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Abstract. The subclass Elasmobranchii, is a group of fish that has raised increasing concerns from
a conservation perspective in recent years. The complex biology and reproductive modes of the
elasmobranchs contribute to their vulnerability to overfishing. The fisheries that target elasmobranchs
have intensified their activities in recent years, impacting their populations on a global scale. In this
context, studies in Brazil have led to the inclusion of many elasmobranchs in the list of endangered
species, in particular the endemic species in the northern region of the country. The review of the
available data aims to analyze the conservation status of the elasmobranch species found in Brazil and
the importance of the research techniques that may contribute to the conservation of their stocks.
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Introdução
The biodiversity and commercial exploitation of
sharks and rays

Sharks and rays are members of the subclass Elasmobranchii Bonaparte, 1838, and are found in the tropical,
subtropical, temperate and cold waters of all entire world’s
seas and oceans, inhabiting both offshore and coastal areas in pelagic, demersal, reef and estuarine environments,
and even in freshwater habitats (Compagno, 1984). However, data on the biology of the elasmobranchs are scant for
some regions, such as the Southwestern Atlantic, where
the populations of even critically endangered species are
still captured by commercial fisheries, as well as being sold
in local fish markets (Tavares et al., 2013; Palmeira et al.,
2013).
The verification lists of the diversity of species of the
class Chondrichthyes (Huxley, 1880), which includes the
Elasmobranchii, vary considerably around the world, and
are based on the available data, which often leads to misinterpretations and inconsistencies in the listings of valid
species (Last and Séret, 2016; Last et al., 2016a; Last et al.,
2016b). Given these considerations, a scientific review of
the group was conducted, based on recent data on the ta-

xonomic diversity, geographic distribution, and the depth
of the waters inhabited by these species. By November 7th
2015, a total of 1139 species of elasmobranch had been
catalogued (Figure 1A), representing 15 orders, 58 families, and 193 genera. This new listing includes nine orders,
34 families, 105 genera and 509 species of shark, and six
orders, 24 families, 88 genera and 630 species of ray. The
species that are currently being described were not considered valid for this inventory (Weigmann, 2016).
Recently, data on the diversity of the marine chondrichthians that occur in Brazil has been updated (Rosa
and Gadig, 2014) (Figure 1B), and concluded that the
subclass Elasmobranchii is represented by 11 orders, 33
families, 75 genera and 159 species, six orders, 22 families,
43 genera, and 89 species represented by Sharks, while the
rays are classified in five orders, 11 families, 32 genera, and
70 species. Overall, 49 of these 159 elasmobranch species
are included in one of the three principal threatened categories of the IUCN, i.e., Critically Endangered, Endangered and Vulnerable (Figure 2A: Supplementary Table 1).
The Brazilian Environment Ministry (IBAMA ordinance
number 445 of December 17, 2014) classifies 53 of these
species in one of the threatened categories. In addition to
this large number of threatened species, there are a relatively large number of species (50 according to the IUCN
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Figure 1. Diversity of the Elasmobranchii in the world (A) and
in Brazil (B), based on Rosa and Gadig (2014) and Weigmann
(2016).

and 48 in the IBAMA classification) in the Data Deficient
category, that is, almost a third of all the species occurring
the coast of Brazil (Figure 2; Supplementary Table 1).
In general, the elasmobranchs have complex biological and reproductive characteristics that make them
vulnerable to overfishing, such as a long life cycle, late
sexual maturation, and low fecundity (production of few
offspring), which combine to produce relatively low rates
of population growth (Musick, 1998; Camhi et al., 1998).
This limits population growth and the recovery of stocks
(Vooren and Klippel, 2005).
The fishing of sharks and rays has always been a
common practice of coastal populations throughout most
of the world (Figure 3). In addition to the meat, certain
sub-products of the animal are also used, primarily as a
source of nutrients. Over the past few decades, however,
the demand for shark meat and its sub-products (principally, fins) has become a global phenomenon, and the
fishing of elasmobranchs, which was once largely accidental or opportunistic, has become the primary objective of

many fisheries (Séret, 2006).
According to the United Nations’ Food and Agriculture Organization (FAO), catches of chondrichthians
peaked globally in 2003, but declined approximately 20%
over the subsequent decade (Davidson et al., 2015). This
decline in stocks was linked directly to increasing pressure
from fisheries. The countries that experienced the greatest reduction in catches, such as Pakistan, Sri Lanka, and
Thailand, export large quantities of ray and shark meat,
due to the relatively large populations of their coastal cities
(Davidson, et al., 2015).
A large international market now exists for shark
fins, which stimulates the practice of finning, in which the
sharks are mutilated at sea and thrown back into the water with no chance of survival (Szpilman, 2004; Kotas et
al., 2005). Shark fins are now a major global commodity,
destined for markets in Asian countries, stimulating the
establishment of specialized fisheries (Lessa et al., 2005;
Clarke et al., 2006). In Brazil, however, elasmobranchs are
still mostly captured as bycatch (non-intentionally) by
industrial fisheries and are targeted specifically only by
some traditional fishing communities (Lessa et al., 2005;
Rodrigues-Filho, 2012).
Shark fin soup is a common dish in many Asian
countries, where it is widely believed to have aphrodisiac
powers (Séret, 2006). It is important to note that, whatever
the ultimate application of the shark fins, the trade in this
item generates billions of dollars in worldwide trade (Séret, 2006). While “dogfish” (shark) costs US$10 per kilogram, on average, on the international market, a kilogram
of shark fin may reach US$ 500. These prices have stimulated an increase in shark fishing throughout the world,
resulting in a drastic decline in the stocks of some species,
which have been brought to the brink of extinction (Serét,
2006). Following the deliberate and unregulated exploitation of these fish on a global scale, the stocks of
a number of species have declined by up to 97%
in some regions (Séret, 2006).
The commercial exploitation of elasmobranchs is not restricted solely to the marine
species, however. The elasmobranch that inhabit exclusively freshwater environments such as
Potamotrygonidae family, are also commonly
marketed (Compagno and Cook, 1995; Charvet-Almeida, 2001; Lasso et al, 2014; Almeida
et al., 2009). The members of this family are taxonomically complex, and are currently classified in four genera – the monotypic Paratrygon
Duméril, 1865, two genera (Plesiotrygon Rosa,
Castello and Thorson, 1987 and Heliotrygon
Figure 2. Conservation status of the Brazilian
elasmobranch species (Rosa and Gadig, 2014) according to (A) IUCN and (B) ICMBio (ordinance
number 445 of December 17 2014). The following
categories are used: Not Evaluated (NE), Data Deficient (DD), Least Concern (LC), Near Threatened
(NT), Vulnerable (VU), Endangered (EN), Critically Endangered (CR), Extinct in the Wild (EW),
Extinct (EX) and (*) Species with no information.
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Carvalho and Lovejoy, 2011) that each have two species,
and the polyspecific Potamotrygon Garman,1877 (Rosa et
al., 2010; Lasso et al., 2014). The most diverse group of
potamotrygonids is found in the Amazon region, where
these stingrays have long been considered, in particular
by riverside populations, as an important source of food
(Charvet-Almeida, 2001; Almeida et al., 2009), although
the larger species, such as Paratrygon aiereba and Potamotrygon motoro, are fished in the Negro and Amazon basins
for export to markets in southeastern Brazil (Araújo et
al., 2005). In the estuarine zone of the Amazon River, on
Marajó Island, for example, and in the municipal market
at Colares, in Pará, species such as Potamotrygon orbignyi
and Potamotrygon scobina are sold cheaply, with an estimated annual catch of up to 100 tons (Ferreira et al., 1998:
Charvet-Almeida, 2001; Charvet-Almeida et al., 2002)
(Figure 3). The potamotrygonids are considered to be K
strategists (development of young with low levels of competition for nutrients), and the juveniles have low survival
rates in environments where there are high levels of competition for nutrients. Given this, if these species become
one of the principal targets of fisheries in the near future,
they are likely to be increasingly vulnerable, and may soon
be added to the listings of endangered taxa (Duncan et al.,
2010).
The potamotrigonids face threats similar to the
other elasmobranch species, then, including their capture
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as bycatch, and the destruction of habitats (Araujo et al.,
1998; Toffoli, 2006), although they suffer pressures from
two other sources. One is the capture of ornamental species for sale to aquarium enthusiasts, and the other is that,
due to their venomous stings, which can cause extremely
painful injuries when the animals are accidentally trodden
on by people when wading, stingrays are often killed on
sight or have their tails cut off (Toffoli, 2006). In one extreme case, the Manaus city council, responding to appeals
from the local tourism industry, ordered the elimination
of approximately 21,000 stingrays to keep the city’s beaches free of accidents between 2001 and 2004 (Charvet-Almeida et al., 2002; Toffoli, 2006).

Conservation status of elasmobranchs

Worldwide, predatory fisheries have had a fundamental influence on the inclusion of a large number of
fish species on the Red List of the International Union for
Conservation of Nature and Natural Resources, the IUCN
(Camhi et al., 1998). In this context, research in Brazil has
resulted in the inclusion on the list of a number of endangered species, including some that are present in Brazilian
waters, such as the Brazilian guitarfish (Rhinobatos horkelii), daggernose shark (Isogomphodon oxyrhynchus), striped smooth-hound (Mustelus fasciatus), sawfish (Pristis
spp.), sand tiger shark (Carcharias taurus), school shark
(Galeorhinus galeus), and angel sharks, Squatina spp. (Les-

Figure 3. Sharks and rays processed for marketing in northern Brazil. (A) gutted and finned shark carcasses (known as “cigars”); (B and C) rays of the genus Dasyatis ready for sale; (D, E, and F) rays of the genus Potamotrygon ready for sale. Fotos:
A and B of Monteiro (2016); C and D of Freitas (2016); E and F of Gonçalves (2016).
ib.usp.br/revista
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sa et al., 1999b).
Lessa et al. (1999b) notes that fisheries have a significant impact on the coastal resources found off Pará and
Maranhão. For most northern Brazilian fisheries, rays and
sharks represent bycatch, principally during the bottom
trawling of the continental shelf, when the primary targets
are shrimp and other commercially-valuable fish species.
In Pará and Maranhão, some shark populations are already in decline, and have all the characteristics of overfished
species (Lessa et al., 1999; Tavarez et al., 2013).
The Brazilian Society for the Study of Elasmobranchs (SBEEL.) recorded the capture of 47 species in northern Brazil, of which 41% % were classified as “no data”
(IUCN; ICMBio), reinforcing the need for research into
the biology and population ecology of the elasmobranchs exploited by the region’s fisheries (Lessa et al., 2005).
Prior to the present study, some data were available on
the exploitation, feeding ecology, and reproductive biology of only 12 species – Ginglymostoma cirratum Bonnaterre, 1788, Galeocerdo cuvieri Peron and Lesueur, 1822,
Carcharhinus acronotus Poey, 1860, Carcharhinus leucas
Müller and Henle, 1839, C. porosus Ranzani, 1839, Rhizoprionodon porosus Poey, 1861, Isogomphodon oxyrhynchus
Müller and Henle, 1839, Sphyrna tiburo Linnaeus, 1758,
Sphyrna lewini Griffith and Smith, 1834, Dasyatis guttata
Bloch and Schneider, 1801, Dasyatis colarensis Santos, Gomes and Charvet-Almeida, 2004, and Pristis perotteti Müller and Henle, 1841. No data are available on the exploitation of the stocks of the remaining species, which may
be due in part to the difficulties of access to the region’s
fishing ports, and the infrequent monitoring of catches
(Lessa et al., 2005).
The large-bodied Colares stingray (Dasyatis colarensis Santos, Gomes and Charvet-Almeida, 2004), known
locally as the “white stingray” or “beaked stingray”, is a
commercially-valuable species endemic to the northern
coast of Brazil. As the local population applies the same
common name to a second species of this genus, Dasyatis
guttata, it is often unclear which species is being sold in
markets (Lessa et al., 2005).
A recent analysis of the intrinsic and extrinsic vulnerabilities of the daggernose shark (Isogomphodon oxyrhynchus Müller and Henle, 1839), an endemic species that
occurs on the northern coast of South America, between
Trindad and Tobago, Venezuela and Maranhão (Brazil),
indicate that the stocks continue to be affected (Lessa et
al., 2016). The data on the biological characteristics of the
species indicate that it is particularly vulnerable to the
intense gillnetting for other fish species and trawling for
shrimp, which lead to the capture of immature male and
adult female sharks, contributing to the overfishing of this
species. After analysis of these data, the species’ conservation status was updated from critically endangered to
almost extinct (Lessa et al., 2016).

Conservation and management

A preliminary list of the conservational status of
Brazilian fish species, based on extensive consultations
with specialists included 12 species of elasmobranchs, of

which, 10 are marine (Rhincodon typus, Cetorhinus maximus, Carcharodon carcharias, Megachasma pelagios, Galeorhinus galeus, Mustelus fasciatus, Squatina guggenheim,
Pristis pectinata, Pristis perotteti, Rhinobatos horkelii), and
two, freshwater (Potamotrygon henlei and Potamotrygon
leopoldi) (Rosa and Menezes, 1996).
The Brazilian Environment Ministry (MMA), through its secretary for biodiversity and forests, promoted the
updating of the official Brazilian list of endangered fauna
in 1999, a process completed by December 2003. These
data were used to compile an official list of endangered
fish in two normative instructions published by the MMA,
in 2004 and 2005, which included 15 elasmobranch species, Carcharhinus longimanus, Carcharhinus porosus,
Carcharhinus signatus, Isogomphodon oxyrhychus, Negaprion brevirostris, Galeorhinus galeus, Mustelus schmitti,
Cetorhinus maximus, Ginglymostoma cirratum, Rhincodon typus, Pristis perotteti, Pristis pectinata, Rhinobatus
horkelii, Squatina guggenheim, and Squatina occulta. Six
species were also included on the list of overfished species
or species threatened with overfishing – Prionace glauca,
Sphyna lewini, Sphyrna tiburo, Sphyrna zygaena, Lamna
nasus and Carcharias taurus. In 2009, the MMA, together
with the Chico Mendes Institute for the Conservation of
Biodiversity (ICMBio), initiated a new updating process
for the list, for which, the ICMBio indicated the need for a
new evaluation and re-evaluation of all the elasmobranch
species found in Brazil. These data were published recently (ordinance number 445 of December 17 2014) in an
attempt to reinforce the regulation of the fishery industry.
The endangered species are listed in Supplementary Table
1 (Diaz-Neto, 2011; Rosa and Gadig, 2014)

Molecular methods as a tool for the conservation
of the elasmobranchs

Molecular methods as a tool for the conservation of
the elasmobranchs
In most cases, elasmobranchs are disembarked in
fishing ports in the form of processed carcasses (Abercrombie et al., 2005; Ferreira 2006; Hopkins 2011). While
sharks are gutted and typically lack the head, tail, and fins,
the only parts of the rays that are landed are the wings,
attached to the pectoral girdle. This processing usually impedes the morphological identification of the specimens
(Vooren and Klippel, 2005). An important step toward the
more reliable identification of species was taken with the
adoption of molecular tools, based on the sequencing of
DNA (Holmes et al., 2009; Feldhein et al., 2010; Cerutti-Pereyra et al., 2012)
The DNA barcode is one of the widely-used tools for
the identification of plant and animal species (Herbert et
al., 2003). It is a simple and rapid means of determining
the lowest taxonomic level. It is based on a segment of
approximately 650 base pairs of the mitochondrial cytochrome oxidase subunit I (COI) gene, which is used as a
universal marker. This sequence, amplified by PCR, is characterized by low intraspecific variability, but high levels
of interspecific variation. Ward et al. (2005) standardized
the DNA barcode for the identification of elasmobranchs,
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sequencing the COI gene in 61 species, with the efficacy
of the technique for this group being confirmed by subsequent studies (Kekkonen and Herbert, 2014; Packer et
al., 2009).
Molecular techniques based on sequences of mitochondrial (mtDNA) or nuclear DNA have been widely
used in studies of population genetics (Cruz, 2013; Pinhal,
2010; Tavares et al., 2013; Veríssimo et al., 2012; Rodrigues-Filho, et al., 2009; Dudgeon et al., 2012; Palmeira et
al., 2013). The regions of the mitochondrial genome most
used for these studies include the cytochrome b (Cyt b)
gene and the Control Region (CR), which has been used
in a large number of population genetics studies of sharks
(Sodré et al., 2012; Tavares et al., 2013). Given its relatively high mutation rates, the CR is more adequate for the
analysis of the recent evolutionary history of a population,
providing useful evidence for effective conservation and
management practices. These practices depend fundamentally on the understanding of the genetic diversity of
the species at the population level, for the definition of the
basic characteristics of its evolutionary history and the
evaluation of current stocks (Tavares et al., 2013).
The molecular approach provides a useful tool for
the understanding population dynamics. A recent study
analyzed the genetic variability of four shark species, Carcharhinus porosus and Rhizoprionodon porosus (captured
by the fishing fleet of Bragança, Pará, Brazil), and Sphyrna
tudes and Carcharhinus limbatus (caught off Amapá and
Pará), and found evidence of low levels of variability in S.
tudes, indicating a critical decline of its populations (Tavares et al., 2013).
Another problem for species identification is the indiscriminate application of the same common name to a
number of different species. Rodrigues-Filho et al. (2009)
and Palmeira et al. (2013) showed that the common or regional names attributed to the shark species being marketed did not correspond to their taxonomic classification.
The sale of distinct species, or even members of different
genera, under the same commercial name, such as “sacurí”, “milhor verde” or “lombo preto”, is a common practice.
As many as five different species were being marketed as
“sacurí”, for example, which impedes the understanding of
the true diversity of species being marketed (Rodrigues-Filho et al., 2009). This study obtained sequences of the
12S/16S molecular marker from 122 samples of tissue
obtained from shark meat being sold in markets in Bacuriteua and Bragança (Pará) between October 2005 and
December 2006, and showed that all the sequences identified belonged to species of the order Carcharhiniformes,
including six carcharhinid species and four sphyrnids.
Carcharhinus porosus accounted for the largest number of
individuals, with 57 of the specimens (Rodrigues-Filho et
al., 2009).
While the commercial fishing of sawfish (Pristis)
has been prohibited in Brazil since 2004, Palmeira et al.
(2013) showed that these animals continue to be captured
and sold in the fish markets of the towns of Bragança and
Vigia in Pará. In a sample of 44 specimens collected from
the two localities, the analysis of the markers 16S and Cyt
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b indicated that 24 specimens (55%) were Pristis perotetti.
This study further emphasizes the negative implications
of using a single common (sawfish) indiscriminately to
refer to distinct species and even groups, given that the
other 20 specimens were all from sharks (Carcharhinidae:
Carcharhinus leucas, C. limbatus, C. porosus, C. acronotus,
Sphyrna lewini, Galeocerdo Cuvier; Ginglymostomatidae:
Ginglymostoma cirratum).

Conclusions

The ongoing increase of environmental impacts caused by human activities, in particular medium-and large-scale fisheries, are increasingly threatening the remaining stocks of many shark and stingray species. Scientific
research into the biology and population ecology of the
elasmobranchs, together with the mobilization of society
and government bodies with regard to current conservation questions, will be essential for the re-evaluation of
public policies, and the formulation of effective measures
to counter the current threats to Elasmobranchii. By reinforcing the scientific resources (especially at the graduate
level) and qualified researches, it can only be hoped that
the growth of teams in universities and other research
institutes will contribute to the expansion of the scientific
understanding of the problem in hand.
Despite the importance of more detailed studies on
the different aspects of the biology and life history of the
Elasmobranchii in Brazil, taxonomic analyses are of fundamental relevance, as they are for any group of animals.
A good knowledge of the phylogeny and systematics of the
study group is an essential prerequisite for the development of reliable research in conservation biology.
While there have been important recent advances
in the field in Brazil, the country’s northern region still
lags far behind the other regions. One major problem is
the lack of data on the volume of catches and the possible dumping of elasmobranchs on the open sea. These
data are of fundamental importance for the management
of stocks, given that they provide indices of the size of a
species’ population, contributing to the development of
more adequate management practices for the local fishery
fleets. Given this, and the overall lack of research on the
biology and ecology of sharks and rays, information on
the conservation status of most of the species that occur
in the study area is scant, despite the importance of these
data for the adequate regulation and monitoring of fishery
ports and local fish markets.
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