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Assessing species conservation status and population trends is challenging especially on low and low-middle
income countries mostly due to high costs. Therefore, long-term information about species gained through
local ecological knowledge, can reveal threatening and overexploitation scenarios aiming to generate informa-
tion for extinction risk reduction and conservation priority targets. The greenbeak parrotfish, Scarus trispinosus, is
an endemic and endangered Brazilian species with records of local extinction along its distribution, however
limited data on its fisheries is available. We investigated fisher’s local ecological knowledge on S. trispinosus on
the largest Brazilian coastal multiple-use marine protected area. We interviewed small-scale fishers regarding
catches to verify temporal changes in abundance and body size. Additionally, we verified if S. trispinosus flight
initiation distance, proxy of tolerance from fisher’s approximation has changed over different fishers’ genera-
tions. Our results revealed that the number of individuals decreased 64% over time from 1980s to 2010s with a
constant decrease through time. The weight of the largest individual ever caught also decreased 67% over time.
Flight initiation distance, when fishers firstly engaged on fishing activity, was smaller for more experienced
fishers. Implementation of small-scale co-management strategies, together with creation and enforcement of no-
take zones are essential to safeguard the remaining populations and allow the greenbeak parrotfish recovery. Our
study demonstrated that local ecological knowledge on species population and behavioral changes can be used as
an alternative and inexpensive approach for assessing impact on threatened species and could be applied on
conservation strategies for several species and ecosystems worldwide.

based on the collapse of many coral reef fishes, parrotfishes have
emerged as an important fisheries resource throughout the tropics

1. Introduction

Fishing is one of the most ancient exploration forms on marine
ecosystems. Fishing activities globally provide food, income, and
employee for millions of people (Mora et al., 2009; Teh and Sumaila,
2013). However, the extractive activity may cause negative impacts on
fish populations and ecosystems. Records of impact have been reported
since prehistoric times affecting species diversity and size (Lotze and
Worm, 2009; Erlandson and Rick, 2010; Seersholm et al., 2018). It is
assumed that fishing is currently responsible for fish populations
reduction worldwide and fishing down marine food webs process have
been demonstrated for several different fishing groups (Pauly et al.,
1998; Freire and Pauly, 2010; Graham et al., 2017). In recent decades,

(Mumby, 2006; Bender et al., 2014). However, increasing evidence of
overexploitation has concerned managers and scientists regarding the
losses on key parrotfish functional role as grazers and bioeroders on
coral reefs (Hoey and Bonaldo, 2018). Studies have documented a
worldwide dramatic near extinction scenario of parrotfish species with
some records of local extinction (e.g. Comeros-Raynal et al., 2012;
Bender et al., 2014).

A combination of field-based data and local ecological knowledge
(LEK) of resource users may be a robust approach for guiding decision
makers dealing on terrestrial and marine ecosystems (Mclean and For-
rester, 2017; Berkstrom et al., 2019; Camino et al., 2020). Additionally,
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due to the absence of fisheries temporal data, relevant information on
the fisheries effects on coral reef communities have been acquired
through fishers’ empirical knowledge (Harborne et al., 2008). When
traditional scientific information is absent or incomplete, LEK, i.e. the
information that resource users provide about their local ecosystems,
particularly among small-scale fishers, may be the only source of rele-
vant information available to researchers and managers (Gerhardinger
et al., 2009; Azzurro et al., 2011). Therefore, resource users LEK has
been applied as an alternative approach to understand multiple
ecological aspects for many marine fields such as fisheries (Gerhardinger
et al., 2009; Bender et al., 2014), fish behavior (Herbst and Hanazaki,
2014), connectivity and seascape management (Berkstrom et al., 2019)
as well as environmental changes (Bart, 2006). Specifically, for fisheries,
LEK has been extensively used on low and low-middle income countries
where long-term monitoring data are commonly absent (Wilson et al.,
2006; Begossi et al., 2017; Giglio et al., 2017). For instance, LEK has
been used recently in Brazil to map marine habitats (Teixeira et al.,
2013) and fishing grounds (Bourguignon et al., 2018).

Previous studies have been conducted applying fishers’ LEK to better
understand the effects of fisheries on parrotfish population worldwide
(Aswani and Hamilton, 2004; Bender et al., 2014; Hamilton et al.,
2016). Those studies have demonstrated large reduction in population
size and near local extinctions (Bender et al., 2014; Hamilton et al.,
2016). Additionally, researchers have also used fishers LEK data to
better understand parrotfishes’ behavioral aspects such as spawning
aggregations and movement patterns (Hamilton et al., 2019). However,
little research has been applied using LEK analyzing behavior changes
on parrotfishes due to fisheries impact. Fishes that are actively hunted
by people during diving activities with spear guns (e.g. spearfishing)
should respond to people differently, becoming more frightened, than
those that are not. Hence, recent studies have been using fish escape
responses to humans as a metric of fishing pressure (Nunes et al., 2018;
Pereira et al., 2020).

Flight initiation distance (FID), the distance of an approaching
predator at which prey first initiate an escape, is a commonly applied
metric in the studies on antipredator behavior on multiple ecosystems
(Weston et al., 2012; Nunes et al., 2016, 2018). In a fishing context,
humans are predators, thus information on FID can provide a useful tool
to assess impacts of fishing because it is sensitive to differences in fishing
pressure according to depth (Januchowski-Hartley et al., 2012; Pereira
et al.,, 2020). It is expected that as fishing pressure increases, fish
tolerance from human approach will also increase (Nunes et al., 2018).
Therefore, fish species that are fishery targets, display an avoidance
behavior against spearfishers likely as a consequence of fishing pressure.
To our knowledge, FID was never studied from an empirical knowledge
perspective, which could provide valuable temporal information on fish
escape behavior based on local community data, and such approach can
be applied to other taxa as well.

The greenbeak parrotfish, Scarus trispinosus, is a Brazilian endemic
species. This species is reef associated and along its distribution range is
known to occur on coral reefs, rocky reefs and algal beds (Freitas, 2016).
Scarus trispinosus is the largest excavator parrotfish on Brazilian waters
and plays a critical functional role on reducing algae-coral competition
(Lellys et al., 2019). Based on measured declines in some locations,
population of the species is estimated to have declined by at least 50%
over the past 20 to 30 years (three generation lengths) being categorized
as Endangered under International Union for Conservation of Nature’s
Red List Criterion A2d (Padovani-Ferreira et al., 2012). Additionally,
S. trispinosus is highly vulnerable to overexploitation due to its large size,
long life, and slow growth (Freitas et al., 2019); and considering that it
recruits in shallow waters being vulnerable while juveniles. Therefore,
S. trispinosus is known as one of the most threatened parrotfish on Earth
mostly due to habitat degradation and overfishing, being targeted by
both commercial and recreational fisheries mainly through spearfishing,
gill nets and traps (Nunes et al., 2012; Bender et al., 2014; Roos et al.,
2016; Freitas et al., 2019). Lack of scientific information on the species
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ecology and behavior and on temporal fisheries reduce the efficiency of
fisheries management plan and conservation initiatives.

The present study aims to investigate the fishers’ LEK regarding
fisheries and behavioral temporal trends of S. trispinosus in tropical
Brazilian reefs. Specifically, we conducted interviews with small-scale
fishers to investigate fisheries perspective on population and in-
dividuals® size through time and changes in escape behavior. Addi-
tionally, LEK was used to investigate if S. trispinosus FID has changed
over fisher generations.

2. Material and methods
2.1. Study area

The present study was conducted at the largest multiple-use Brazilian
coastal marine protected area (MPA Costa dos Corais), created in 1997
to protect coral reef systems on Brazilian waters. This MPA stretches
from 120 km in the northeastern Brazil encompassing two states and 12
municipalities (Fig. 1). MPA Costa dos Corais covers a large range of
different ecosystems such as shallow reefs, mangroves, seagrass beds,
rhodolith beds and mesophotic reefs from the coast to the break of the
continental shelf (Maida and Ferreira, 1997). The multiple-use MPA
allows different activities such as small-scale fishing and tourism and its
management plan was published in 2013; with a revised version of the
management plan being currently under revision by Brazilian govern-
ment (Pereira et al., 2016; Miranda et al., 2020; authors personal
observation).

2.2. Data collection

Data sampling was carried out between January 2018 and November
2019 in six fishing communities at different municipalities of the states
of Pernambuco and Alagoas within the MPA Costa dos Corais: Sao Joao
da Coroa Grande, Japaratinga, Porto de Pedras, Sao Miguel dos Mila-
gres, Barra de Camaragibe and Barra de Santo Antonio. We collected
data on different fishing communities (e.g. municipalities) aiming to
understand S. trispinosus fishing trend considering that this data could
support a better local management strategy for the species. The most
common fishing gear for catching S. trispinosus in the MPA Costa dos
Corais territory is spearfishing; therefore, all the interviewed fishers are
related to this fishing method and for fishing activity performed during
the day. A total of 122 face-to-face personal interviews were applied
using structured questionnaires (minimum 20 per municipality)
regarding the endemic Brazilian parrotfish S. trispinosus (Fig. 2). The
respondents were selected through the snowball method (Bailey, 1982),
a non-probabilistic sampling that aims to assess knowledge held by local
experts, where each interviewee indicates another potential informant
to be contacted. Questions encompassed: i) fishers’ age and experience
years on fishing; ii) fisher perception on S. trispinosus behavior regarding
flight initiation distance; iii) largest weight (kg) and year such individual
was captured; iv) largest number of individuals ever caught and year of
capture. During interviews we used photos of the species and all the
fishers interviewed properly identified the species. Interviews were
conducted under full approval of the Sistema Nacional de Informacao
sobre Biodiversidade (SISBIO), permit #67684-1, and under consent of
each informant after the interviewer’s explaining the study objectives
and providing contact information.

2.3. Data analysis

Linear regression models were fitted to test the relationship between
i) the best captures (no. of individuals) and respective year; ii) weight of
the largest individual ever caught and respective year; and iii) fishers’
perception of FID values when they first engaged on spearfishing activity
(past) compared to current days vs. experience (years) on parrotfish
fisheries. The value of captures and flight initiation distance were
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Fig. 1. Map of MPA Costa dos Corais. Numbers represent fishing communities where interviews were conducted. (1) Sao José da Coroa Grande, (2) Japaratinga, (3)
Porto de Pedras, (4) Sao Miguel dos Milagres, (5) Barra de Camaragibe e (6) Barra de Santo Antonio.

transformed through In (x + 1) prior to statistical analysis to reach as-
sumptions of parametric model. Normality was tested using diagnostic
plots, as well as Shapiro-Wilk W test and the homogeneity of variance
was tested using Bartlett’s test. Non-parametric one-way ANOVAs
(Kruskal-Wallis test) were used to verify differences between munici-
palities (e.g. fishing communities) for the average weight of individuals
from the best fishing event and the weight and size of large individual
ever caught among municipalities. The differences between groups were
verified through Dunn post-hoc test. A two-sample t-test was fitted to
test for flight initiation distance to when spearfishers began fishing and
the current approximation distance. All analyses were performed in R
software v.3.5.1 (R Core Development Team, 2018) with a significance
level of P < 0.05.

3. Results

The age of interviewed fishers varied from 23 to 82 years old
(average + s.d. = 50.5 + 12.9) and the experience ranged from 8 to 70
years of fishing (32.2 + 13.2). A significant relationship was verified
between the number of individuals captured in best fishing event and
the year it occurred = 0.21, F = 23.1; P < 0.001) where the number of
individuals decreased over time from 28 + 14 ind. in the 1980s to 10 + 9
ind. in the 2010s (Fig. 3A). A decrease on number of individuals caught
also was observed between generations where fishers with more than 30
years of experience caught an average of 19 + 8.8 individuals, while
those with 0-15 years of experience mentioned 14 + 10.2 individuals.
The weight (kg) of the largest individual ever caught also significantly

decreased over time (r* = 0.26, SE = 0.004, P < 0.001; Fig. 3B). Weight
decreased from an average of 5.2 4+ 2.8 kg in the 1980s to 1.7 + 0.7 kg in
2010s.

Considering the different municipalities within the MPA Costa dos
Corais, significant differences were verified among locations for the
average weight (kg) of individuals from the best fishing event (H=12.7,
P = 0.02; Fig. 4A), however; not significant for the weight of larger
individual ever caught (H = 9.9, P = 0.07; Fig. 4B). For the average
weight of individuals from the best fishing event, larger individuals were
caught in Sao José da Coroa Grande municipality.

Flight initiation distance (e.g. proxy of tolerance from fisher
approximation) on previous decades ranged from 1 to 5 m (average =
1.9 + 0.9 m) and the current distance of approximation ranged from 0 to
15 (average = 5.3 + 2.8 m). There is a significant negative relationship
among past FID when fishers firstly engaged on fishing activity where
less experienced fishers perceived longer FID than those more experi-
enced (F? = 0.04, F =5.6; P=0.01; Fig. 5A). However, such relationship
was not verified when fishers were asked about current FID (Fig. 5A). A
significant difference was found between past and current FID values (t
= —12.5, P < 0.001; Fig. 5B). A total of 80.3% of interviewed fishers
reported a current increase in FID compared to when they begin to fish
S. trispinosus (Fig. 5C).

4. Discussion

By assessing a long-term fishers’ local ecological knowledge, we
demonstrated marked declines in captures over the last decades
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Fig. 2. A-B) Greenbeak parrotfish (Scarus trispinosus) individuals captured through spearfishing at the MPA Costa dos Corais; C-D) Scarus trispinosus individuals

recorded on the reefs.
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Fig. 3. A) Relationship between the number of individuals caught in the best fishing event and year; and B) weight of the largest individual ever caught (kg). The
marginal histograms represent the data distribution. The deviation is the confidence interval (+95%).

suggesting a severe overexploitation for the largest Brazilian endemic
parrotfish. Fishers perceived that both individual catch and largest fish
weight has been dramatically reduced in the last three decades inside a
multiple-use MPA. Continuous decrease on individual body size over the
decades was recorded, matching the species conservation status on the
Brazilian red list of threatened species (Padovani-Ferreira et al., 2012).
Previous studies have demonstrated a fishing collapse of the largest
Brazilian endemic parrotfish fisheries in southeastern Brazil (Bender
etal., 2014) and suggested the species is currently functionally extinct in
the region (Floeter et al., 2008). Hence, our findings highlight the

importance of survey methods based on local ecological knowledge
analyzing threatening and overexploitation scenarios and supporting
conservation initiatives that can the applied to a wide range of species
and ecosystems worldwide.

Parrotfish fisheries was intensified recently due to increased demand
in local markets and tourism, and declines have been recorded world-
wide (Hoey and Bonaldo, 2018). S. trispinosus catch on our study area is
currently multi-species and multi-gear fisheries based on nets, traps, and
spearfishing. This fishery was intensified in late 1980’s and early 1990’s
likely following a decrease on other macro carnivore fisheries such as
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groupers and snappers (Bender et al., 2014). The fishing effort increased
after the popularization of GPS and illegal usage of scuba for spearf-
ishing (Freitas et al., 2019). Following this trend other parrotfish species
such as the genus Sparisoma have now become target on Brazilian reefs
(Floeter et al., 2006; Pinheiro et al., 2010; Nunes et al., 2012; Pinheiro
and Joyeux, 2015) with evident decline in shallow waters and a possible
near future threat scenario (Pereira et al., 2018). In fact, it was also
observed that outer-shelf reefs currently sustained larger individuals and
higher biomasses for different Sparisoma species on Brazilian reefs
compared to shallow reefs (Freitas et al., 2019; Roos et al., 2019).

The escape behavior of S. trispinosus has also been altered since most
of the interviewed fishers confirmed that flight initiation distance (FID)
increased over time. As expected, S. trispinosus FID increased following
intensification of fishing pressure. Surprisingly, such increase was not
correlated with fisher experience, suggesting that FID variation could be
occurring in few years scale. The increase on FID observed in this study
could have implications on reef dynamics and on the species distribu-
tion. Previous studies have suggested that other reef fish species toler-
ated closer diver approach in deeper waters (Stamoulis et al., 2019;
Pereira et al., 2020), considering that fish on larger depth probably
never saw a diver before and do not perceive them as a threat. This could
be supporting the hypothesis that a proportion of S. trispinosus fish
population could be more tolerant to human presence in deeper water
and that fishing pressure on shallow reefs has been altered reef fish
behavior aspects. Further studies on S. trispinosus ecology using behavior
observations and acoustic telemetry could be relevant to better under-
stand these assumptions.

Ecological functioning of parrotfishes on coral reefs worldwide is
indubitable (Bonaldo et al., 2014). However, the excavation functional
role of Scarus species on Brazilian reefs and its potential bioerosion has
only recently been demonstrated (Lellys et al., 2019). The heavy pre-
maxilla and large body size of S. trispinosus along with previous infor-
mation on their feeding behavior (Francini-Filho et al., 2013), suggest
they play unique roles as excavating parrotfishes on the Abrolhos region.
On the other hand, S. trispinosus is highly vulnerable to overexploitation
due to its large size, long life and slow growth (Freitas et al., 2019; Roos
etal., 2020). Therefore, current management strategies must be urgently

revised to maintain populations of a vital functioning parrotfish on
Brazilian reefs.

Extinction scenario of different taxa is a doubtless reality worldwide,
with examples in marine and terrestrial habitats (Webb and Mindel,
2015). For instance, African mammals are severely threated by hunt and
habitat degradation (Di Marco et al., 2014; Crooks et al., 2017). Addi-
tionally, birds in the Amazon have a strong extinction rate due to
deforestation and climate change (Stouffer et al., 2009; Moraes et al.,
2020). Hence, data from local ecological knowledge is vital to record
long-term population reduction of already endangered species at both
marine and terrestrial habitats (Bender et al., 2014; Camino et al.,
2020). Monitoring programs in situ are scarce or absent on low and low-
middle income countries mostly due to high costs. Therefore, long-term
information about species gained through LEK, such as the endemic
Brazilian parrotfish as herein demonstrated, can reveal threatening and
overexploitation scenario aiming for extinction risk reduction and con-
servation priority targets.

Considering the drastic declines in abundance and overexploitation
scenario for S. trispinosus, recovery strategies should be urgently
implemented on the MPA Costa dos Corais and in Brazilian coast
through fishing ban. However, this strategy is likely to be ineffective in a
country with a large and complex coastline and poor norms compliance
and enforcement like Brazil (e.g. Palmeira et al., 2013; Giglio et al.,
2014). Therefore, other management initiatives could be also imple-
mented if a ban scenario is unrealistic. For instance, Brazilian govern-
ment has recently introduced an alternative management strategy for
sustainable catch of threatened parrotfish species. This innovative
strategy allows threatened species to be fished by traditional commu-
nities inside managed areas, such as multiple-use MPAs; however,
banning their capture anywhere else in Brazilian coast (Freitas et al.,
2019). If effectively implemented and supervised, such small-scale
management in priority conservation areas could be a valuable strat-
egy for threatened populations recovery and could be implemented
engaging local fishers through co-management. In Brazil there is the
iconic successful case of pirarucu Arapaima sp. community-based fish-
eries management in Amazon freshwaters (Petersen et al., 2016). Pira-
rucu populations were able to increase and recover while fishers benefit
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from the sustainability and conservation-value of those managed fish-
eries. This supervised management plan to be implemented inside MPA
Costa dos Corais like a co-management strategy should encompass size
catch restrictions, quota per fish and catch ban on specific periods (e.g.
reproduction seasons). For instance, based on fisher’s suggestions and
literature data (Freitas et al., 2019), S. trispinosus catch would be only
allowed during the day and for individuals larger than 40 cm and
weighting over 3 kg. A season ban would be also recommended during
February—March and August-September (spawning peaks). Lastly, fish
may be landed eviscerated but never in fillets which makes identifica-
tion of the species difficult during monitoring.

An additional conservation strategy for the species should be the
implementation and enforcement of no-take zones on shallow and
deeper reefs inside the MPA Costa dos Corais and along Brazilian coast
to safeguard the remaining populations of the species and allow a long-
term recovery. The functional role of S. trispinosus and iconic importance
as the largest endemic parrotfish in the southwestern Atlantic is indu-
bitable and its extinction could compromise Brazilian reefs
sustainability.

Our study demonstrated that local ecological knowledge data on
species capture (number of individuals caught, weight of the largest
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individual ever caught) together with behavioral changes (flight initia-
tion distance) can be an effective low-cost alternative for assessing
impact on threatened species. Therefore, it could be broadly applied for
several ecosystems worldwide. Although it is a challenging task to
implement a collaborative work with local stakeholders, it is important
to emphasize that studies based on LEK may improve local capacity and
raise the chances of success of further conservation actions especially on
protected areas (Camino et al., 2020).
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