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a b s t r a c t

Marine protected areas (MPAs) represent a useful tool for resource management, as well as to conserve
and/or restore biological communities. The level of protection is key factor influencing the marine
biodiversity, where a more enforced protection is expected to drive positive outcomes. In 2008, a large
MPAs network (∼11,380 km2) was established in one of off the most populated and industrialized areas
in the world (i.e., São Paulo State coast, southeast Brazil). Given many goods and services provided by
marine ecosystems, this MPA network represents the most challenging marine conservation initiative
in Brazil. Harboring areas with different socio-ecological contexts and management regimes, this
MPA network provides a unique opportunity to investigate the effects of cumulative impacts. We
contrasted the biomass and size structure of reef fish in three subtropical islands under different
levels of enforcement. We analyzed the influence of variables as island size, benthic cover, depth,
topographic complexity, wave exposure, and protection level on the biomass of reef fish assemblages.
Protection level was the main attribute responsible to explain the high biomass of fish target species
and small territorial herbivores. In sites sheltered from the waves, the biomass of groupers was ∼1600%
higher within enforced area than that from open-access area. Beyond the idea of positive effects of
enforcement on reef fish biomass and size, we add evidences that even under multiple stressors, the
area-based management is still a strong tool to marine conservation.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

The last decades have been marked by alarming predictions
bout the future of the world’s oceans, counteracted by more
ecent and positive expectations from the ‘‘Aichi Targets’’ agree-
ent in 2010 by the parties of the Convention on Biological

∗ Corresponding author.
E-mail addresses: fmotta@unifesp.br (F.S. Motta), moura.uesc@gmail.com

R.L. Moura), leonardomneves@gmail.com (L.M. Neves),
abrielraposo.souza@gmail.com (G.R.S. Souza), fergibran@gmail.com
F.Z. Gibran), leofrancini@gmail.com (C.L. Francini), gsishin@gmail.com
G.I. Shintate), fernandarolim2@gmail.com (F.A. Rolim), marina@atuair.com.br
M. Marconi), vj.giglio@gmail.com (V.J. Giglio), pereira.filho@unifesp.br
G.H. Pereira-Filho).
ttps://doi.org/10.1016/j.rsma.2021.101951
352-4855/© 2021 Elsevier B.V. All rights reserved.
Diversity, as well as by UNs’ Sustainable Development Goals (SDG
14) adopted in 2015 and recommitted in 2017 during the UN
Ocean Conference (Pinheiro et al., 2019). However, sequential
fisheries collapses, growing dead zones, invasion of exotic species,
pollution, habitat destruction and impacts from climate changes
are materializing globally and at an unprecedented fast pace
(Jackson et al., 2001; Myers and Worm, 2003; Worm et al., 2006;
Diaz and Rosemberg, 2008; Halpern et al., 2008; Jambeck et al.,
2015; McCauley et al., 2015; Allison and Bassett, 2015; Pauly and
Zeller, 2016). Currently (2020), 193 countries should be already
‘‘effectively and equitably’’ managing at least 10% of their marine
areas with ‘‘effective area-based conservation measures’’ (Aichi
Target 11), but many of them followed a wave of political oppor-

tunity and expended efforts in large marine protected areas in
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emote regions, where conflicts among resource users are scarce
nd relatively simple when compared with coastal zones (Giglio
t al., 2018; Pinheiro et al., 2019).
Marine Protected Areas (MPAs) are the most popular area-

ased conservation measure and aim to manage human uses at
ocal/regional scales to promote the recovery of overexploited
arine populations, protect or restore habitats, biodiversity and

ood webs (Gell and Roberts, 2003; Leenhardt et al., 2015). Due
o such potential, together with the overall failure of traditional
isheries management (e.g. catch restrictions), MPAs were put in
he spotlight of the marine conservation as the centerpiece for
cosystem-based management (Halpern et al., 2010; Browman
nd Stergiou, 2004; Micheli et al., 2012; Leenhardt et al., 2015;
oberts et al., 2017). However, even with the establishment of
PAs for biodiversity conservation and fisheries management, it
till remains a major planning and implementation challenges, in-
luding the assessment of their effects and effectiveness (Claudet
t al., 2006; Ojeda-Martínez et al., 2011).
The increase of biomass, density, richness and size of organ-

sms targeted by fisheries are the main direct ecological effects of
PAs, particularly in no-take areas in which extractive uses are
anned (Halpern, 2003; Lester et al., 2009; Edgar et al., 2014). In
eneral, the magnitude of such expected responses are associated
o MPA management regime, age, size, isolation, and enforcement
evel (Claudet et al., 2008; Edgar and Stuart-Smith, 2009; Edgar
t al., 2014; Gill et al., 2017). Another relevant effect of no-take
PAs is the exportation of biomass to adjacent fishing grounds
ia emigration of juveniles, subadults, and adults (spillover ef-
ect), thus benefiting local fisheries and strengthening support for
PA from stakeholders (Di Lorenzo et al., 2016, 2020). Indirect
PA effects have been reported less often, but include ‘‘trophic
ascades’’ with increases in populations of large predators tar-
eted by fisheries, coupled with decreases in their prey (see
laudet et al., 2011 for a review). However, distinct environ-
ental characteristics and lack of data before the protection, as
ell as heterogeneous anthropogenic features, have represented
he main sources of confounding factors to assess the differ-
nces between protected and unprotected areas (García-Charton
t al., 2008; Sciberras et al., 2013). Robust experimental designs
i.e. Before–After-Control-Impact– BACI and beyond-BACI) may
eal with spatial and temporal variability, but baseline data be-
ore MPA implementation (Francini-Filho and Moura, 2008a), or
ong-term monitoring data, are rarely available (Grorud-Colvert
t al., 2011; Sciberras et al., 2013; Anderson et al., 2020).
Brazil has 177 MPAs that cover 26.4% of its 3.5 million km

Exclusive Economic Zone (EEZ), but only 3.3% of this area is
ithin no-take MPAs (CNUC-MMA, 2019). In addition, most of
he country’s MPAs have low enforcement levels and still lack
anagement plans, long-term monitoring programs, and basic

inancial and human resources (Amaral and Jablonski, 2005;
erhardinger et al., 2011; Oliveira-Júnior et al., 2016). This data
oor scenario hinders the establishment of new MPAs and the
anagement of the existing ones (e.g. Teixeira et al., 2017; Mills
t al., 2020). The overall lack of evidence about the conditions un-
erlying MPA effects and effectiveness is particularly important
n the MPA arena, which depends on the engagement of stake-
olders since the initial planning stages. Indeed, effectiveness
ssessments of Brazilian MPAs rely largely on qualitative manage-
ent indicators (scorecard-based) (e.g. Araújo and Bernard, 2016;
liveira-Júnior et al., 2016; Brandão et al., 2017; Giglio et al.,
019), which have a weak potential to mobilize fishers, tourism
perators and visitors. Few studies have addressed the ecological
ffects of Brazilian MPAs, and these include one meta-analysis
Floeter et al., 2006), one large scale snapshot assessment (Morais
t al., 2017), and a handful of studies focused on particular no-

ake MPAs and adjacent unprotected sites (Lopes et al., 2013;
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Anderson et al., 2014, 2018; Ilarri et al., 2017; Rolim et al., 2019).
The only regional study that assessed the outcomes of a MPA
network with areas under different management regimes was
carried out in a tropical coral reef area (Francini-Filho and Moura,
2008b) far from the industrialized southeastern Brazil coastal
zone.

Unfortunately, Brazil has been collecting examples of how
the national disinterest on environmental issues may bring irre-
versible consequences to the marine biodiversity. Besides recent
huge environmental disasters such as mining dams collapses
(Cionek et al., 2019) and oil spills (Soares et al., 2020), the country
suffers with chronic absence of long-term planning in basic envi-
ronmental policy. For instance, 60% of the sewage production in
Brazil is released untreated in the environment (Pinheiro et al.,
2019). Several pharmaceuticals, including cocaine and its human
metabolites, have been detected in marine coastal waters (Pereira
et al., 2016) and pollution has already been pointed as a real
threat to major MPAs in the world (Abessa et al., 2018; Castro
et al., 2021; Nunes et al., 2021). In this context, the emerging
question is howmuch coastal MPAs, close to metropolitan regions
has been effective in conserving marine biodiversity? To address
this question, the aim of this work was to compare the biomass of
target and non-target fish species, considering the main habitat
features and trophic and size structure of fish assemblages, in
three subtropical islands at a hot spot of cumulative impacts
subjected to different levels of protection.

Beyond reinforce the idea of positive effects of enforcement
on reef fish biomass and size, we add evidences that even under
multiple stressors influence, area-based management is still a
strong tool to marine conservation being relevant to encourage
states and municipalities take the lead role on regional fishing
management as well as join efforts to require national leadership
in issues which local initiatives are not sufficient to deal with.

2. Material and methods

2.1. Study area

São Paulo State (SP), in southeastern Brazil, comprises about
700 km of coastline between 23◦18’S and 25◦14’S (Fig. 1) and
is among the world’s most densely populated metropolitan ar-
eas, with more than 20 million people living within less than
100 km from the ocean. The ‘‘very high’’ human impact sta-
tus of the region (Halpern et al., 2008; Magris et al., 2020) is
largely due to industrial and urban pollution and habitat de-
struction, seaports (including south the Atlantic’s largest, Santos
port), industrial fisheries (including bottom trawling), marinas,
and large-scale oil extraction and transportation. The coast is
geomorphologically diverse, with two large estuaries (Santos and
Cananéia-Iguape), mangroves, sandy beaches, rocky shores and
>100 granitic coastal islands with different sizes, distance off-
shore and terrestrial vegetation cover (Angelo and Lino, 1989;
Lamparelli, 1998). Commercial fisheries are multi-specific and
include a broad spectrum between artisanal (rudimentary and
family-based) and industrial arrangements. Captures of pelagic
and soft-bottom resources are influenced by seasonal (summer)
upwelling of cold subtropical waters, associated to alongshore
winds and cyclonic vortices of the warmer, south-flowing and
superficial (<∼100 m) Brazil Current (Borzone et al., 1999; Vas-
concellos and Gasalla, 2001; Katsuragawa et al., 2014). Reef fishes
are not major commercial resources, as groupers (Epinephelidae)
and snappers (Lutjanidae) annual landings averaged less than
10 tons.year−1 between 2017 and 2019 (PMAP, 2020). On the
other hand, reef fishes are the preferred targets of recreational
fisheries with hook-and-line and spearguns, but these catches
are unreported and poorly regulated and enforced (Freire et al.,
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Fig. 1. Study area with the marine protected area network and the three islands with different enforcement levels assessed in the present study (Alcatrazes, Laje
de Santos and Queimada Grande island).).
2016). Reef fish assemblages in SP islands are comprised by a
mixture of tropical and subtropical species, with a relatively high
numerical and biomass participation of southwestern Atlantic
endemic species (Pinheiro et al., 2018). In addition, SP coast
present the highest occurrence of marine threatened species in
Brazil (Ceretta et al., 2020; Magris et al., 2020).

The current MPA network in SP is the largest in Brazil and
as established opportunistically along two decades of ad hoc
lanning, with a strong participation of the state government,
hich is unusual in the country’s MPA arena (e.g. Moura et al.,
013; Mills et al., 2020). The first MPAs were established by the
ederal government in 1987, comprising two no-take Ecological
tations (corresponding to IUCN category I), ‘‘Tupinambás’’ and
‘Tupiniquins’’, which aim to protect the natural environment and
o promote scientific research. The state government created the
o-take Laje de Santos Marine State Park (IUCN category II) in
993, aiming to conserve regional biodiversity and to develop
CUBA diving tourism, and followed up with the creation of three
arge (totaling 11,380 km 2) multiple-use MPAs (IUCN category V)
n 2008, largely aiming to manage fisheries (Rolim and Ávila-da
ilva, 2016). Although relatively large, the SP network of MPAs
as only about 5.7% of its area under no-take regime. Our study
ncompassed three islands located at similar distances offshore
Fig. 1) and under similar oceanographic forcing, depth ranges
nd bottom type. On the other hand, they differ in terms of
sland size and protection and enforcement levels (Table 1). The
ueimada Grande island (Queimada) is located within the open-
ccess zone of one of the large multiple-use MPAs (all types of
xtractive uses, recreational activities and scientific research are
llowed); Alcatrazes, is located within the partially and more
ecently enforced no-take Tupinambás Ecological Station (only
cientific research is allowed); and Laje de Santos (Laje) is the
est and longer-term enforced no-take MPA (only recreational

cuba dive and scientific research are allowed). Although was not

3

possible to replicate the management context of the islands, their
conditions within São Paulo’s MPAs network represent a unique
opportunity to discuss the effect of area-based conservation in
coastal regions exposed to multiple anthropogenic stressors.

2.2. Data collection

Sampling was performed in March 2015. Fish abundance and
biomass were estimated with a stationary visual census protocol
adapted from Minte-Vera et al. (2008). Fish numbers and body
sizes were recorded after listing all species within an observer-
centered cylinder with 4 m radius, during five minutes. Individu-
als <10 cm (total length — TL) were counted within a 2 m radius
in two size classes, ≤2 cm and 2–10 cm TL, while individuals
>10 cm TL were counted within a 4 m radius in four size classes,
10–20, 20–30, 30–40, >40 cm TL. Nested stationary cylinders
with 2 and 4 m radius produce the most accurate density esti-
mates for small (TL ≤ 10 cm), including cryptobenthic species,
and large (TL >10 cm) reef fishes (Minte-Vera et al., 2008).

Sampling units (n = 330) were randomly distributed in shel-
tered and exposed sites and in two depth zones, 3–10 m (shallow)
and 10–20 m (deep), with 15 sampling units in each stratum.
Wave exposure and depth are well recognized as the most in-
fluential drivers of reef fish community structure in the shallow
water rocky reefs of southeastern Brazil (Floeter et al., 2007;
Gibran and Moura, 2012). In the larger islands (Alcatrazes and
Queimada) we sampled two sheltered sites and two exposed
sites, and in the smaller island (Laje) we sampled two sheltered
sites and one exposed site.

Benthic cover was characterized using photoquadrats
(25 × 25 cm), with 20 samples obtained at each depth stra-
tum (totaling n = 440). After the divers have reached the site

depth, photoquadrats were non-intentionally target in intervals
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Table 1
Summary of characteristics and management context of studied MPAs.

Queimada Grande Alcatrazes Laje de Santos

Category IUCNa V Ia II
Island area (km2) 0.78 1.352 0.0115
No-take area (km2) 0 24.63 50
Distance from the coast (km) 34.8 33.4 33
Declaration year 2008 1987 1993
Jurisdiction State Federal State
Management Instruments
(implementation year)

Managing Council (2008)
Management Plan b (2021)

Management Council (2006),
Establishment of a new no-take
MPAb (2016) Management Planb

(2017), and Public Use Planb

(2017)

Management Council (2009),
Fishing Exclusion Zone (2012),
Emergency Plan for Public Use
(2014), Management Planb

(2018)
Enforcement level open-access (multiple-use) Partially Enforced (no-take) Enforced (no-take)

aInternational Union for Conservation Nature.
bManagement Instruments implemented after study period.
4

i

of five diver fin kicks. Percent cover was estimated with software
photoQuad v1.4 (Trygonis and Sini, 2012), using 20 randomly
distributed points at each quadrat. Quantitative analyses included
12 major benthic categories: crustose coralline algae (CCA), fleshy
algae, coral, tunicate, zoantharia, cenocitic algae, cctocorallia,
echinodermata, porifera, bivalve, hydrozoa, and turf algae. Topo-
graphic complexity was visually scored for each sampling site as
follows: 1. Relatively flat sites (<45◦ slope) with homogeneous
relief resembling rocky terraces; 2. Sites with intermediate com-
plexity, with holes and crevices mostly presenting similar sizes;
and 3. Sites with the most heterogeneous reliefs, comprised by
rocks and crevices in a wider size range (see Claudet et al., 2006).

2.3. Data analyses

Fish species were categorized in seven trophic groups follow-
ing Luiz et al. (2008) and Gibran and Moura (2012): carnivores,
roving herbivores, territorial herbivores, omnivores, sessile in-
vertivores, mobile invertivores and planktivores. Three groups
preferred by local fisheries (Epinephelidae, Lutjanidae and Labri-
dae:Scarini) were used as proxies of direct MPA effects. Territorial
herbivores were also used to assess the MPA effects. Biomass was
estimated with length–weight (L–W) relationships (Froese and
Pauly, 2015) using W from the midpoint of each L class and the
number of individuals per category, and then summing categories
(Francini-Filho and Moura, 2008b). When L–W parameters were
not available, biomass was calculated using those from congeners
or related species from the same family.

Relationships between fish biomass and the explanatory vari-
ables (island size, benthic cover, depth, topographic complexity,
wave exposure and protection level) were assessed by consid-
ering site as the lowest level of replication. A single value for
each site was calculate (average) for the explanatory variables
and the biomass of selected fish groups. Pairwise correlation co-
efficients were calculated between all explanatory variables and
none of these variables displayed any collinearity (R<0.7; Zuur
et al., 2007). The distance-based linear model (DistLM; Legendre
and Anderson, 1999; McArdle and Anderson, 2001) was used
to identify which set of explanatory variables best explained
the variation in fish biomass. The Akaike Information Criterion
(AIC) was used to select the most parsimonious model (Ander-
son et al., 2008). Permutational multivariate analysis of variance
(PERMANOVA; Anderson, 2001) was used to evaluate differences
in biomass of target and non-target fish groups in response to
depth (covariate), protection level, wave exposure (fixed factors)
and interaction effects. PERMANOVA pairwise comparisons were
used to assess differences in fish biomass among wave exposure
and protection levels. Prior to the analysis, fish biomass and
explanatory variables data were square root transformed.
 o

4

3. Results

A total of 73 fish species (31 families) were recorded in
Queimada, 77 (30 families) in Alcatrazes, and 59 (25 families) in
Laje. The tomtate grunt (Haemulon aurolineatum) was the most
abundant fish in the three islands and represented 31.2 to 34.1%
of the total number of individuals (Table S1). Other five species
(Abudefduf saxatilis, Parablennius spp., Caranx crysos, Anisotremus
virginicus and Stegastes fuscus) were among the top ten most
abundant fishes in the three islands (Table S1). Mobile inverti-
vores was the most abundant trophic group in the three islands
(mean ± SE = 44.5% ± 2.1), followed by territorial herbivores
(21%) and omnivores (19%) in Queimada (open-access area), and
by omnivores (26.8% ± 0.85) and carnivores (12.8% ± 0.04) both
in Alcatrazes (partially enforced area) and Laje (enforced area)
(Fig. 2).

Fish biomass was associated with turf, coral and fleshy algae
cover, level of protection, depth, island size and wave expo-
sure (Table 2). Protection level was the most important predic-
tor for three (out of four) analyzed fish groups (Epinephelidae,
Lutjanidae and territorial herbivores), explaining 32.2–57.9% of
the variation (Table 2). For the remaining target group, parrot-
fishes (Labridae: Scarini), coral cover was the main predictor and
was associated with 18.8% of the variance (Table 2). Biomass of
groupers (Epinephelidae) and snappers (Lutjanidae) were posi-
tively associated to protection level, with the exception of the
single exposed site sampled in Laje (Fig. 3 and Table 3). Indeed,
for exposed sites, significant differences were detected between
Alcatrazes and the other two islands only for groupers (Fig. 3
and Table 3). Parrotfish biomass was equivalent in sheltered sites
of the three islands and significantly higher in the exposed site
of Queimada (Fig. 3). For non-target fishes, the biomass of the
territorial herbivores (Stegastes spp.) was significantly higher in
the unprotected Queimada than in Alcatrazes and Laje, in both
sheltered and exposed sites (Fig. 3 and Table 3).

The size structure of target species and small territorial herbi-
vores (prey) was also associated to management regimes (Fig. 4).
Among fishes targeted by fisheries, larger groupers and snappers
(>20 cm TL) were more frequent in the enforced and partially
enforced no-take MPAs than in the open-access Queimada (Fig. 4).
Conversely, small parrotfishes (2–30 cm TL) and territorial herbi-
vores were more frequent in the open-access Queimada (Fig. 4),
where the abundance of small groupers was minimum (Fig. 4).
Small snappers (<20 cm TL) were overall absent.

. Discussion

Marine Protected Areas have been implemented in the highly
ndustrialized southeastern coast of Brazil since the 1980’s, based

n ad hoc consultations and without robust baselines about
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Fig. 2. Relative abundance of trophic groups in each MPA. Open-access (Queimada Grande Island), Partially enforced (Alcatrazes Island) and Enforced (Laje de Santos).

Fig. 3. Biomass (mean ± SE) of target (Epinephelidae, Lutjanidade and Scarini) and non-target (Territorial herbivores) fish groups in each site type (sheltered or
exposed to wave exposure) and protection levels. Different letters above bars indicate pairwise results from PERMANOVA for the three MPAs. Lower case letters for
sheltered and capital letters for exposed to waves. Open-access (Queimada Grande Island), Partially enforced (Alcatrazes Island) and Enforced (Laje de Santos).
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Table 2
Results of the distance-based linear model (DistLM) for target and non-target fish groups biomass, showing the
percentage of variation explained by significant explanatory variables (P < 0.001).
Fish groups AIC R2 RSS N◦ Groups Predictors Selected (% explained)

Epinephelidae −7.4538 0.54327 9.9511 4 Turf (14.6), Protection (32.02), Exposure (5.8)
Lutjanidae −24.029 0.6311 5.1303 2 Turf (5.2), Protection (57.9)
Scarini 12.935 0.37362 27.352 3 Coral (18.8), Depth (9.6), Island size (8.96)
Territorial Herbivores −8.6193 0.78206 9.4377 3 Protection (40.3), Depth (27.3), Exposure (10.6)
Fig. 4. Size frequency distribution of target (Epinephelidae, Lutjanidade and Scarini) and non-target (Territorial herbivores) fish groups in each protection level.
pen-access (Queimada Grande Island), Partially enforced (Alcatrazes Island) and Enforced (Laje de Santos).
he state of the ecosystems. São Paulo (SP), Brazil’s richest and
ost populous state, currently encompasses one of the country’s

argest MPA networks (∼=12,055 km 2), with areas under Fed-
ral and State jurisdiction and different management regimes.
lthough such efforts had already cost millions of dollars, and
ffected the livelihoods of dozens of thousands of stakeholders
rom different sectors (e.g. fisheries, tourism), there are few stud-
es addressing the ecological effects of the region’s MPAs. Here,
e present the first study comparing the biomass of rocky reef

ishes in similar islands that are subjected to different contexts
nd management regimes. Despite the limitations derived from
he lack of temporal data and replication of management contexts
e show that the no-take MPAs presented significant positive
ffects from the protection against fisheries.
Regarding the most abundant species and the dominance of

obile invertebrate feeders, our results converge with previous
tudies conducted in subtropical southwestern Atlantic (Ferreira
t al., 2004; Gibran and Moura, 2012; Daros et al., 2018; Rolim
t al., 2019). Moreover, the higher density of territorial herbivores
n open-access area as well as the higher density of carnivores in
he two no-take areas can be considered as primary evidence of
ffects of protection.
Although it is known that environmental variables (i.e., to-

ographic complexity, wave exposure, benthic cover and depth)
re important predictors of reef fish assemblages (Floeter et al.,

007; Gibran and Moura, 2012; Teixeira-Neves et al., 2015, 2016)
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and consequently sources of confounding factors to detect MPA
outcomes (Claudet and Guidetti, 2010; Sciberras et al., 2013),
in our results the level of protection was the most important
variable to explain biomass variation of two targeted fish groups
(Epinephelidae and Lutjanidae) and one non-targeted group (ter-
ritorial herbivores). As expected, highly targeted fish species with
higher trophic level and body size showed positive response
to protection (Mosquera et al., 2000; Côté et al., 2001; Rolim
et al., 2019), whereas territorial herbivores probably responded
to lesser predator pressure in the open-access area. In contrast,
the main predictor of biomass of the parrotfishes was coral cover
followed by depth and island size. These two first factors have
been recorded as important drivers of biomass of this fish group
in Brazilian reefs (Cordeiro et al., 2015; Roos et al., 2019). Either
way, the absence of a relationship between protection level and
biomass of parrotfishes in the present study may be due its
secondary importance as target of local fisheries, in this case
recreational spearfishing. The environmental conditions associ-
ated with the magnitude of species’ response to protection can
vary by region and in function of the specific dynamics of hu-
man use (McClanahan and Arthur, 2001; Claudet et al., 2010).
Moreover, the record of island size as predictor of biomass can
be related to the need of parrotfishes to have large areas to
foraging (Howard et al., 2013; La Mesa et al., 2012). Thus, even
well-enforced no-take MPAs such as Laje may not have enough

reef area to ensure a high biomass of this fish group. On the
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esults of PERMANOVA testing for differences in target and non-target fish
roups biomass, in response to depth (covariate), level of protection, wave
xposure (fixed factors) and interaction effects.
Epinephelidae
Source df SS MS Pseudo-F P
Depth 1 7.295 7.295 4.571 0.0323a

Management 2 65.376 32.688 20.482 0.0001a

Exposure 1 9.732 9.732 6.098 0.0145a

Depth x Management 2 20.928 10.464 6.557 0.0015a

Management x Exposure 2 63.704 31.852 19.958 0.0001a

Residuals 329 525.06 1.596
Total 337 692.09

Lutjanidae
Depth 1 1.0453 1.0453 1.126 0.2952
Management 2 35.523 17.762 19.134 0.0001a

Exposure 1 1.3591 1.3591 1.4641 0.2281
Management x Exposure 2 8.3068 4.1534 4.4744 0.011a

Residuals 331 307.25 0.92826
Total 337 353.49

Scarini
Depth 1 36.555 36.555 12.339 0.0007a

Management 2 56.267 28.134 9.4962 0.0002a

Management x Exposure 2 43.726 21.863 7.3797 0.0007a

Residuals 332 983.6 2.9626
Total 337 1120.1

Territorial herbivores
Depth 1 171.9 171.9 105.95 0.0001a

Management 2 230.37 115.18 70.994 0.0001a

Exposure 1 59.551 59.551 36.705 0.0001a

Management x Exposure 2 13.461 6.7305 4.1484 0.0175a

Residuals 331 537.02 1.6224
Total 337 1012.3

aSignificant effect.

other hand, our observations on targeted fishes (groupers and
snappers) reinforce that small-sized and well-enforced no-take
MPAs produce outcomes for carnivore fish populations (Rolim
et al., 2019; Rojo et al., 2019).

Groupers was the group that best responded to the different
evels of protection with the biomass varying according to them,
ith the exception of the exposed site of Laje (enforced area),
hich can be explained by local features of relief and topographic
omplexity, a 90 degrees wall without holes and crevices. In fact,
roupers are recognized for their close association with the to-
ographic complexity of the environment and habitat conditions
Gibran, 2007; Anderson et al., 2018). The largest individuals were
lso more frequent in no-take MPAs, especially in Laje (enforced
rea). Other studies conducted in subtropical rocky reefs have
hown a higher biomass and size of groupers inside no-take MPAs
Anderson et al., 2014; Morais et al., 2017; Rolim et al., 2019).

Although snappers also responded to protection, the effects
ere less evident than in groupers and recorded mainly in shel-
ered sites of the enforced area. This lesser sensitivity to pro-
ection is likely related to the higher exposure of the snappers
o fisheries. Snappers (such as Lutjanus synagris and L. analis)
re usually found on sandy bottoms near to the reef, whereas
roupers (especially Epinephelus marginatus the most abundant
rouper species in the present study) are commonly observed
nside, or close to their shelters (Anderson et al., 2018). In ad-
ition, some studies have estimated higher levels of exploitation
f snappers as well as larger home ranges when compared to
roupers (Ralston, 1987; Farmer and Ault, 2011).
Herbivores presented higher biomass in the Queimada (open-

ccess area), with parrotfishes (target) showing higher biomass
nly in the exposed sites, and territorial herbivores (non-target)
n sheltered and exposed sites. In both cases, this is likely due
o the lower abundance of predators in the open-access area,
7

since parrotfishes and damselfishes species have been found in
the stomach contents of groupers and snappers (Randall, 1967;
Moreno-Sánchez et al., 2019). Previous studies also detected a
higher abundance of parrotfishes in fished areas when compared
to protected sites (Floeter et al., 2006; Rolim et al., 2019). How-
ever, according to these studies, the fish body size was smaller,
indicating a fishing pressure in larger body sizes. In contrast, we
verified that parrotfishes were more abundant in all size classes
in the open-access area. Although this difference can be related to
target exploitation levels within fished areas, the abiotic habitat
characteristics also can be involved since Queimada comprises
a higher bottom heterogeneity, including rocky reefs associated
with fringing coral reef and rhodolith beds (Pereira-Filho et al.,
2019).

The biomass trends of targeted fishes observed in the present
study in Alcatrazes (partially enforced) and Laje (enforced area)
were inverse to those recorded by Morais et al. (2017) during
a wide scale assessment using transect method. According to
these authors, Alcatrazes presented one of largest fish biomass
of the Brazilian reefs, including the groupers biomass, and our
study Laje stood out with the highest biomass. This discrepancy
may be associated to differences in the oceanographic conditions
(e.g. predominant currents, temperature and local upwelling)
when the studies were performed, or possibly due to particular-
ities of visual census methods used in each study (Colvocoresses
and Acosta, 2007; Pais and Cabral, 2018). In general, our results
reinforce the role of local management on biomass trends of
targeted fishes since the higher values were recorded in the
MPA with a better enforcement due to the existence of public
visitation (scuba diving) which usually reduce the risk of illegal
fishing in dives sites (Steenbergen, 2013). Also, corroborating this
aspect, the biomass trends of target fishes (biological indicator)
recorded in the present study converged with an assessment
of management effectiveness (management indicator scorecard-
based) performed in Alcatrazes and Laje in the same period
(Giglio et al., 2019).

In recent years, two events have the potential to improve the
effectiveness of the regional MPAs network. In 2016, a new and
larger no-take MPA (Alcatrazes Wildlife Refuge — 674.09 km 2)
encompassing Alcatrazes Island was established and since De-
cember 2018 is open for public visitation through regulated recre-
ational activities. Furthermore, in 2019 the multiple-use MPA
that covers Queimada Grande Island finalized its management
plan and a zone of the 19 km2 around the island was defined
as target of actions to making recreational uses compatible with
the biodiversity conservation (Marconi et al., 2020). Therefore,
the monitoring of these areas becomes crucial to quantify the
effectiveness regarding fish assemblage conservation.

Spillover assessment is beyond the scope of this study. How-
ever, the first step to evaluate this process was completed here
(1. ensure that biomass recovery inside MPA occurs) considering
the four steps recommended by Di Lorenzo et al. (2016) that
should also include: 2. home range analysis to assess whether
the MPA comprises individual home ranges entirely or in part; 3.
monitoring of individual movements across MPA boundaries; and
4. fishing monitoring at increasing distances from the MPA (Di
Lorenzo et al., 2016). Spillover from no-take MPAs can be essen-
tial to drive the management effectiveness of adjacent multiple-
use MPAs (Di Lorenzo et al., 2020), especially in the context
of a MPAs network as the observed here. Furthermore, given
that reef fishes are the main targets of recreational fishers, this
social group is a priority to environmental information campaigns
and partnership establishment aiming to support management
initiatives and research on spillover process.

In view of the results presented here, MPA size, level of en-
forcement and open-to-visitation situation were the main at-
tributes responsible by positive direct outcomes in the fish as-
semblage, with higher biomass of the main targeted fish groups,
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uch as the Epinephelidae and Lutjanidae families. Moreover, as
he MPAs network has been recently enhanced in the region,
he trends of fish biomass presented here are also important
aselines for future effectiveness assessments of these MPAs. This
tudy also adds evidence that even under cumulative impacts
rea-based management is still a strong tool to marine conserva-
ion. We strongly suggest that local policies spheres (i.e., states
nd municipalities) should take the lead role on local fishery
anagements as well as joint efforts to require national lead-
rship on issues which local policies are not sufficient to deal
ith.

RediT authorship contribution statement

Fabio S. Motta: Conceptualization, Methodology, Formal anal-
sis, Investigation, Resources, Data curation, Writing – original,
riting – review & editing, Visualization, Supervision, Project ad-
inistration, Funding acquisition. Rodrigo L. Moura: Conceptu-
lization, Methodology, Investigation, Writing – review & editing.
eonardo M. Neves: Formal analysis, Writing – review & editing,
isualization. Gabriel R.S. Souza: Investigation, Writing – review
editing. Fernando Z. Gibran: Methodology, Investigation, Writ-

ng – review & editing. Carlo L. Francini: Methodology, Inves-
igation. Gustavo I. Shintate: Formal analysis, Writing – review
editing. Fernanda A. Rolim: Investigation, Writing – review

& editing. Marina Marconi: Visualization, Writing – review &
editing. Vinicius J. Giglio: Writing – review & editing. Guilherme
. Pereira-Filho: Conceptualization, Methodology, Investigation,
esources, Writing – review & editing, Supervision.

eclaration of competing interest

The authors declare that they have no known competing finan-
ial interests or personal relationships that could have appeared
o influence the work reported in this paper.

cknowledgments

We thank managers and management staff of MPAs (Tupinam-
ás and Tupiniquins Ecological Stations and Laje de Santos Marine
tate Park). Instituto Chico Mendes de Conservação da Biodiver-
idade (ICMBio)[http://dx.doi.org/10.13039/501100009985] and
undação Florestal by institutional support and survey permits
SISBIO/46206 and COTEC/26108–009.754/2014). Fundação SOS
ata Atlântica provided financial support (Programa Costa Atlân-

ica grant no. 07/2014). G.H.P.F. and R.L.M. acknowledge indi-
idual grants from the Brazilian Research Council (CNPq), F.S.M.
cknowledge individual grant #2019/19423-5 from FAPESP. V.J.G.
eceived a post-doctoral grant #2017/22273-0 from FAPESP.

ppendix A. Supplementary data

Supplementary material related to this article can be found
nline at https://doi.org/10.1016/j.rsma.2021.101951.

eferences

bessa, D.M.S., Albuquerque, H.C., Morais, L.G., Araújo, G.S., Fonseca, T.G.,
Cruz, A.C.F., Campos, B.G., Camargo, J.B.D.A., Gusso-Choueri, P.K., Perina, F.C.,
Choueri, R.B., Buruaem, L.M., 2018. Pollution status of marine protected areas
worldwide and the consequent toxic effects are unknown. Environ. Pollut.
243 (B), 1450–1459.

llison, E.H., Bassett, H.R., 2015. Climate change in the oceans: Human im-
pacts and responses. Science 350 (6262), 778–782. http://dx.doi.org/10.1126/
science.aac8721.

maral, A.C.Z., Jablonski, S., 2005. Conservation of marine and coastal biodi-
versity in Brazil. Conserv. Biol. 19 (3), 625–631. http://dx.doi.org/10.1111/j.
1523-1739.2005.00692.x.
8

Anderson, M.J., 2001. A new method for non-parametric multivariate analysis of
variance. Aust. Ecol. 26 (1), 32–46.

Anderson, A.B., Batista, M.B., Gibran, F.Z., Félix-Hackradt, F.C., Hackradt, C.W.,
García-Charton, J.A., Floeter, S.R., 2018. Habitat use of five key species of reef
fish in rocky reef systems of southern Brazil: evidences of MPA effectiveness.
Mar. Biodivers. 49 (2), 1027–1036. http://dx.doi.org/10.1007/s12526-018-
0893-6.

Anderson, A., Bonaldo, R., Barneche, D., Hackradt, C., Félix-Hackradt, F., García-
Charton, J., Floeter, S., 2014. Recovery of grouper assemblages indicates
effectiveness of a marine protected area in Southern Brazil. Mar. Ecol. Prog.
Ser. 514, 207–215. http://dx.doi.org/10.3354/meps11032.

Anderson, M.J., Gorley, R.N., Clarke, K.R., 2008. PERMANOVA for PRIMER: guide
to software and statistical methods. PRIMES-E, Plymounth.

Anderson, A.B., Joyeux, J.C., Floeter, S.R., 2020. Spatiotemporal variations in
density and biomass of rocky reef fish in a biogeographic climatic transition
zone: trends over nine years, inside and outside the only nearshore no-take
marine protected área on the Southern Brazilian coast. J. Fish Biol. 97 (3),
845–859.

Angelo, S., Lino, C., 1989. Ilhas do litoral paulista. Série documentos. Secretaria
do Meio Ambiente, São Paulo.

Araújo, J.L., Bernard, E., 2016. Management effectiveness of a large marine
protected area in Northeastern Brazil. Ocean Coast. Manage. 130, 43–49.
http://dx.doi.org/10.1016/j.ocecoaman.2016.05.009.

Borzone, C.A., Pezzuto, P.R., Marone, E., 1999. Oceanographic characteristics of a
multi-specific fishing ground of the central south Brazil bight. Mar. Ecol. 20
(2), 131–146. http://dx.doi.org/10.1046/j.1439-0485.1999.00070.x.

Brandão, S.C., Malta, A., Schiavetti, A., 2017. Temporal assessment of the manage-
ment effectiveness of reef environments: The role of marine protected areas
in Brazil. Ocean Coast. Manage. 142, 111–121. http://dx.doi.org/10.1016/j.
ocecoaman.2017.03.015.

Browman, H.I., Stergiou, K.I., 2004. Marine protected areas as a central element
of ecosystem- based management: Defining their location, size and number.
Mar. Ecol. Prog. Ser. 274, 271–272.

Castro, I.B., Machado, F.B., Sousa, G.T., Paz-Vilarraga, C., Fillmann, G., 2021. How
protected area marine protected areas: A case study of tributyltin in Latin
America. J. Environ. Manag. 278 (2), 111543.

Ceretta, B.F., Fogliarini, C.O., Giglio, V.J., Maxwell, M.F., Waechter, L.S., Ben-
der, M.G., 2020. Testing the accuracy of biological attributes in predicting
extinction risk. Perspect. Ecol. Conserv. 18 (1), 12–18.

Cionek, V.M., Alves, G.H.Z., Tófoli, R.M., Rodrigues-Filho, J.L., Dias, R.M., 2019.
Brazil in the mud again: lessons not learned from Mariana dam collapse.
Biodiver. Conserv. 28, 1935–1938.

Claudet, J., García-Charton, J.A., Lenfant, P., 2010. Combined effects of levels of
protection and environmental variables at different spatial resolutions on
fish assemblages in a marine protected area. Conserv. Biol. 25 (1), 105–114.
http://dx.doi.org/10.1111/j.1523-1739.2010.01586.x.

Claudet, J., Guidetti, P., 2010. Improving assessments of marine protected areas.
Aquat. Conserv. Mar. Freshw. Ecosyst. 20 (2), 239–242. http://dx.doi.org/10.
1002/aqc.1087.

Claudet, J., Guidetti, P., Mouillot, D., Shears, N.T., Micheli, F., 2011. Ecological
effects of marine protected areas: conservation, restoration, and functioning.
In: Claudet, J. (Ed.), Marine Protected Areas: A Multidisciplinary Approach.
Cambridge University Press, Cambridge, pp. 37–71.

Claudet, J., Osenberg, C.W., Benedetti-Cecchi, L., Domenici, P., García-Charton, J.,
Á, Pérez-Ruzafa., Badalamenti, F., Bayle-Sempere, J., Brito, A., Bulleri, F.,
2008. Marine reserves: size and age do matter. Ecol. Lett. 11 (5), 481–489.
http://dx.doi.org/10.1111/j.1461-0248.2008.01166.

Claudet, J., Pelletier, D., Jouvenel, J.Y., Bachet, F., Galzin, R., 2006. Assessing
the effects of marine protected area (MPA) on a reef fish assemblage in a
northwestern mediterranean marine reserve: Identifying community-based
indicators. Biol. Conserv. 130 (3), 349–369. http://dx.doi.org/10.1016/j.biocon.
2005.12.030.

CNUC-MMA, 2019. Cadastro Nacional de Unidades de Conservação. Ministério
do Meio Ambiente, https://www.mma.gov.br/areas-protegidas/cadastro-
nacional-de-ucs.

Colvocoresses, J., Acosta, A., 2007. A large-scale field comparison of strip transect
and stationary point count methods for conducting length-based underwater
visual surveys of reef fish populations. Fish. Res. 85, 130–141.

Cordeiro, C.A.M.M., Mendes, T.C., Harbone, A.R., Ferreira, C.E.L., 2015. Spatial
distribution of nominally herbivorous fishes across environmental gradients
on Brazilian rocky reefs. J. Fish Biol. 89 (1), 939–958. http://dx.doi.org/10.
1111/jfb.12849.

Côté, I.M., Mosqueira, I., Reynolds, J.D., 2001. Effects of marine reserve charac-
teristics on the protection of fish populations: a meta-analysis. J. Fish Biol.
59, 178–189. http://dx.doi.org/10.1111/j.1095-8649.2001.tb01385.x.

Daros, F.A., Bueno, L.S., Soeth, M., Bertoncini, A.A., Hostim-Silva, M., Spach, H.L.,
2018. Rocky reef fish assemblage structure in coastal islands of southern
Brasil. Lat. Am. J. Aquat. Res. 46 (1), 197–211. http://dx.doi.org/10.3856/
vol46-issue1-fulltext-19.

https://doi.org/10.1016/j.rsma.2021.101951
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb1
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb1
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb1
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb1
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb1
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb1
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb1
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb1
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb1
http://dx.doi.org/10.1126/science.aac8721
http://dx.doi.org/10.1126/science.aac8721
http://dx.doi.org/10.1126/science.aac8721
http://dx.doi.org/10.1111/j.1523-1739.2005.00692.x
http://dx.doi.org/10.1111/j.1523-1739.2005.00692.x
http://dx.doi.org/10.1111/j.1523-1739.2005.00692.x
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb4
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb4
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb4
http://dx.doi.org/10.1007/s12526-018-0893-6
http://dx.doi.org/10.1007/s12526-018-0893-6
http://dx.doi.org/10.1007/s12526-018-0893-6
http://dx.doi.org/10.3354/meps11032
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb8
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb9
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb9
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb9
http://dx.doi.org/10.1016/j.ocecoaman.2016.05.009
http://dx.doi.org/10.1046/j.1439-0485.1999.00070.x
http://dx.doi.org/10.1016/j.ocecoaman.2017.03.015
http://dx.doi.org/10.1016/j.ocecoaman.2017.03.015
http://dx.doi.org/10.1016/j.ocecoaman.2017.03.015
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb13
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb13
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb13
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb13
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb13
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb14
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb14
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb14
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb14
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb14
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb15
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb15
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb15
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb15
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb15
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb16
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb16
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb16
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb16
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb16
http://dx.doi.org/10.1111/j.1523-1739.2010.01586.x
http://dx.doi.org/10.1002/aqc.1087
http://dx.doi.org/10.1002/aqc.1087
http://dx.doi.org/10.1002/aqc.1087
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb19
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb19
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb19
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb19
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb19
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb19
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb19
http://dx.doi.org/10.1111/j.1461-0248.2008.01166
http://dx.doi.org/10.1016/j.biocon.2005.12.030
http://dx.doi.org/10.1016/j.biocon.2005.12.030
http://dx.doi.org/10.1016/j.biocon.2005.12.030
https://www.mma.gov.br/areas-protegidas/cadastro-nacional-de-ucs
https://www.mma.gov.br/areas-protegidas/cadastro-nacional-de-ucs
https://www.mma.gov.br/areas-protegidas/cadastro-nacional-de-ucs
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb23
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb23
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb23
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb23
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb23
http://dx.doi.org/10.1111/jfb.12849
http://dx.doi.org/10.1111/jfb.12849
http://dx.doi.org/10.1111/jfb.12849
http://dx.doi.org/10.1111/j.1095-8649.2001.tb01385.x
http://dx.doi.org/10.3856/vol46-issue1-fulltext-19
http://dx.doi.org/10.3856/vol46-issue1-fulltext-19
http://dx.doi.org/10.3856/vol46-issue1-fulltext-19


F.S. Motta, R.L. Moura, L.M. Neves et al. Regional Studies in Marine Science 47 (2021) 101951

D

D

D

E

E

F

F

F

F

F

F

F

F

G

G

G

G

G

G

G

i Lorenzo, M., Claudet, J., Guidetti, P., 2016. Spillover from marine protected
areas to adjacent fisheries has an ecological and a fishery component. J. Nat.
Conserv. 32, 62–66. http://dx.doi.org/10.1016/j.jnc.2016.04.004.

i Lorenzo, Guidetti, P., Di Franco, A., Calò, A., Claudet, J., 2020. Assessing
spillover from marine protected areas and its drivers: A meta-analytical
approach. Fish Fish. 21 (5), 906–915. http://dx.doi.org/10.1111/faf.12469.

iaz, R.J., Rosemberg, R., 2008. Spreading dead zones and consequences for
marine ecosystems. Science 321 (5891), 926–929. http://dx.doi.org/10.1126/
science.1156401.

dgar, G.J., Stuart-Smith, R.D., 2009. Ecological effects of marine protected areas
on rocky reef communities—a continental-scale analysis. Mar. Ecol. Prog. Ser.
388 (4), 51–62. http://dx.doi.org/10.3354/meps08149.

dgar, G.J., Stuart-Smith, R.D., Willis, T.J., Kininmonth, S., Baker, S.C., Banks, S.,
Barrett, N.S., Becerro, M.A., Bernard, A.T.F., Berkhout, J., Buxton, C.D., Camp-
bell, S.J., Cooper, A.T., Davey, M., Edgar, S.C., Forsterra, G., Galván, D.E.,
Irigoyen, A.J., Kushner, D.J., Moura, R., Parne, P.E., Shears, N.T., Soler, G.,
Strain, E.M.A., Thomson, R.J., 2014. Global conservation outcomes depend on
marine protected areas with five key features. Nature 506 (7487), 216–220.
http://dx.doi.org/10.1038/nature13022.

armer, A., Ault, J.S., 2011. Grouper and snapper movements and habitat use in
Dry Tortugas. Florida. Mar. Ecol. Prog. Ser. 433, 169–184. http://dx.doi.org/
10.3354/meps09198.

erreira, C.E.L., Floeter, S.R., Gasparini, J.L., Ferreira, B.P., Joyeux, J.C., 2004.
Trophic structure patterns of Brazilian reef fishes: a latitudinal comparison.
J. Biogeogr. 31 (7), 1093–1106. http://dx.doi.org/10.1111/j.1365-2699.2004.
01044.x.

loeter, S.R., Halpern, B.S., Ferreira, C.E.L., 2006. Effects of fishing and protection
on Brazilian reef fishes. Biol. Conserv. 128 (3), 391–402. http://dx.doi.org/10.
1016/j.biocon.2005.10.005.

loeter, S.R., Krohling, W., Gasparini, J.L., Ferreira, C.E.L., Zalmon, I., 2007. Reef
fish community structure on coastal islands of the southeastern Brazil: the
influence of exposure and benthic cover. Environ. Biol. Fish. 78 (2), 147–160.

rancini-Filho, R.B., Moura, R.L.M., 2008a. Dynamics of fish assemblages on coral
reefs subjected to different management regimes in the Abrolhos Bank,
eastern Brazil. Aquat. Conserv. Mar. Freshw. Ecosyst. 18 (7), 1166–1179.
http://dx.doi.org/10.1002/aqc.966.

rancini-Filho, R.B., Moura, R.L., 2008b. Evidence for spillover of reef fishes from a
no-take marine reserve: an evaluation using the before-after control-impact
(BACI) approach. Fish. Res. 93, 346–356.

reire, K.M.F., Tubino, R.A., Monteiro-Neto, C., Andrade-Tubino, M.F., Belruss, C.G.,
Tomas, A.R.G., Tutui, S.L.S., Castro, P.M.G., Maruyama, L.S., Catella, A.C.,
Crepaldi, D.V., Daniel, C.R.A., Machado, M.L., Mendonca, J.T., Moro, P.S.,
Motta, F.S., Ramires, M., Silva, M.H.C., Vieira, J.P., 2016. Brazilian recreational
fisheries: current status, challenges and future direction. Fish. Manage. Ecol.
23 (3–4), 276–290.

roese, R., Pauly, D., 2015. Fish base. internet publication. www.fishbase.org,
version (12/2019).

arcía-Charton, J.A., Pérez-Ruzafa, A., Marcos, C., Claudet, J., Badalamenti, F.,
Benedetti-Cecchi, L., Falcón, J.M., Milazzo, M., Schembri, P.J., Stobart, B.,
Vandeperre, F., Brito, A., Chemello, R., Dimech, M., Domenici, P., Guala, I.,
Le Diréach, L., Maggi, E., Planes, S., 2008. Effectiveness of European
Atlanto-Mediterranean MPAs: Do they accomplish the expected effects on
populations, communities and ecosystems? J. Nat. Conserv. 16 (4), 193–221.
http://dx.doi.org/10.1016/j.jnc.2008.09.007.

ell, F.R., Roberts, C.M., 2003. Benefits beyond boundaries: the fishery effects
of marine reserves. Trends Ecol. Evol. 18 (9), 448–455. http://dx.doi.org/10.
1016/S0169-5347(03)00189-7.

erhardinger, L.C., Godoy, E.A.S., Jones, P.J.S., Sales, G., Ferreira, B.P., 2011. Marine
protected dramas: The flaws of the Brazilian national system of marine
protected areas. Environ. Manage. 47 (4), 630–643. http://dx.doi.org/10.1007/
s00267-010-9554-7.

ibran, F.Z., 2007. Activity, habitat use, feeding behavior, and diet of four
sympatric species of Serranidae (Actinopterygii: Perciformes) in southeastern
Brazil. Neotrop. Ichthyol. 5 (3), 387–398. http://dx.doi.org/10.1590/S1679-
62252007000300018.

ibran, F.Z., Moura, R.L., 2012. The structure of rocky reef fish assem-
blages across a nearshore to coastal islands’ gradient in Southeastern
Brazil. Neotrop. Ichthyol. 10 (2), 369–382. http://dx.doi.org/10.1590/S1679-
62252012005000013.

iglio, V.J., Moura, R.L., Gibran, F.Z., Rossi, L.C., Banzato, B.M., Corsso, J.T., Pereira-
Filho, G.H., Motta, F.S., 2019. Do managers and stakeholders have congruent
perceptions on marine protected area management effectiveness? Ocean
Coast. Manage. 179, 104865. http://dx.doi.org/10.1016/j.ocecoaman.2019.
104865.

iglio, V.J., Pinheiro, H.T., Bender, M.G., Bonaldo, R.M., Costa-Lotufo, L.V., Fer-
reira, C.E.L., Floeter, S.R., Freire, A., Gasparini, J.L., Joyeux, J.C., Krajewski, J.P.,
Lindner, A., Longo, G.O., Lotufo, T.M.C., Loyola, R., Luiz, O.J., Macieira, R.M.,
Magris, R.A., Mellon, T.J., Quimbayo, J.P., Rocha, L.A., Segal, B., Teixeria, J.B.,
Vila-Nova, D.A., Vilar, C.C., Zilberberg, C., Francini-Filho, R.B., 2018. Large and
remote marine protected areas in the South Atlantic Ocean are flawed and
raise concerns: Comments on Soares and Lucas (2018). Mar. Policy 96, 13–17.
9

Gill, D.A., Mascia, M.B., Ahmadia, G.N., Glew, L., Lester, S.E., Barnes, M., Craigie, I.,
Darling, E.S., Free, C.M., Geldmann, J., 2017. Capacity shortfalls hinder the
performance of marine protected areas globally. Nature 543 (7647), 665–669.
http://dx.doi.org/10.1038/nature21708.

Grorud-Colvert, K., Claudet, J., Carr, M., Caselle, J., Day, J., Friedlander, A.,
Lester, S.E., Loma, T.L., Tissot, B., D., Malone., 2011. The assessment of marine
reserve networks: guidelines for ecological evaluation. In: Claudet, J. (Ed.),
Marine Protected Areas: A Multidisciplinary Approach. Cambridge University
Press, Cambridge, pp. 293–321.

Halpern, B.S., 2003. The impact of marine reserves: Do reserves work and does
reserve size matter? Ecol. Appl. 13 (1), 117–137. http://dx.doi.org/10.1890/
1051-0761(2003)013[0117:TIOMRD]2.0.CO;2.

Halpern, B.S., Lester, S.E., McLeod, K.L., 2010. Placing marine protected areas onto
the ecosystem-based management seascape. Proc. Natl. Acad. Sci. 107 (43),
18312–18317. http://dx.doi.org/10.1073/pnas.0908503107.

Halpern, B.S., Walbridge, S., Selkoe, K.A., Kappel, C.V., Micheli, F., D’Agrosa, C.,
Bruno, J.F., Casey, K.S., Ebert, C., Fox, H.E., Fujita, R., Heinemann, D., Leni-
han, H.S., Madin, E.M.P., Perry, M.T., Selig, E.R., Spalding, M., Steneck, R.,
Watson, R., 2008. A global map of human impact on marine ecosystems.
Science 319 (5865), 948–952. http://dx.doi.org/10.1126/science.1149345.

Howard, K.G., Claisse, J.T., Clark, T.B., Boyle, K., Parrish, J.D., 2013. Home range
and movement patterns of the Redlip Parrotfish (Scarus rubroviolaceus) in
Hawaii. Mar. Biol. 160, 1583–1595.

Ilarri, M.I., Souza, A.T., Rosa, R.S., 2017. Community structure of reef fishes in
shallow waters of the Fernando de Noronha archipelago: effects of different
levels of environmental protection. Mar. Fresh. Res. 68 (7), 1303–1316.
http://dx.doi.org/10.1071/mf16071.

Jackson, J.B.C., Kirby, M.X., Berger, W.H., Bjorndal, K.A., Botsford, L.W.,
Bourque, B.J., Bradbury, R.H., Cooke, R., Erlandson, J., Estes, J.A., Hughes, T.P.,
Kidwell, S., Lange, C.B., Lenihan, H.S., Pandolfi, J.M., Peterson, C.H., Ste-
neck, R.S., Tegner, M.J., Warner, R.R., 2001. Historical overfishing and the
recent collapse of coastal ecosystems. Science 293 (5530), 629–638. http:
//dx.doi.org/10.1126/science.1059199.

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, M., Andrady, A.,
Narayan, R., Law, K.L., 2015. Plastic waste inputs from land into the ocean.
Science 347 (6223), 768–771. http://dx.doi.org/10.1126/science.1260352.

Katsuragawa, M., Dias, J.F., Harari, J., Namiki, C., Zani-Teixeira, M.L., 2014.
Patterns in larval fish assemblages under the influence of the Brazil current.
Cont. Shelf Res. 89, 103–117. http://dx.doi.org/10.1016/j.csr.2014.04.024.

La Mesa, G., Consalvo, I., Annunziatellis, A., Canese, S., 2012. Movement patterns
of the parrotfish Sparisoma cretense in a Mediterranean marine protected
area. Mar. Environ. Res. 82, 59–68.

Lamparelli, C.C., 1998. Mapeamento dos ecossistemas costeiros do Estado de São
Paulo. Secretaria do Meio Ambiente, CETESB, São Paulo.

Leenhardt, P., Low, N., Pascal, N., Micheli, F., Claudet, J., 2015. The role of marine
protected areas in providing ecosystem services. In: Aquatic Functional Biodi-
versity. Elsevier, pp. 211–239. http://dx.doi.org/10.1016/B978-0-12-417015-
5.00009-8.

Legendre, P., Anderson, M.J., 1999. Distance-based redundancy analysis: test-
ing multispecies responses in multifactorial ecological experiments. Ecol.
Monogr. 69 (1), 1–24. http://dx.doi.org/10.2307/2657228.

Lester, S.E., Halpern, B.S., Grorud-Colvert, K., Lubchenco, J., Ruttenberg, B.I.,
Gaines, S.D., Airamé, S., Warner, R.R., 2009. Biological effects within no-
take marine reserves: a global synthesis. Mar. Ecol. Prog. Ser. 384, 33–46.
http://dx.doi.org/10.3354/meps08029.

Lopes, P.F.M., Silvano, R.A.M., Nora, V.A., Begossi, A., 2013. Transboundary socio-
ecological effects of a marine protected area in the Southwest Atlantic.
AMBIO 42 (8), 963–974. http://dx.doi.org/10.1007/s13280-013-0452-0.

Luiz, Jr., O.J., Carvalho-Filho, A., Ferreira, C.E., Floeter, S.R., Gasparini, J.L.,
Sazima, I., 2008. The reef fish assemblage of the Laje de Santos Marine
State Park, Southwestern Atlantic: annotated checklist with comments on
abundance, distribution, trophic structure, symbiotic associations, and con-
servation. Zootaxa 1807 (1), 1–25. http://dx.doi.org/10.11646/zootaxa.1807.
1.1.

Magris, R.A., Costa, M.D.P., Ferreira, C.E.L., Vilar, C.C., Joyeux, J.C., Creed, J.C.,
Copertino, M.S., Horta, P.A., Sumida, P.Y.G., Francini-Filho, R.B., Floeter, S.R.,
2020. A blueprint for securing Brazil’s marine biodiversity and supporting
the achievement of global conservation goals. Divers. Distrib. http://dx.doi.
org/10.1111/ddi.13183.

Marconi, M., Giglio, V.J., Pereira-Filho, G.H., Motta, F.S., 2020. Does quality of
scuba diving experience vary according to the context and management
regime of marine protected areas? Ocean Coast. Manage. 194, http://dx.doi.
org/10.1016/j.ocecoaman.2020.105246.

McArdle, B.H., Anderson, M.J., 2001. Fitting multivariate models to community
data: A comment on distance-based redundancy analysis. Ecology 82 (1),
290–297. http://dx.doi.org/10.2307/2680104.

McCauley, D.J., Pinsky, M.L., Palumbi, S.R., Estes, J.A., Joyce, F.H., Warner, R.R.,
2015. Marine defaunation: animal loss in the global ocean. Science 347
(6219), 1255641. http://dx.doi.org/10.1126/science.1255641.

McClanahan, T.R., Arthur, R., 2001. The effect of marine reserves and habitat on
populations of east African coral reef fishes. Ecol. Appl. 11 (2), 559–569.

http://dx.doi.org/10.1016/j.jnc.2016.04.004
http://dx.doi.org/10.1111/faf.12469
http://dx.doi.org/10.1126/science.1156401
http://dx.doi.org/10.1126/science.1156401
http://dx.doi.org/10.1126/science.1156401
http://dx.doi.org/10.3354/meps08149
http://dx.doi.org/10.1038/nature13022
http://dx.doi.org/10.3354/meps09198
http://dx.doi.org/10.3354/meps09198
http://dx.doi.org/10.3354/meps09198
http://dx.doi.org/10.1111/j.1365-2699.2004.01044.x
http://dx.doi.org/10.1111/j.1365-2699.2004.01044.x
http://dx.doi.org/10.1111/j.1365-2699.2004.01044.x
http://dx.doi.org/10.1016/j.biocon.2005.10.005
http://dx.doi.org/10.1016/j.biocon.2005.10.005
http://dx.doi.org/10.1016/j.biocon.2005.10.005
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb35
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb35
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb35
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb35
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb35
http://dx.doi.org/10.1002/aqc.966
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb37
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb37
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb37
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb37
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb37
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb38
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb39
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb39
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb39
http://dx.doi.org/10.1016/j.jnc.2008.09.007
http://dx.doi.org/10.1016/S0169-5347(03)00189-7
http://dx.doi.org/10.1016/S0169-5347(03)00189-7
http://dx.doi.org/10.1016/S0169-5347(03)00189-7
http://dx.doi.org/10.1007/s00267-010-9554-7
http://dx.doi.org/10.1007/s00267-010-9554-7
http://dx.doi.org/10.1007/s00267-010-9554-7
http://dx.doi.org/10.1590/S1679-62252007000300018
http://dx.doi.org/10.1590/S1679-62252007000300018
http://dx.doi.org/10.1590/S1679-62252007000300018
http://dx.doi.org/10.1590/S1679-62252012005000013
http://dx.doi.org/10.1590/S1679-62252012005000013
http://dx.doi.org/10.1590/S1679-62252012005000013
http://dx.doi.org/10.1016/j.ocecoaman.2019.104865
http://dx.doi.org/10.1016/j.ocecoaman.2019.104865
http://dx.doi.org/10.1016/j.ocecoaman.2019.104865
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb46
http://dx.doi.org/10.1038/nature21708
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb48
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb48
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb48
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb48
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb48
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb48
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb48
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb48
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb48
http://dx.doi.org/10.1890/1051-0761(2003)013[0117:TIOMRD]2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2003)013[0117:TIOMRD]2.0.CO;2
http://dx.doi.org/10.1890/1051-0761(2003)013[0117:TIOMRD]2.0.CO;2
http://dx.doi.org/10.1073/pnas.0908503107
http://dx.doi.org/10.1126/science.1149345
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb52
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb52
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb52
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb52
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb52
http://dx.doi.org/10.1071/mf16071
http://dx.doi.org/10.1126/science.1059199
http://dx.doi.org/10.1126/science.1059199
http://dx.doi.org/10.1126/science.1059199
http://dx.doi.org/10.1126/science.1260352
http://dx.doi.org/10.1016/j.csr.2014.04.024
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb57
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb57
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb57
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb57
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb57
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb58
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb58
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb58
http://dx.doi.org/10.1016/B978-0-12-417015-5.00009-8
http://dx.doi.org/10.1016/B978-0-12-417015-5.00009-8
http://dx.doi.org/10.1016/B978-0-12-417015-5.00009-8
http://dx.doi.org/10.2307/2657228
http://dx.doi.org/10.3354/meps08029
http://dx.doi.org/10.1007/s13280-013-0452-0
http://dx.doi.org/10.11646/zootaxa.1807.1.1
http://dx.doi.org/10.11646/zootaxa.1807.1.1
http://dx.doi.org/10.11646/zootaxa.1807.1.1
http://dx.doi.org/10.1111/ddi.13183
http://dx.doi.org/10.1111/ddi.13183
http://dx.doi.org/10.1111/ddi.13183
http://dx.doi.org/10.1016/j.ocecoaman.2020.105246
http://dx.doi.org/10.1016/j.ocecoaman.2020.105246
http://dx.doi.org/10.1016/j.ocecoaman.2020.105246
http://dx.doi.org/10.2307/2680104
http://dx.doi.org/10.1126/science.1255641
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb68
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb68
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb68


F.S. Motta, R.L. Moura, L.M. Neves et al. Regional Studies in Marine Science 47 (2021) 101951

M

M

M

M

M

M

M

M

N

O

O

P

P

P

P

P

P

P

R

R

R

R

R

R

R

S

S

S

T

T

T

T

V

W

Z

icheli, F., Saenz-Arroyo, A., Greenley, A., Vazquez, L., Espinoza Montes, J.A.,
Rossetto, M., De Leo, G.A., 2012. Evidence that marine reserves enhance
resilience to climatic impacts. PLoS One 7 (7), e40832. http://dx.doi.org/10.
1371/journal.pone.0040832.

ills, M., Magris, R.A., Fuentes, M.M.P.B., Bonaldo, R., Herbst, D.F., Lima, M.C.S.,
Kerber, I.K.G., Gerhardinger, L.C., Moura, R.L., Domit, C., Teixeira, J.B., Pin-
heiro, H.T., Vianna, G., Freitas, R.R., 2020. Opportunities to close the gap
between science and practice for marine protected areas in Brazil. Perspect.
Ecol. Conserv. http://dx.doi.org/10.1016/j.pecon.2020.05.002.

inte-Vera, C.V., Moura, R.L., Francini-Filho, R.B., 2008. Nested sampling: an
improved visual-census technique for studying reef fish assemblages. Mar.
Ecol. Prog. Ser. 367 (1), 283–293. http://dx.doi.org/10.3354/meps07511.

orais, R.A., Ferreira, C.E.L., Floeter, S.R., 2017. Spatial patterns of fish standing
biomass across Brazilian reefs. J. Fish Biol. 91 (6), 1642–1667. http://dx.doi.
org/10.1111/jfb.13482.

oreno-Sánchez, X.G., Perez-Rojo, P., Irigoyen-Arredondo, M.S., Marin-
Enríquez, E., Abitia-Cárdenas, L.A., Escobar-Sanchez, O., 2019. Feeding
habits of the leopard grouper, Mycteroperca Rosacea (Actinopterygii:
Perciformes: Epinephelidae), in the Central Gulf of California, Bcs, Mexico.
Acta Ichthyol. Piscat. 49 (1), 9–22. http://dx.doi.org/10.3750/AIEP/02321.

osquera, I., Cote, I.M., Jennings, S., Reynolds, J.D., 2000. Conservation benefits
of marine reserves for fish populations. Animal Conserv. 3 (4), 321–332.
http://dx.doi.org/10.1111/j.1469-1795.2000.tb00117.x.

oura, R.L., Secchin, N.A., Amado-Filho, G.M., Francini-Filho, R.B., et al., 2013.
Spatial patterns of benthic megahabitats and conservation planning in the
Abrolhos Bank. Cont. Shelf Res. 70 (1), 109–117.

yers, R.A., Worm, B., 2003. Rapid worldwide depletion of predatory
fish communities. Nature 423 (6937), 280–283. http://dx.doi.org/10.1038/
nature01610.

unes, B.Z., Zanardi-Lamardo, E., Choueri, R.B., Castro, I.B., 2021. Marine pro-
tected areas in Latin America and Caribbean threatened by polycyclic
aromatic hydrocarbons. Environ. Pollut. 269 (15), 116194.

jeda-Martínez, C., Bayle-Sempere, J.T., Sánchez-Jerez, P., Salas, F., Stobart, B.,
Goñi, R., Falcón, J.M., Graziano, M., Guala, I., Higgins, R., Vandeperre, F.,
Direach, L.Le., Martín-Sosa, P., Vaselli, S., 2011. Review of the effects of
protection in marine protected areas: current knowledge and gaps. Anim.
Biodivers. Conserv. 34 (1), 191–203.

liveira-Júnior, J.G.C., Ladle, R.J., Correia, R., Batista, V.S., 2016. Measuring what
matters-Identifying indicators of success for Brazilian marine protected areas.
Mar. Policy 74, 91–98. http://dx.doi.org/10.1016/j.marpol.2016.09.018.

ais, M.P., Cabral, H.N., 2018. Effect of underwater visual survey methodology
on bias and precision of fish counts: a simulation approach. PeerJ 6, e5378.
http://dx.doi.org/10.7717/peerj.5378.

auly, D., Zeller, D., 2016. Catch reconstructions reveal that global marine
fisheries catches are higher than reported and declining. Nature Commun. 7
(1), 10244. http://dx.doi.org/10.1038/ncomms10244.

ereira, C.D.S., Maranho, L.A., Cortez, F.S., Pusceddu, F.H., Santos, A.R.,
Ribeiro, D.A., Cesar, A., Guimarães, L.L., 2016. Occurrence of pharmaceuticals
and cocaine in a Brazilian coastal zone. Sci. Total Environ. 548–549, 148–154.

ereira-Filho, G.H., Shintate, G.S., Kitahara, M.V., Moura, R.L., Amado-Filho, G.M.,
Bahia, R.G., Moraes, F.C., Neves, L.M., Francini, C.L.B., Gibran, F.Z., Motta, F.S.,
2019. The southernmost Atlantic coral reef is off the sub-tropical island
of Queimada Grande (24◦S). Brazil. Bull. Mar. Sci. 95 (2), 277–287. http:
//dx.doi.org/10.5343/bms.2018.0056.

inheiro, H.T., Rocha, L.A., Macieira, R.M., Carvalho-Filho, A., et al., 2018. South-
western Atlantic reef fishes: Zoogeographical patterns and ecological drivers
reveal a secondary biodiversity centre in the Atlantic Ocean. Divers. Distrib.
24 (7), 951–965.

inheiro, H.T., Teixeira, J.B., Francini-Filho, R.B., Soares-Gomes, A., Ferreira, C.E.L.,
Rocha, L.A., 2019. Hope and doubt for the world’s marine ecosystems.
Perspect. Ecol. Conserv. 17, 19–25.

rograma de Monitoramento da Atividade Pesqueira Marinha e Estuarina do
Estado de São Paulo PMAP-SP, 2020. Instituto de Pesca. Available: http:
//www.propesq.pesca.sp.gov.br/>.
10
alston, S., 1987. Mortality rates of snappers and groupers. In: Polovina, J.J.,
Ralston, S. (Eds.), Tropical Snappers and Groupers: Biology and Fisheries
Management. pp. 375–404.

andall, J.E., 1967. Food Habits of Reef Fishes of the West Indies. Institute of Ma-
rine Sciences, University of Miami Coral Gables, Available: http://www.aoml.
noaa.gov/general/lib/CREWS/Cleo/PuertoRico/prpdfs/r{and}all-habits.pdf.

oberts, C.M., O’Leary, B.C., McCauley, D.J., Cury, P.M., Duarte, C.M., Lubchenco, J.,
Pauly, D., Sáenz-Arroyo, A., Sumaila, U.R., Wilson, R.W., Worm, B., Castilla, J.C.,
2017. Marine reserves can mitigate and promote adaptation to climate
change. Proc. Natl. Acad. Sci. 114 (24), 6167–6175. http://dx.doi.org/10.1073/
pnas.1701262114.

ojo, I., Sánchez-Meca, J., García-Charton, J.A., 2019. Small-sized and well-
enforced marine protected areas provide ecological benefits for piscivorous
fish population worldwide. Mar. Environ. Res. 149, 100–110.

olim, F.A., Langlois, T., Rodrigues, P.F.C., Bond, T., Motta, F.S., Neves, L.M.,
Gadig, O.B.F., 2019. Network of small no-take marine reserves reveals greater
abundance and body size of fisheries target species. PLoS One 14 (1),
e0204970. http://dx.doi.org/10.1371/journal.pone.0204970.

olim, F.A., Ávila-da Silva, A.O., 2016. Effects of marine protected areas on
fisheries: the case of São Paulo State, Brazil. Lat. Am. J. Aquat. Res. 44 (5),
1028–1038. http://dx.doi.org/10.3856/vol44-issue5-fulltext-14.

oos, N.C., Pennino, M.G., Carvalho, A.R., Longo, G.O., 2019. Drivers of abundance
and biomass of Brazilian parrotfishes. Mar. Ecol. Prog. Ser. 623, 117–130.
http://dx.doi.org/10.3354/meps13005.

ciberras, M., Jenkins, S.R., Mant, R., Kaiser, M.J., Hawkins, S.J., Pullin, A.S., 2013.
Evaluating the relative conservation value of fully and partially protected
marine areas. Fish Fish. 16 (1), 58–77. http://dx.doi.org/10.1111/faf.12044.

oares, M.O., Teixeira, C.E.P., Bezerra, L.E.A., Paiva, S.V., Tavares, T.C.L., Gar-
cia, T.M., Araújo, J.T., Campos, C.C., Ferreira, S.M.C., Matthews-Cascon, H.,
Frota, A., Mont’Alverne, T.C.F., Silva, S.T., Rabelo, E.F., Barroso, C.X., Fre-
itas, J.E.P., Júnior, M.M., Campelo, R.P.S., Santana, C.S., Carneiro, P.B.M.,
Meirelles, A.J., Santos, B.A., Oliveira, A.H.B., Horta, P., Cavalcante, R.M., 2020.
Oil spill in South Atlantic (Brazil): Environmental and governmental disaster.
Mar. Policy 115, 103879.

teenbergen, D.J., 2013. The role of tourism in addressing illegal fishing: the case
of a dive operator in Indonesia. Contemp. Southeast Asia J. Int. Strateg. Aff.
35 (2), 188–214. http://dx.doi.org/10.1355/cs35-2c.

eixeira, J.B., Moura, R.L., Mills, M., Klein, C., et al., 2017. A habitat-based
approach to predict impacts of marine protected areas on fishers. Conserv.
Biol. 32 (5).

eixeira-Neves, T.P., Neves, L.M., Araújo, F.M., 2015. Hierarchizing biological,
physical and anthropogenic factorsinfluencing the structure of fish as-
semblages along tropicalrocky shores in Brazil. Environ. Biol. Fish 98 (6),
1645–1657. http://dx.doi.org/10.1007/s10641-015-0390-8.

eixeira-Neves, T.P., Neves, L.M., Araújo, F.G., 2016. The development of a
preliminary rock reef fish multimetric index for assessing thermal and urban
impacts in a tropical bay. Mar. Pollut. Bull. 109, 290–300. http://dx.doi.org/
10.1016/j.marpolbul.2016.05.067.

rygonis, V., Sini, M., 2012. photoQuad: A dedicated seabed image processing
software, and a comparative error analysis of four photoquadrat methods. J.
Exp. Mar. Biol. Ecol. 424–425, http://dx.doi.org/10.1016/j.jembe.2012.04.018,
99-108.

asconcellos, M., Gasalla, M.A., 2001. Fisheries catches and the carrying capacity
of marine ecosystems in southern Brazil. Fish. Res. 50 (3), 279–295. http:
//dx.doi.org/10.1016/S0165-7836(00)00217-4.

orm, B., Barbier, E.B., Beaumont, N., Duffy, J.E., Folke, C., Halpern, B.S.,
Jackson, J.B.C., Lotze, H.K., Micheli, F., Palumbi, S.R., Sala, E., Selkoe, K.A.,
Stachowicz, J.J., Watson, R., 2006. Impacts of biodiversity loss on ocean
ecosystem services. Science 314 (5800), 787–790. http://dx.doi.org/10.1126/
science.1132294.

uur, A.F., Ieno, E.N., Smith, G.M., 2007. Analysing Ecological Data. Springer, New
York.

http://dx.doi.org/10.1371/journal.pone.0040832
http://dx.doi.org/10.1371/journal.pone.0040832
http://dx.doi.org/10.1371/journal.pone.0040832
http://dx.doi.org/10.1016/j.pecon.2020.05.002
http://dx.doi.org/10.3354/meps07511
http://dx.doi.org/10.1111/jfb.13482
http://dx.doi.org/10.1111/jfb.13482
http://dx.doi.org/10.1111/jfb.13482
http://dx.doi.org/10.3750/AIEP/02321
http://dx.doi.org/10.1111/j.1469-1795.2000.tb00117.x
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb75
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb75
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb75
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb75
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb75
http://dx.doi.org/10.1038/nature01610
http://dx.doi.org/10.1038/nature01610
http://dx.doi.org/10.1038/nature01610
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb77
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb77
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb77
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb77
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb77
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb78
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb78
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb78
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb78
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb78
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb78
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb78
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb78
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb78
http://dx.doi.org/10.1016/j.marpol.2016.09.018
http://dx.doi.org/10.7717/peerj.5378
http://dx.doi.org/10.1038/ncomms10244
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb82
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb82
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb82
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb82
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb82
http://dx.doi.org/10.5343/bms.2018.0056
http://dx.doi.org/10.5343/bms.2018.0056
http://dx.doi.org/10.5343/bms.2018.0056
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb84
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb84
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb84
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb84
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb84
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb84
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb84
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb85
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb85
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb85
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb85
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb85
http://www.propesq.pesca.sp.gov.br/>
http://www.propesq.pesca.sp.gov.br/>
http://www.propesq.pesca.sp.gov.br/>
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb87
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb87
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb87
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb87
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb87
http://www.aoml.noaa.gov/general/lib/CREWS/Cleo/PuertoRico/prpdfs/r{and}all-habits.pdf
http://www.aoml.noaa.gov/general/lib/CREWS/Cleo/PuertoRico/prpdfs/r{and}all-habits.pdf
http://www.aoml.noaa.gov/general/lib/CREWS/Cleo/PuertoRico/prpdfs/r{and}all-habits.pdf
http://dx.doi.org/10.1073/pnas.1701262114
http://dx.doi.org/10.1073/pnas.1701262114
http://dx.doi.org/10.1073/pnas.1701262114
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb90
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb90
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb90
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb90
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb90
http://dx.doi.org/10.1371/journal.pone.0204970
http://dx.doi.org/10.3856/vol44-issue5-fulltext-14
http://dx.doi.org/10.3354/meps13005
http://dx.doi.org/10.1111/faf.12044
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb95
http://dx.doi.org/10.1355/cs35-2c
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb97
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb97
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb97
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb97
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb97
http://dx.doi.org/10.1007/s10641-015-0390-8
http://dx.doi.org/10.1016/j.marpolbul.2016.05.067
http://dx.doi.org/10.1016/j.marpolbul.2016.05.067
http://dx.doi.org/10.1016/j.marpolbul.2016.05.067
http://dx.doi.org/10.1016/j.jembe.2012.04.018
http://dx.doi.org/10.1016/S0165-7836(00)00217-4
http://dx.doi.org/10.1016/S0165-7836(00)00217-4
http://dx.doi.org/10.1016/S0165-7836(00)00217-4
http://dx.doi.org/10.1126/science.1132294
http://dx.doi.org/10.1126/science.1132294
http://dx.doi.org/10.1126/science.1132294
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb103
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb103
http://refhub.elsevier.com/S2352-4855(21)00343-1/sb103

	Effects of marine protected areas under different management regimes in a hot spot of biodiversity and cumulative impacts from SW Atlantic
	Introduction
	Material and methods
	Study area
	Data collection 
	Data analyses 

	Results
	Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supplementary data
	References


