 57, 817e828. http://dx.doi.org/10.1016/S0272-7714(02)
00411-0.

Pessanha, A.L.M., Araújo, F.G., 2001. Recrutamento do peixeerei, Atherinella brasi-
liensis (Quoy & Gaimard) (Atheriniformes, Atherinopsidae), na margem conti-
nental da baía de Sepetiba, Rio de Janeiro. Bras. Rev. Bras. Zool. 18, 1265e1274.
http://dx.doi.org/10.1590/S0101-81752001000400021.

Pessanha, A.L.M., Araujo, F.G., Campos, D.M.A.R., Silva, A.F., Sales, N.S., 2015. Eco-
morphology and resource use by dominant species of tropical estuarine juve-
nile fishes. Neotrop. Ichthyol. 13 (2), 401e412. http://dx.doi.org/10.1590/1982-
0224-20140080.

Rogers, S.I., Clarke, K.R., Reynolds, J.D., 1999. The taxonomic distinctness of coastal
bottom-dwelling fish communities of the North-east Atlantic. J. Anim. Ecol. 68,
769e782. http://dx.doi.org/10.1046/j.1365-2656.1999.00327.x.

Romer, G.S., 1990. Surf zone fish community and species response to a wave energy
gradient. J. Fish. Biol. 36, 279e287.

Sheaves, M., 2016. Simple processes drive unpredictable differences in estuarine
fish assemblages: baselines for understanding site-specific ecological and
anthropogenic impacts. Estuar. Coast. Shelf Sci. 170, 61e69.

Silva-Camacho, D.S., Gomes, R.S., Santos, J.N.S., Araújo, F.G., 2015. distribution of
benthic fauna in sediment grains and prop roots of a mangrove channel in
south-eastern Brazil. J. Mar. Biol. Assoc. U. K. 97 (2), 377e385. http://dx.doi.org/
10.1017/S0025315416000485.

Soares, B.E., Ruffeil, T.O.B., Montag, L.F.A., 2013. Ecomorphological patterns of the
fishes inhabiting the tide pools of the Amazonian Coastal Zone, Brazil. Neotrop.
Ichthyol. 11 (4), 845e858. http://dx.doi.org/10.1590/S1679-
62252013000400013.

Somerfield, P.J., Clarke, K.R., Warwick, R.M., Dulvy, N.K., 2008. Average functional
distinctness as a measure of the composition of assemblages. ICES J. Mar. Sci. 65
(8), 1462e1468. http://dx.doi.org/10.1093/icesjms/fsn118.

Stuart-Smith, R.D., Bates, A.E., Lefcheck, J.S., Duffy, J.E., Baker, S.C., Thomson, R.J.,
Stuart-Smith, J.F., Hill, N.A., Kininmonth, S.J., Airoldi, L., Becerro, M.A.,
Campbell, S.J., Dawson, T.P., Navarrete, S.A., Soler, G.A., Strain, E.M.A., Willis, T.J.,
Edgar, G.J., 2013. Integrating abundance and functional traits reveals new global
hotspots of fish diversity. Nature 501, 539e542. http://dx.doi.org/10.1038/
nature12529.

Teixeira-Neves, T.P., Neves, L.M., Araújo, F.G., 2015. Hierarchizing biological, physical
and anthropogenic factors influencing the structure of fish assemblages along
tropical rocky shores in Brazil. Environ. Biol. Fish. 98, 1645e1657. http://
dx.doi.org/10.1007/s10641-015-0390-8.

Tilman, D., 1999. The ecological consequences of changes in biodiversity: a search
for general principles. Ecology 80, 1455e1474. http://dx.doi.org/10.1890/0012-
9658(1999)080[1455:TECOCI]2.0.CO;2.

Tolimieri, N., Anderson, M.J., 2010. Taxonomic distinctness of demersal fishes of the
California Current: moving beyond simple measures of diversity for marine
ecosystem-based management. PLoS One 5 (5), e10653. http://dx.doi.org/
10.1371/journal.pone.0010653.

Vasconcelos, R.P., Henriques, S., Franca, S., Pasquaud, S., Cardoso, I., Laborde, M.,
Henrique, N., Cabral, H.N., 2015. Global patterns and predictors of fish species
richness in estuaries. J. Anim. Ecol. 84, 1331e1341. http://dx.doi.org/10.1111/
1365-2656.12372.

Veloso, V.G., Caetano, C.H.S., Cardoso, R.S., 2003. Composition, structure and
zonation of intertidal macroinfauna in relation to physical factors in microtidal
sandy beaches in Rio de Janeiro State. Braz. Sci. Mar. 67 (4), 393e402.

Vill�eger, S., Miranda, J.R., Hern�andez, D.F., Mouillot, D., 2010. Contrasting changes in
taxonomic vs. functional diversity of tropical fish communities after habitat
degradation. Ecol. Applic 20, 1512e1522. http://dx.doi.org/10.1890/09-1310.1.

Walker, B.H., Langridge, J.L., 2002. Measuring functional diversity in plant com-
munities with mixed life forms: a problem of hard and soft attributes. Eco-
systems 5, 529e538. http://dx.doi.org/10.1007/s10021-002-0154-0.

Warwick, R.M., Clarke, K.R., 2001. Practical measures of marine biodiversity based
on relatedness of species. Oceanogr. Mar. Biol. Ann. Rev. 39, 207e231.

Whitfield, A.K., Pattrick, P., 2015. Habitat type and nursery function for coastal
marine fish species, with emphasis on the Eastern Cape region, South Africa.
Estuar. Coast. Shelf Sci. 160, 49e59. http://dx.doi.org/10.1016/j.ecss.2015.04.002.

Wiedmann, M.A., Aschan, M., Certain, G., Dolgov, A., Greenacre, M., Johannesen, E.,
Planque, B., Primicerio, R., 2014. Functional diversity of the Barents Sea fish
community. Mar. Ecol. Progr. Ser. 495, 205e218. http://dx.doi.org/10.3354/
meps10558.

Wilson, J.B., 1999. Guilds, functional types and ecological groups. Oikos 86,
507e522. http://dx.doi.org/10.2307/3546655.

http://dx.doi.org/10.1890/ES13-00284.1
http://dx.doi.org/10.1016/j.jenvman.2005.04.008
http://dx.doi.org/10.1016/j.jenvman.2005.04.008
http://dx.doi.org/10.1016/j.ecolmodel.2010.08.027
http://dx.doi.org/10.1016/j.ecolmodel.2010.08.027
http://dx.doi.org/10.1111/1365-2664.12380
http://dx.doi.org/10.1016/j.ecss.2016.05.026
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref30
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref30
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref30
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref30
http://dx.doi.org/10.1016/j.jhydrol.2006.05.038
http://dx.doi.org/10.1016/j.jhydrol.2006.05.038
http://dx.doi.org/10.1111/j.1600-0706.2012.20411.x
http://dx.doi.org/10.1111/j.1600-0706.2012.20411.x
http://dx.doi.org/10.1111/j.1365-2435.2010.01695.x
http://dx.doi.org/10.1111/j.1365-2435.2010.01695.x
http://dx.doi.org/10.1016/j.ecss.2006.08.022
http://dx.doi.org/10.1016/j.ecolind.2004.04.004
http://dx.doi.org/10.1073/pnas.1317625111
http://dx.doi.org/10.1073/pnas.1317625111
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref37
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref37
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref37
http://dx.doi.org/10.1590/S0101-81752006000200017
http://dx.doi.org/10.1590/S0073-47212010000100005
http://dx.doi.org/10.1590/S0073-47212010000100005
http://dx.doi.org/10.2112/SI54-002.1
http://dx.doi.org/10.2112/SI54-002.1
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref42
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref42
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref42
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref42
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref42
http://dx.doi.org/10.1111/maec.12113
http://dx.doi.org/10.1111/maec.12113
http://dx.doi.org/10.1016/S0272-7714(02)00411-0
http://dx.doi.org/10.1016/S0272-7714(02)00411-0
http://dx.doi.org/10.1590/S0101-81752001000400021
http://dx.doi.org/10.1590/1982-0224-20140080
http://dx.doi.org/10.1590/1982-0224-20140080
http://dx.doi.org/10.1046/j.1365-2656.1999.00327.x
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref49
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref49
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref49
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref50
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref50
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref50
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref50
http://dx.doi.org/10.1017/S0025315416000485
http://dx.doi.org/10.1017/S0025315416000485
http://dx.doi.org/10.1590/S1679-62252013000400013
http://dx.doi.org/10.1590/S1679-62252013000400013
http://dx.doi.org/10.1093/icesjms/fsn118
http://dx.doi.org/10.1038/nature12529
http://dx.doi.org/10.1038/nature12529
http://dx.doi.org/10.1007/s10641-015-0390-8
http://dx.doi.org/10.1007/s10641-015-0390-8
http://dx.doi.org/10.1890/0012-9658(1999)080[1455:TECOCI]2.0.CO;2
http://dx.doi.org/10.1890/0012-9658(1999)080[1455:TECOCI]2.0.CO;2
http://dx.doi.org/10.1371/journal.pone.0010653
http://dx.doi.org/10.1371/journal.pone.0010653
http://dx.doi.org/10.1111/1365-2656.12372
http://dx.doi.org/10.1111/1365-2656.12372
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref59
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref59
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref59
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref59
http://dx.doi.org/10.1890/09-1310.1
http://dx.doi.org/10.1007/s10021-002-0154-0
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref62
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref62
http://refhub.elsevier.com/S0141-1136(17)30052-1/sref62
http://dx.doi.org/10.1016/j.ecss.2015.04.002
http://dx.doi.org/10.3354/meps10558
http://dx.doi.org/10.3354/meps10558
http://dx.doi.org/10.2307/3546655

	Taxonomic and functional distinctness of the fish assemblages in three coastal environments (bays, coastal lagoons and ocea ...
	1. Introduction
	2. Material and methods
	2.1. Study area
	2.2. Sampling design
	2.3. Data analysis

	3. Results
	3.1. Taxonomic distinctiveness
	3.2. Functional distinctiveness
	3.2.1. Coastal lagoons
	3.2.2. Bays
	3.2.3. Oceanic beaches


	4. Discussion
	Acknowledgements
	Appendix A. Supplementary data
	References


