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Abstract Reef fisheries are multispecific and 
employ a variety of fishing gears across marine envi-
ronments, even in remote areas. This intricate and 
multifaceted nature of reef fisheries is often over-
looked in management strategies, leading to global 
management failures. In Brazil, information about 
reef fisheries is often scarce and scattered. This stems 

from inadequate policies and an unrecognized societal 
value of reef fisheries. Here, we combine nationwide 
reef fish landing data (1950–2015) with an exten-
sive literature review on Brazilian reef fisheries. We 
explore temporal and spatial patterns in total landings, 
species traits, functional diversity and composition to 
understand the current scenario, identify drivers of 
change and highlight information gaps. Brazilian reef 
fisheries rapidly increased in landing volume, number 
of targeted species and exploited traits in the 1980’s, Supplementary Information The online version 

contains supplementary material available at https:// doi. 
org/ 10. 1007/ s11160- 023- 09826-y.
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despite mainly targeting carnivorous fish (groupers, 
snappers, jacks and trevallies). Exploited functional 
space increased over time, mainly due to the incor-
poration of smaller and lower-trophic level species 
that gradually were added to the pool of fished spe-
cies. Local and international markets have been the 
main drivers behind these patterns, while subsistence 
fishing is marginal. Lack of proper management and 
enforcement of existing regulations have led to popu-
lation declines, dwindling total catches since the early 
2000’s, and numerous threatened species. Artisanal 
fishing accounts for the majority of catches, raising 
concern on the social impacts of degraded reef fisher-
ies. We highlight the urgent need for adequate fish-
ing statistics, and the use/application of science-based 
management and policy actions to secure productive 
fisheries and healthy reef ecosystems in Brazil.

Keywords Artisanal fishing · Brazilian reefs · Catch 
composition turnover · Ecological traits · Functional 
space · Reef fisheries

Introduction

Reefs provide a wide range of ecosystem services 
that sustain millions of people (Moberg and Folke 
1999; Woodhead et  al. 2019), with 6 million reef 
fishers estimated to operate worldwide (Teh et  al. 
2013). Their contribution to livelihoods, protein and 
nutrient intake by coastal populations is remarkable 
and widely recognized by scientists (e.g. Hughes 
et al. 2012; Woodhead et al. 2019; Hicks et al. 2021) 
and policymakers (e.g. The Food and Agriculture 

Organization of the United Nations, FAO). Coral 
reefs are also one of the most threatened ecosys-
tems on earth, so decisions need to be made to pri-
oritize their conservation while allowing people to 
use reefs for social and economic purposes (Cin-
ner 2014). Illuminating the services provided by an 
ecosystem may draw attention of decision-makers 
and incentivize informed policies towards a more 
sustainable and ecosystem-based use of resources 
(TEEB 2012).

Reef fisheries can be defined as recreational,  sub-
sistence  or commercial fishing for supplying national 
and international markets (Munro et  al. 1996; Kit-
tinger et  al. 2015; Mora 2015). They are difficult to 
characterize and manage because of their inherent 
complexity as they comprise multiple target species 
and gears within complex social-ecological systems 
(Fenner 2012; Mora 2015). Consequently, multispe-
cies coral reef fisheries are overwhelmingly data-poor 
(Worm and Branch 2012). Lack of resources and 
investment in environmental and fisheries manage-
ment combined with urbanization, and increasing 
human population, have led to rapid overexploita-
tion, yield declines, habitat loss and local extinctions 
of targeted reef fishes worldwide (Newton et  al. 
2007; Fenner 2012; Mora 2015). Overexploitation of 
resources is a serious and common problem in reef 
fisheries, causing changes in community structure 
and interactions and may lead to trophic cascades due 
to the removal of keystone species (Bascompte et al. 
2005; Ledlie et al. 2007; Wallner-Hahn et al. 2015), 
such as top predators (piscivores). The removal of 
large herbivores and piscivores is particularly criti-
cal for coral reefs since these two groups perform key 
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functions on the reefs such as the mediation of coral-
algae relationships and maintenance of food web 
structure (Darling and D’Agata 2017; Graham et  al. 
2017).

Brazil is a megadiverse country with continental 
dimensions on land and sea, with more than 8000 km 
of a heterogeneous coastline and 4.5 million  km2 of 
Exclusive Economic Zone (EEZ), known as "the Blue 
Amazon" (Marroni 2014). The Brazilian coast shel-
ters extensive shallow and mesophotic reefs, exten-
sive mangroves, the largest rhodolith beds in the 
world, rocky shores and several estuaries and lagoons 
(Leão et  al. 2003; Miloslavich et  al. 2011; Viana 
et  al. 2021). Tropical reefs extend from the north to 
the northeastern coast, while subtropical rocky reefs 
predominate in the southern and southeastern coast 
(Ferreira et  al. 2004). The Brazilian Province con-
stitutes a distinct biogeographic province character-
ized by a high degree of endemism (Kulbicki et  al. 
2013;   Pinheiro  et  al. 2018a). The reef fish commu-
nity composition varies along the latitudinal gradi-
ent, with a peak in species richness in the transition 
zone between tropical and subtropical conditions, and 
with the lowest diversity in the south (Pinheiro et al. 
2018a). Fish biomass also changes in response to var-
iation in temperature, productivity, depth and human 
density along the coast (Morais et al. 2017). Despite 
the vast extent of the Blue Amazon and the impor-
tance of marine resources for the coastal population, 
Brazil historically has a poor investment in ocean 
protection and marine resource monitoring and man-
agement. Consequently, the country has only a small 
portion of its continental shelf currently under some 
degree of protection (~ 4%; Miloslavich et  al. 2011; 
Magris  2021), with insufficient conservation poli-
cies, education investments and surveillance to avoid 
overfishing and capture of threatened species (Pin-
heiro et al. 2021).

Reef fisheries comprise about 15% of total marine 
fisheries in Brazil and are mainly harvested by the 
artisanal fishery fleet (Oliveira and Silva 2012; 
Mattos et  al. 2020). Information on fisheries and 
social-ecological relationships between coastal com-
munities and reef resources are scarce for most of 
the coastal region (but see Begossi et  al. 2009; Pre-
viero and Gasalla 2018; Silva et  al. 2019; Previero 
and Gasalla 2020). Although the artisanal fisheries 
employ a much larger number of fishers (> one mil-
lion artisanal fishers, here defined as vessels < 20 

gross tonnage), government investments in the fish-
ing sector have almost entirely focused on the indus-
trial fisheries (Diegues 1983; MPA 2011; Oliveira 
and da Silva 2012; Gonçalves-Neto et  al. 2021). 
Marine fisheries in Brazil have a history of misman-
agement and discontinuity in organization, monitor-
ing and enforcement, with huge gaps in official fish-
ing landing statistics, which have been discontinued 
since 2011 (Oliveira and Silva 2012; Vilar et  al. 
2020; Gonçalves-Neto et al. 2021). This lack of data 
impedes regular stock assessments, the estimation 
of location-specific sustainable reference points and 
adaptive management. Because of the heterogeneity 
in the coastal seascape, socio-cultural characteris-
tics, economic development and infrastructure along 
the Brazilian coast, there is great diversification of 
reef fisheries in terms of fishing gear, fishing effort 
and target species (Munro et al. 1996; Kittinger et al. 
2015; Previero and Gasalla 2018). Thus, assessing 
reef fisheries at relatively small spatial scales, rather 
than the entire coast, is critical for the identification 
of patterns and drivers of reef fisheries and for ade-
quate fishing policies and management plans.

Despite the limited availability of historical data 
on pristine Brazilian reef ecosystems, there is strong 
evidence that fishing has profoundly changed fish 
community structure. This has resulted in biomass 
declines of top predators and large herbivorous fish, 
local extinctions, as well as shifted environmental 
baselines among fishers (Floeter et  al. 2006; Fran-
cini-Filho and Moura 2008; Luiz and Edwards 2011; 
Bender et  al. 2014; Roos et  al. 2016; Leduc et  al. 
2021; Fogliarini et  al. 2021). These changes in fish 
community structure might affect functions on an 
ecosystem scale (Luza et al. 2023).

A trait-based approach can support biodiversity 
conservation and fisheries management by improv-
ing our ability to associate changes in relative abun-
dances or biomass of species to changes in traits that, 
in turn, affect ecosystem services provided by fishes 
(Luiz et  al. 2019). An example is removal of inver-
tivores that feed on sea urchins, causing sea urchin 
populations to explode with detrimental effects on 
marine ecosystem health (Mcclanahan and Muthiga 
2016). Historically, functional-trait approaches to 
evaluate fishing impacts on ecosystem functionality 
have been underutilized (Villéger et al. 2017). Recent 
studies, however, have shown critical links between 
functional traits and vulnerability to specific fishing 
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gears (Mbaru et al. 2020; Barbosa et al. 2021), dem-
onstrating that the use of species traits can aid fisher-
ies management (Pincinato and Gasalla 2010, 2019; 
Anderson et  al. 2022), particularly in complex mul-
tispecies reef fisheries. For example, the position and 
configuration of a selective fishing device may be 
adapted to the specific behavior or swimming capac-
ity of certain bycatch species (Mouchet et al. 2019). 
Understanding the combined patterns of abundance 
and species traits, as well as the distribution of func-
tional traits within natural assemblages, may enable 
resource managers to establish goals for maintaining 
or restoring ecosystem processes and services (Cole-
man et al. 2015).

This study presents the first comprehensive char-
acterization and analysis of the Brazilian reef fish-
eries coupling both spatio-temporal and functional 
approaches while aiming to elucidate drivers of the 
reef fisheries through space and time. We analyze 
changes in the taxonomic and functional trait com-
position of reef fisheries in Brazil since the 1950s 
by main geographic regions (the North, Northeast, 
Southeast and South) and determine changes over 
time in volume and trait composition (average trophic 
level, body size, depth range, water column level and 
group size) in fish landings. Further, we characterize 
the Brazilian reef fisheries in space and time by an 
extensive literature review, and describe the develop-
ment and drivers of reef fisheries in each region, pro-
viding context to the patterns identified in the land-
ing data. Finally, we highlight information gaps that 
should be incorporated into ecosystem-based policies 
and management towards sustainable reef fisheries in 
the Blue Amazon.

Methods

Study area

The Brazilian coast can be divided into four major 
regions, the North, the Northeast, the Southeast and 
the South (Fig. 1). The North is located in the tropics 
(4°N–1°S) and is a highly productive area due to the 
input of nutrients discharged by the Amazon River 
and carbon export from the second largest mangrove 
area in the world (Dittmar and Lara 2001; Araujo 
et al. 2021). The reefs in the North are predominantly 
deep, including the Great Amazon Reef System 

(GARS) (Collette and Rutzler 1977; Moura et  al. 
2016; Francini-Filho et  al. 2018), but mesophotic 
reefs are also common along the coast and in oceanic 
locations (Francini-Filho et al. 2019, Table 1).

The Northeast region (01°S–18°S) is predomi-
nantly oligotrophic (Viana et  al. 2021) and com-
prises the largest area of shallow coral reefs in Brazil 
(Table 1), which are composed by pinnacles, fringing 
and bank reefs, in addition to sandstone reefs (Leão 
et  al. 2003). “The Coral Coast”, along the states of 
Rio Grande do Norte, Paraíba, Pernambuco and 
Alagoas, constitute a long stretch (~ 3000  km) of 
shallow reefs, where the southern part (~ 130  km) 
form a barrier reef which creates a lagoon/back reef 
area interspersed with patch reefs (Castro and Pires 
2001). The easy access and proximity to large coastal 
cities have contributed to severe degradation espe-
cially of the southern part of the Coral Coast (Cas-
tro and Pires 2001). The continental shelf expands 
in the southernmost part of the Northeast region to 
about 200 km wide, forming the Royal Charlotte and 
Abrolhos banks (Castro and Pires 2001; Negrão et al. 
2021). The large and shallow Abrolhos Bank (depths 
rarely exceed 30 m and the shelf edge at about 70 m) 
(Francini-Filho et al. 2013) harbors the largest extent 
of biogenic reefs in Brazil, with patch and bank 
reefs and large mushroom-shaped “chapeirões” (a  
unique  type of pinnacles), and extensive rhodolith 
beds (Leão et al. 2003; Moura et al. 2013).

The Southeast (18°S–25°S) is characterized by 
rocky reefs (Castro and Pires 2001). It is a transition 
zone between tropical and subtropical conditions, 
influenced by upwelling (Castelão et al. 2004; Milo-
slavich et al. 2011). Large areas of rhodolith beds are 
located in Espiríto Santo, as well as a chain of sea-
mounts (the Vitoria-Trindade seamount chain), while 
a large part of the shallow continental shelf of Rio de 
Janeiro and São Paulo is composed of sand or mud 
(Miloslavich et al. 2011, Pinheiro et al. 2015).

The South (25°S–34°S) is subtropical to temper-
ate, with most of its coastal waters influenced by 
the  South Atlantic Central Water (SACW) intrusion 
during the summer and by the runoff from La Plata 
River and the Patos Lagoon (Piola et al. 2018), which 
creates productive coastal waters (Castello et  al. 
1997). The coastlines of Santa Catarina and Paraná 
are composed of rocky shores, estuaries, lagoons and 
sandy beaches (Brandini 2013). The southernmost 
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coast of Rio Grande do Sul is dominated by sand, and 
also harbors an extensive system of coastal lagoons.

The estimated number of fishers, reef area and 
most fished species vary among the four regions 
along the coast (Table  1, Fig.  1). The largest 

Fig. 1  Map showing the coast of Brazil colored by main 
regions (N = North, NE = Northeast, SE = Southeast, and 
S = South). State abbreviations as in Table 1. Fish silhouettes 
represent the most landed taxa in 2015 in each region and the 
most common fishing gears utilized in each region (see Table 2 
for gear types). BALCAP  Balistes capriscus, CARBAR  Caranx 
bartholomaei, CAR CRY   Caranx crysos, CARSPP  Caranx spp., 

DACVOL  Dactylopterus volitans, HAEPLU  Haemulon plumi-
eri, LUTANA  Lutjanus analis, LUTPUR  Lutjanus purpureus, 
LUTSYN  Lutjanus synagris, MYCBON  Mycteroperca bonaci, 
OCYCHR  Ocyurus chrysurus, PAGPAG  Pagrus pagrus, SCO-
BRA  Scomberomorus brasiliensis, SCOSPP  Scomberomorus 
spp.
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shallow-water reef areas are located in the North-
east region, as well as the highest number of reg-
istered commercial fishers, and the highest num-
ber of targeted reef fish species (Table 1, Table S1 
Suppl Info 1).

Literature review

We performed a targeted literature review, using 
Google Scholar and combining the words “reef fish-
eries Brazil”, “fisheries”, names of certain species 
(e.g. Scomberomorus, Lutjanus cyanopterus), “socio-
ecologic” + “fisheries”, “fisheries management”, 
“artisanal fisheries Brazil” both in English and Portu-
guese. We included  peer-reviewed scientific articles 
and grey literature such as theses and reports. The 
search for literature was conducted between May and 
August 2022.

Fish and fisheries data

We extracted information on reef-associated spe-
cies from a fishery landing database for the period 
1950–2015 hosted by the Instituto de Pesca (www. 
prope sq. pesca. sp. gov. br) (IP 2021), based on the reef 
fish species definition of Pinheiro et al. (2018a). The 

database consists of fishery landing data per state, 
and is based on reported and reconstructed data since 
the 1950s from a range of different institutions such 
as the Centro de Pesquisa  Nordeste (CEPENE), Insti-
tuto Brasileiro do Meio Ambiente e dos Recursos 
Naturais Renováveis  (IBAMA), Ministério de Agri-
cultura e Pecuária and several universities. The recon-
structed data refers to cases when data on state level 
was missing (i.e., only existed from a few munici-
palities within a state), and existing data was used to 
extrapolate values for the whole state (for details see 
Freire et  al. 2021). The database includes landings 
of commercial fisheries by the artisanal and indus-
trial fleets, where artisanal fishing is defined as vessel 
size < 20 gross tonnage and industrial fishing vessels 
as  size > 20 gross tonnage (Freire et  al. 2021). Sub-
sistence and recreational fishing were not included in 
the analyses. There are 176 reef fish genera occurring 
in Brazil (Pinheiro et al. 2018), of which 53 were tar-
geted by commercial fisheries (i.e., included in Freire 
et al. 2021) (Table S1, Suppl Info 1).

We selected six fish traits associated to fishing 
vulnerability within reefs (Anderson et al. 2021, Car-
valho et  al. 2021; Mbaru et  al. 2020): (i) fish body 
size (maximum total length; continuous trait); (ii) 
trophic level (position in the food web; continuous 

Table 1  Reef areas for each region in  km2 (Magris 2021)

N  the North, NE  Northeast, SE  Southeast and S  the South region
a Registered in the SiSRGP (“Sistema Informatizado do Registro Geral da Atividade Pesqueira”) in 2021 (Conab 2022)(freshwater 
and marine fisheries)

Region States Number of  fishersa Shallow-
water coral 
reef

Mesophotic reef Rhodolith beds Shallow 
water rocky 
reef

Total reef area

N Amapá (AM), Pará 
(PA)

251 066 21 641.64 17 856.51 39 498.15

NE Maranhão (MA), Piauí 
(PI), Ceará (CE), 
Rio Grande do Norte 
(RN), Pernambuco 
(PE), Paraíba (PB), 
Alagoas (AL), 
Sergipe (SE), Bahia 
(BA)

467 550 730.4 9 120.22 11 740.77 21 591.39

SE Espírito Santo (ES), 
Rio de Janeiro (RJ), 
São Paulo (SP)

49 196 7057.17 36 870.64 1 811.2 45 739.01

S Santa Catarina (SC), 
Paraná (PR), Rio 
Grande do Sul (RS)

53 667 58.23 58.23

http://www.propesq.pesca.sp.gov.br
http://www.propesq.pesca.sp.gov.br
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trait); (iii) maximum and minimum depth of occur-
rence (meters; continuous trait); (iv) diet (piscivore-
cephalopod feeders (PC), mobile invertivores (IM), 
sessile invertivores (IS), omnivores (OM), plank-
tivores (PL), macroalgae herbivores (HM), and 
herbivore-detritivores (HD); categorical variable); 
(v) school size (solitary, pair, small-sized group, 
medium-sized group, large-sized group; categorical 
variable) and; (vi) position in the water column (lev-
els: high, low, bottom; categorical variable). We gath-
ered these data from Quimbayo et al. (2021) for bony 
fish and from FishBase (Froese and Pauly 2022) for 
cartilaginous fish, and summarized trait values (aver-
age for continuous traits, modal for categorical traits 
across species within genera) at the genus level to 
match the taxonomic resolution of landing composi-
tions from Freire et al. (2021).

Data analyses

To understand the contribution of artisanal and indus-
trial fishing to Brazilian reef fisheries, we organized 
the reef fish landings in tonnes by fishing sector (arti-
sanal and industrial) and region (North, Northeast, 
Southeast, South), for each year, from 1950 to 2015. 
We ran a similar analysis for: (i) diet categories (PC, 
IM, IS, OM, HM, HD) to define catches related to 
diet; and, (ii) selected genus of bony and cartilaginous 
fish that are not among the most harvested taxa but 
nevertheless have suffered population reductions from 
fisheries, which was defined in the literature review.

We used Principal Coordinate Analysis (PCoA) 
to investigate whether reef fisheries changed in tax-
onomic composition over time, as expected in sce-
narios of overexploitation of stocks and shifts in tar-
geted species (Graham et  al. 2017). Genera with an 
annual volume < 1% of total landings per year were 
excluded from all further analyses. We built a matrix 
of fish genera composition per year (53 genera, 
66 years), with cell values consisting of the summed 
landing amount per year and genus. As catch amount 
showed substantial variation (0 to 15 880.75 tonnes 
across genera and years, average of 1 413.564 ± 2 
591.12 standard deviation (SD)), we used Hell-
inger transformation to normalize these differences 
between abundant and rare taxa (Legendre and Gal-
lagher 2001). We calculated the Bray–Curtis distance 
between years regarding genera composition and 
catch amount, and then submitted this distance matrix 

to a PCoA (Legendre and Legendre 1998). To explore 
changes in genera composition per region, we ran the 
same analysis, using a PCoA applied to a Bray–Curtis 
distance matrix of genera composition per year and 
catch amount for each region.

We associated the change in genera composition 
to changes in fish traits by relating the first PCoA 
axis, depicting the major changes in genera compo-
sition over time, with trait averages at the year level 
weighted by its catch amount (also known as Com-
munity Weighted Means, Garnier et  al. 2004). We 
calculated trait averages for five traits: (i) maximum 
genera length, (ii) trophic level, (iii) minimum and 
(iv) maximum depth occurrence, and (v) the interac-
tion between position in the water column and group 
size (treated as ranked variables where species occur-
ring close to the bottom and forming larger schools 
had higher ranks). To explore the spatial/regional pat-
terns in traits of landed catch, we used a PCoA and 
projected the trait space filled by harvested genera 
in each region over the complete trait space (i.e. the 
space composed by the whole set of fishes landed 
in Brazil since the 1950s). This analysis reveals the 
patterns of trait space change across regions (not 
including temporal trends). This PCoA was built on 
the Gower distances between standardized values of 
the five traits. We filled the trait space with a gradi-
ent of colors depicting variation in fish trophic lev-
els across genera. The gradient was created using an 
Inverse Distance Weighting kriging applied to trophic 
level and the first two PCoA axes. All analyses were 
run in the R Programming Environment (R Core 
Team 2022). Distance matrices and the PCoAs were 
performed using functions of the vegan (Oksanen 
et al. 2020) and ape R packages (Paradis and Schliep 
2019), the community trait averages using the 
SYNCSA package (Debastiani and Pillar 2012), and 
the kriging using the gstat package (Pebesma 2004).

Results

Fisheries description

The North region

Fisheries in this region almost exclusively exploit car-
nivorous fish with the Southern red snapper, Lutjanus 
purpureus, as the main target, using specially adapted 
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longlines and traps (Fig.  1, Table  2). The Southern 
red snapper fishery also harvests other reef species, 
such as the yellowtail snapper (Ocyurus chrysurus), 
dog snapper (Lutjanus jocu), groupers (Epinephe-
lus spp. and Mycteroperca spp.), jacks (Carangidae) 
and Spanish mackerel (Scomberomorus brasiliensis) 
(Bentes et  al. 2012, IP 2021). Scomberomorus spp. 
have always been a primary resource in the North and 
one of the most landed genera (5765 tonnes in 2015; 
IP 2021) (Maia et al. 2015), and sharks and rays are 
also frequently landed.

The main fishing grounds in the North region are 
located on the mesophotic Great Amazon Reef Sys-
tem (GARS), since the coast is lined with mangroves. 
Fishing directed towards reef fish was initiated on a 
small scale in the 1970s as a result of depleted South-
ern red snapper (L. purpureus) stocks in the Northeast 
region (Aragão 2018). Driven by the international 
market (primarily in the USA), fisheries peaked in 
the 1990s (Aragão 2018, Freire et al. 2021) and com-
prise one of the largest Brazilian marine resource 
exports (37.5 million USD in 2021) (MDIC 2021, 
Araujo et  al. 2021). The North region is considered 
one of the world’s elasmobranch conservation hot-
spots (Dulvy et al. 2014) and species from the genera 
Carcharhinus, Sphyrna, Rhizoprionodon, Ginglymos-
toma, batoids such as eagle rays (Aetobatus narinari) 
and whiptail stingrays (Hypanus spp.) are frequently 
caught with longlines (Feitosa et al. 2018; Rodrigues-
Filho et  al. 2020). For more details, see Table  S1 
Suppl. Info. 2.

The Northeast region

Similar to many tropical coral reef fisheries world-
wide, the snapper-grouper complex is the most impor-
tant reef fish group targeted in the Northeast region 
(Frédou 2004; Frédou et al. 2009). This includes Lut-
janus analis, L. synagris, L. jocu, O. chrysurus, L. 
cyanopterus, Rhomboplites aurorubens, M. bonaci, 
E. morio, among others (Frédou et  al. 2009; Frei-
tas et al. 2011; Aschenbrenner et al. 2017; Previeiro 
and Gasalla 2020). The fisheries in the Northeast are 
diverse and include a number of different vessels and 
fishing gears (Fig. 1, Table 2). They target a range of 
species, such as Spanish mackerel (Scomberomorus 
brasiliensis), jacks (Caranx spp.), permits and pom-
panos (Trachinotus falcatus and T. goodei), halfbeaks 
(Hemiramphus spp.) and, in Rio Grande do Norte 

and Pernambuco, parrotfish (mainly Sparisoma axil-
lare and S. frondosum) and goatfish (Pseudupeneus 
maculatus and Mulloidichthys martinicus) in larger 
volumes in the trap fisheries (Bevilacqua et al. 2016; 
Roos et al. 2016, IP 2021). Other important species, 
but in lower volumes, are the queen triggerfish (Bal-
istes vetula), grunts (Haemulon spp.), rays and sharks 
(MMA 2006; de Souza 2018).

The fishing sector in the Northeast region grew 
slowly until the 1970s compared to the South and 
Southeast regions, due to a lack of infrastructure, 
such as freezers and access to markets (Diegues 
1983). Since then, fisheries have increased gradu-
ally by exploring the shallow reefs along the coast 
and incorporating new species over time (for more 
detailed information, see Table  S1 Suppl. Info. 2.). 
The fisheries in the Northeast predominantly sup-
ply national and international markets (Previeiro and 
Gasalla 2020). For example, commercial fisheries 
targeting the largest parrotfish species in Brazil, the 
endemic Scarus trispinosus, started at a larger scale at 
the Abrolhos Bank in the late 1980s due to the scarce-
ness of large top-predators (primarily M. bonaci and 
Lutjanus jocu) (Previero 2014).

The Southeast region

The fisheries in the north part of the Southeast region, 
the Espírito Santo state, target mainly snappers, 
groupers and triggerfish (Balistidae), on the shallow 
part of the continental shelf (50–100 m), using lines 
and nets (Fig. 1, Table 2). The majority of the catch 
comprises the gray triggerfish Balistes capriscus and 
the yellowtail snapper O. chrysurus, but also includes 
other snappers such as L. jocu and a variety of treval-
lies (Seriola spp., Caranx spp., Carangoides spp.; 
Martins et al. 2006). Most of these species are consid-
ered overfished or at their maximum level of exploita-
tion (Martins et al. 2006).

Catches further south (in Rio de Janeiro and São 
Paulo state) are less diverse in terms of reef fish spe-
cies, but include species such as trevallies and jacks 
(Seriola spp., Caranx spp.), the gray triggerfish (B. 
capriscus), sharks (Carcharhinus spp.), Scomb-
eromorus spp., P. pagrus and a few other species in 
smaller volumes (Almeida et  al. 2011; Motta et  al. 
2014, Freire et  al. 2021). Groupers (M. bonaci, E. 
marginatus and E. morio) and the cubera snapper (L. 
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cyanopterus) are fished in rather low quantities, but 
nevertheless, are considered valuable resources.

The longline fishery also targets some deep-water 
reef species such as the snowy grouper (Hyportho-
dus niveatus), wreckfish (Polyprion americanus) and 
sharks of the genus Carcharhinus at the continental 
shelf down to depths of 600 m (MMA 2006). Other 
elasmobranchs captured in the Southeast include 
eagle rays (Aetobatus narinari) and tiger sharks 
(Galeocerdo cuvier).

The line reef fisheries in the northernmost Espírito 
Santo almost exclusively targeted large group-
ers (e.g. M. bonaci and E. morio) until the end of 
the 1980s, when the fishery shifted towards smaller 
species such as O. chrysurus, Cephalopholis fulva 
and Rhomboplites aurorubens (Martins et  al. 2005). 
Many of the smaller species are destined for the 
international market, where they are marketed whole 
(“peixes de choque”, referring to the rapid freezing 
method to preserve the whole fish for export) (Mar-
tins et al. 2005). The interest for smaller, plate sized 
fish (~ 1 kg) on the international market was the main 
driver for this change in target species (Martins et al. 
2005). In the end of the 1980s, tuna was discovered 
in the area and the fisheries shifted from targeting 
demersal deep-reef species (> 100 m) such as H. nive-
atus to the new resource (Martins et al. 2005, 2006). 
For more details, see Table S1, Suppl. Info. 2.

The South region

Harvested species include Scomberomorus spp., 
trevallies (Caranx spp. and Seriola spp.), red porgy 
(Pagrus pagrus), the gray triggerfish (B. capriscus), 
spadefish (Chaetodipterus faber), snappers and 
groupers (Epinephelus spp., Mycteroperca spp. and 
Hyporthodus spp.), although reef fish species are not 
a large proportion of overall catch in the region.  The 
dusky grouper Epinephelus marginatus is one of the 
most important grouper species of Southern fisheries 
(Begossi and Silvano 2008). This species is targeted 
with bottom longlines, hook and line, and spearfish-
ing (Fig. 1, Table 2).

The coastal zone in the states of Paraná and Rio 
Grande do Sul is mainly composed of sand and pos-
sesses few rocky habitats, but reef fish are fished on 
the few rocky areas that exist.

Large quantities of red porgy (P. pagrus) were dis-
covered in the 1970s in deeper waters (50–120 m) off 

the coast of Rio Grande do Sul, which led to a heavy 
exploitation of this species (Haimovici 1997; Hai-
movici et  al. 2020). In the 1980s, the stock crashed 
and little recovery has been recorded (Haimovici 
et al. 2020). Another species fished at greater depths 
(< 500 m) is the Atlantic wreckfish (Polyprion ameri-
canus). This is a commercially valuable species that 
has been targeted since the 1970s, with a gradually 
evolving fishery (Haimovici 1997; Peres and Hai-
movici 1998), although technically protected due to 
its threatened status (the Brazilian red list) (MMA 
2014). For a more detailed description, see Table S1, 
Suppl. Info. 2.

Invertebrate fisheries

The spiny lobster (Panulirus spp.) is an extremely 
valuable resource, and its fishery has also impacted 
other species (Nogueira 2016; Cruz et  al. 2020). 
Additional organisms extracted from reefs are octo-
pus, conches and starfish (Gasparini et al. 2005; Dias 
et al. 2008; Martins et al. 2012b; Gurjão and Lotufo 
2018) (see Box 1).

Fishing data

One hundred and ten species from 57 genera and 
33 families are reported in the reef fisheries landing 
data, represented mainly by Lutjanidae, Scombridae, 
Epinephelidae and Carangidae (Fig.  1) (including 
taxa with low catch volumes that were excluded in the 
statistical analyses; Table S1; statistical analyses used 
53 taxa). Overall, landings of reef fishes were high-
est in the Northeast region, followed by the South-
east and the North regions, whereas the South region 
showed the lowest catches. Landings peaked in the 
early 2000s in all regions except in the South, fol-
lowed by declines especially in the North and South-
east regions (Fig. 2). Artisanal fishing predominated 
in the North and Northeast, while landings were 
more similar between industrial and artisanal fishing 
in the Southeast and South regions (Fig.  2). Mobile 
invertivores  (IM) were the most captured group over 
time across regions, with a steep decline in the North 
and Southeast regions after the 2010s (Fig.  3). Fur-
thermore, piscivores (PC) contributed considerably 
to total landings across regions (Fig. 3). In contrast, 
landings of herbivore-detritivores (HD) increased in 
the Northeast region only after the 1990s (Fig.  3). 
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Fig. 2  Landings of reef fish catch over time (1950–2015), 
shown per region and fishing sector (artisanal and indus-
trial). The fish silhouettes represent a large amount of this 
taxa in landings. Abbreviations: BAL  Balistes, CAR   Caranx, 
EPII  Epinephelus itajara, EPIM  Epinephelus morio, HAE  Hae-

mulon, LUTP  Lutjanus purpureus, LUTSPP  Lutjanus spp, 
MYC  Mycteroperca, OCY  Ocyurus, PAG  Pagrus, POL  Polyp-
rion, SCO  Scomberomorus and SPH = Sphyraena. Colors rep-
resent approximately % landed by each fishing sector at that 
specific time
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Temporal trends on historically heavily exploited gen-
era unveiled causes for patterns within diet categories 
(Fig. 4). For example, declines observed for PC and 
IM were mostly caused by declines in total landings 
of the genera Epinephelus, Mycteroperca, Ocyurus 
and Carcharinus sharks (Fig. 4).

Overall, landing composition differed between 
regions, with 9, 23, 14, and 15 genera harvested in 
the North, Northeast, Southeast and South, respec-
tively. The PCoA summarized most variation in 
genera composition over the years in a few axes 
(mainly in the first PCoA axis) (Fig. 5). There were 
changes in the identity of the targeted genera since 
the start of the fish landing statistics in all regions, 
shown by a steep variation in the first PCoA axis 

(Fig.  5). Variation in taxonomic composition per 
region showed that, in the North region, catch com-
position changed due to increases in landings of 
Epinephelus (1980–2007), and Hyporthodus, Ocyu-
rus and Lutjanus after the 2000s (Fig. S1.1). In the 
Northeast, Caranx, Seriola, Epinephelus and Ging-
lymostoma had a larger influence on catch composi-
tion during the 1950–1960s, and Alphestes, Cooke-
olus, Mycteroperca, Ocyurus and Haemulon after 
the 2000s (Fig. S1). In the Southeast, these changes 
were due to Lutjanus, Mycteroperca, Epinephe-
lus and Ocyurus (fished at the Abrolhos Bank by 
the fleets of Espírito Santo) in the 1950–1980s to 
Priacanthus, Kyphosus, Sphyraena and declines of 
Balistes after the 2000s. In the South, there was a 

Fig. 3  Temporal variation in the landings of reef fish belong-
ing to different diet categories in Brazilian fisheries in 1950–
2015. Values shown in the Y-axis represent the sum of land-
ings per year. Notice the different y-axis cuts for improved 

visualization. The groups listed in the legend are: PC  pisci-
vore-cephalopod  feeders, IM  mobile invertivores; IS  sessile 
invertivore feeders; OM  omnivores; HM  macroalgae herbi-
vores; HD  herbivore-detritivores
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change from Anisotremus, Mycteroperca and Car-
charhinus in the 1950s–1970s to Balistes, Priacan-
thus and Caulolatilus after the 2000s (Fig. S1.1).

Changes in taxonomic composition resulted 
in changes in trait composition. The relationship 
between the first PCoA axis and the average trait 
values per year showed a decrease in maximum 
size of targeted genera over time, and a decrease in 
the overall trophic level (from 3.92 to 3.85) (Fig. 6). 
Changes in the maximum and minimum depth range 
of the exploited genus showed more complex pat-
terns. The maximum depth range peaked during 
the 1980s (~ 160 m) and then decreased (~ 145 m in 
2015). The minimum depth range showed that in the 
1990s, depth decreased to 5.8  m, whereas in recent 
years (2010 onwards) reef fisheries targeted species 
from ~ 6.1 m depth (Fig. 6). We did not find any rela-
tionship between genera composition and the water 
level—school size interaction (Fig. 6).

Finally, after projecting the genus trait space in 
each region over the provincial trait space, we found 
that the Northeast and South fisheries harvested 
more functionally diverse/distant species and as 
such exploited a larger fraction of the provincial trait 
space. Contrastingly, the fisheries in the Northern 

region were concentrated in a smaller fraction of trait 
space, exploiting species with greater trait similarities 
(Fig. 7). Moreover, relative to other regions, there is 
a predominance of fish from higher trophic levels in 
landings from the Northern region since the 1950s 
(see the color gradient in Fig. 7). The first two PCoA 
axes explained 57% of the variation in trait data.

Discussion

The Brazilian coast, namely “the Blue Amazon”, con-
sist of a vast coast with a latitudinal gradient from 
tropical to warm temperate reefs, with multigear 
fisheries and distinct target species, making fisher-
ies monitoring and management a real challenge. 
In addition, research on Brazilian reef fisheries has 
mostly been conducted since the 1990s (Pinheiro 
et al. 2018). Information consists of scarce, inconsist-
ent and incomplete official landing data, in addition 
to reports, scientific peer-reviewed articles and gray 
literature. Yet, our results reveal dramatic changes 
in Brazilian reef fisheries over the past 60  years, 
particularly in four aspects; (1) changes in trophic 

Fig. 4  Temporal and regional trends of landings for selected 
taxonomic groups targeted by fisheries. The Y-axis shows the 
square root (Sqrt) of the  total landings per year. Note that the 
scale is not the same across plots. The trend line and uncer-

tainty (standard error bands) were produced by fitting a Loess 
smoothing function to the catch amount data at the square-root 
scale
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composition of landings; (2) a decrease in size of tar-
geted genera; (3) changes in depth of species within 
targeted genera and (4) large differences in land-
ing composition and volume between the four main 
regions (the North, Northeast, Southeast and South 
regions).

The average trophic level of the most harvested 
genera shows a similar pattern to a “fishing through 
the food web” scenario (sensu Essington et al. 2006), 
where species from lower trophic levels gradually 
have been added, while high-trophic level species 

continue to be fished. As large predators such as 
groupers and snappers declined, fisheries expanded 
to include other target species, such as triggerfish, 
goatfish and grunts, but also surgeon and parrotfish 
depending on the region (Suppl. Mat. 2). Examples of 
fishing down the food web are less common in coral 
reef ecosystems compared to other fisheries (but see 
Scheffer et  al. 2001; Mumby et  al. 2012). However, 
there are documented cases of phase shifts from coral 
to algae-dominated states when lower-trophic level 
species (parrotfish) have been overexploited. This 

Fig. 5  Turnover in the composition of fish genera in fish land-
ings over time plotted in two-dimensional space with Principal 
Coordinate Analysis (PCoA). The genera shown in the biplot 
(upper panel) are those presenting the strongest negative (left, 
⍴ <  = −0.7) and positive (right, ⍴ >  = 0.84) Pearson’s corre-
lation coefficient with axis 1, and the strongest positive cor-
relation coefficient (top, ⍴ >  = 0.4) with axis 2. Bubble color 
represents the year, and bubble size represents the year’s total 

landing. Note that most variation was explained by the first 
ordination axis, with most genera varying in catch amount 
along this axis; fewer genera were correlated to axis 2. Lower 
panels show changes in genus composition over time for all 
the coast and separated by region. The trend line and uncer-
tainty (standard error bands) were produced by fitting a Loess 
smoothing function to the eigenvectors of the first PCoA axis
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is usually driven by declines of large predatory spe-
cies (e.g. Hughes 1994). Trophic cascades have also 
been recorded such as overgrazing of seagrasses by 
sea urchins as a result from triggerfish overharvesting 
(Eklöf et  al. 2008). Unfortunately, there is no docu-
mentation of or research exploring cascade effects on 
Brazilian reefs.

The average maximum body size of targeted spe-
cies has been decreasing since the 1990s, whereas 
the depth range increased in the middle of the time 
series, but decreased again at its end. The changes in 

depth suggest that fisheries started to exploit deeper 
reefs (for species such as Hyporthodus spp.) and then 
returned to fish species that span shallower waters in 
recent decades, including many meso-predators, but 
also lower trophic level species. This reflects tem-
poral changes in target species and market demands, 
but clearly indicates the classical collapse of stocks 
of some of the larger reef predators due to overfish-
ing (Suppl. Mat. 2). Shifts in targeted species may be 
culturally or commercially driven (Yadav et al. 2021), 
and the international market strongly contributed 

Fig. 6  Change in average maximum body size, trophic level, 
depth range and the interaction between level in water column 
and fish group size of the 15 most harvested genera of reef fish 
in Brazilian reef fisheries over time. The First PCoA Axis (the 
x-axis) comprises the main axis of change in the composition 
of fish genera (shown in Fig. 3), and the community weighted 

means of trait values (the y-axis) refer to genera trait values 
weighted by their landings. The trend line and uncertainty 
(standard error bands) were produced by fitting a Generalized 
Additive Model with a cubic spline and four knots to the com-
munity weighted means of trait values
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in shaping the reef fisheries through demand for red 
snapper, and by exploiting smaller “plate-sized fish” 
(Martins et al. 2005). This includes smaller snappers, 
parrotfish and goatfish from the Northeast, and sea 
breams from the Southeast (Suppl. Mat. 2). This pat-
tern also indicates the classical collapse of stocks of 
some of the larger reef predators due to overfishing, 
especially on the shallower reefs.

Finally, regional differences in fisheries result 
in some areas landing a greater quantity and higher 
diversity of reef fish caught by artisanal fisheries (the 
North and Northeast regions), while others rely more 
heavily on industrial fisheries (the South and South-
east regions) focusing on fewer species. The more 
recent Northern fisheries are largely focused on the 
Southern red snapper L. purpureus, Scomberomorus 
spp. and spiny lobster, almost exclusively targeting 
carnivorous species. There is a considerable overlap 
in target species between the Northeast and South-
east, with the tropical reefs of the Northeast the most 
diverse regarding reef-associated fish, harvesting spe-
cies from a large range of trophic categories such as 
spiny lobster, groupers, snappers, parrotfish (Scarus 
spp., Sparisoma spp.), goatfish (Mullidae) and sur-
geonfish (Acanthurus spp.). Subtropical reefs of the 
Southeast and South regions provide a comparatively 
higher biomass of cold-water species such as sea 
breams (Sparidae).

Targeting fish from a range of different trophic 
levels is common in tropical coral reef fisheries and 
does not necessarily mean that fisheries are unsus-
tainable (Munro et al. 1996; Martin et al. 2017). Bal-
anced harvest (e.g. targeting fish from an equal range 
of trophic levels and sizes; Garcia et  al. 2012), has 
been suggested as an option in reef fishery manage-
ment (Pelage et  al. 2021). Indeed, for some regions 
it has proved to reduce biomass fluctuations, which 
could mitigate the impact of changing environmental 
and fisheries conditions as long as fishers exploit a 

diverse set of species (Vargas et  al. 2022). The cur-
rent situation in Brazil is problematic because many 
of the stocks are overexploited or subjected to intense 
fishing pressure without information on population 
status (Vasconcelos et  al. 2007; MMA 2018a, b, c; 
Dias 2022). Effects of fishing are clearly visible on 
shallower reef systems, where there are low abun-
dances and biomass of larger species (e.g. E. itajara, 
M. bonaci, S. trispinosus) (Morais et  al. 2017). Top 
predators such as reef-associated sharks comprise 
a small part of fish landings, but have nevertheless 
suffered severe reductions in population size (MMA 
2018a, b, c). Statistical catch data of elasmobranchs  
has always been neglected due to illegal fishing and 
underreporting of the true catch, but even with poor 
data on landings, our findings show that landings of 
Carcharhinus in the North region are the highest in 
the country and have increased more than twofold in 
40 years (Fig. 5). Brazil is one of the top countries in 
shark fisheries and consumption, and also importing 
shark meat to meet market demands (Almerón-Souza 
et al. 2018; Bornatowski et al. 2018; Pincinato et al. 
2022). This is worrisome, as shark meat is cheap and 
there is low public awareness regarding the unsustain-
ability of this resource (Pincinato et al. 2022).

Apart from top predators, a number of key stone 
species are targeted, such as Balistes vetula, an impor-
tant sea urchin consumer, which was heavily targeted 
with no information on sustainable levels before long 
term monitoring programs using visual census could 
report declines of this species. Nevertheless, B. vetula 
continues to be targeted by fishing fleets in the North-
east and Southeast regions. Likewise, a large dimen-
sion of reef fish trait diversity might be compromised 
by overfishing and lack of management. Due to low 
regional species richness and low functional redun-
dancy in the Brazilian biogeographic province, the 
loss of taxa possessing specific or unique traits caused 
by overfishing may have disproportionate effects 
on reef ecosystem functions and services (Halpern 
& Floeter 2008; Martins et al. 2012a). The focus on 
top predators and large carnivores by fisheries has 
led to decreased functional diversity on fished reefs 
(Rolim et al. 2022), although few studies have inves-
tigated this subject and associated ecosystem effects. 
To that end, there is an urgent need to increase the 
collection and accessibility of biodiversity monitor-
ing data (including both taxonomic and functional 
assessments), as well as to identify which traits confer 

Fig. 7  Patterns of exploitation of the functional trait space of 
Brazilian reef fish. The upper panel delineates the functional 
trait space of landed reef fish genera (represented by a polygon 
outlined by a solid line, marked with a hook) in relation to the 
total trait space of the Brazilian province (outlined by a dotted 
line). The lower panels illustrate the functional trait space of 
reef fish genera landed per region in selected years, with circle 
size proportional to landing amounts. The color gradient in the 
lower panels represents variations in fish trophic levels across 
genera, generated using an Inverse Distance Weighting kriging

◂
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Invertebrate fisheries on reefs

Invertebrates including lobster, octopus and echinoderms (e.g. sea urchins, starfish and sea cucumbers) are 

harvested on Brazilian reefs. The first two constitute valuable monetary resources to coastal populations, 

while the latter is usually only locally exploited for subsistence or souvenirs. The lobster fishery is the 

largest fishery, targeting Panulirus spp. and operating in the North, Northeast and Southeast regions, where it 

is mainly fished in Espírito Santo (Bentes et al. 2012, Cruz et al. 2020, Freire et al. 2021). In the  

Northeast Region, spiny lobsters (Panulirus meripurpuratus , P. laevicauda and P. echinatus) are one of the 

most valuable fishery resources, supplying both national and international markets (91.8 million USD in 

exports 2019) (Cruz et al. 2020) as well as providing job opportunities (Ivo and Pereira 1996). On the Great 

Amazon Reef System, bottom driftnets and traps are used (Bentes et al. 2012) and in the Northeast and

Southeast regions, traps and prohibited gears (hookah diving and gillnets) are also practiced (Netto and 

Beneditto 2007, Duarte et al. 2011, Cavalcante 2014, Cruz et al. 2020). 

The commercial lobster fishery was initiated in the Northeast region by 1955, in Ceará (Paiva et al. 

1971), and in the Abrolhos Bank in the late 1970s (Ivo & Pereira 1996), and then expanded to the North 

region in the late 1980s (Bentes et al. 2012, Alves et al. 2020). This fishery has suffered from insufficient 

monitoring, ineffective management and unsustainable practices with negative socio-ecological consequences 

(Cintra et al. 2013, Cavalcante 2014). Signs of overexploitation were detected in the 1970s, with catches 

peaking in 1979 (11 033 tonnes) and then declining (Cruz et al. 2020). Although there is still debate on its 

sustainability, catches have remained below maximum sustainable yield over the last decade although with 

increasing CPUE (Dias Neto 2008, Cruz et al. 2020).

The lobster fishery has been subjected to management aiming at improving and regulating fisheries, 

including periodic closures, size limits, prohibition to fish berried females (i.e. females carrying eggs) and 

gear restrictions (Cavalcante 2014). One of the most devastating resolutions for coastal ecosystems were the 

legalization of gillnets between 1995 and 2007 (Cavalcante 2014, Nogueira 2016). Gillnets have negative 

effects on stocks from catching immature individuals, with substantial bycatch (Giglio & Bornatowski 2016, 

Nogueira 2016). When gillnets were prohibited in 2007, more than 12 million meters of nets were confiscated 

(Cavalcante 2014). Unfortunately, gillnets continue to be used illegally due to lack of enforcement (Cruz et al. 

2020).

The octopus fishery is one of the least studied reef fisheries in Brazil, despite occurring in the 

Northeast (mainly O. insularis), Southeast and South regions (mainly O. americanus). In the Northeast, 

consumption has historically been low (Nóbrega et al. 1975), but octopus is a profitable fishery today and an 

important source of income for coastal communities (Andrade 2015, Batista et al. 2022). Octopus is fished 

either by diving or walking on the coastal reefs in low tide (i.e. gleaning), using simple tools such a metal 

Box 1  Invertebrate fisheries on Brazilian reefs. Images from the Integration and Application Network, University of Maryland
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species vulnerability to overexploitation and how the 
loss of these species may impact ecosystem function.

Fishing along the latitudinal gradient of the Bra-
zilian coast, including tropical to subtropical/warm-
temperate reef species, consists of a complex sce-
nario for multitarget management priorities. A factor 
that contributes to the spatial heterogeneity in land-
ing volumes is productivity, which varies strongly 
along the coast, with high productivity in upwelling, 
subtropical regions (e.g., Espírito Santo and Rio de 
Janeiro in the Southeast), and in the tropical region 
where there are large rivers (e.g., the North region), 
with oligotrophic conditions where these are lacking 

(e.g., much of the Northeast region) (Miloslavich 
et al. 2011; Morais et al. 2017). Consequently, maxi-
mum multispecies sustainable yield should vary 
along the coast, which is why management and quo-
tas would need to be locally adapted. Maximum pos-
sible harvest for shallow reefs in Brazil may be lower 
than in the tropical Pacific, based on a smaller area 
of shallow flats suitable for gleaning (e.g. harvesting 
resources by walking  with no or very simple tools), 
and the lower richness and abundance of planktivo-
rous fish (Pinheiro et  al. 2018), which in the Indo-
Pacific has been linked to productive fishing spots 
(Morais et al. 2021). The Caribbean is less productive 

stick with a bent end (Table 2) (Leite et al. 2010, Haimovici et al. 2014, Lopes et al. 2021). Octopus is one of 

the few resources that remain on the most accessible reefs (e.g. accessible by walking). Fishing with pots 

mounted on longlines is common on subtidal reefs (Braga et al. 2007, Haimovici et al. 2014, Lopes et al. 

2022), and hookah or free diving also occurs (Haimovici et al. 2014). Octopus landings increased substantially 

2021, Batista et al. in the first decade of the 2000s (from about 200 tonnesin 2000 to 1000 tonnesin 2009), 

followed by a decline in 2010, probably due to overexploitation (Haimovici et al. 2014, IP 2021). In 2015, 

the total reported catch from the Northeast region was 156 tonnes (IP 2021),with no sharp decline in harvest 

during the last decades (Batista et al. 2022). Across regions, licenses, minimum sizes and maximum number 

of pots per vessel were introduced as management strategies (Haimovici et al. 2014; Batista et al. 2022), but 

enforcement is limited (Batista et al. 2022). 

Other invertebrates such as sea urchins, starfish, corals, conchs and sea cucumbers, are exploited 

commercially for food, aquarium, and souvenir trade in Brazil (Gasparini et al. 2005, Dias et al. 2008, Martins 

et al. 2012b, Gurjão and Lotufo 2018), including endangered species (Pinheiro et al. 2018b). Sea urchins have 

been consumed as a delicacy and harvested at small scales in São Paulo (Marenzi et al. 2006), Bahia (Carneiro 

and Cerqueira, 2008), and Pernambuco (Santos et al. 2021). Sea cucumbers have a high value on the Asian 

market (Rahman et al. 2020) and have been exploited in Brazil (Hadel et al. 1999, Freire et al. 2021), although 

prohibited to fish in Brazil since 1998 (Brasil 1998, 2009). Different shellfish, especially large conchs, but 

also starfish disappeared in many places before the 1980s, following reports of local extinctions (Gasparini et 

al. 2005; Dias et al. 2011). The aquarium and souvenir trade also target corals (Pinheiro et al. 2018b), where

the majority of the extraction was initiated in the 1980s (Gasparini et al. 2005). Collecting of fire corals 

(Milleporids) have damaged the reefs by decreasing its structural complexity. Fishing efforts of these species 

are unreported and, because of the sensitivity of many invertebrate populations to harvesting and their 

functional importance on reefs, there is a need for urgent monitoring, regulation and enforcement (Uthicke et 

al. 2009).

Box 1  (continued)
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than the Indo-Pacific, and Brazil probably falls in the 
same category (Munro et al. 1996). Determining the 
maximum multispecies sustainable yield of Brazilian 
reef fisheries, considering local characteristics, would 
be a fundamental step in ecosystem-based resource 
management (e.g. McClanahan et al. 2023). On spe-
cies level, tropical-associated species like parrotfish, 
which occur on both subtropical and tropical reefs 
(Ferreira et  al. 2004; Morais et  al. 2017), need dif-
ferential management models within regions, as dem-
onstrated by the collapse of the endemic Greenbeak 
parrotfish in the Southeast (Bender et al. 2014). Par-
rotfish like the large Greenbeak parrotfish and other 
species endemic to the Brazilian Province do not find 
optimal refuge in deep cold habitats of the subtropical 
southeast and southern rocky reefs. The population 
collapse on the shallow reefs for these tropical-associ-
ated species therefore means local extinction (Bender 
et al. 2014). In the tropical regions, mesophotic reefs 
can still provide refuge for many of the larger parrot-
fish species as well as a number of tropical-associated 
reef fish species.

Brazilian reef fisheries differ from reef fisheries in 
other low- and middle- income countries in several 
social-economic aspects. The importance of subsist-
ence fishing on reefs appears to be low or restricted to 
few locations (see, e.g., Santos 2015), while in many 
other countries subsistence fishing is the main pur-
pose of tropical reef fisheries (Munro et al. 1996; Kit-
tinger et al. 2015; Mora 2015). This pattern can usu-
ally be linked to the local availability of agricultural 
products and cultural customs with preference for 
other protein sources (Munro et al. 1996; Viana et al. 
2021). In the Maldives, for example, tuna has histori-
cally been preferred over reef fish (Yadav et al. 2021), 
while in Asia and the Indian Ocean, hundreds of reef 
species compose the catch (Unsworth et  al. 2018). 
In many regions of Brazil, beef is preferred to fish, 
and hence consumption of marine fish is low (< 10 kg 
per person and year, OWID 2022). Fish consumed in 
Brazil include pelagic fish (mainly sardines) or mul-
lets in the south, while codfish (following the Portu-
guese tradition), salmon (for sushi) and shark meat is 
imported (IBGE 2020; MDIC 2022). In the tropical 
Northeast, reef fish are more commonly consumed 

by coastal communities and largely available in res-
taurants when compared to subtropical regions of the 
country. High-trophic level species are often more 
valuable on the commercial market and will be sold, 
while low-trophic level, less valuable species may 
be consumed by fishers (da Cunha et  al 2023). It is 
possible that availability of other food sources (agri-
cultural products and estuarine food resources) have 
prevented exploitation of a more diverse set of reef 
species. In this sense, reef resources may be more 
important as a source of income than as protein for 
most coastal communities. Commercial fisheries tar-
geting the national and international markets seem to 
be the main drivers of extraction of reef resources, 
along with recreational spearfishing in some parts of 
the country. To elucidate the importance of reef fish 
as protein for coastal communities and consumer hab-
its, there is an urgent need for studies targeting con-
sumption habits and socio-ecological contexts as well 
as data from local fisheries.

Management strategies for reef fish in Brazil cur-
rently in place consist mainly of marine protected 
areas, offering partial protection (Magris 2021; Fer-
reira et  al. 2022). However, only a small percentage 
of the reefs are in no-take zones (3.6%) (Magris et al. 
2020). Fisheries management measures include some 
species-specific rules, and those are applied through-
out the EEZ. An exception are the rules for gillnet 
fishing and trawling, which are region-specific (IN 
n.º12/2012, IN MMA n.º14/2004). Gear restrictions 
and seasonal bans for a few species also exist (e.g., 
lobster, cubera snapper, red snapper and black, red 
and yellowmouth grouper) (Decree MMA N. 6 and 
N. 59C), as well as minimum sizes for lobster, cer-
tain grouper species and red snapper (MMA 2005, 
2018a, c). These are strategies usually considered 
to minimize damage in a system already exposed to 
intense fishing (Munro et al. 1996), but their level of 
implementation is uncertain. While size limits are 
the same across the whole country for the major-
ity of species, despite possible regional differences, 
certain species are subjected to size limits only in 
restricted parts of the country (e.g., B. vetula, Mycter-
operca spp.) (MMA 2018c). In addition, 42 species 
are under permanent fishing bans due to their threat-
ened population status (e.g., the Atlantic Goliath 
grouper—Epinephelus itajara, the Greenbeak parrot-
fish—Scarus trispinosus), except for in certain areas 
with management plans (such as extractive reserves 

Box  2  Suggestions for management of reef fisheries. Abbre-
viations: IUU  Illegal, Unreported and  Unregulated fisheries, 
CPUE = Catch Per Unit Effort
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or other types of MPAs) (MMA Nº 445 2014; MMA/
ICMBio Nº 285 2021, Pinheiro et al 2021). However, 
nine species that are considered facing the lowest 
risk of extinction (listed as “Vulnerable” in the offi-
cial national red list) are allowed to be fished within 
MPAs, but monitoring of their population status is 
lacking. In general, more reef-associated species such 
as groupers and parrotfish seem to be more severely 
impacted by fishing compared to fast-swimming, 
more pelagic trevallies and jacks. Management strate-
gies for these species are contained in recovery plans 
(e.g., for M. bonaci L. cyanopterus, and most par-
rotfish), but there is no available information on cur-
rent landings  or what would be considered accept-
able, indicating that the management plans are not 
really applied. From the last official statistics in 2015, 
more than 800 t of M. bonaci were landed only in the 
Northeast region. Unfortunately, most management 
strategies suffer from weak enforcement and certain 
species remain being exploited illegally and appear in 
large volumes in the fish landings (e.g., Epinephelus 
morio and S. trispinosus) (Roos et al. 2020; Pinheiro 
et al. 2021). There appear to be limited communica-
tion of fishing rules and legislation to  rightholders  
such as fishing communities and stakeholders such as 
markets and consumers.

Considering the impacts of overfishing on ecosys-
tem services, as well as the socioeconomic importance 
of reef resources in Brazil with hundreds of thousands 
of fishers operating on the reefs (although the precise 
dimension of the number of reef fishers is not avail-
able) and people involved in the productive chains, 
we emphasize the need for investments in obtaining, 
systematizing and integrating information and data 
on reef fisheries across the country (Box 2). Landing 
and fishing effort data represent a baseline informa-
tion to achieve a sound management for future sustain-
able harvest and ecosystem functioning (Pitcher et al. 
2002). We highlight the urgent need for accurate land-
ing data, including proper species identification, fish 
sizes and catch per unit effort (CPUE) (see Box  2). 
This information could be incorporated in ecosystem-
based policies for management. Basic information 
from fisheries monitoring is imperative, since the data-
poor scenario makes management of reef resources a 
difficult challenge in the Brazilian Blue Amazon.
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