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The greenbeak parrotfish, Scarus trispinosus, is the largest southwestern Atlantic
parrotfish, endemic to Brazil and targeted by reef-associated fisheries along the
coast. After a sharp population decline, S. trispinosus is now considered one of the
most endangered parrotfish worldwide. The lack of basic biological information has
hindered the development of appropriate management policies, until recently. |
compiled data on abundance, biomass, size class distribution, ecology, demography,
and fisheries of S. trispinosus along the Brazilian coast to explore how Marine Protected
Areas (MPAs) and newly implemented management strategies could support the
species’ recovery and protection. | found that the Brazilian equatorial margin is nearly
as important as the Abrolhos Bank in terms of S. trispinosus abundance. Shallower
inshore reefs serve as nurseries, while larger individuals often occupy deeper offshore
reefs. The estimated size and age of first maturity (39.2 cm in total length; 4.2 years)
indicate that S. trispinosus is relatively long-lived and reaches sexual maturity later than
other parrotfishes in the Caribbean and Pacific, highlighting its vulnerability. Most small-
scale fishing targets immature individuals in inshore reefs, while recreational
spearfishing primarily targets significantly larger individuals. While fishing is significant,
the value chain of S. trispinosus is poorly understood, hindering the development of
new tools to regulate its fishing. Brazilian MPAs protect some critical areas, but the
species’ ongoing decline suggests that MPAs alone are insufficient without proper
fisheries management. Although the most effective management strategy would likely
be a fishing moratorium, as adopted in Belize, social challenges and the lack of political
context in Brazil hinder its implementation. Alternatively, the Brazilian government has
released the National Recovery Plan for Endangered Species, which restricts S.
trispinosus fishing to multiple-use MPAs with proper regulatory measures, while
prohibiting fishing for this species elsewhere on the coast. The development and
adaptation of this novel strategy were made possible by advances in research over the
past 10 years. However, some key areas still lack implementation, and it may be too
early to determine whether the plan is effectively working. If effectively implemented
and successful, it could serve as a model for managing parrotfishes elsewhere.
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Introduction

Parrotfishes (Labridae: Scarinae) are ubiquitous components of
reef environments worldwide, but parrotfish species richness is not
evenly distributed across the globe. Among the 100 species
currently recognized (Cowman et al., 2009; Parenti and Randall,
2011), only ten species within four genera occur in the southwestern
Atlantic, seven of which are endemic to Brazil (Hoey et al., 2018a;
Pinheiro et al., 2018). Brazilian endemic parrotfishes are separated
from their Caribbean counterparts by the Amazon River plume
(Moura et al.,, 2001; Rocha, 2003; Choat et al., 2012; Araujo et al.,
2022). This includes the greenbeak parrotfish, Scarus trispinosus
(Valenciennes, 1840), the largest Brazilian parrotfish, which can
reach up to 91 cm in total length (TL; Freitas et al., 2019).

Scarus tripinosus occurs along almost the entire Brazilian coast,
from Maranhdo (MA; 0°S) to Santa Catarina state (SC; 27°S),
although the species is more commonly found in tropical waters
(from 0°S to 18°S; Ferreira et al, 2004). Given its larger size
compared to other Brazilian parrotfishes and the distinctive
morphology of its jaw and pharyngeal apparatus, S. trispinosus
may act as an excavating bioeroder after reaching 40 cm TL (Lellys
et al,, 2019). These features, combined with its conspicuous
presence along the Brazilian coast, make the species the primary
excavating parrotfish of the southwestern Atlantic.

Parrotfishes are widely recognized as an ecologically important
group in reef ecosystems due to their ability to scrape surfaces,
particularly influencing the early succession dynamics of benthic
communities, and to excavate carbonates, making them significant
producers and transporters of sediments (Bonaldo et al., 2014;
Mallela and Fox, 2018; Molina-Hernandez and Alvareszilip,
2024). These structural processes are linked to their targeting of
protein-rich epilithic, endolithic, and epiphytic microscopic
phototrophs, mainly cyanobacteria (Clements et al., 2017). The
contribution of parrotfishes in enhancing corals’ resilience amid the
impacts of climate change has been debated (Harborne and
Mumby, 2018; Bruno et al., 2019). In fact, the functional
importance of parrotfishes to the reef resilience and/or resistance
to changes may be context-dependent and relies on many factors,
including the local parrotfish diversity, the frequency of thermal
anomalies, the productivity potential of the benthos, and the
macroalgae-coral cover ratio on the reef (Burkepile and Hay,
2008; Hughes et al., 2017; Harborne and Mumby, 2018; Hoey
et al., 2018b; Bruno et al, 2019). For instance, experimental
exclusion of large parrotfishes has led to substantial increases in
algal cover in the Caribbean, where macroalgal cover is generally
higher than on Indo-Pacific reefs (Steneck et al., 2014; Shantz et al.,
2020). Even low harvest rates of parrotfishes have been shown to
cause significant negative effects on reef ecosystems (Bozec
et al., 2016).

Brazilian reefs are characterized by a higher cover of epilithic
algal matrices and macroalgae, and a lower cover of scleractinian
corals (ranging from 4% to 12% on average) compared to the
Caribbean and Indo-Pacific (Aued et al., 2018). The contribution of
parrotfishes to the functioning of Brazilian reef ecosystems requires
further investigation (Hoey et al., 2018a), but evidence suggests that
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they may help prevent the overgrowth of algae, particularly
filamentous algae (Feitosa et al,, 2023). In the context of global
warming, it remains unclear whether recent mass mortalities of
Brazilian corals (see Ferreira et al., 2021; Braz et al.,, 2022; Corazza
et al., 2024) have led to bottom-up increases in parrotfish biomass
through cyanobacterial blooms, as observed elsewhere (Russ et al.,
2015; Taylor et al, 2020). The detection of such phenomena
through methods like underwater visual censuses may be
hindered by the constant fishing pressure to which Brazilian
parrotfishes have been subjected (Bender et al., 2014; Roos et al.,
2016, 2020a, b; Roos and Longo, 2021).

Parrotfishes are important for subsistence and commercial reef
fisheries worldwide, especially in developing countries (Edwards
et al,, 2014), accounting for significant amounts of reef-associated
catches in tropical regions of the Pacific (Rhodes et al., 2008; Houk
et al,, 2012; Taylor and Choat, 2014), western Indian (Thyresson
et al, 2011), Caribbean (Harms-Tuohy, 2021), and southwestern
Atlantic (Francini-Filho and Moura, 2008; Bender et al., 2014; Roos
et al,, 2016; Pereira et al.,, 2021). However, the increasing fishing
pressure on this group has been leading populations to decline
(Hawkins and Roberts, 2004; Aswani and Sabetian, 2010; Comeros-
Raynal et al., 2012; Bender et al., 2014; Hamilton et al., 2016). For
parrotfishes, particularly large-bodied species, susceptibility to
overfishing arises from several traits, including protogynous
hermaphroditism, slow growth, long lifespans, their behavior of
sleeping in easily accessible spots, and conspicuous occurrence in
shallow depths (Choat and Robertson, 1975; Taylor et al., 2014).
Despite this, large-bodied species are the main fishing targets
among parrotfishes, leading to a disproportionate impact on the
ecological roles they perform (Bellwood et al., 2012; Edwards et al.,
2014; Taylor et al., 2014). Although no-take marine protected areas
(MPAs) are generally important tools for the conservation of
parrotfishes (Francini-Filho and Moura, 2008; Questel and Russ,
2018; Pereira et al,, 2022), fishing bans and regulations have been
implemented in many countries as an additional conservation
effort, especially in the Caribbean (Harms-Tuohy, 2021).
Managing fisheries in developing countries, however, is
particularly challenging because vulnerable socioeconomic
contexts may influence fisher’s compliance with restrictions
(Lopes et al., 2013).

In Brazil, parrotfishes’ fishing is multifaceted, involving various
methods to target different species for distinct purposes (Queiroz-
Veras et al., 2023). Smaller species like Sparisoma axillare and Sp.
frondosum are targeted along the Northeast coast by small-scale
fisheries using hook and line, nets, or traps (Roos et al, 2016;
Queiroz-Veras et al., 2025), and by semi-industrial fisheries using
traps, mainly for international export (Cunha et al., 2012; Queiroz-
Veras et al., 2025). Scarus tripinosus is targeted by small-scale
fisheries with nets and spearguns (Francini-Filho and Moura,
2008; Roos et al., 2016; Pereira et al., 2021; Queiroz-Veras et al.,
2025), mainly for subsistence and regional markets. Additionally,
recreational fishers, particularly along the Northeast and Southeast
coasts, use spearguns to target large-bodied parrotfishes such as S.
trispinosus and Sp. amplum (Nunes et al., 2012; Giglio et al., 20205
Roos and Longo, 2021).
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Since the late 1980s, increasing fishing pressure on S. trispinosus
has led to a population decline of at least 50% (Padovani-Ferreira
et al,, 2012), as observed in many regions across Brazil (Bender
et al., 2014; Roos et al., 2020b; Pereira et al., 2021; Eggertsen et al.,
2024; Queiroz-Veras et al., 2025), consequently making it one of the
most endangered parrotfish species worldwide (Comeros-Raynal
et al,, 2012). Scarus trispinosus is listed as Endangered by the
International Union for Conservation of Nature since 2012
(Padovani-Ferreira et al., 2012) and by the Brazilian Red List of
Endangered Species since 2014 (Decree n° 445, Brazil’s Red List,
2014). In 2014, however, limited information was available to
support conservation efforts for the species, including landing and
demographic data, both of which are essential for fisheries
management. Although significant knowledge gaps remain
(Queiroz-Veras et al., 2023), progress has been made over the
past decade. In addition to advances in understanding the species,
the Brazilian National Recovery Plan for endangered species, which
includes S. trispinosus among its targets, was published in 2018
(Decree No. 59-B/2018). However, its implementation only began
in some regions of Brazil in 2021. Here, I summarize the current
understanding of S. trispinosus and discuss potential pathways and
challenges for its effective conservation in Brazil.

Current understanding of distribution
and connectivity along the Brazilian
coast

I obtained standardized data on the abundance, biomass and
size class distribution of S. trispinosus across the Brazilian coast
from datasets on Brazilian reef diversity (Luza et al., 2024).
Specifically, I used data from Longo et al. (2024), which included
300 visual censuses conducted across the coast of Rio Grande do
Norte state (RN) (04°52’6.58”5-36°3979.80"W/06°22°44.3”S-4°
58’13.4”W) between 2016 and 2017. Parrotfish data from these
surveys were previously published in Roos et al. (2019).
Additionally, T used data from Morais et al. (2024), which
included 4,570 visual censuses conducted between 2001 and 2017
over 137 sites in 20 locations, spanning from 0° to 27°S along the
Brazilian coast and oceanic islands. Biomass data on fish
assemblages from these surveys were previously published in
Morais et al. (2017). Both datasets were collected using the same
visual census methodology, specifically, belt transects measuring 40
m?® (20 x 2 m). The species S. trispinosus was recorded in nine
locations along the Brazilian coast in these datasets. Differences in
the species abundance among locations with varying fishing
pressure and protection status were assessed using a pairwise
permutational test, which does not require normality or
homogeneity of variances as estimates are obtained from
permutation. The test was implemented using the rcompanion
package (pairwisePermutationTest function; Mangiafico, 2023) in
the R software (R Core Team, 2024). Locations were categorized
into three groups: (1) not targeted/protected area, (2) not targeted/
unprotected area (i.e., areas without legal protection where S.
trispinosus is not commonly fished), and (3) targeted/partially
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protected or unprotected area (i.e., multiple-use MPAs and
unprotected areas where S. trispinosus is fished). Locations with
historically low natural abundances of S. trispinosus (i.e., Sdo Paulo
[SP] and Santa Catarina [SC] states) were excluded from the
analysis to avoid bias. Additionally, I compiled information on
the abundance of S. trispinosus from several published studies that
used various visual census methodologies or transects of differing
dimensions to report findings across different locations and
time periods.

Although the greater abundance of S. trispinosus in tropical
waters is well-documented, with the Abrolhos Bank recognized as
one of its most critical habitats, the Brazilian equatorial margin
(particularly from 0°S-44°W to 5°S-35°W) has also proven to be
equally significant (Figure 1a). However, this region has historically
received less scientific attention compared to other parts of the
Brazilian coast. Considering only the standardized datasets from
Longo et al. (2024) and Morais et al. (2024), the highest abundances
were recorded in the Brazilian equatorial margin, including the
offshore submerged beach rocks, followed by the shallow patchy
reefs, both located in RN state, and Parcel de Manuel Luis reefs,
Maranhéo state (MA; Figure la). The species showed similar
abundance in the Abrolhos Archipelago and slightly lower
abundance in Todos os Santos Bay, both located in Bahia state
(BA). Other recorded but lower abundances included coastal reefs
near Natal, RN; the coastal islands of SC; rocky reefs in Ilhabela and
Laje de Santos, SP; and rocky reefs in Arraial do Cabo, Rio de
Janeiro state (R]) (Figure la).

The biomass of S. trispinosus was similar between the Abrolhos
Archipelago and the equatorial margin (Figure 1b), despite the
larger size of individuals observed in the Abrolhos Bank (Figure 1c).
Maximum sizes at higher latitudes are generally expected to be
larger, as the age-based demography of reef fishes is influenced by
sea temperature (e.g., Choat et al., 2003; Robertson et al., 2005;
Taylor and Pardee, 2017). Considering only the standardized
datasets from Longo et al. (2024) and Morais et al. (2024), the
highest biomass was recorded in the offshore submerged beach
rocks, RN (~4600 + 1170 g 40m™); followed by the Abrolhos
Archipelago, BA (~766 + 156 g 40m™); Parcel de Manuel Luis
reefs, MA (~577 + 148 g 40m'2); shallow patchy reefs, RN (~525 +
157 g 40m™2); Todos os Santos Bay, BA(~92+19¢g 4Om’2); coastal
reefs near Natal, RN (~90 + 64 g 4Om’2); rocky reefs in Ilhabela and
Laje de Santos, SP (~5.8 + 4.2 g 40m™); rocky reefs in Arraial do
Cabo,RJ (~2.7+2¢g 40m™2); and the coastal islands of SC (~0.1 +
0.05 g 40m™). Overall, outer-shelf reefs supported larger individuals
and higher biomasses, particularly the offshore submerged beach
rocks, RN, and the Abrolhos Archipelago, BA. In contrast, coastal
shallower reefs were characterized by higher abundances of
juveniles, especially the patchy reefs in RN, and Todos os Santos
Bay, BA (Figure 1c).

Locations where S. trispinosus is not targeted, either due to no-
take MPAs or because it is not traditionally fished, have significantly
higher abundances compared to locations where the species is
fished (Table 1). Since most of these data were collected over a
decade ago, this result should be reevaluated soon to: (1) assess
whether no-take MPAs continue to protect S. trispinosus; (2)
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Parcel de Manuel Luis, MA, 2021
Photo: Léo Francini / Bio Teia Estudos Ambientais

Parrachos de Maracajau, RN, 2008 Abrolhos Archipelago, BA, 2019
Photo: Bruno César de Souza Antunes Photo: Roberto Costa Pinto

FIGURE 1

Patterns of Scarus trispinosus’ distribution across nine locations on the Brazilian coast, including its mean (a) abundance (ind. 40 m~2), (b) biomass
(kg 40 m~2) and (c) size class distribution (densities). Data were obtained from standardized datasets on Brazilian reef diversity (Longo et al., 2024;
Morais et al., 2024). The areas of the circles are proportional to the log-scaled mean abundance and biomass values.

TABLE 1 Differences in Scarus trispinosus abundance (ind. 40 m~2) among locations with different fishing pressure and protection status, with the
summary of results from the pairwise permutation test.

Abundance
Locations + SE Comparison
ind./40m?

Protection and Adjusted

p-value

fishing level

Not targeted/Protected vs.
Parcel Manuel Luis reefs, (MA); Abrolhos Archipelago (BA) 0.58 + 0.08 Targeted/Partially protected 6.009 >0.001
or unprotected

Not targeted/
Protected area

Not targeted/ Not targeted/Protected vs.

Sub: d beach rocks “ ” (RN 1.7 £ 0.42 -4.732 >0.001
Unprotected area ubmerged beach rocks “urcas™ (RN) Not targeted/Unprotected
Targeted/Partially Shallow patchy reefs “parrachos” (RN); Coastal reefs near Targeted/Partially protected
protected or Natal (RN); Todos os Santos Bay (BA); Rocky reefs of Arraial 0.19 + 0.02 or unprotected vs. -11.26 >0.001
unprotected area do Cabo (R]) Not targeted/Unprotected

Bold values indicate significant differences at the 5% significance level.
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determine if the species has become a target and declined in
previously unfished, unprotected reefs; and (3) evaluate whether it
has recovered in areas where fishing persisted, particularly after the
Recovery Plan’s implementation.

Based on the compiled studies, S. trispinosus occurs in at least
two locations not covered or not detected by Morais et al. (2024)
and Longo et al. (2024), and which are outside the Abrolhos Bank:
coastal reefs near Jodo Pessoa, Paraiba state (PB; Medeiros et al.,
2007), and Tamandaré reefs, located within the Costa dos Corais
MPA, Pernambuco state (PE; Feitosa and Ferreira, 2015; Table 2).
The species’ abundance was considerably higher in the Abrolhos
Archipelago and in Arraial do Cabo, R], particularly before the
2000s (Table 2). The decline in abundance across the entire
Abrolhos Bank, even within the no-take MPAs, has been

10.3389/fevo.2025.1557132

described (see Roos et al., 2020b), as well as in Arraial do Cabo,
RJ (see Bender et al., 2014).

Although the genus Scarus does not typically occur in the
Brazilian oceanic islands, few vagrant individuals of S. trispinosus
were spotted at Fernando de Noronha Archipelago (3°52'17”S-32°
28'02"W) in 2013, and at Rocas Atoll (3°51'15”S-33°49'04"W) in
2014, 2015 and 2017 (Mazzei et al., 2019). Scarus trispinosus
exhibited slight but significant genetic substructuring between the
northern population, specifically from RN and Pernambuco (PE)
states, and the population from southern BA, with the latter
exhibiting higher levels of genetic diversity (Bezerra et al., 2018).
This pattern may be linked to factors such as habitat availability and
heterogeneity, and the presence of a no-take MPA in the southern
BA, and intense fishing pressure on the northeast coast (Bezerra

TABLE 2 Summary of Scarus trispinosus abundances across Brazil. *Estimated for 40m?.

Year
. . uvcC Abundance + SE . .
| WeTet:1114Y Coordinates of . > Sites and protection status Reference
Method : ind./40m
sampling
Stationary
S;rgphng 1997-1999 L1* ?{Of}’azj)r(‘)‘i
Parcel . ) The Parcel Manuel Luis Marine State Park 05
Manuel Luis m radius) is designated as a fully protected area;
reefs, 0°52°S 44°15W however, enforcement is inadequate. Cordeiro
Maranhio Belt Poaching of carnivorous fishes is common, al. 2021
transects S, trispi . fat ¢ et al, H
(MA) 2013 0.6 +0.14 - frispinosus is not a targe Morais et al.,
20x2 m .
) 2024; Figure 1
(40 m?) .
(Location 1)
Belt Roos et al.,
s Submerged beach rocks, locally known as 2019; Longo
4535 transects 2017 1.7 £ 042 ‘urcas,’ lack legal protection. However, §. et al,, 2024;
36705W 20x2m S tris "os s is gotptar et . o Fi o 1 ,
rispinosus is not a igure
(40 m?) P g g ]
(Location 2)
Sh 3
. ( allow pa,tchy r.eefs local.ly 'referred to as Roos et al,
Rio Grande Belt ‘parrachos,’ are situated within the
5 ) ) ) 2019; Longo
do Norte 5°15’S transects multiple-use Recife de Corais MPA. These
s 2017 1+0.15 . . K L. et al., 2024;
(RN), 35°21'W 20x2m areas experience high tourism activity, and Fioure 1
multiple sites (40 m?) S. trispinosus is heavily targeted by small- 8 .
i (Location 3)
scale fisheries
Belt Coastal reefs near Natal lack legal Roos et al.,
transects protection and experience moderate 2019; Longo
05°33’S 35°04'W 20%x2m 2017 0.05 + 0.03 visitation by scuba divers. S. trispinosus et al,, 2024;
X
(40 m?) may occasionally be targeted by Figure 1
recreational spearfishing (Location 4)
Stati
. & 10r}ary Coastal reefs near Jodo Pessoa lack legal .
Jodo Pessoa, N N sampling K K X Medeiros
, 7°06’S 34°48'W 2006 0.1* protection and experience high levels of
Paraiba (PB) (2.5 . L. et al., 2007
. tourism visitation
m radius)
, Belt , s
Tamandare, transects Tamandare reefs are located within the Feit )
Feitosa and
Pernambuco 8°44’S 35°4'W 2010-2012 0.8+0.2 Costa dos Corais MPA, a portion of which .
20x2 m A . Ferreira, 2015
(PE) 5 is designated as a no-take zone
(40 m?)
Belt . . .
Todos os Santos Bay is partially protected Morais et al.,
Salvador, N N transects . .
. 12°55°S 38°33’W 2015 0.3 +0.05 by the multiple-use Todos os Santos MPA. 2024; Figure 1
Bahia (BA) 20x2m . . .
(40 m?) The Bay is heavily impacted by coastal (Location 5)
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TABLE 2 Continued

Year
: . uvc Abundance + SE . :
| WeTet:1114Y, Coordinates Method of ind./40m? Sites and protection status Reference
sampling :
pollution and vessel traffic. S. trispinosus is
targeted by recreational spearfishing
Stationa Nova Vigosa and Coroa Vermelha reefs are
sam. linry located within the Ponta da Baleia MPA
. and adjacent to the Cassuruba Marine erreira, 5
18015 3875W ping 2000 0.3* d adj he Cassuruba Mari Ferreira, 2005
dius) Extractive Reserve. S. trispinosus is heavily
m radiu
targeted by small-scale fisheries
Stationary Popa Verde reefs are located within the
li Ponta da Baleia MPA. Th lacks of
18°01°S 38°59'W  SoMPUng 2000 0.5* onta da Bateia © area facks of Ferreira, 2005
(4 proper management, and S. trispinosus is
m radius) heavily targeted by small-scale fisheries
Stationary
i
samping 2000 1 Ferreira, 2005
4
( . Itacolomis reefs are located within the
16954°S 39°02°W m radius) Corumbau Marine Extractive Reserve,
Stationary where S. trispinosus is targeted by small-
samplin scale fisheries Roos
ping 2003-2008 0.4*
etal,
(4 t al., 2020b
m radius)
Stationary
i
oo 2000 24¢ Ferreira, 2005
( ) Timbebas reefs are located in the inshore
179288 39°00°W m radivs portion of the no-take Abrolhos Marine
Stationary National Park, although enforcement
sampling is limited Roos
2003-2008 0.9*
(4 et al., 2020b
m radius)
Abrolhos
Bank, Stationary
southern sampling .
Bahia (BA 4 2000 1.7* Ferreira, 2005
ahia (BA) ( ) Parcel das Paredes reefs are located within
17°46°S 39902°W m radius) the Ponta da Baleia MPA. The area lacks
Stationary proper management, and S. trispinosus is
samplin heavily targeted by small-scale fisheries Roos
ping 2003-2008 0.8*
(4 et al., 2020b
m radius)
Stationa Sebastido Gomes reefs are located within
am. linry the Ponta da Baleia MPA and adjacent to Roos
. . . 00s
17°54’S 39°08'W pling 2003-2008 0.6% the Cassuruba Marine Extractive Reserve.
(4 - o et al., 2020b
m radius) S. trispinosus is heavily targeted by small-
scale fisheries
Belt
transects 1996 25 Bender
100 x 4 m : et al., 2016
2
7957 38042 W (400 m?) This study refers to the Abrolhos bank
Belt in general
transects 2006 0.5* Bender
100 x4 m : et al.,, 2016
(400 m?)
Belt Ferreira and
transects . Abrolhos Archipelago only. It is located ‘errelra an
100 x 4 m 1995-1996 48 within the Abrolhos Marine National Park, Gongalves,
7°57’S 38°42°W (400 m?) one of the no-take zones of the Abrolhos 2006
Bank, and benefits from
Stationary 2005-2008 0.8+ adequate enforcement Roos
sampling : et al., 2020b
(Continued)
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TABLE 2 Continued
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Year
. . uvc Abundance + SE . .
| WeTet:1114Y, Coordinates of . > = Sites and protection status Reference
Method : ind./40m
sampling
(4
m radius)
Stationary
:Zmplmg 2000 13* Ferreira, 2005
m radius) Combined sites from Abrolhos Archipelago
Belt and Parcel dos Abrolhos reefs (PAB). Both
transects are located within the Abrolhos Marine Kikuchi
ikuchi
7°57’S 38°42°W 10x2m 2000 4.7* National Park, one of the no-take zones et al LZOO%
) of the Abrolhos Bank and benefits from e
(20 m?) .
adequate enforcement. However, poaching
Belt may occur occasionally in PAB
Morais et al.,
transects )
2010, 2014 0.6 2024; Figure 1
20x2m (Location 6)
ocation
(40 m?)
Stationary PAB only. It is located within the Abrolhos
N s sampling Marine National Park, and benefits from Roos
17°57°S 38°39°'W 2005-2008 0.6* .
(4 adequate enforcement. However, poaching et al., 2020b
m radius) may occur occasionally
Belt L
transects Ferreira et al.,
80x 2 1992 2.5% 2001; Floeter
i xem Arraial do Cabo comprises a Marine et al., 2006
Arraial do (160 m?) i i )
. , g Extractive Reserve area zoned for different
Cabo, Rio de 23°44’S 42°00°'W .
. types of fishing where only local fishermen
Janeiro (R]) Belt . Morais |
transects are allowed to exploit resources. orais et al,,
2003-2011 0.007 + 0.005 2024; Figure 1
20x2m (Location 7)
ocation
(40 m?)
. Belt Rocky reefs of Ilhabela, (some of which are .
Sao Paulo 23°50’S 45°20°'W/  transects located within the multiple-use Litoral Morais et al,
(SP), k : 2006-2013 0.007 + 0.003 P ) 2024; Figure 1
multile sites 24°19’S 46°10°W 20 x2 m Norte MPA) and of Laje de Santos Marine (Location 8)
i
P (40 m?) State Park, a no-take MPA
Rocky reefs in coastal islands of SC. It
Includes three islands within the Arvoredo
Santa Belt . . . .
i § N Marine Biological Reserve, a no-take MPA; Morais et al.,
Catarina 27°17°S 48°21’'W/  transects . . .
N R 2008-2015 0.03 + 0.01 and four coastal islands near Florianopolis, | 2024; Figure 1
(SC), 27°50°S 48°25°W  20x2m i ) ) )
} . 5 which lack legal protection and are subject (Location 9)
multiple sites (40 m?) i i
to high levels of artisanal and
recreational fishing

etal,, 2018). Genetic studies covering the entire range of the species’
distribution would provide further insights into the levels of genetic
structure of S. trispinosus along the coast.

Although fishing pressure may be a key factor contributing to
the decreasing size of parrotfish in shallow inshore habitats, current
evidence on the cross-shelf distribution of S. trispinosus suggests
that coastal, shallower reefs function as nursery areas, while deeper
reefs, where larger and older individuals are found, may also play an
important role in the species’ life cycle (Freitas et al., 2019; Roos
et al., 2020b). However, visual censuses below 20 m deep are
generally scarce, and the distribution patterns of S. trispinosus in
mesophotic reefs remain poorly understood. For instance, large
individuals, ranging from 70 to 80 cm in total length, were spotted
at ~70 m depth in mesophotic reefs of RN (pers. comm. Longo, GO;
Feitoza et al., 2005). Exploring deeper cross-shelf distributions
along the coast in future research could provide new insights to
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the understanding of S. trispinosus’ connectivity among reefs,
habitat use, and priority areas for conservation.

Current understanding of ecology

Habitat preferences of S. trispinosus include structurally
complex reef environments with higher covers of calcareous
substrates, such as calcareous algae and stone corals (Roos et al.,
2019), which may better support a species reliant on substratum
excavation. Individuals larger than 40 cm TL were functionally
classified as excavators due to their robust premaxilla, jaws with
simple joints, and the high proportion of their bites leaving
pronounced marks on the substratum (Lellys et al., 2019). It was
estimated that individuals larger than 30 cm of TL take around 5k
bites d!, with an estimated erosion rate of 207 cm’ d”', and an
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annual erosion rate of 75,534 cm® (Lellys et al, 2019). The feeding
rate of S. trispinosus decreases with increasing body size, with
individuals smaller than 20 cm TL taking ~8.5 bites min~!, while
those larger than 60 cm TL take ~1.5 bites min~" (Lellys et al., 2019).
Although larger parrotfishes are known for their bioerosion
abilities, smaller individuals act primarily as scrapers and often
exhibit higher bite rates (Bellwood and Choat, 1990). This helps
maintain epilithic algal matrices (EAM) in an early successional
stage, limiting macroalgae establishment and sediment
accumulation (Bonaldo et al., 2014). The functional diversity
across size classes highlights the importance of preserving
population size structure, as both small and large individuals
contribute in distinct but complementary ways to reef processes
(Bonaldo et al., 2014).

Scarus trispinosus feeds predominantly on EAM and crustose
coralline algae (CCA; Francini-Filho et al., 2010; Lellys et al., 2019),
with less than 1% of bites taken on live corals (Francini-Filho et al.,
2008). Half of the ingested content of S. trispinosus consists of
detritus (54.5%), while 43.5% comprises algae, predominantly
filamentous algae (54%), followed by CCA (29%) and foliose
algae (15%; Ferreira and Gongalves, 2006). All findings on
erosion rates and feeding ecology have been conducted in the
Abrolhos Archipelago or other sites within the Abrolhos Bank.
Although bioerosion is a key function linked to the structural
dynamics of biogenic reefs, such as those in the Abrolhos Bank,
the role of S. trispinosus in the structural dynamics of other
Brazilian reefs requires investigation.

Protein-rich microorganisms found on or within calcareous
substrata like CCA and corals, as well as on macroalgae and EAM,
are recognized as key nutritional sources for parrotfishes (Clements
et al,, 2017). While the specific microscopic dietary targets of S.
trispinosus and their potential latitudinal variation also remain
unknown, the species has been shown to contribute to seaweed
dispersion (macroalgae and cyanobacteria) after consumption. At
least one cyanobacterium and 16 macroalgal taxa were reported to
survive passage through the gut of S. trispinosus in both laboratory
and field experiments (see Tamega et al., 2016).

Current understanding of
demography

Managing reef fisheries requires an understanding of several
demographic processes identified through age-based studies (Choat
and Robertson, 2002). However, knowledge gaps persist,
particularly in tropical developing countries like Brazil (Queiroz-
Veras et al., 2023), where hundreds of thousands of people depend
on reef-associated fisheries for income and protein, yet limited
infrastructure and funding hinder scientific research.

The first published age-based study on S. trispinosus was
conducted in the Abrolhos Bank (see Freitas et al., 2019), and the
second was conducted in RN state (see Roos et al., 2020a). Both
studies estimated similar values for most life-history traits
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TABLE 3 Summary of life-history trait estimates for Scarus trispinosus
from the Abrolhos Bank (Freitas et al., 2019), and Rio Grande do Norte
state (Roos et al.,, 2020a).

Trait Abrolhos Bank Rio Grande do Norte

L.. (cm) 85.28 (80.7, 89.77) 71.3 (574, 81.5)
k (yr'l) 0.14 (0.12, 0.16) 0.16 (0.10, 0.22)
to (yr) 0.16 (-0.24, 0.56) -0.80 (-0.35, -1.25)
Lso (cm) 38.5 (37.4, 39) 39.2 (38.2, 40.1)
Lyoo (cm) 51 51.6 (48.2, 54.9)
Aso (yr) 4.45 42 (4,44)
Ago (yr) 11 6.6 (6,7.2)

Z (yrfl) 0.75 0.773 (0.683, 0.863)
Max. size (cm) 60 91

Max. age 7 22

Sex ratio - female-biased (8:1)
Reference Freitas et al., 2019 Roos et al.,, 2020a

L.., asymptotic length; k, growth coefficient; ty, hypothetical age when length equals 0; Ls,
(Li00), length at 50% (100%) sexual maturity; As (Ajgo), age at 50% (100%) sexual maturity;
Z, total mortality rate (inshore samples only). Associated 95% confidence intervals are
presented in parentheses when available.

investigated, but found differences in maximum age and size
between locations (Table 3).

Both studies indicate that S. trispinosus undergoes an
ontogenetic habitat shift, with smaller, younger individuals
predominantly inhabiting shallow inshore reefs, while larger,
older individuals, including most males, tend to occupy deeper
offshore reefs (Freitas et al., 2019; Roos et al., 2020a). Although
these studies have shed light on the species’ demography, similar
information is still lacking for other locations along the extensive
Brazilian coast, particularly the northern region.

Current understanding of fisheries

The increasing catch of fish from lower trophic levels over the
past decades is a global trend (Pauly et al., 1998). Combined with
the lack of consistent monitoring of fishing landings and statistics,
this poses a major challenge to fish stock assessments. Despite being
heavily exploited worldwide, few studies provide detailed
information on parrotfish catch quantities, species-specific
information, size distributions, fishing grounds, gear used, and
catch per unit effort (CPUE), and Brazil is no exception in
such trend.

The northern area where the fishing of S. trispinosus has
occurred consistently over the years is Rio do Fogo, RN (5°15’S-
35°22°W), within the multiple-use Recifes de Corais MPA (Roos
et al,, 2016). The species became a common fishery resource in the
area in the late 1970’s, targeted mainly by a small-scale fishery with
the use of nets and spearguns (Queiroz-Veras et al., 2025). Fishers
from this location use both spearguns and nets to catch S.
trispinosus at shallow patchy reefs close to the coast (Roos et al,
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2016; Queiroz-Veras et al, 2025). The total recorded landings in
this area, based on a monthly two-day sampling between 2013 and
2014, were 1.2 t, with an estimated annual catch of 9.4 t, and a mean
CPUE of 2 (+ 0.83) kg hour™ crew size ' using spearguns, and of 4.2
(+0.41)and 2.8 (£ 1) kg hour™! crew size™! using nets of 50 mm and
60 mm of mesh size, respectively (Roos et al., 2016). However,
recent evidence based on local ecological knowledge from 53 fishers,
who were asked about their individual fishing activities (e.g., gear
used, number of trips per week, and trip duration), suggests that
catches of S. trispinosus in this area were actually much higher, with
an estimated weekly catch of 7.5 t between 2010 and 2021 (Queiroz-
Veras et al, 2025). Landings of S. trispinosus in Rio do Fogo
predominantly comprised small, immature individuals
(Figure 2a), especially those caught with nets. These ranged from
22 to 60 cm TL, with a higher frequency of individuals around 38
cm TL (Roos et al,, 2016) and ages between 2 and 4 years (Roos
et al., 2020a).

In the Abrolhos Bank, BA, S. trispinosus became a common
target after recreational spearfishing was introduced in the region in
the early 1980s. However, the catch of the species considerably
increased after spearfishing became a commercial activity in the
1990s. In the 2000’s, the species became one of the most important
fishery resources, commonly sold in the local and regional markets
as fillets for a very low price (Francini-Filho and Moura, 2008;
Queiroz-Veras et al,, 2025). A Status Review Report published by
NOAA in 2015 (Salz, 2015), provided the first information on catch
quantities of S. trispinosus in the Abrolhos Bank, initially described
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in Previero’s (2014) thesis dissertation. The data were collected at
the main ports of the region between 2010 and 2012 through the
program “Participatory Fisheries Monitoring in the Marine
Extractive Reserves of Corumbau, Canavieiras, and Cassuruba,
and in the Buffer Zone of the Abrolhos Marine National Park”.
The program was implemented through a partnership between the
Brazilian Ministry of Fisheries and Aquaculture and the non-
governmental organizations “Coastal and Marine Studies
Association” (ECOMAR) and Conservation International Brazil
(CI-Brazil). Landings were recorded from November 2010 to June
2012 in Alcobaga (17°31°S-39°11’W), and from November 2010 to
November 2011 in Caravelas (17°44’S-39°11’W) and Corumbau
(16°55’S-39°08’). Results showed that fishers from Alcobaga use
spearguns and air compressors, which is forbidden under the
Brazilian law, and tended to go further from the coast, to deeper
fishing grounds (up to 40 m) on the Abrolhos Bank and Royal
Charlotte Bank, over longer fishing trips (~11 days). Landings of S.
trispinosus in Alcobaga were characterized by larger mature
individuals, ranging from 35 to 91 cm TL (Figure 2b), with a
higher frequency of individuals around 60 cm TL and ages between
8 and 9 years. The total recorded landings in Alcobaga were 9.21 t
(averaging 1.31 t per month), but it was not possible to calculate the
CPUE in this area. Conversely, fishers from Caravelas and
Corumbau use spearguns and nets during single-day trips to
shallower fishing grounds (up to 15 m deep) closer to the coast.
Landings of S. trispinosus in these areas were characterized by
smaller individuals, ranging from 30 to 63 cm of TL (shown

Size class distribution (density and frequency) of Scarus trispinosus individuals caught in different locations across the Brazilian coast. Different colors
indicate different types of fishing: (a) small-scale fishing in Rio do Fogo, RN (n = 160; Roos et al,, 2016, 2020a); (b) small-scale fishing in the

Abrolhos Bank (n = 160; Freitas et al,, 2019); recreational spearfishing (n = 158; Roos and Longo, 2021); dashed line indicates the species’ size at first
maturity (Lsg). MPA, Marine Protected Area; MER, Marine Extractive Reserve.
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together with the size distribution from Alcobaga in Figure 2b), with
a higher frequency of individuals around 42 cm TL and ages
between 4 and 5 years. The total recorded landings in Caravelas
were 24.80 t (averaging 1.90 t per month), and a CPUE ranging
from 0.91 to 1.92 kg fisherman'hour'day™; while in Corumbau
were 1.93 t (averaging 0.27 t per month) and a CPUE ranging from
0.65 to 1.25 kg fisherman 'hour'day™. According to interviewed
fishers, the largest recorded catch of S. trispinosus from the
Abrolhos Bank during a single fishing trip was 700 kg in 2012
(Previero, 2014; Salz, 2015). Most of these fishing events occur
within or near multiple-use reserves, including the Marine
Extractive Reserves (MER) of Corumbau and Cassuruba, and the
Ponta da Baleia MPA, as well as near or occasionally within the no-
take Abrolhos Marine National Park, all situated within the
Abrolhos Bank region.

Scarus trispinosus has also been a fishing target at coastal reefs
between PE and Alagoas (AL) states, within the multiple-use Costa
dos Corais MPA (8°53’S-35°08’W to 9°25’S-35°30°'W) (Figure 2),
where the species sharply declined over the last four decades
(Pereira et al, 2021). Based on fishers’ empirical knowledge, the
number of individuals caught decreased 64% and the weight of the
largest individual ever caught decreased 67% over time from 1980s
to 2010s (Pereira et al., 2021). Currently, the species is considered
rare in this region, with an abundance of 0.80 + 0.22 ind. 40m™
recorded in Tamandare, located in the northern portion of Costa
dos Corais MPA (Feitosa & Ferreira, 2015).

Similarly, both fishers’ knowledge and scientific data indicate a
sharp population decline of S. trispinosus in the subtropical rocky
reefs of Arraial do Cabo, RJ (Bender et al, 2014). While large
individuals weighing up to 20 kg were caught in this area until the
1990s, the species was absent from visual censuses conducted
between 1997 and 2012 (Bender et al., 2014). Due to its current
rarity, S. trispinosus is considered ecologically extinct in Arraial do
Cabo, RJ (Bender et al., 2014). The vanishing of this species in this
region can be attributed to fishing pressure, coupled with other
factors such as the narrow continental shelf, which limits the
availability of refuges, and the presence of cold waters from
upwelling events, creating an environment unfavorable
for recolonization.

Recreational spearfishing poses an additional threat to S.
trispinosus, exacerbated by the lack of scientific attention due to
the challenges of monitoring this activity. For example, spearfishing
championships organized by the Brazilian Confederation of
Spearfishing (Confederagdo Brasileira de Cag¢a Submarina—
CBCS) are a frequent activity in Salvador, BA. Between 2006 and
2008, S. trispinosus was the most commonly caught herbivorous fish
in Bahia state through recreational spearfishing, with Salvador
accounting for 63% of the catches (Nunes et al, 2012). In the
Abrolhos Bank, a study using social media data identified S.
trispinosus as the fourth most caught fish by recreational
spearfishers (Giglio et al.,, 2020). Similarly, another social media-
based study revealed that S. trispinosus is caught by recreational
spearfishing across most of the Brazilian coast and at larger sizes
when compared to artisanal fisheries, revealing complementary
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fishing pressures operating on different life stages of this species
(Figure 2¢; Roos and Longo, 2021).

In 2021, a reconstruction of Brazilian marine commercial
landings from 1950 to 2015, encompassing both industrial and
artisanal fisheries was published (see Freire et al., 2021). The states
of RN, PE, and BA together accounted for ~95% of the total
parrotfish catches (multiple species; Freire et al., 2021). This study
also provided information on S. trispinosus landings in RN and
Espirito Santo (ES) states, with the reconstruction based on data
derived from unpublished documents issued by federal agencies,
institutions, and universities. In RN, the reported catch of S.
trispinosus ranged from 0.034 t in 1950 to 6.7 t in 2015, peaking
at 35.52 t in 2008. For ES, the available data covered a shorter
timeframe, with reported catches ranging from 0.096 t in 2011 to
0.076 t in 2015. Notably, most of the S. trispinosus landed in ES were
actually caught in the Abrolhos Bank.

Current understanding of
conservation

Driven by concerns over the intense fishing pressure on S.
trispinosus in the Abrolhos Bank, researchers began investigating
the effects of MPAs with different protection categories in the early
2000s (Francini-Filho and Moura, 2008). Their findings revealed
that the biomass of the species increased significantly shortly after
the fishing ban for S. trispinosus was implemented in the Corumbau
MER in 2001. However, this recovery was followed by a decline
from 2003 onward, coinciding with increased poaching and the
reopening of the parrotfish fishery (Francini-Filho and Moura,
2008). Still, the abundance and biomass of S. trispinosus have
been considerably higher within fully protected areas, such as the
Abrolhos Marine National Park (Ferreira, 2005; Francini-Filho and
Moura, 2008; Roos et al., 2020b; Table 1).

Despite their critical role, no-take MPAs alone are sometimes
insufficient to mitigate critical impacts occurring outside their
boundaries (Lester et al., 2009), a reality in several countries,
including Belize (Cox et al., 2017), New Zealand (LaScala-
Gruenewald et al.,, 2021), and Brazil (Roos et al., 2020b; Boelter
et al,, 2024). In the case of S. trispinosus, despite important nursery
habitats being located within no-take MPAs in the Abrolhos Bank,
both juvenile and adult populations showed declining trends
between 2003 and 2008, even within these no-take areas (Roos
et al,, 2020b). This suggests that excessive removal of adult
individuals outside no-take MPAs and within multiple-use
reserves may be reducing the generation of new recruits. These
findings highlight that while MPAs are essential, they alone cannot
ensure the conservation of species targeted by fisheries.
Complementary conservation policies, alongside with well-
implemented MPAs, must be adopted to ensure effective
protection for S. trispinosus (Roos et al., 2020b; Pereira et al,
2022), and for parrotfishes elsewhere.

In 2012, S. trispinosus was listed as Endangered by the
International Union for Conservation of Nature (IUCN;
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Padovani-Ferreira et al., 2012). Following this, a status review report
for the species was warranted by the U.S. National Marine Fisheries
Service (NMFS/NOAA Fisheries) in early 2014. This document was
the first to compile comprehensive information about S. trispinosus
and specialists concluded that the species was at risk of extinction
due to overfishing and the absence of regulatory measures (see Salz,
2015). Before S. trispinosus was listed as Endangered by the
Brazilian Red List of Endangered Species, in December 18" 2014
(Decree n° 445, Brazil’s Red List, 2014), conservation efforts for the
species were already underway in Brazil through a partnership
between Conservation International (CI-Brazil), researchers,
Federal Universities and the Brazilian Federal Environmental
Agency (ICMBio). After discussions based on data mostly
collected in the Abrolhos Bank, a proposal for the management of
Brazilian herbivorous fish was released (Freitas, 2016). This
document was later used to develop the Brazilian National
Recovery Plan for endangered species (Decree N° 59-B/2018),
published in 2018. This decree regulated S. trispinosus fishing
under restrict rules, which included the ban on recreational
fishing and fishing nets, night fishing, determined spearguns as
the only fishing gear allowed and a slot-size limit for catches
between 39 and 63 cm total length (aiming to protect both
immature and older mature individuals, including most males),
and that fishing would only be allowed within multiple-use MPAs
by authorized artisanal fishers, with continuous monitoring, and
prohibited across the Brazilian coast. This Recovery Plan was later
discussed by other scientists, who called it “An Inverted
Management Strategy” (see Pinheiro et al, 2021). Although
parrotfish fishing has never been prohibited within multiple-use
MPAs, the authors highlighted the innovative approach of
prohibiting fishing for S. trispinosus in unprotected/unmanaged
areas (i.e., most of the Brazilian coast). They emphasize that this
strategy can be effective if proper enforcement is in place and
suggest it could yield even better results if implemented after a
period of fishing ban, allowing populations to first partially recover
from current overfishing (Pinheiro et al., 2021).

The Abrolhos bank seems to be a suitable region to enforce
these measures, due to the presence of multiple-use reserves,
particularly the Corumbau and Cassuruba MER, and the fact that
most of the artisanal catches are within the proposed slot size limit
(Freitas et al., 2019). In other regions, such as Rio do Fogo (RN), the
Recovery Plan should be adapted or implemented with additional
restrictions, as most of the individuals caught there are below the
proposed slot size limit (Roos et al., 2016). For instance, if the
Recovery Plan were properly implemented and enforced in Rio do
Fogo, the use of nets to catch S. trispinosus would be prohibited, an
action that alone would increase the average size of individuals
landed. Nevertheless, most of the individuals caught with spearguns
would still be close to the minimum size limit (Roos et al., 2016).
Therefore, introducing a maximum daily catch limit could serve as
an additional regulation within the local management plan for
this area.
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Discussion

Given the unique ecological roles performed by certain parrotfish
species and the threats they face, conservation efforts should prioritize
key species. This is the case of the largest endemic Brazilian
parrotfish, S. trispinosus, whose 4,000 km distribution is confined
to a single country’s jurisdiction. While a fishing ban would ideally be
the most effective conservation measure for this species, similar to
those implemented in the Caribbean (Harms-Tuohy, 2021), the
socio-economic context of Brazil poses significant challenges to
adopting such an approach. For instance, in 2022, over 33 million
people (15% of the population) in Brazil faced hunger (Kakaei et al,,
2022), while approximately one million individuals relied on artisanal
fishing for their livelihoods (Silveira and Padovani-Ferreira, 2024).
Top-down regulations have proven costly and often ineffective due to
low compliance among resource users. In contrast, stakeholder
involvement in the decision-making process has been shown to
reduce costs and conflicts while increasing the likelihood of
successful management outcomes (McClanahan et al., 2016; McCay
and Jones, 2011; Lopes et al., 2013). Considering these challenges and
the current knowledge of S. trispinosus, I summarize key pathways
and highlight critical gaps that must be addressed for the effective
conservation of this species.

Investigating age-based demography
through both space and time

While numerous studies focus on parrotfishes’ feeding
behavior, monitoring abundance, catch rates, and changes in
demographic traits lacks attention despite being essential for
stock assessments and fisheries management. This includes
evaluating recruitment rates, age and size at maturation, size
structures, and mortality rates in areas where the species is fished
(Taylor et al,, 2018). To date, only two demographic studies on S.
trispinosus have been published, one of which includes data
collected over a decade ago (Freitas et al., 2019; Roos et al,
2020a). The lack of updated information on potential changes in
the species’ demographic traits is currently a critical gap for
its assessment.

Since 2021, the Brazilian Parrotfish Project (Projeto Budides,
sponsored by the Petrobras Socio-Environmental Program) has
been monitoring parrotfishes population abundances and catch
rates along the Brazilian coast. While monitoring legal fish
landings through local participatory approaches, and the species
populations through visual censuses marks significant progress in S.
trispinosus conservation, demographic studies should also be
prioritized. Reevaluating life-history traits, particularly in the
Abrolhos Bank, is especially important given the ongoing fishing
activities in the region. This will be essential for assessing whether
the Recovery Plan is effectively maintaining the species’
demographic structure.
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Implementing and enforcing the
recovery plan in key areas through
participatory approaches

Although the Brazilian National Recovery Plan for endangered
species, which included S. trispinosus (Decree N° 59-B/2018), has
been released since 2018, its implementation was hindered by the
government at the time and later by the COVID-19 pandemic.
Recently, steps have been taken to implement the plan. The idea
behind the Recovery Plan is to properly manage and monitor S.
trispinosus fisheries where it represents an important income source
for small-scale fishers, restricting it to specific multiple-use MPAs
where enforcement would be more feasible, while banning other non-
essential fishing for the species along most of the coast. However, to
balance the needs of small-scale fishers with the species conservation,
the plan must be effectively implemented, regularly monitored,
evaluated, and adapted to ensure its effectiveness. Participatory
approaches on its implementation and effective surveillance are
crucial to ensure compliance and achieve positive outcomes
(Cinner et al., 2012). If successful, it could serve as a model for
managing parrotfish populations in other developing countries. For
instance, despite existing regulations, parrotfish fishing persists in
73% of 37 Caribbean countries (Harms-Tuohy, 2021). In some of
them, such as Jamaica, Haiti, and Grenada, parrotfishes remain a
staple food resource and are caught without any regulation (Harms-
Tuohy, 2021). Identifying key areas where local regulations could be
enforced while banning non-essential fishing would be a crucial first
step toward the conservation of Caribbean parrotfish in these nations.

Currently, the Brazilian Federal Environmental Agency (ICMBio)
has been working with the help of Projeto Budides, local fishers, and
other entities to implement the Recovery Plan. So far, Corumbau and
Cassuruba MER have published local management plans (Decrees N°
284 and 285/2021) based on the guidelines of the National Recovery
Plan. The local plans include not only S. trispinosus, but other endemic
parrotfishes listed as Vulnerable, such as S. zelindae, Sp. frondosum,
and Sp. aillare, and adds an extra rule which establishes a catch limit of
20 individuals of S. trispinosus per fisher per day. The creation of local
management plans in Corumbau and Cassuruba MER is a significant
step toward the effective management in these areas where S.
trispinosus has been fished for decades.

In addition to the Abrolhos Bank, the multiple-use Recife de
Corais MPA in Rio do Fogo, RN, has supported persistent fishing of
S. trispinosus over the past decades and should also be prioritized.
However, no efforts in implementing the Recovery Plan have been
made in this area to date. Still, if implemented, the plan would
require adaptation for this area, as most of the S. trispinosus caught
are below the minimum slot-size limit (Roos et al., 2016). Enforcing
a ban on net usage, for example, would be an important step, along
with establishing a daily catch limit of individuals, similar to the
regulations implemented in Corumbau and Cassuruba MER.

The multiple-use Costa dos Corais MPA, which comprises PE
and AL states, may also benefit from local management plans for S.
trispinosus, as suggested by Pereira et al. (2021). However, due to
the species’ rarity in this area, its catch by small-scale fishers appears
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to be more opportunistic. In this case, a complete ban on S.
trispinosus fishing might be more appropriate, as fishers may not

rely on this resource for income.

Enforcing S. trispinosus fishing ban
and monitoring illegal fishing across
the Brazilian coast

As established by the Brazilian National Recovery Plan for
endangered species, S. trispinosus fishing is prohibited in
unmanaged/unprotected areas, i.e., most of the Brazilian coast.
However, effective implementation remains hindered by
insufficient public awareness of the ban and inadequate
surveillance efforts. For instance, Alcobaga port in southern BA
remains a critical location due to non-compliance by local fishers
who use illegal methods, such as air compressors, to catch S.
trispinosus on deep offshore reefs. Another significant challenge is
enforcing the ban on S. trispinosus recreational spearfishing, which
occurs along nearly the entire Brazilian coast but is particularly
prevalent in Salvador and southern Bahia (Roos and Longo, 2021).
As ‘trophy fishes’ are usually the main targets, this type of fishing is
particularly detrimental to larger, older individuals with greater
reproductive capacity (McClenachan, 2009). This poses a serious
issue for a protogynous hermaphrodite species like S. trispinosus,
where females transition to males, since males, which are typically
larger and less abundant than females (Freitas et al., 2019), are more
likely to be removed from the population. A decreasing number of
males can disrupt population dynamics in several ways, including a
reduction in the mean length and age at maturation and sex change,
an increasingly female-biased sex ratio, lower fecundity and
fertilization rates, and disruption of social structure (Rowe and
Hutchings, 2003; Hawkins and Roberts, 2004; Taylor et al., 2018).

Spearfishing, often regarded as a leisure activity, frequently
involves sharing fishing accomplishments on social media (Giglio
etal, 2020; Roos and Longo, 2021). Social media has thus become a
rapid and cost-effective tool for gathering nationwide fisheries data,
particularly for recreational fishing, which typically lacks formal
monitoring. This approach can help identify illegal fishing, areas
where spearfishing is most intense, and the life stages most targeted.
Such insights can guide the enforcement of the S. trispinosus fishing
ban along the Brazilian coast, as well as aid in monitoring
recreational spearfishing in countries where the activity lacks
specific regulations, such as Puerto Rico, or where species-specific
regulations exist, such as Saint-Martin (Harms-Tuohy, 2021).

Tracking the value chain and
restraining the distribution of S.
trispinosus

A major challenge in small-scale fisheries policy-making,

particularly in developing countries, is the lack of reliable data on
several facets of the sector, which includes not only biological data of
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targeted species, but information on fishers and all users of the fish
value chain (Thyresson et al, 2013; Damasio et al,, 2020). Smaller
Brazilian parrotfishes such as Sp. axillare and Sp. frondosum are
primarily targeted for international export (Cunha et al, 2012).
Although their export is now prohibited (Decrees No 59-B and 63/
2018), illegal trade persists. Similarly, while S. trispinosus is
predominantly sold as fillets in local and regional markets, it is also
traded in larger cities like Vitoria, Porto Seguro (Francini-Filho and
Moura, 2008), and Natal (pers. obs.), and even exported abroad
(Francini-Filho and Moura, 2008). The expansion of the S.
trispinosus trade must be urgently controlled, however, the lack of
understanding about its trade remains a critical gap that hinders the
effective application of current laws. From a global perspective, gaining
insight into parrotfish value chains could help establish fiscal and
sanitary barriers to better regulate parrotfish fishing worldwide.

Outreach and dissemination of
information to the general public

Conserving an endangered species may depend on public
awareness, particularly those used as food resources. Outreach and
information dissemination can significantly enhance conservation
efforts by raising awareness of the species’ importance, promoting
compliance through better understanding of regulations, and
supporting enforcement by encouraging public reporting of illegal
activities to authorities. In the case of an endangered fishing target
like S. trispinosus, it is fundamental to inform both fishers and the
general citizens about fishing regulations and bans, discourage the
consumption of the species, and raise awareness about the ecological
consequences of overfishing. For example, several Caribbean nations
have incorporated parrotfish conservation into their environmental
education and outreach efforts, particularly in the contexts of
sustainable fisheries and community-based conservation (Harms-
Tuohy, 2021). In Brazil, Projeto Budides has been conducting
outreach since 2021. While public awareness of Brazilian
parrotfishes is growing, the socioeconomic challenges that hinder
their conservation persist.

The future of parrotfish research and
conservation in Brazil

Conserving one of the world’s most endangered parrotfishes
along thousands of kilometers of coastline in a developing country
facing socioeconomic problems presents a significant conservation
challenge. Nevertheless, efforts to conserve S. trispinosus began before
2014, even when knowledge of the species was limited. While
progress has been slower than desired, substantial advances have
been made over the past decade. We now have a better understanding
of S. trispinosus, including its distribution patterns, demographic
traits, and areas of intense exploitation along the Brazilian coast. The
publication of local management plans in the marine extractive
reserves of the Abrolhos Bank, alongside scientific research and
outreach initiatives from some Brazilian projects, marks a major
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step forward in the species’ conservation. However, these efforts must
be continuously monitored and evaluated. Future research and
conservation efforts should prioritize key knowledge gaps, including
a broader understanding of its distribution in mesophotic reefs, life-
history traits, and value chain, along with expanding public awareness
through outreach and education. Additionally, improving
communication between scientists, fishery managers, and fishers is
crucial for effective conservation. Equally important, socioeconomic
improvements supported by effective public policies are essential, as
they can enhance compliance by reducing fishers’ reliance on fishing,
particularly illegal fishing, through the provision of alternative
sources of income. Such improvements and efforts to fill knowledge
gaps may benefit not only S. trispinosus but also other endangered
species, both in Brazil and in other countries facing similar
socioeconomic and conservation challenges.
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