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Marine recreational fisheries and fish communities have been mostly studied separately, severely hampering the
detection of possible interactions. Here we monitored recreational fishery landings (angling and spearfishing)
and assessed the reef fish community through underwater visual censuses in Trindade, an isolated oceanic island
in the southwestern Atlantic Ocean. The study was conducted in zones of high and low fishing effort, along three
different years spread over a seven-year period. We found high catch per unit effort (CPUE; kg*fisher **hour™ %)
associated with high fishing intensity. However, the biomass of the targeted species in the natural environment
decreased by 58% over time, while fishing effort increased about 270%, and CPUE decreased by 40%. Inverse
relationships between effort and CPUE, and effort and biomass in the environment, were stronger in zones of
high fishing effort. We conclude that the recreational fishery activity quickly responded to overfishing, creating a
harvesting process that negatively impacted reef fish communities in this isolated oceanic island. Thus, con-
servation strategies should incorporate long-term recreational catch and fish community monitoring programs.
Here we discuss options for the sustainability of the recreational fisheries and reinforce the importance of dia-

logue among scientists, managers and users for the achievement of conservation goals.

1. Introduction

Despite their social and economic importance worldwide, fishery
activities are a major source of disturbances on marine ecosystems
(Cesar et al., 2003; Jackson et al., 2001; Pauly et al., 1998). While the
impacts of commercial fisheries have been broadly studied (Garrison
and Link, 2000; Hilborn et al., 2003; Pauly et al., 2005, 1998), much less
attention has been given to the effects of recreational fishing (Cooke and
Cowzx, 2006). This lack of information is worrisome since recreational
activities can reach yields similar to those of commercial fisheries tar-
geting the same species (Coleman et al., 2004; Pinheiro and Joyeux,
2015). Thus, incorporating recreational yields into monitoring programs
and sustainable harvest models is crucial to a better stock management
(Post et al., 2002). Whereas appropriate, catch quotas, spatial and
temporal fishing closures, the establishment of Marine Protected Areas
(MPAs), among other measures, could provide options for managing
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recreational fisheries (Frisch et al., 2012).

Studies assessing recreational fisheries’ impacts have generally
monitored landings or the population structure of captured species
(Frisch et al., 2012, 2008; Marengo et al., 2015; Meyer, 2007; Nunes
et al., 2012; Pinheiro et al., 2010a). However, a comprehensive under-
standing of the interactions between fish landings and population’s
status is mostly lacking (but see Edgar et al, 2018 for a
counter-exemple). The use of non-destructive monitoring methods, such
as underwater visual census (UVCs), for the generation of data that can
help to establish fishing limits remains challenging (Frisch et al., 2012).

Reefs of remote oceanic islands are commonly reported as pristine
and healthy (DeMartini et al., 2008; Knowlton and Jackson, 2008),
mainly when compared with mainland coastal reefs. However, oceanic
islands are also fragile due to their isolation, being highly vulnerable to
overfishing even when facing low fishing effort (Luiz and Edwards,
2011; Sandin et al.,, 2008). In front of the global coral reef crisis

Received 26 May 2019; Received in revised form 22 November 2019; Accepted 17 March 2020

0964-5691/© 2020 Elsevier Ltd. All rights reserved.


mailto:helder.oceano@yahoo.com.br
www.sciencedirect.com/science/journal/09645691
https://http://www.elsevier.com/locate/ocecoaman
https://doi.org/10.1016/j.ocecoaman.2020.105194
https://doi.org/10.1016/j.ocecoaman.2020.105194
https://doi.org/10.1016/j.ocecoaman.2020.105194
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ocecoaman.2020.105194&domain=pdf

H.C. Guabiroba et al.

(Bellwood et al., 2004; Hughes et al., 2017; Knowlton and Jackson,
2008), regulation, management and enforcement of all fishery activities
are urgently needed to improve and maintain the resilience of reef
ecosystems.

In this context, the present work investigated the linkages between
trends in recreational fisheries catches and fish community structure
around Trindade Island over a seven-year period. The recreational ac-
tivity is practiced mostly by the military personnel that maintain a Navy
station in this remote oceanic island. Commercial fisheries, now pro-
hibited with the creation of the MPAs around Trindade Island (Giglio
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et al., 2018), used to target different reef fishes in deeper waters (Pin-
heiro et al., 2010b), not offering conflict or overlap to the recreation
activity. Our research aims to: 1) quantify recreational fishery landings;
2) analyze the temporal variation in fishing effort and captures of two
recreational fishing activities (spearfishing and angling); and 3) evaluate
the spatial and temporal variation in biomass of species targeted by
recreational fisheries (all species combined and key species: Cepha-
lopholis fulva, Epinephelus adscensionis and Caranx lugubris). Finally, we
discuss the importance of recreational fisheries in shaping target species
populations, suggesting management options to stakeholders (Brazilian
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Fig. 1. Localization of Trindade and Martin Vaz archipelago and map of Trindade Island showing recreational fishing grounds and sampled sites for underwater
visual census (UVCs). Higher and lower fishing effort zones (HFE and LFE, respectively) and the location of the Navy base are also indicated.
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Navy and environmental agency - ICMBio) aiming the sustainability,
recovery and conservation of overexploited resources.

2. Materials and methods
2.1. Study area

Trindade Island and Martin Vaz Archipelago are located on the
eastern end of the Vitéria-Trindade Seamount Chain (Fig. 1), approxi-
mately 1140 km off the coast of Brazil, to whose territory they belong
(Almeida, 1961). Compared to other oceanic islands of the South
Atlantic, Trindade shelters one of the highest biodiversity levels of reef
fishes (Gasparini and Floeter, 2001; Pinheiro et al., 2015; Simon et al.,
2013), coralline algae (Sissini et al., 2017), scleractinian corals (Santos
et al., 2020), zoantharians (Santos et al., 2016, 2019), as well as a high
richness and endemism of marine mollusks (Gomes et al., 2017).

Since 1957, Trindade Island harbors a Navy base (Fig. 1) that also
maintains an oceanographic program (Pedroso et al., 2017). Although
there is no native population, around 40 Brazilian Navy personnel and
eight civilians (mainly researchers) stay on the island throughout the
year (military crew is changed every 4 months), all housed in the mili-
tary base. Island-based recreational fishing is practiced in shallow wa-
ters (<20 m depth) while deeper areas were mainly targeted by
commercial semi-industrial boats (Pinheiro et al., 2010b). Since com-
mercial and recreational fisheries target different areas and species
(Pinheiro et al., 2010b; Pinheiro and Joyeux, 2015), their effects are
likely to be isolated.

Recreational fishing is one of the main leisure activities in the island,
with spearfishing and angling being the most employed fishing tech-
niques. Other gears, such as throw net and hand nets, are used on a
minor scale targeting small fishes for bait (e.g. Harengula jaguana). A
high quantity of processed (gutted/beheaded or filleted) fish is period-
ically transported to the continent (Pinheiro and Gasparini, 2009). With
the exception of rare recreational fishing excursions coming from the
mainland to Martin Vaz Archipelago (situated 50 km east of Trindade),
recreational fishing is restricted to Trindade (authors’ personal obser-
vation). In March 2018, the Brazilian government created a large MPA
(including no take and sustainable use zones) encompassing almost the
entire Brazilian Exclusive Economic Zone around Trindade and Martin
Vaz Archipelago (Brasil, 2018; Soares and Lucas, 2018). However, most
of the shallow waters and shoreline around Trindade were excluded
from any type of protection (to allow military use), and subsistence
fishing was allowed inside the MPAs (see Giglio et al., 2018 for more
details about fishing regulation in this MPA). Nevertheless, by
September 2018, the Brazilian environmental agency (ICMBio) estab-
lished commerecial fishing regulations that constrain the activity around
the island, and the Navy committed to prohibit the spearfishing practice
as well as the stocking and transportation of fishes to the continent
(ICMBio, 2018).

2.2. Data collection

Data of Trindade recreational fisheries (spearfishing and angling)
and community structure of reef fishes were collected during three ex-
peditions along a seven-year period. Expeditions were conducted in
2007 (February to April), 2012 (June to August) and 2013 (April to
June), accounting for a total of 135 days of fishing monitoring (n = 149
fishery activities monitored) and 415 underwater visual censuses
(UVCs).

Effort (number of fishers and time spent in each activity; in fish-
er*hour™!) and location of fishing grounds were acquired from 149
recreational activities, both for angling and spearfishing. Each fisher in
both activities usually only employed a single fishing gear. All fishes
captured were identified to the species level, counted, measured (total
length to the nearest mm) and weighted (with precision of 5 g). In thirty-
two fishing activities, only the number of fishes and the catch
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composition were recorded, and this data was excluded from weight
analyses.

The composition and distribution of reef fish assemblages around
Trindade Island was assessed through UVCs (n = 415) consisting in strip
transects measuring 20 x 2 m (Pinheiro et al., 2011). In each transect, all
fishes were counted and identified to the species level. Fish lengths were
grouped into 10 cm classes with the first two classes grouped into 5 cm
(1-5 cm and 6-10 cm). Biomass was estimated through length-weight
relationships (Froese, 2006) using the center of the length class. The
allometric coefficients for the species were obtained from FishBase
(Froese and Pauly, 2018) and from the literature (Frota et al., 2004;
Guabiroba and Joyeux, 2018). Although Martin Vaz Archipelago is
located near Trindade, it has no research facilities or accommodations
and it is extremely difficult to access but by helicopter. Despite these
logistic restrictions, we were able to perform 47 UVCs in Martin Vaz in
2007 and 2013, but none in 2012. This data is not included in Trindade’s
dataset (415 transects), and was used as a control site, without recrea-
tional fishing.

2.3. Data analysis

Sites around Trindade Island were segregated into two different
zones according to accessibility (i.e., distance from Navy base and
necessary logistics) and, consequently, to fishing pressure (Fig. 1). The
Higher Fishing Effort (HFE) zone encompassed sites close to the base
(<2 km and easily accessed on foot with no need of boats), that expe-
rienced more than 0.85 fishing activities per day (an average pulling all
monitored years together). The Lower Fishing Effort (LFE) zone grouped
all other sites farther from the base ( >2 km away, mainly accessed by
boat), and that experienced less than 0.32 fishing activities per day.
Access to LFE sharply increased from 2009 onwards with the improve-
ment of the logistics brought to support scientific research, which
included inflatable boats, dive gears and trained personnel for boat
operations.

Catch per Unit Effort (CPUE) was established as the number and
weight of fishes caught per fisher per hour (hereafter number and
biomass CPUE, respectively). The Shannon-Wiener diversity index {H’
= -SUM(Pi*log(Pi))} of captures was calculated using logarithms of base
e. Annual catch estimates were calculated for each species multiplying
mean individual weight by number of captures, averaged per day of
monitoring and then extrapolated for one year. The effort was consid-
ered constant for this purpose (in order to be conservative), once num-
ber of military crew in the island did not change and fishing was
observed as a daily leisure activity. Estimates were performed separately
for each year (considering only data from the given year) and also for the
whole period (using data of all three years). Species recorded using
UVCs were categorized in either “captured” (species targeted by recre-
ational fisheries at least once) and “non-captured” (species never caught
by fishers). Three species represented more than 60% of the biomass
harvested by recreational fisheries and were defined hereafter as key
species: Cephalopholis fulva, Epinephelus adscensionis and Caranx lugubris.
Although these key species were included in the analyses of captured
species (above), their biomass was also analyzed separately afterwards.

As fishery and visual census data did not fit normality assumptions,
Permutational Analyzes of Variance (PERMANOVAs; Anderson et al.,
2008) were performed to test whether the fishing effort, CPUE (both in
number of individuals and in biomass) and biomass data derived from
visual census (all captured species, non-captured species and key species
biomass) differed significantly between factors (see details below).

For fishery related data (i.e. effort, CPUE, diversity index and mean
size of catches) a PERMANOVA model was built considering year (three
levels, 2007, 2012 and 2013) and gear type (two levels, angling and
spearfishing) as fixed factors. A posteriori paired-wise comparisons were
performed with distance-based permutational t-tests (Anderson et al.,
2008) to address significant differences between each year. Regarding
UVCs related data (i.e. captured, non-captured and key species biomass),
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a PERMANOVA model was built considering year (three levels, 2007,
2012 and 2013) and fishing zones (two levels, LFE and HFE zones) as
fixed factors. A posteriori paired-wise comparisons were made as the
same way above to address significant differences between each year.
Prior to PERMANOVA analyzes, raw data were square root transformed
and resemblance matrices based on Euclidian distance between samples
were constructed for each variable related both to fishery and UVCs
data. PERMANOVAs were run using 999 permutations of residuals
under a reduced model and type III of sums of squares.

3. Results
3.1. Recreational fisheries landings

A total of 2424 fish specimens caught by recreational fisheries were
analyzed, corresponding to 37 species belonging to 18 families. In
average, each fishing activity employed 3 fishers and captured approx-
imately 14 kg of fishes. The key species, Cephalopholis fulva, Epinephelus
adscensionis and Caranx lugubris, made up more than 70% of the total
number and 60% of the total biomass harvested. Annual estimates of
total biomass harvested increased more than 80% along the study
period. Including data of all sampled years, recreational fisheries in
Trindade were estimated to have caught yearly more than 6500 speci-
mens and 7.6 tons (Table 1).

Table 1
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3.2. Trends in fisheries catches and effort

Total biomass (i.e., considering all captured species) CPUE decreased
significantly from 4.39 to 2.60 kg*fisher ' *hour™! (approximately 40%)
between 2007 and 2013 (Fig. 2b; appendix A). Spearfishing showed
higher biomass CPUE than angling in all years (Fig. 2a) and was
responsible for 68.2% of the total biomass harvested by recreational
activities in Trindade, with an average of 2.96 + 0.27 (SE)
kg*fisher '*hour™!. Angling represented 31.8% of harvested biomass,
with an average of 1.34 + 0.27 kg*fisher '*hour™! (appendix A). Total
number CPUE (number of fishes*fisher **hour™') did not present sig-
nificant differences between years and gear types (appendix B).

Fishing effort (fisher*hour™!) increased more than 270% between
2007 and 2013 (pseudo-F = 6.2; p = 0.003). Angling effort was signifi-
cantly higher than spearfishing only in 2012 (Fig. 2). Spearfishing effort
showed a sharp increase from 2007 onwards while angling effort was
higher in 2012 (Fig. 2e).

Diversity of captures, as measured by the Shannon-Wiener diversity
index, did not differ among years, but showed a strong difference be-
tween gear types (appendix B). Spearfishing targeted more species (33)
than angling (19 species), including ecologically important herbivores
like Sparisoma amplum and S. axillare. Moreover, 21 species were
captured in LFE zone while 36 species were captured in HFE zone. In
general, spearfishing caught larger fishes than angling (pseudo-F =
18.03; p = 0.001). Fishes caught by spearfishing were larger in 2007
than in the other years, while those captured by angling did not differ

Annual estimates in biomass (kg) and abundance (number) of reef fishes species captured by recreational fisheries in Trindade Island, southwestern Atlantic. Total
refers to estimates using data from the three sampling years (2007, 2012, 2013). Empty cells indicate no capture and dash signs “-” indicate that fishes were counted but

not weighted.

Species 2007 2012 2013 Total
Biomass Abundance Biomass Abundance Biomass Abundance Biomass Abundance
Abudefduf saxatilis 9.58 49.77 3.12 16.22
Acanthurus coeruleus 3.52 13.04 0.73 2.70
Anisotremus surinamensis 201.51 104.29 197.56 132.73 229.42 150.63 215.32 135.19
Balistes vetula 78.48 39.11 196.14 107.84 111.26 52.14 130.59 67.59
Bothus sp. 1.41 8.30 0.46 2.70
Canthidermis sufflamen 241.69 143.39 92.41 33.18 571.13 266.51 345.56 164.93
Caranx crysos 27.05 40.56 12.63 18.93
Caranx latus 106.93 24.89 48.50 11.59 57.49 13.52
Caranx lugubris 1121.30 1147.14 2468.74 2389.09 3169.13 2375.40 2448.53 2125.11
Caranx ruber 69.90 39.11 9.00 8.30 140.37 57.94 79.43 37.85
Carcharhinus perezi 109.19 13.04 91.25 16.59 171.48 23.17 132.41 18.93
Cephalopholis fulva 138.06 273.75 1506.71 3840.80 726.79 1402.06 797.28 1962.89
Clepticus brasiliensis - 5.79 - 2.70
Diplodus argenteus 24.68 58.07 2.78 5.79 9.34 21.63
Echidna catenata 10.45 33.18 3.41 10.81
Elagatis bipinnulata - 5.79 - 2.70
Epinephelus adscensionis 914.78 338.93 567.86 315.23 1313.79 677.86 996.47 489.37
Gymnothorax moringa 132.57 65.18 175.55 58.07 - 17.38 102.55 40.56
Halichoeres brasiliensis 22.54 26.07 2.73 5.79 5.95 8.11
Hemiramphus brasiliensis - 5.79 - 2.70
Heteropriacanthus cruentatus 10.05 26.07 20.24 41.48 30.08 63.73 22.65 48.67
Hybrid (Cephalopholis fulva with Paranthias furcifer) 10.95 33.18 3.57 10.81
Holocentrus adscensionis 19.82 52.14 46.75 107.84 39.85 69.52 36.44 78.41
Kyphosus sp. 48.47 26.07 133.47 141.02 - 5.79 57.35 54.07
Malacanthus plumieri 3.19 8.30 - 5.79 2.08 5.41
Melichthys niger 663.54 2214.89 56.71 92.70 236.93 765.15
Mycteroperca interstitialis 37.48 13.04 7.77 2.70
Myripristis jacobus 6.48 13.04 1.34 2.70
Pseudupeneus maculatus 3.15 8.30 1.03 2.70
Rypticus saponaceus 3.15 8.30 1.03 2.70
Selar crumenophthalmus 9.39 11.59 4.38 5.41
Seriola rivoliana 244.76 74.66 660.26 168.02 370.28 102.74
Sparisoma amplum 855.58 417.14 656.47 254.92 480.93 205.48
Sparisoma axillare 163.08 91.25 50.70 40.56 57.49 37.85
Sphyraena barracuda 680.17 104.29 115.64 24.89 282.78 81.11 334.43 67.59
Thunnus obesus 28.07 5.79 13.10 2.70
Uraspis secunda 20.22 23.17 9.44 10.81
Total 5254.07 2946.07 7404.12 9738.86 9754.87 5932.70 7629.52 6553.78
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Fig. 2. Mean biomass (A and B) and fish number (C
and D) catches per unit of effort (CPUE), effort (E and
F) and mean size of captures (G and H) of angling
(dark gray), spearfishing (light gray) and both fishing
gears (white) in Trindade Island. Asterisks indicate
significant differences (p < 0.05 between gears for the
given year). Lower-case letters indicate whether the
years present significant differences (p < 0.05:
different letters) or not (same letter). Error bars show
standard errors of the means.
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Fig. 3. Mean biomass of reef fishes observed in underwater visual census over three years of sampling: total biomass considering all captured species (A and B); and
of the three most captured species, Cephalopholis fulva (C and D), Epinephelus adscensionis (E and F) and Caranx lugubris (E and F). Light gray bars refer to Lower Fishing
Effort zone, dark gray bars to Higher Fishing Effort zone and white bars included both zones. The asterisks indicate significant differences (p < 0.05) between zones
for the year considered. Lower-case letters indicate whether the years present significant differences (p < 0.05: different letters) or not (same letter). Bars show the
standard error.
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among years (Fig. 2).
3.3. Trends in captured and key species biomass

Total biomass per underwater visual census (UVC) of the captured
species (i.e., considering all species captured by the recreational fishery)
decreased significantly on transects (approximately 58%) between 2007
and 2013 (pseudo-F = 38.13; p = 0.001; Fig. 3a and b). On the other hand,
total biomass of the non-captured species did not differ between years
(pseudo-F = 0.51; p = 0.596) nor zones (pseudo-F = 1.54; p = 0.205).
Contrasting with the decline in captured species biomass observed in
Trindade, Martin Vaz Archipelago showed no significant difference in
captured species’ biomass between 2007 and 2013 (pseudo-F = 0.12;p =
0.706).

The overall biomass of the coney Cephalopholis fulva showed a sharp
and significant (pseudo-F = 64.62; p = 0.001) decrease among years
(more than 70% between 2007 and 2013). Such a decline in mean
biomass per census was more pronounced in HFE zone (Fig. 3¢ and d),
with significant difference among zones recorded in 2012 and 2013 (for
PERMANOVAS results see appendix C).

The biomass of the rock hind grouper Epinephelus adscensionis also
declined by approximately 70% among years of monitoring (pseudo-F =
7.03; p = 0.001) and zones (pseudo-F = 5.50; p = 0.02). Not a single
individual was recorded by UVC in the HFE zone in 2012 and 2013. The
biomass of the black jack Caranx lugubris declined almost 60% between
2007 and 2013 (pseudo-F = 4.05; p = 0.023). Although no individuals of
C. lugubris were registered in UVC conducted in HFE zone in 2012 and
2013, no significant differences were found among zones (pseudo-F =
1.86; p = 0.165) (Fig. 3g, appendix D).

4. Discussion

High annual catch rates sustained by a decreasing CPUE and a
coincident decline of key species biomass are strong evidence that rec-
reational fisheries adapted quickly to the alterations in the reef fish
community. The maintenance of 1) “non-captured” species biomass
through years and zones in Trindade and 2) “captured” species biomass
in Martin Vaz through the years indicates that the decline observed in
captured species in Trindade was a consequence of recreational fisheries
instead of natural variability. Thus, these activities are pointed as one of
the main causes of changes reported to the fish communities.

Fishers’ activity changed among years as the fish community struc-
ture evolved in response to exploitation. As the biomass of captured
species and the CPUE declined, fishers compensated by employing
higher effort. This cyclic effect has been widely reported for commercial
fisheries, where fishermen increase their effort when confronted to a
decline in stock biomass, then move down the food web catching species
of lower trophic guilds after the collapse of their primary target re-
sources (Myers and Worm, 2005, 2003; Pauly et al., 2005, 1998).

High CPUE associated with high fishing intensity can yield annual
catch rates comparable to those of commercial fisheries (Coleman et al.,
2004). Indeed, on an annual basis, estimates for recreative harvest
(Table 1) represented approximately 8% of the biomass harvested by
commercial fisheries that operated around Trindade (Freire and Pauly,
2015). On the other hand, the annual catch estimate in Trindade is
approximately 4-7.5-fold higher than that from 85 recreational fishers in
Bermuda (1350 kg year’1 ; Pittand Trott, 2012). Thus, enforced managed
reefs located next to large human populations (e.g., Bermuda) can yield
lower catches than more remote locations without proper management
such as Trindade.

The effects of recreational and commercial fisheries in Trindade
could be isolated since these two fishery types primarily target different
species, with commercial activities focusing mainly in sharks and
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swordfish (Pinheiro et al., 2010b). When both activities have the same
targets (e.g., Caranx lugubris and Epinephelus adscensionis), the area or
habitat is not shared, since commercial fisheries usually operate in
deeper areas (20-150 m), while recreational ones are deployed in
shallow areas (<20 m depth) closer to shorelines. Moreover, commercial
fishing vessels do not usually fish next to the HFE zone (the most
impacted zone) because of the presence of the Navy base, which in-
timidates approaching vessels.

Although E. adscensionis and C. lugubris were still being captured by
recreational fisheries in HFE zone, their absence in 2012 and 2013 UVC
records indicates that abundance of both species had severely declined.
On the same track, one of the most abundant species of Trindade (Pin-
heiro et al., 2011), the coney C. fulva, experienced a severe decline from
2007 onwards, but was still present in both fishing zones. As these key
species are predators, they exert an important ecological role in reef
systems controlling fish community structure (Dulvy et al., 2004; Jen-
nings and Polunin, 1997), and management actions are crucial in order
to prevent a population collapse and community cascade effects.

Recreational fisheries are an important social and cultural activity
practiced along coastlines all around the world (Cooke and Cowx, 2004;
Lewin et al., 2006; Post et al., 2002), but have a relevant environmental
impact even in remote oceanic islands (Jiménez-Alvarado et al., 2019).
Our results pointed out that the management of recreational activities is
required in order to ensure a proper protection of species and ecosystem
functions in such islands. The success of fishery management and MPA
conservation are often built on the users’ participation and collaboration
(Hernandez and Kempton, 2003; Pereira and Hansen, 2003). Current
dialogue among scientists, MPA managers and military authorities in
Trindade is yielding positive perspectives and hope for conservation
goals achievement and MPA rules enforcement. However, while the
scenario is promising, management and enforcement represent a major
challenge for all involved parties.

Nevertheless, the establishment of Trindade’s MPAs should be
considered a strong motivation for the necessary paradigm conversion of
recreative activities in priority areas for conservation. Nowadays, where
all Brazilian oceanic islands compose different MPAs, the Brazilian navy
should not only guarantee sovereignty at sea but also support Brazilian
environmental agencies through surveillance actions and law enforce-
ment. Fishing exclusion zones, protection of key and endangered species
as well as a monitoring program for recreational fisheries landings are
among priority actions for conservation to be taken. Concomitantly to
fishing management, a shift toward sustainable and non-destructive
activities must be encouraged as leisure activities in isolated islands.
Snorkeling and recreational SCUBA diving, underwater photography
and citizen-science activities, such as Reef Check, iNaturalist, among
others, need to receive incentive and logistic support.
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Appendix B. Results of PERMANOVA analyzes on recreational fisheries variables: biomass and number CPUEs; fishing effort; mean size
of captures; diversity index of captures (Shannon-Wiener). Acronyms as follow: df: degrees of freedom; SS: sum of squares; MS: mean
sum of squares

VariablesFactors Df SS MS Pseudo-F p-value Permutations

Biomass CPUE
Year 2 9.8223 49111 18 0.001 999
Gear 1 5.4495 5.4495 20 0.001 998
Year*Gear 2 0.0336 0.0168 0.060973 0.937 998
Residual 111 30.5840 0.27554
Total 116 51.7880

Number CPUE
Year 2 0.86124 0.43062 0.55338 0.596 998
Gear 1 0.29959 0.29959 0.38499 0.536 998
Year*Gear 2 0.73416 0.36708 0.47172 0.634 998
Residual 143 111.28 0.77817
Total 148 112.90

Fishing effort
Year 2 27.992 13.996 9.6473 0.001 997
Gear 1 1.5503 1.5503 1.0686 0.287 998
Year*Gear 2 27.11 13.555 9.3435 0.001 998
Residual 143 207.46 1.4508
Total 148 265.13

Mean size of captures
Year 2 11.2120 5.6058 9.2944 0.002 999
Gear 1 10.8770 10.8770 18.0340 0.001 998
Year*Gear 2 5.8644 2.9322 4.8616 0.019 998
Residual 111 66.9480 0.60314
Total 116 96.9520

Diversity index
Year 2 0.022714 0.011357 0.060227 0.944 999
Gear 1 3.8057 3.8057 20.182 0.001 998
Year*Gear 2 0.53798 0.26899 1.4265 0.232 999
Residual 143 26.965 0.18857
Total 148 31.898

Appendix C. Results of PERMANOVA analyzes on reef fish community parameters (total biomass of captured species, total biomass of
non-captured species), and biomass of key species Cephalopholis fulva, Epinephelus adscensionis and Caranx lugubris in Trindade island.
Acronyms as follow: df: degrees of freedom; SS: sum of squares; MS: mean sum of squares

Variables factors Df SS MS Pseudo-F p-value Permutations

Total biomass of captured species

Year 2 229.37 114.69 38.137 0.001 998
Zone 1 3.4594 3.4594 1.1504 0.242 994
Year*Zone 2 54.498 29.249 9.7263 0.001 999
Residual 409 1230 3.0072
Total 414 1677.7

Total biomass of non-captured species
Year 2 0.58439 0.2922 0.51519 0.596 998
Zone 1 0.87434 0.87434 1.54160 0.205 994
Year*Zone 2 0.25318 0.12659 0.22320 0.786 999
Residual 409 231.97 0.56716
Total 414 234.29

Cephalopholis fulva
Year 2 98.2920 49.1460 64.6200 0.001 998
Zone 1 1.7610 1.7610 2.3154 0.125 996
Year*Zone 2 7.4552 3.7276 4.9013 0.009 999
Residual 409 311.06 0.7605
Total 414 465.27

Epinephelus adscensionis
Year 2 6.2640 3.1320 7.0371 0.001 999
Zone 1 2.4511 2.4511 5.5072 0.020 998
Year*Zone 2 1.5025 0.7513 1.6880 0.199 998
Residual 409 182.03 0.4451
Total 414 193.23

Caranx lugubris
Year 2 1.129600 0.5648 4.0559 0.023 999
Zone 1 0.260370 0.2604 1.8697 0.165 997
Year*Zone 2 0.018011 0.0090 0.0647 0.938 998
Residual 409 56.957 0.1393
Total 414 58.159
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Appendix D. Mean biomass (+standard error; kg*40m~2) of reef fishes species captured by recreational fisheries recorded per
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