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Abstract

Species functional behaviors amidst the food web, such as feeding ecology in ecosystems, are directly connected to their habitat
preferences and use. In reef ecosystems, groupers and sea bass are considered key species, as top-down controllers, regulating the
trophic levels on which they feed. Moreover, they are a diversified group of actinopterygian fishes, ranging from 7 to 250 cm of total
length and inhabiting many types of reef habitats, from shallow waters up to 200 m deep. Due to the exceptional ecological and
commercial importance of groupers and sea bass to the rocky reef systems of southwestern Atlantic and considering the small
amount of information on their behavior and habitat use available for this particular region, three questions have emerged. First, how
are the species spatially distributed considering the topography complexity of their environment? Second, do large Epinephelids and
small Serranids have the same use of the water column, when foraging (e.g., position related to the substrate)? Third, do marine
protected areas influence the distributional patterns of both families? To answer these questions, we assessed the spatial distribution
and habitat use of two dominant species of groupers (Epinephelus marginatus, Mycteroperca acutirostris) and three species of sea
bass (Diplectrum radiale and Serranus flaviventris and S. baldwini), using underwater visual census at Santa Catarina State,
southern Brazil, during the austral summers of 2010 and 2011. All of the five sympatric species studied are directly associated
with specific topographic characteristics that may be related to shelter as well as to reproduction and feeding. Except for
M. acutirostris, which was mainly recorded foraging in the water column, all the remaining species are benthic dwellers.
Significant evidences of effectiveness advocate that Arvoredo Marine Biological Reserve has critical importance as a refuge for
heavily targeted reef species in southern Brazil, such as E. marginatus and M. acutirostris. The establishment of more protected
marine areas that encompass the nursery areas near AR, along with proper enforcement, is critical to the protection of endangered
and vulnerable marine species. The present work has contributed to the knowledge of habitat use and partitioning of some key reef
fishes, especially target species, which is critical to effective conservation measures, including the design and management of MPAs.
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Introduction

One of the many challenges in studies of biodiversity is to
understand the role that environmental variables play affecting
the behavior and distribution of morphologically similar spe-
cies that are frequently present in natural communities
(Connell 1980; Schmitt and Coyer 1982; Schoener 1974;
Wagner et al. 2012). Moreover, understanding the factors that
enable the long-term presence and co-occurrence of potential
competitors, as closely related species, also challenge marine
ecologists (Connell 1980; Schmitt and Coyer 1982; Schoener
1974; Wagner et al. 2012). Rocky reefs extensively occur
between Espirito Santo and Santa Catarina States (Floeter
et al. 2001), but in spite of their biological importance, eco-
logical studies focusing on rocky shore fish assemblages are
still relatively scarce (Anderson 2017; Anderson et al. 2015;
Gibran and Moura 2012; Neves et al. 2016).

Epinephelidae (groupers) and Serranidae (sea bass) fishes
are examples of closely related taxa also considered as key
organisms of reef systems, due to their ecological role in reg-
ulating community structure as top predators (Almany 2004;
Almany and Webster 2004; Anderson et al. 2014; Craig et al.
2011; Sadovy de Mitcheson et al. 2013, Sadovy et al. 1994).
Besides their ecological relevance, some species are also con-
sidered commercially important for artisanal and speargun
fisheries (Anderson et al. 2014; Figueiredo and Menezes
1980; Medeiros et al. 1997, Freitas et al. 2011).

Groupers and sea bass are diversified groups of
actinopterygian fishes ranging from 7 cm (e.g., lantern bass,
Serranus baldwini) to 250 cm (e.g., goliath grouper,
Epinephelus itajara) in total length, and they typically inhabit
sandy, coral, and rocky bottoms in both shallow waters and
waters of depths up to 200 m, living in caves, crevices, and
depressions inside soft bottoms and on ledges (Anderson et al.
2014; Craig et al. 2011; Gibran 2007). They can also be sub-
strate-associated, displaying territoriality and dominant be-
havior (Gibran 2007; Kline et al. 2011). These taxa include
complex, long-living species, with organized social structures
and complex sexual behaviors (Anderson et al. 2014; Craig
et al. 2011). Some species are clearly more susceptible to
overfishing based on their reproductive characteristics, such
as sex change, or aggregation spawning behavior (Anderson
et al. 2014; Carter et al. 1994; Freitas et al. 2011; Olsen and
LaPlace 1979; Sadovy et al. 1994). Despite their prominent
influence on the trophic structure, and thus, function of reef
systems, they have dramatically declined in size structure and
numbers of individuals since the end of the past century due to
overfishing, with some species having a population reduction
of up to 90% in some regions of the world (Sadovy de
Mitcheson et al. 2013).

Due to the exceptional ecological and commercial impor-
tance of groupers and sea bass to the rocky reef systems of the
southwestern Atlantic (Anderson et al. 2014; Gibran 2007),
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and considering the small amount of information on their be-
havior and habitat use available for this particular region
(Anderson et al. 2014; Gibran 2007), three questions have
emerged. First, how are the species spatially distributed con-
sidering the topography complexity of their environment?
Second, do large epinephelids and small serranids have the
same use of the water column, when foraging (e.g., position
related to the substrate)? Third, do marine protected areas
influence the distributional patterns of both families? Herein,
we evaluated habitat use of two species of groupers
(Epinephelus marginatus and Mycteroperca acutirostris) and
three species of bass (Diplectrum radiale and Serranus
Sflaviventris and S. baldwini) in a marine reserve in southern
Brazil (Arvoredo Biological Marine Reserve). The knowledge
on habitat use and behavior of reef fishes, especially target
species, is critical to effective conservation measures, includ-
ing the design and management of marine protected areas
(MPAs) (Anderson et al. 2014; Garcia-Charton et al. 2008;
Spedicato et al. 2005).

Materials and Methods
Study area

Field work was carried out in the coast of Santa Catarina State,
southern Brazil (25° 57" 41” S and 29° 23" 55” W), an arca
which represents ~ 7% of the Brazilian coastline (Anderson
et al. 2015; Diehl and Horn Filho 1996) (Fig. 1). Such portion
of Brazilian coastline is considered the southernmost limit for
most tropical reef fish species in the southwestern Atlantic
(Anderson 2017; Anderson et al. 2015, 2017). In Brazil, rocky
reefs extensively occur between Espirito Santo and Santa
Catarina States (Floeter et al. 2001). The geomorphology of
these coastal rocky bottoms is characterized mainly by
Precambrian basaltic and granitic rocks (Anderson et al.
2015; Basei et al. 1992).

Sampling was conducted inside the no-take zone of
Arvoredo Marine Biological Reserve (AR) and around it.
Arvoredo MPA is located about 11 km off northern
Floriandpolis (Fig. 1). Arvoredo has been designated a no-
take marine protected area since 1990 and encompasses
17,800 ha. In 2000, AR officially became a no-entry
area, where harvesting and human presence are strictly forbid-
den by law (researchers and managers exempted) (Anderson
etal. 2014).

To evaluate MPA effectiveness, a beyond BACI approach
(Underwood 1997) was used by establishing the contrast be-
tween the protected area and two unprotected ones. In each
area, three sectors were randomly located except at Sector 1
which held only two sampling sites due to poor water visibil-
ity conditions: Sector 1, unprotected sites located at the coast
encompassing, Cape Aragd and Cape Sepultura; Sector 2,
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Fig. 1 Study area. The dashed polygon represents the limits of the MPA of
Arvoredo Marine Biological Reserve. The colored points indicate the study
sites for each sector (from north to south, respectively). Sector 1—
northwest coastal portion: (green points) Cape Araga (Porto Belo City)

protected sites including Arvoredo (no-entry portion),
Deserta, and Galé Islands; and Sector 3, unprotected sites
represented by Aranhas, Xavier, and no-protected por-
tion of Arvoredo Islands (Fig. 1). In total, we sampled
eight sites and all data were recorded during the austral sum-
mers of 2010 and 2011.

Fish counts and habitat characterization

Data on habitat use, fish abundance, and individual sizes were
assessed by an underwater visual census technique using
SCUBA diving within strip transects, a nondestructive
and effective methodology (Floeter et al. 2007). The density
and biomass of species were used to evaluate the patterns of
habitat use.

Two distinct depth strata (i.e., slopes and interfaces) were
considered: (1) slopes, rocky complex habitats along the dis-
tance from water surface to half of total reef depth (TD); and
(2) interfaces, which correspond to the transition zone between
rocky (slope) to soft (mostly sandy) bottoms (Anderson 2017;
Anderson et al. 2015).

A total of 144 transects were conducted covering a total
area of 17.280 m?. In each site, 18 transects of 30 m in length
by 4 m in width (120 m? of sampled area) were conducted,
totaling 2.160 m? for all of three sectors (Fig. 1). Transect

Sector 1 (Coast)
@ Cape Araca
@ Cape Sepultura

Sector 2 (No-entry Zone -Dashed)
O Galé Island MPA
O Deserta Island MPA
O Arvoredo Island MPA

Sector 3

@ Arvoredo Island
@ Aranhas Island
@ Xavier Island

and Cape Sepultura (Bombinhas City); Sector 2—no-entry zone: (yellow
points) Galé, Deserta, and Arvoredo Islands; Sector 3—southern insular
portion: (red points) Arvoredo, Aranhas, and Xavier Islands. Temperature
colours indicate the frequency of occurrence of temperatures below 16 C

dimensions were selected considering species ecology, shelter
availability, and water transparency (Anderson et al.
2014). Water transparency during sampling ranged from
4 to 12 m, and minimum reef depth reached during the study
was 2.5 m at Cape Sepultura and the deepest was 23 m at
Xavier Island.

Fish individuals were counted while the diver unrolled the
tape measure along the length of transects then categorized
within size classes of 5-cm interval. The biomass was estimat-
ed by weight-length relationship for each species (Froese and
Pauly 2017). The spatial distribution [e.g., distance of each
fish from the bottom (including if it was sheltered), and posi-
tion in the water column] was also recorded together with the
body size of each fish individual. While rolling back the tape
measure, the diver also recorded environmental data at every
5 m. Environmental variables included (1) rugosity [topo-
graphic diversity recorded following a visual scale in which
1 was one type topography (e.g., rocky reefs slope) of relief
and 5 was the most complex topography (e.g., intersection
among rocky reefs, sandy bottoms, and rodolith beds)]; (2)
rocky reef slope (in grades); (3) number of small (radius =r
<10 cm), medium (r=10-50 cm) and large rocky boulders
(> 50 cm); and (4) number of small (opening =0 < 10 cm),
medium (o = 10-50 cm), and large holes/shelters (0 > 50 cm)
(Anderson 2017).
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Water temperature was measured with data loggers
(HOBO® Data Logger UA-002) installed on the rocky reefs
of Galé, Deserta, Arvoredo, and Xavier Islands by divers dur-
ing sampling expeditions from 2012 to 2016. Each data logger
was fixed on the bottom with epoxy resin. Eight data loggers
were installed: four on the “shallow” (slope) stratum and four
on the “intermediate” (interface).

Data analysis

To assess and define the rocky reef topographic similarities
among sites, we calculated the Bray-Curtis similarity on envi-
ronmental “Hellinger”-transformed data (Clarke and
Warwick 1994; Legendre and Gallagher 2001). The re-
sults were subjected to the Unweighted Pair Group
Method with Arithmetic Mean (UPGMA) cluster analysis. A
cophenetic correlation test was performed to verify how faith-
fully the dendrogram preserved the pairwise distances be-
tween the original data (Sokal and Rohlf 1962). A similarity
profile test (SIMPROF) was performed to test the significance
of the cluster branches (SIMPROF, p < 0.05) (Legendre and
Legendre 2012). A generalized linear model (GLM/
“Poisson”) was used to test differences in species biomass
distributions among sites (Faraway 2016). Redundancy anal-
ysis (RDA) was applied on species biomass “Hellinger” trans-
formed data (Clarke and Warwick 1994; Legendre and
Gallagher 2001), to explore and highlight tendencies and pat-
terns of species distribution and habitat use (spatial distribu-
tion of species). Such technique summarizes linear relation-
ships between components of response variables with a set of
explanatory variables (Legendre and Legendre 2012; ter
Braak 1994). The RDA analysis extends multiple linear re-
gression (MLR) by allowing regression of multiple response
variables on multiple explanatory variables. A matrix of the
fitted values of all response variables generated through MLR
is then subject to principal component analysis (PCA)
(Legendre and Legendre 2012; ter Braak 1994). Such a statis-
tical method is considered more accurate for small biogeo-
graphical gradients (Garcia-Charton and Pérez-Ruzafa 2001;
Legendre and Birks 2012; Legendre and Legendre 2012; ter
Braak 1994). Redundancy analysis was carried out using the
R package Vegan (Oksanen et al. 2007, 2010). Statistical anal-
yses were performed using the computing environment R (R
Development Core Team 2017).

Results
Habitat structure and its use by the studied fishes
Fourteen species of Serranids were detected during this work.

Seven species of sea bass (Serranidae): Diplectrum formosum
and D. radiale; Dules Auriga; Serranus atrobranchus,
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S. baldwini, and S. flaviventris; and Paranthias furcifer, none
of them included in the [UCN red list of endangered species.
Seven species of highly targeted groupers (Epinephelidae):
Epinephelus marginatus (EN-IUCN) and E. morio (NT-
IUCN); Hyporthodus niveatus (VU-IUCN); Mycteroperca
acutirostris (LC-IUCN), M. bonaci (NT-IUCN),
M. intertitialis (VU-IUCN), and M. microlepis (LC-IUCN)
(Anderson et al. 2014). Five dominant species were selected
considering their densities and biomass (in decreasing
order): E. marginatus, M. acutirostris, D. radiale,
S. flaviventris, and S. baldwini.

The topography of Arvoredo Island, as well as that of
Aranhas, Galé, and Deserta Islands, are mostly characterized
by small rocks (blocks 7 < 10 cm), medium rocks (blocks » <
50 cm), and large rocks (blocks »>50 cm) which provides
correspondingly habitat complexity, rugosity (habitat diversi-
ty), and shelter availability. Among all the studied sites,
Arvoredo Island has the largest reef area. Large rodolith beds,
consisting of nodules of marine benthic coralline algae,
formed by numerous small round calcareous structures, are
mostly found in Arvoredo, Deserta, and Galé Islands
(Anderson et al. 2014). The topography of Aranhas Island is
further characterized by the presence of two small granitic
islands of similar size. Most of the reef area of the smaller
western island is characterized by very large boulders which
increases the inclination of the reef area (slope). The rocky
bottom of Xavier Island is similar to that of Arvoredo Island
MPA; otherwise, the biomass of fish inhabiting the islands
outside the MPA is significantly smaller (GLM p < 0.05), re-
iteratively evidencing the effectiveness of Arvoredo MPA.
Sites at Cape Aragé and Cape Sepultura showed low structural
complexity, with a short vertical rocky reef area (maximum
depth of 5 m). Cape Araga’s bottom consists mostly of small
granitic and basaltic rocks that form a large number of small
holes for shelter. The shallow bottom of Cape Sepultura is
mostly sandy. Otherwise, the abrupt changes in topographic
structure of the reef (e.g., from slope to sandy bottom) confers
modest complexity to these particular sites (Fig. 3a).

Despite the environmental characteristics of each site
[e.g., large rodolith beds in Arvoredo MPA and Galé
MPA, higher topographic complexity in Deserta MPA, lower
minimum temperatures during austral summers in Aranhas
and Xavier Islands (% < 16 °C), etc.] (Fig. 1), significant to-
pographic similarities among sites were highlighted in the
cluster (Fig. 2). Otherwise, the densities and biomass of large
targeted Epinephelidac were directly influenced by the MPA
no-entry zone effectiveness. For example, the dusky grouper
E. marginatus (EN-IUCN) presented the respective biomass:
50.20 kg of total mean biomass Galé MPA, 34.52 kg in
Deserta MPA, 13.90 kg in Arvoredo MPA, 4.99 kg in
Arvoredo Island, 10.15 in Aranhas Island, 10.16 in Xavier
Island, 3.14 kg in Cape Aragd, and 0.78 kg in Cape
Sepultura (Fig. 2, Table 1).
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Population structure and spatial distribuition of groupers and sea basses
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Fig. 2 Population structure and spatial distributions of species among
sites. The points show species sizes and distributions among sites.
Asterisks represent significant differences among sites, considering
species biomass (GLM p < 0.05). Graphical dendrogram representation
of the UPGMA cluster analysis applied to Bray-Curtis similarity among

The RDA emphasized tendencies of distribution of
species according to their densities and environmental vari-
ables (Legendre and Legendre 2012; ter Braak 1986; ter Braak
1994). Targeted species, such as dusky grouper E. marginatus
(Endangered-IUCN), showed a pattern of distribution posi-
tioned near “Small rocks”, which can be explained by the
large number of small/juvenile individuals (<30 cm TL) re-
corded herein (Figs. 2 and 3a). The lantern bass Serranus
baldwini was mostly associated with rodolith beds, at
Deserta Island. It is the only Serranidae species with an im-
portant density biomass inside the no-entry zone. The
twinspot bass S. flaviventris and the pond perch D. radiale
were mostly detected at Cape Araca and Cape Sepultura in
shallow areas having a maximum depth of 5 m and at reef
interfaces with sandy bottom (Fig. 3a). Temperature seemed
not to affect the distributions of the species.

Individuals of E. marginatus were recorded inside, or close
to their shelters, and the few individuals positioned in the
water column were never found vertically higher than 1 m.
Most M. acutirostris individuals were recorded in the water
column at 1 m above the substrate. Individuals of S. baldwini
were recorded on rodolith beds mostly at Deserta and Galé

89¢6°0 -"udydo)
14
yS1oH

o

sites calculated on Hellinger-transformed environmental data. Blue and
dashed green branches indicate significantly similar groups based on the
similarity profile (SIMPROF) test (p < 0.05) which suggests the structure
is not random. Cophenetic correlation (0.93) measures how the original
dissimilarity structure is preserved by the dendrogram

Islands. Individuals of S. flaviventris were mostly recorded at
sites located along the coast at Cape Araga and Cape
Sepultura, exclusively inhabiting the interfaces. Most
D. radiale individuals were exclusively associated with soft
substrate and never recorded in the water column (Fig. 3b).

Discussion

Our findings on habitat use by the Epinephelidae
(E. marginatus and M. acutirostris) and Serranidae
(S. baldwini, S. flaviventris, and D. radiale) show that these
species are all directly associated with the structural topogra-
phy of the environment and habitat conditions (Figs. 2, 3)
(Gibran 2007).

Most individuals of E. marginatus (EN-IUCN) recorded
herein were juveniles <30 cm TL (n=293 individuals;
72.16%) and were positioned mainly inside or close to their
shelters, with a few individuals positioned in the water col-
umn, but never vertically higher than 1 m above the bottom.
Such habitat association tends to be closely related to the
necessity for shelter, which seems to be an important factor

@ Springer
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Table1 Species frequency of occurrence (FO%) and mean (+ standard error, SE) abundance by sites for each of the four size classes (5-10, 10-20, 20—
30, > 30 cm of total length, TL) considered in this study. Large Epinephelidae individuals (> 30 cm TL) remained rare outside the MPA

Species FO% Galé Island MPA
5-10 Mean + SE 10-20 Mean + SE 20-30 Mean + SE >30 Mean + SE Dens./site
E. marginatus 8.82 3+1.73 46.08 15.66 +2.08 23.53 8+1.42 21.57 7.33+£1.06 102
M. acutirostris 0.00 0+0 57.69 5+1.12 30.77 2.66+0.88 11.54 1+0.57 26
D. radiale 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0
S. flaviventris 100.00 2.66+1.02 0.00 0+0 0.00 0+0 0.00 0+0
S. baldwini 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0
Deserta Island MPA
5-10 Mean + SE 10-20 Mean + SE 20-30 Mean + SE >30 Mean + SE Dens./site
E. marginatus 9.18 3+1.73 42.86 14+£1.87 28.57 9.33+1.53 19.39 6.33+0.13 98
M. acutirostris 0.00 0+0 33.33 2+0.81 27.78 1.66 +0.68 38.89 2.66+0.54 18
D. radiale 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0 0
S. flaviventris 100.00 0.33+0.57 0.00 0+0 0.00 0+0 0.00 0+0 1
S. baldwini 100.00 6.33+0.8 0.00 0+0 0.00 0+0 0.00 0+0 19
Arvoredo Island MPA
5-10 Mean + SE 10-20 Mean + SE 20-30 Mean + SE >30 Mean + SE Dens./site
E. marginatus 323 0.33+£0.57 38.71 4+1.15 16.13 1.66+0.93 41.93 433+0.32 31
M. acutirostris 0.00 0+0 9.09 1.33+£0.76 11.36 1.66+£0.93 79.55 12.66£0.65 44
D. radiale 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0
S. flaviventris 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0
S. baldwini 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0 0
Arvoredo Island
5-10 Mean + SE 10-20 Mean + SE 20-30 Mean + SE >30 Mean + SE Dens./site
E. marginatus 19.23 1.66+1.29 50.00 4.33+0.8 23.08 2+0.7 7.69 0.66+0.81 26
M. acutirostris 8.11 1+1 32.43 4+£0.5 18.92 2.33+£0.57 40.54 5+1.18 37
D. radiale 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0 0
S. flaviventris 100.00 0.33+0.57 0.00 0+0 0.00 0+0 0.00 0+0
S. baldwini 100.00 0.66+0.81 0.00 0+0 0.00 0+0 0.00 0+0 2
Aranhas Island
5-10 Mean + SE 10-20 Mean + SE 20-30 Mean + SE >30 Mean + SE Dens./site
E. marginatus 15.94 3.66+1.39 56.52 13+1.88 20.29 4.66+0.93 7.25 1.66+0.51 69
M. acutirostris 11.11 0.66+0.4 50.00 3+0.88 2222 1.33+0.76 16.67 1+0 18
D. radiale 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0
S. flaviventris 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0
S. baldwini 100.00 2.66+0.73 0.00 0+0 0.00 0+0 0.00 0+0
Xavier Island
5-10 Mean + SE 10-20 Mean + SE 20-30 Mean + SE >30 Mean + SE Dens./site
E. marginatus 27.87 5.66+1.78 40.98 8.33+1.47 21.31 4.33+1.42 9.84 2+04 61
M. acutirostris 0.00 0+0 57.89 3.66+£0.75 31.58 2+1.08 10.53 0.66+04 19
D. radiale 0.00 0+0 100.00 0.66+£0.4 0.00 0+0 0.00 0+0 2
S. flaviventris 100.00 0.33+£0.57 0.00 0+0 0.00 0+0 0.00 0+0
S. baldwini 100.00 0.66+0.4 0.00 0+0 0.00 0+0 0.00 0+0 2
Cape Araca
5-10 Mean + SE 10-20 Mean + SE 20-30 Mean + SE >30 Mean + SE Dens./site
E. marginatus 0.00 0+0 57.14 1.33+1.15 42.86 1+1 0.00 0+0 7
M. acutirostris 3.92 0.66+0.81 49.02 8.33+£1.3 43.14 7.33+1.07 3.92 0.66+0.81 51
D. radiale 92.59 16.66 + 1 741 1.33+0.57 0.00 0+0 0.00 0+0 54
S. flaviventris 58.82 6.66+1.61 41.18 4.66+2.16 0.00 0+0 0.00 0+0 34
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Table 1 (continued)
Species FO% Galé Island MPA

5-10 Mean + SE 1020 Mean + SE 20-30 Mean + SE >30 Mean + SE Dens./site
S. baldwini 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0 0

Cape Sepultura

5-10 Mean = SE 1020 Mean + SE 20-30 Mean = SE >30 Mean + SE Dens./site
E. marginatus 0.00 0+0 41.67 1.66+0.51 50.00 2+04 8.33 0.33+0.57 12
M. acutirostris 27.27 1+1 45.45 1.66+0.51 9.10 0.33+0.57 18.18 0.66+0.81 11
D. radiale 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0 0
S. flaviventris 100.00 5+2.01 0.00 0+0 0.00 0£0 0.00 0£0 15
S. baldwini 0.00 0+0 0.00 0+0 0.00 0+0 0.00 0+0 0

in determining their occurrence (Derbal and Kara 1995;
Gibran 2007; La Mesa et al. 2002; Parrish 1987; Smith
1961) (Figs. 2, 3a). Juveniles of E. marginatus avoid foraging
distant from their shelters (Gibran 2007). During this initial
ontogenetic stage, when individuals are more versatile in their
feeding habits than adults (consuming a myriad of small ma-
rine invertebrate species, mostly small crabs), but also more
vulnerable to predation, topographic variables providing shel-
ter seem more limiting than food resources (Gibran 2007;
Machado et al. 2003; Sluka et al. 1994, 1996; Sluka and
Sullivan 1998).

Individuals of M. acutirostris (fast-swimming epinephelids)
are more opportunistic and versatile predators than
E. marginatus due to ecomorphological attributes such as body
and caudal fin shape (e.g., slender body with truncated tail)
(Gibran 2007). They feed both on benthic crustaceans and
small schooling fishes (Bonaldo et al. 2004; Gibran 2007,
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Sazima 1986). Accordingly, M. acutirostris individuals were
recorded in the water column positioned mostly at 1 m above
the substrate (Fig. 3b), a phenomenon which corrobo-
rates the hypothesis that they are not conditioned to
shelter availability, but rather to food resources in complete
contrast to £. marginatus individuals which surprise their prey
mostly near the bottom and never far from their shelters
(Bonaldo et al. 2004; Gibran 2007; Sazima 1986) (Fig. 3b).
Another important aspect regarding M. acutirostris predation
strategies compared to those of E. marginatus is the versatile
ability of rapidly changing color patterns (in less than 10 s) to
match the environment (camouflage) (Anderson, A. B. pers.
obs; Fig. 4). Considering the limited underwater visibility of
the water (< 12 m) in these reefs most of the year, it could be
considered as another morphological attribute to consider
when analyzing the success of M. acutirostris against their
prey as compared to other studied species (Fig. 4).

Sheltered

E. marginatus

vy

g

S. flaviventris
RDA 168 %

2
D. radiale

M. acutirostris

S. baldwini

W. column 1 to 2m
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according to their position in the water column (1 m, 2 m over the
bottom), and habitat use on the substrate, either sheltered or on the bottom
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Fig. 4 Three different cryptic
patterns of M. acutirostris while
foraging on different types and
colors of substrate: a near red
algae; b near green algae and sand
interface; ¢, d near white bluish
sand bottom. Images taken at
Arvoredo Island MPA from 2011
to 2012 by Anderson, A. B

The relatively smaller species of the Serranidae family are
mostly associated with soft, low-complexity bottoms, such as
gravel or mud, or rodolith beds (Gibran 2007; Gibran and
Moura 2012; Petersen and Fischer 1986). These three serranid
species all presented a similar pattern of habitat use; most
individuals were recorded at the interface between the rocky
reefs and the soft bottoms (Figs. 2, 3a,b). However, while
S. flaviventris and D. radiale individuals were mainly record-
ed over the soft coastal bottoms with small holes at Cape
Aracé and Cape Sepultura, S. baldwini was more associated
with rocky areas outside sheltered sectors. This spatial segre-
gation between these two species was also reported by Gibran
and Moura (2012). Most individuals of D. radiale are exclu-
sively associated with unconsolidated substrate, as observed
herein (Gibran 2007).

Coastal sites are usually characterized by high levels of
anthropogenic activities, including recreational fishing
and spearfishing, small vessel boat traffic, freshwater
runoff, and sewage disposal, besides shallower waters,
which may explain the low occurrence of large
Epinephelidae species in these sites (Fig. 2, Table 1)
(see Gibran and Moura 2012). Otherwise, lower density
of S. flaviventris and D. radiale at insular sites may be caused
by their habitat preferences or/and by the large number
of groupers (sea bass predators) recorded in these sites
(Sluka et al. 1996).

Arvoredo MPA evidences of effectiveness
and management

The present study corroborates that Arvoredo Marine
Biological Reserve has a critical importance as a refuge for
heavily targeted reef species such as groupers in southern
Brazil (Anderson et al. 2014). However, the productivity of
AR in terms of density and biomass of groupers and sea bass
can be considered low, when considering the size (17,800 ha)

@ Springer

and age (nearly 30 years since implementation) of this partic-
ular MPA (Anderson et al. 2014).

When compared to other effective and highly productive
MPAs worldwide (Aburto-Oropeza et al. 2011; Garcia-
Charton et al. 2008), AR seem to have severe management
problems (Anderson et al. 2014). The recent decline on re-
cruitment of several species (including groupers and sea bass)
residing at AR points towards the degradation of nursery areas
on its vicinity (e.g., mangroves and tide pools) (Anderson
2017; Harmelin and Harmelin-Vivien 1999; Machado et al.
2003). The design of new or the enlargement of already
existing MPAs should include the habitat for the whole life
cycle of emblematic fish species (Cheminée et al. 2017).
Therefore, the establishment of more protected marine areas
that encompass the nursery areas near AR, along with proper
enforcement (Giakoumi et al. 2017), is critical to the protec-
tion of endangered and vulnerable marine species.

In the past decade, several monitoring programs have been
implemented and conducted synergically with ICMBio
(Instituto Chico Mendes, Brazil), the governmental institution
responsible for the management of AR. Enforcements dedi-
cated to eradicate illegal fisheries and restore nursery areas
have been increased over the years and results are beginning
to emerge. Systematic annual monitoring campaigns have
been conducted inside and around AR MPA since 2002 and
local scientists are optimistic regarding the future of this par-
ticular MPA (Anderson 2017).

Conclusion

Topographic variables describing structural habitat, as shelter
availability and reef complexity (i.e., rugosity and topographic
heterogeneity), tend to directly influence rocky reef fishes’
distribution and habitat use, such as the Epinephelidae and
Serranidae fishes studied herein. Therefore, the present study
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has contributed to the knowledge of habitat use and, thus,
spatial partitioning of some key target species. Such informa-
tion may be a valuable tool to improve the knowledge of
managers of existing MPAs along the Brazilian coast, and also
contribute to the design of future MPAs which are going to be
implemented in a near future (Anderson et al. 2014; Garcia-
Charton et al. 2004; Spedicato et al. 2005).
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