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Overfishing is notorious for triggering population collapses and disrupting marine
biological functioning worldwide. To counter such a threat, policy-makers have created
and implemented multiple management strategies, but most were incapable to prevent
the decline of several key species. Here, we discuss a new management strategy in
force since June 2019 in Brazil that aims to deter the overfishing of parrotfish species of
the genera Scarus and Sparisoma. This innovative strategy, here referred to as inverted
management, allows the capture of endangered parrotfish species inside management
areas, such as partially protected marine areas—MPAs, but bans it elsewhere. This
initiative is supposed to be built in a partnership among the government, scientists,
managers, and fishers. If implemented correctly, endangered species would recover in
the much larger area outside MPAs, and fishers would benefit from the conservation-
value of the scarce and valued product. However, to succeed, the strategy depends
on the adoption of a series of challenging management rules that are not currently
being enforced along an extensive coastline. So far, few MPAs have incorporated rules
for endangered species in their management plan, and those that have done so have
no plans or the means to enforce them. Therefore, fishing of endangered species is
currently ongoing without any management or monitoring in the entire Brazilian coast.
Concerned with the challenges to develop plans to recover populations of endangered
species faced by Brazilian managers, we suggest wide communication and a ban on
the fisheries until management plans are implemented. Additionally, we suggest that the
effectiveness of the inverted management strategy for parrotfishes should be assessed
before it's applied to other endangered species.
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INTRODUCTION

Management of natural resources has always been used as a tool
to mitigate consequence of human over-exploitation (Reynolds
and Peres, 2005; Laffoley et al, 2019). In the past centuries,
the sharp human population increase combined with industrial
development intensified the exploitation of natural resources
leading several marine fish stocks to depletion, which required
specific management strategies to recover (Sutherland, 1999;
Fryxell et al., 2014). While initially focusing on single-species
models, management is increasingly becoming ecosystem-based
(Long et al., 2015). For instance, marine protected areas (MPAs)
are widely used to protect endangered species, natural resources
and maintain ecosystems functionality and services (WWF, 2018;
Williams and Graham, 2019), once they regulate extractive
activities that govern mortality of wild populations. When
well planned, managed, and enforced, MPAs are effective tools
to achieve conservation goals due to relatively low costs to
manage a delimited area compared vast exclusive economic zones
(Balmford et al., 2004; Cinner et al., 2012).

A large proportion of marine biodiversity is concentrated in
tropical low and lower-middle income countries, but only ~10%
of the available funding for conservation is allocated to those
areas (Mittermeier et al., 2003). In fact, the lack of funds and staff
capacity, associated with high dependency of coastal populations
on natural resources, makes management strategies, including
MPAs, challenging and often ineffective in these countries
(Pattanayak et al., 2010; Gill et al., 2017). In such circumstances,
innovative and quick solutions are required to meet urgent
conservation needs of coastal areas. The combination of MPAs
and traditional fisheries management, such as fishing bans,
seasonal closures, and size and catch limits, often provide a
pathway to meeting conservation and community goals. The
combination of strategies has the potential to reverse stock
collapses and degradation of reef ecosystems (Mcclanahan et al.,
2006; Cinner et al., 2020; Waterhouse et al., 2020), but it also has
its implementation and effectiveness challenges. Thus, adaptive
management is important to improve coral-reef conservation and
sustainability outcomes.

Parrotfishes (Labridae: Scarinae), a group that played a
key role in the origin and evolution of modern coral reefs,
are often the subject of marine resource management plans
worldwide (Bellwood et al., 2016; Siqueira et al., 2019). While
parrotfishes are responsible for essential ecological processes such
as herbivory, bioerosion, sediment production and transport,
predation of live coral colonies, and clearing space for coral
settlement (Bonaldo et al., 2014; Lellys et al., 2019) (Figure 1),
in many places they are among the main fishery-targeted
fishes on reefs. Most species are protogynous hermaphrodites,
with a terminal phase consisting of sexually mature males
that can attain large body sizes (Bonaldo et al, 2014),
which quickly disappear under high fishing pressure (Hawkins,
2003; Freitas et al, 2019; Roos et al, 2020). Consequently,
parrotfishes have been reported as over-exploited throughout
the world (Jackson et al., 2001; Bellwood et al., 2012; Comeros-
Raynal et al., 2012), including in Brazil (Bender et al., 2014;
Pereira et al., 2021).

Nations have adopted a variety of management strategies to
protect parrotfishes. For example, Bermuda has banned fish traps
in 1990 and does not allow spearfishing along the coastline,
consequently protecting parrotfishes, what led to a rapid recovery
of natural sex ratios in a previously overfished population
(O’Farrell et al., 2016). Belize banned herbivorous fish harvesting
in 2009, including parrotfishes, in an attempt to control the
increasing macroalgal cover on much of the Mesoamerican
Reef, significantly reducing parrotfish harvesting (Cox et al.,
2013). Other countries sharing the Mesoamerican Reef followed
the strategy. Honduras banned parrotfish fishing in the Bay
Islands since 2010, Guatemala implemented a nationwide ban
since 2015, and more recently, Mexico, included all parrotfish
species in its endangered species list as “subject to special
protection” (Cannon, 2018; SEGOB, 2019; Healthy Reefs, 2021).
Such actions contribute to restoring parrotfish populations and
maintain species-specific functional roles, helping conserve the
integrity of their ecosystem services, and possibly increasing reef
resilience. Yet, the protection of endangered coral reef species,
including parrotfishes, and the functionality of coral ecosystems,
are constantly threatened by political and economic pressures,
particularly in low and lower-middle income countries (Edwards
et al., 2014; Pinheiro et al., 2019). Even nations such as Palau,
which is often cited as a shining example of conservation due
to the implementation of a vast marine protected area, allow the
fishing of parrotfishes (FAO, 2018; Island Times, 2018).

Here, we describe and discuss a new management strategy
established in June 2019 in Brazil that aims to manage the fishing
of endangered parrotfish species (Figure 2), replacing a previous
fishing ban (ICMBio, 2014). This innovative management
strategy represents a new concept in conservation, and it is here
referred as inverted management, in which fishing is allowed
inside formally instituted management areas, like partially
protected MPAs [such as APA, RDS, and RESEX Brazilian
categories (Brasil, 2000); IUCN Category VI] and prohibited
elsewhere (Brasil, 2018a,b). Even though this new strategy has
been announced—i.e., the ban is no longer in place and fishing
for parrotfish within managed areas is currently allowed—it is
not being enforced yet, and endangered parrotfishes are being
caught without restriction everywhere. Thus, here we discuss
the challenges and present caveats and recommendations for
the implementation of inverted management considering the
regional context (Brazil), and project its applicability to other low
and lower-middle income countries.

INVERTED MANAGEMENT: THE NEW
RECOVERY PLAN FOR PARROTFISHES
IN BRAZIL

In Brazil, large-scale fisheries of parrotfishes started two to three
decades ago, coinciding with the decrease in abundance of top
predators (e.g., serranids, lutjanids, and carangids). The biggest
species occurring in the Brazilian Province reaches more than
80 cm (greenback parrotfish Scarus trispinosus), and the large
size makes it an obvious target. Currently, parrotfishes in Brazil
are targeted by recreational and commercial fishing activities
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FIGURE 1 | Socioeconomic values and ecological processes related to parrotfishes. Symbols courtesy of the Integration and Application Network
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(Pinheiro et al., 2010; Nunes et al., 2012; Bender et al., 2014;
Freitas et al.,, 2019; Guabiroba et al., 2020; Roos et al., 2020)
and have traditionally been caught without any restriction and
poor monitoring. However, 4 years ago, the Brazilian government
published a list of endangered aquatic species, prohibiting the
fishing of four endangered parrotfish species: Scarus trispinosus,
Scarus zelindae, Sparisoma axillare, and Sparisoma frondosum
(Figure 2). This ban was based on the best available scientific
evidence, including information on severe population declines in
the past 15 years (December 2014, act MM A-445; ICMBio, 2014).
The publication of the Brazilian red list was followed by political
turmoil (Pinheiro etal., 2015), and the government re-established
the fishery of many endangered species, including parrotfishes
(decree 161/2017 and decree 217/2017; ICMBio, 2017a,b). The
latest decrees (63/2018; Brasil, 2018a,b), which came into force
on June 1, 2019, allow the capture of parrotfishes inside formally
instituted management areas, like partially protected MPAs, but
only after the elaboration of a comprehensive management
plan, built in partnership among the government, scientists,
and fishers. Other endangered species (e.g., Mycteroperca bonaci,
M. interstitialis, Lutjanus cyanopterus, Epinephelus morio, and
E. marginatus) are now also allowed to be fished, but under

different management rules, focused on seasonal closures and
catch limits (Brasil, 2018c,d).

In Brazil, most partially protected MPAs are APAs
(Environmental Protected Areas), which aims protect the
biodiversity while managing human activities (Brasil, 2000).
Other partially protected MPAs are established to preserve
and promote the sustainability of subsistence harvesting by
traditional communities that depend on natural resource
extraction for their livelihoods, including RESEX (Extractive
Reserve) and RDS (Sustainable Development Reserve) (Brasil,
2000). Therefore, the main goal of the inverted management
strategy is to reduce the vulnerability of endangered parrotfishes
while simultaneously promoting economic and social
benefits to coastal and traditional communities through
these partially protected MPAs.

Following the rules, endangered parrotfishes are no longer
allowed to be captured elsewhere, except in the few management
areas (mostly encompassing those traditional small-scale fishing
grounds), based on rules that include catch size limits and
quotas, closing fisheries period during spawning season, and
long-term monitoring to avoid overexploitation (Brasil, 2018a,b).
The RESEX of Cassuruba, located in the northeastern Brazilian
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frondosum. Photos: C.L.S Sampaio (A-C) and L.A. Rocha (D).

FIGURE 2 | Brazilian endemic parrotfishes now under inverted management: (A) Scarus trispinosus; (B) Scarus zelindae; (C) Sparisoma axillare; (D) Sparisoma

coast, for instance, was the first to approve its management
plan allowing parrotfish fisheries (ICMBio, 2019). In the current
scenario, similar to previous nationwide bans, parrotfish catches
would remain prohibited in most of the Brazilian coast (i.e.,
outside MPAs). Thus, once properly enforced, the ban of
parrotfish fishing outside MPAs would allow the recovery
of populations, and increment the sources of larvae and
juveniles to replenish and help fisheries inside sustainable
use management areas. Contrarily to what happens in MPAs
worldwide, the density effect benefits would come from outside
of the reserves (i.e., “spill in”; Figure 3), hence the term
“inverted management.”

CAVEATS AND RECOMMENDATIONS

The Brazilian coastline has a large extension (~8.000 km) and
many coastal communities have depended on its resources
for centuries (Victoria et al., 2005). Therefore, fish population
collapses due to overfishing can have catastrophic effects to these
traditional fishing communities. Nevertheless, the long-lasting
lack of comprehensive national fishery statistics data leaves both
scientists and managers in the dark about fish stock conditions
and the effectiveness of conservation efforts.

Differently from the strategy adopted by Caribbean countries
that has succeed to recover parrotfish stocks (O'Farrell et al., 2016;
Healthy Reefs, 2021), the enforcement of inverted management
in Brazil seems extremely difficult and currently flawed. First,
the strategy depends on the quality of reef habitats outside
MPAs for stocks recovery, which are usually more degraded
than managed areas. For instance, although parrotfishes are

distributed along the whole Brazilian coast (Roos et al., 2015),
inside and outside MPAs, they show the highest biomass in
isolated or protected sites (Morais et al., 2017), what reduces
the “spill in” potential. Some of the Brazilian oceanic islands
sustain apparently isolated populations which demands specific
management (Guabiroba et al., 2020) and would not function as
source for coastal populations.

Second, there are challenging management rules that are not
being enforced, namely the surveillance of the catch source,
and the amount and the individual length of captured fishes.
Fishers that perform their activities in and out MPAs and fish
at night can easily (and often do) deceive managers about the
origin of the catch. Additionally, those that use non-selective
methods, such as gill nets and purse seine, catch protected
species everywhere. Mislabeling is also another common problem
that masks illegal fishing, trade and consumption of endangered
species in Brazil (Carvalho et al., 2011; Staffen et al., 2017). Thus,
these fishing strategies are remarkably challenging to monitor
and enforce. In addition, the endangered species are commonly
targeted by recreational spearfishing, including night fisheries
(Nunes et al., 2012; Pinheiro and Joyeux, 2015), what exacerbates
the monitoring and enforcement due the extensive heterogeneity
in space and time with multiple access points through the year.

Third, marine protected areas in Brazil receive little funding
and suffer from a chronic lack of surveillance and monitoring,
what inevitably leads to illegal fishing (Gerhardinger et al., 2011;
Oliveira Janior et al., 2016). Most partially protected MPAs do
not receive any government funding, and the few examples
that succeed are managed with strong community engagement
(see Almeida et al., 2009; Nobre et al., 2017). So far, very few
MPAs have incorporated rules for endangered species in their
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management plan, and those that have done so (e.g., ICMBio,
2019) have not yet strongly enforced it. Within this scenario,
fishing activities are currently occurring outside and inside
MPAs without any management (Figure 3), which is the worst
possible scenario.

Therefore, to overcome these challenges, we first suggest a
wide communication program focused on: (A) the prohibition,
(B) severe limitations on commercialization, (C) parrotfish
ecological importance, and (D) stakeholders participation on
fisheries data collection and population monitoring. Fishing
of endangered species needs to be broadly understood as an
exception, with fishers, businesses, and consumers well aware of
the prohibition. It is also essential to increase efforts to inform
both commercial and recreational fishers about the ecological
problems related to overfishing, how stocks increase could benefit
the whole society, and the importance for them to provide
fisheries data. Second, partially protected MPAs intending to
manage the fishing of endangered species must explicitly state
in their management plans the methods for accrediting and
surveilling fishing activities, markets, and restaurants. A very
limited number of small-scale fishers should be allowed to catch
endangered species, and the establishment of quotas and body
size range are important to preserve recruits and sexually mature
individuals. Surveillance should be based on co-management and
alternative livelihood options, which has been largely successful
at meeting social, economic, and conservation goals (Cinner
etal., 2012). Third, scientists, managers, and stakeholders should
be involved, assessing endangered populations and offering
feedback to fishers and the government. Nursery and spawning
grounds need to be mapped and protected.

Last, although we think that the inverted management strategy
can be successful if enforcement exists, many endangered

species still need full protection to properly recover. Therefore,
the strategy could have better results if implemented later
after a fishing ban, when populations are partially recovered
from the current overfishing status outside MPAs. Thus,
we think that the fishery of the large-bodied and endemic
greenback parrotfish Scarus trispinosus must not be part of this
strategy. This species has suffered the most severe population
declines in the past 20 vyears, leading some populations
to collapse (Padovani-Ferreira et al, 2012; Bender et al,
2014; Roos et al., 2020; Pereira et al, 2021). Currently,
S. trispinosus is functionally extinct in southeastern Brazil
(Bender et al., 2014), and rare in most of the northeastern
coast, with the only remaining large populations being restricted
to a few regions and MPAs. Additionally, recent data on
S. trispinosus growth rate and reproduction indicate that this
species has slow growth and late maturity (Freitas et al,
2019), what makes them vulnerable to overfishing similarly
to other large parrotfishes, such as the rainbow parrotfish
Scarus guacamaia (its sister species) and the green humphead
parrotfish Bolbometopon muricatum (Freitas et al, 2019).
Since they are part of the charismatic coral reef megafauna,
greenback parrotfishes may have more value alive than dead,
contributing to local tourism and visitation. Colorful species
like parrotfishes are a popular species and one of the
photographed by recreational divers (Marconi et al., 2020).
Brazil has already examples of successful projects involving the
conservation of charismatic megafauna (sea turtles) through
tourism and sustainable development of coastal communities
(Marcovaldi and Marcovaldi, 1999).

Thus, we strongly advocate that fishing of endangered
species should only start when these recommendations
about the surveillance and monitoring systems are ready
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for implementation. Inverted management should not involve
species listed as endangered before its effectiveness is
demonstrated and only then it should be applied to a wider
variety of other endangered and over-exploited species (such
as S. trispinosus and endangered top predators).
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