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Abstract: Endangered sharks and rays usually often lack basic information specific to conservation,
such as population size. Previous studies have reconstructed shark and ray catch statistics between 1950
and 2019 for the southeast = south of Brazil, but lacking detail at the species level, because the catches
were grouped by family, genus or even common name (e.g., skates and rays, Dasyatidae, Rhinobatos,
Sphyrnidae, Squatinidae). In this study, we used proportions between species from scientific observer
fishing trips and Dirichlet regression modelling to reclassify these categories. This model is a multivariate
extension of beta regression and enables the modeling of asymmetric and heteroscedastic compositional
data, allowing multinomial data to be obtained in a more informative way. The reconstruction of
catches for unclassified data showed a massive dominance of the Squatinidae family until the late 1970s,
when catches showed signs of decline. At the same time, the rays of the “emplastro” family showed
a progressive increase from 2006 onwards. However, this scenario changed after the reclassification.
The category Squatinidae was maintained almost exclusively by S. guggenheim, while 16 categories of
species were observed within “emplastro” rays, many of which fall into “endangered”, “vulnerable” and
“critically endangered” criteria. These reconstructed series provide a more reliable scenario of the catches
of thirty elasmobranch species in the southeast and south of Brazil and serve as baseline information for
understanding the conservation status of these species.

Keywords: species proportions; onboard observers; Dirichlet regression; Squatina guggenheim; skates
and rays; sharks; commercial fisheries

1. Introduction

The proportion of marine elasmobranch species classified as endangered in Brazil has
exceeded the global average of 25% estimated by the International Union for Conservation
of Nature (IUCN) [1–3]. Basic information on elasmobranch species that would allow
abundance estimates or the application of management measures is often lacking [4–6].
Rays and sharks are often landed in the form of carcasses and their identification is at risk
depending on genetic markers [7–9]. In addition, the capture of some of these endangered
species is prohibited [10], making it even more difficult to obtain species-level information.
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Some currently threatened species were once important fishery resources in the southeast
and south of Brazil and have been severely depleted by fishing in recent decades [4,11–14].
These include the Scalloped hammerhead shark Sphyrna lewini (Griffith and Smith, 1834), the
Angular angelfish Squatina guggenheim Marini, 1936, the Brazilian guitarfish Pseudobatos horkelli
(Müller and Henle, 1841), the Spiny butterfly ray Gymnura altavela (Linnaeus, 1758), the La
Plata skate Atlantoraja platana (Günther, 1880), the Caribbean sharpnose shark Rhizoprionodon
porosus (Poey, 1861) and the Butter ray Dasyatis hypostigma Santos and Carvalho, 2004. Most
of them, as such Atlantoraja platana, D. hypostigma, G. altavela, P. horkelli and S. guggenheim,
are endemic to South America, occurring on the continental shelf and slope waters from
southeast Brazil (20◦ S) to northern Argentina (45◦ S), while S. lewini has a circunglobal
distribution in warm temperate and tropical waters, occurs along the entire Brazilian coast
and in oceanic international waters [15–18] and R. porosus occurs over the continental shelf
from the Caribbean to Uruguay. Despite the knowledge of the biology, distribution and
conservation status of these species, historical catch series still lack detail at the species level.

Some initiatives have been undertaken to reconstruct previous catches for these
species [5,19,20]. The Sea Around Us initiative has compiled fisheries data by sector
(artisanal, industrial, recreational and subsistence fisheries) with the aim of presenting an
atlas of global marine catches [21]. Some studies have emphasized the importance of using
quantitative data that are difficult to obtain, such as onboard data collection, which can be
combined with qualitative information from local experts, resulting in better coverage of
catch statistics [20,22,23]. More recently, commercial marine landings for industrial and
artisanal fisheries in Brazil were reconstructed from 1950 to 2019 [21].

During this period (1950–2019), catch statistics in Brazil were compiled from various
sources and fisheries management was carried out by different institutions [19]. The integra-
tion of this database during this period meant that many elasmobranch species were grouped
by family, genus or even a general category [5,20,21]. Thus, to reveal these fish categories,
accurate indicators were needed to reconstruct the proportion of these species in the catches
(i.e., data collected onboard commercial vessels). Data collected onboard by scientific ob-
servers in the southeast and south of Brazil have already been shown to be efficient and reflect
commercial landings [22,24].

In this case, the existence of solid quantitative information, such as the proportion
of species within each category defined by Sea Around us in the catch collected onboard
fishing vessels by trained scientific observers, was used to calculate the proportions among
species previously categorized into their families, genera or even common names. In
the hereby study, these proportions were used from two scientific observation programs
onboard industrial fishing vessels conducted by the Universidade Federal do Rio Grande
(FURG, Rio Grande, Brazil) and the Universidade do Vale do Itajaí (UNIVALI, Itajaí, Brazil)
to reconstruct previous catches of the critically endangered species A. platana, D. hypostigma,
G. altavela, P. horkelli, R. porosus, S. lewini and S. guggenheim, with the aim of obtaining
up-to-date information on historical catches for the conservation of these severely depleted
species off southeast and south Brazil.

2. Materials and Methods
2.1. Data Sources

Catches were reconstructed using two different datasets: (1) total catches reconstructed
for the southeast and south of Brazil as part of the annual catch reconstruction program
conducted by the Sea Around Us initiative between 1950 and 2019 [21], and (2) information
collected by scientific observers onboard fishing vessels between 2007 and 2022.

The data reconstructed by Sea Around Us combine official reports and reconstructed
estimates of unreported fisheries data (including discards) related to each EEZ [21]. The
officially reported data come mainly from the FishStat database of the Food and Agriculture
Organization of the United Nations (FAO, see [25], for details). The database has been
divided regionally for the southeast and south regions (Figure 1).
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Figure 1. Geographical representation of the total catches reconstructed for the southeast and south of
Brazil as part of the annual catch reconstruction program conducted by the Sea Around Us initiative
between 1950 and 2019 [21]. The green circles and the black triangles represent the geographical
distribution of fishing operations monitored onboard commercial vessels in scientific observation
programs carried out by the Universidade do Vale do Itajaí (UNIVALI) and the Universidade Federal
do Rio Grande (FURG) between September 2007 and September 2022.

The information observed onboard comes from 3641 fishing operations. Of these, 2970
were from commercial operations from vessels fishing in the southeast region with double
trawls, single trawls, purse seines and bottom gillnets, while 671 were from commercial
operations from vessels fishing in the south region with pair trawls, purse seine gillnets,
bottom gillnets and surface gillnets (Table 1, Figure 1).

Table 1. Summary of the fishing trips performed by the vessels that have operated in the southeast
and south of Brazil between September 2007 and September 2022, as part of scientific observation
programs carried out by the Universidade do Vale do Itajaí (UNIVALI) and the Universidade Federal
do Rio Grande (FURG). Values are presented as minimum and maximum. N, number of fishing
operations monitored. Names in brackets represent the target species.

Source Fishing Gear Year Latitude Longitude Depth N

Santa Catarina
(UNIVALI)

Double-rig trawl 2008 2014 −23.033
−34.524

−42.969
−52.165 20 445 625

Simple trawl 2009 2013 −27.329
−32.512

−47.786
−51.076 42 150 223

Purse seine 2009 2015 −22.021
−33.984

−40.710
−52.196 13.6 196 407

Bottom gillnet
(Urophycis mystacea) 2009 2011 −24.545

−30.863
−44.292
−49.067 377 713 17

Bottom gillnet
(Micropogonias furnieri) 2008 2011 −23.035

−33.781
−42.615
−53.075 7 141 58

Bottom gillnet
(Lophius gastrophysus) 2007 2012 −23.677

−33.874
−41.678
−51.434 200 520 713
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Table 1. Cont.

Source Fishing Gear Year Latitude Longitude Depth N

Rio Grande do Sul
(FURG)

Pair trawl 2022 2022 −27.505
−33.333

−48.318
−51.947 22 90 52

Gillnet with purse seine 2013 2014 −30.550
−31.556

−50.333
−51.214 7.5 17 18

Bottom gillnet 2013 2022 −28.661
−36.277

−48.744
−53.934 4 335 551

Surface gillnet 2013 2022 −31.209
−33.999

−50.771
−53.564 8.6 24 50

2.2. Catch Reconstruction

The catch series reconstructed for the Sea Around Us initiative were grouped by
family, genus or even common name, as indicated in brackets: A. platana (Skates and
Rays), D. hypostigma (Dasyatidae–Dasyatis), G. altavela, P. horkelli (Rhinobatos, synonym of
Pseudobatos [18]), R. porosus, S. lewini (Sphyrnidae–Sphyrna) and S. guggenheim (Squatinidae).
Only Gymnura altavela and Rhizoprionodon porosus were directly recognized. The other
categories required further reclassification.

The proportions of species identified during fishing cruises with scientific observers
were determined by counting the organisms during each fishing operation in the southeast
and south of Brazil (Table 2, Figure 1). These onboard proportions were first compared
with biological samples of elasmobranch species randomly collected from food products
sold along the Brazilian coast [7,9,26,27] using a binomial test. This test evaluates the
null hypothesis that the two sources of information are not significantly different from a
Bernoulli experiment.

Once the proportions of species had been determined, each unclassified category from
Sea Around Us [21] was reclassified by multiplying the catch series by these proportions.
Once reclassification was complete, the specific catch series were modeled using Dirichlet
regression (DirichletReg package). This model is a multivariate extension of beta regression
and allows for the modeling of asymmetric and heteroscedastic compositional data [28].
The proportions between species obtained from the onboard observations were fitted to a
quadratic regression:

y = year + Iyear2 | year (1)

where y is the proportions adapted for each species within each category. The model
makes it possible to obtain multinomial data in a more informative way and to determine
confidence intervals for the model parameters from the variance-covariance matrix.

Subsequently, the catch series were analyzed for temporal variability in a multivariate
distance-based redundancy analysis (DB-RDA, vegan package). The DB-RDA model
was run twice, for the unclassified and for the reclassified catch series from the Dirichlet
regression. Following these analyses, a cluster analysis (k-means) was performed to assess
the presence of groups over time [29]. Finally, an average catch curve was reconstructed for
all species. In parallel, the evolution of the IUCN-defined threat criteria was presented for
three assessments: (i) 2000, (ii) 2004–2009 and (iii) 2016–2020.
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Table 2. Summary of the species categories with the catches reconstructed by the Sea Around Us initiative and the respective threatened species using the proportions
obtained onboard scientific cruises in the southeast and south of Brazil between 1950 and 2019. Table also shows the respective conservation criteria designated by
IUCN and the proportions between the species obtained with data originating onboard in other studies and from genetic analysis (mtDNA). The results of the
binomial test are also presented for the target species of this study: A. platana, D. hypostigma, G. altavela, P. horkelli, R. porosus, S. lewini and S. guggenheim. DD, data
deficient. LC, least concern. NT, near threatened. VU, vulnerable. EN, endangered. CR, critically endangered.

Categories
Species IUCN

Brazilian Region
[7] [9] [26] [27] [28]

Binomial Test

(Sea Around Us) Southeast South Probability p-Value

Skate and rays Atlantoraja casteunaui CR 16.14 10.93 97.87
Atlantoraja cyclophora EN 50.9 12.83 2.13
Atlantoraja platana EN 4.41 4.57 0 1 0.001
Dipturus leptocauda VU 1.8 0
Dipturus mennii CR 1.76 0
Dipturus spp. - 8.21 0
Psammobatis bergi LC 0.12 0
Psammobatis extenta LC 1.29 0
Psammobatis lentiginosa LC 0.05 0
Psammobatis rutrum LC 0.98 11.86
Psammobatis spp. - 0.04 0.31
Rioraja agassizi VU 3.43 7.58
Sympterigia acuta CR 1.22 39.68
Sympterigia spp. - 0 6.1
Sympterygia bonapartii NT 0.81 6.13
Non discriminated - 8.83 0

Dasyatidae; Dasyatis Bathytoshia centroura VU 2.09 0 2.04
Hypanus guttatus NT 0.3 0 2.04
Dasyatis hypostigma EN 97.61 100 100 90.7 0.96 1

Gymnura altavela Gymnura altavela EM 100 100 100 1 1
Rhinobatos Pseudobatos horkelli CR 98.12 99.72 100 93.33 100 0.98 1

Pseudobatos percellens EM 0.52 0.28 6.67
Pseudobatos spp. - 1.36 0

Rhizoprionodon porosus Rhizoprionodon porosus VU 100 (18.54 *) 100 100 20 0.98 1
Rhizoprionodon lalandii VU 100 (81.45 *) 0 80
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Table 2. Cont.

Categories
Species IUCN

Brazilian Region
[7] [9] [26] [27] [28]

Binomial Test

(Sea Around Us) Southeast South Probability p-Value

Sphyrnidae; Sphyrna Sphyrna lewini CR 12.09 47.99 43.75 87.5 35 0.54 0.79
Sphyrna mokarran CR 1.97 0
Sphyrna zygaena VU 33.77 52.01 52.25 12.5 65
Sphyrna spp. - 52.17 0

Squatinidae Squatina argentina CR 24.14 0.04
Squatina guggenheim EM 64.72 99.41 93.75 85 50 0.92 1
Squatina occulta CR 5.21 0.53 6.25 15 50
Squatina spp. - 5.93 0.01

* Proportion between species.
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3. Results
3.1. Catch Reconstruction

The reconstructed catches showed that A. platana made up 4.56% of the entire “em-
plastro” category. The “emplastro” category included 15 other rays, namely Atlantoraja
casteunaui (Miranda Ribeiro, 1907) (14.71%), Atlantoraja cyclophora (Regan, 1903) (41.13%),
Dipturus leptocauda (Krefft and Stehmann, 1975) (9.69%), Dipturus mennii (Gomes and
Paragó, 2001) (1.20%), Dipturus spp. (5.61%), Psammobatis bergi (Marini, 1932) (6.03%),
Psammobatis extenta (Garman, 1913) (0.09%), Psammobatis lentiginosa (McEachran, 1983)
(0.88%), Psammobatis rutrum (Jordan, 1891) (0.04%), Psammobatis spp. (0.67%), Rioraja agas-
sizii (Müller and Henle, 1841) (1.33%), Sympterigia acuta (Garman, 1877) (4.90%), Sympterigia
bonapartii (Müller and Henle, 1841) (14.24%), Sympterigia spp. (2.06%) and undifferentiated
“emplastro” (2.63%). Catches of Skates and Rays were modest until 1966 and showed an
upward trend from 1967 to 2001, with a peak in 1973 (Figure 2A). From 2002 onwards,
catches stabilized and showed a slight downward trend. During the period from 2007
to 2019, catches of A. platana were estimated at 627 t, with an average of 48 t per year
(Figure 2A).

Dasyatis hypostigma accounted for 97.66% of the total catch of the classes Dasyatidae
and Dasyatis, followed by the species Bathytoshia centroura (Mitchill, 1815) (1.56%) and
Hypanus guttatus (Bloch and Schneider, 1801) (0.77% of the total). Catches of Dasyatidae
and Dasyatis were modest until 1977 and showed an upward trend from 1978 to 2000, with
a peak in 1984. From 2001 onwards, catches stabilized and showed a slight upward trend.
Between 2001 and 2019, catches of D. hypostigma were estimated at 2503 t, with an average
of 192 t per year (Figure 2B).

Reconstructed catch series for Gymnura altavela were possible between 1977 and
1994 (Figure 2C). Catches peaked in 1979 and fluctuated widely throughout the period
(1977–1994, Figure 2C).

Pseudobatos horkelli made up 98.08% of the entire Rhinobatos category. The Rhinobatos
class included one other species, Pseudobatos percellens (Walbaum, 1792), which accounted
for 0.84% of the total, and Pseudobatos spp. with 1.08%. Catches were modest until 1958
and showed an upward trend from 1959 to 1997, with a peak in 1977 (Figure 2D). Catches
stabilized from 1998 onwards. During 2007 to 2019, catches of P. horkelli were estimated at
871 t, with an average of 67 t per year (Figure 2D).

The reconstructed catches for Rhizoprionodon porosus were modest until 1969 and
showed an upward trend from 1970 to 2006 (Figure 2E). In the period between 2007 and
2019, a downward trend was observed, with catches estimated at 160 t, with an average of
12 t per year (Figure 2E). This species was detected 100% of the time by scientific observers
in the southeast region. In relation to its relative Rhizoprionodon lalandii (Müller and Henle,
1839), it accounted for 18.54% of the occurrences (Table 2).

In the southeast of Brazil, S. lewini accounted for 12.09 per cent of the class Sphyrnidae
and Sphyrna, followed by Sphyrna spp. (52.17%), S. zygaena (33.17%) and S. mokarran
(12.09%). Catches of Sphyrnidae and Sphyrna can be divided into three phases (Figure 2F).
Until 1978, catches were modest, showing an upward trend from 1979 to 1989, declining
progressively until 2019, peaking in 2012. Between 2007 and 2019, catches of S. lewini were
estimated at 282 t, with an average of 21 t per year (Figure 2F).

Finally, Squatina guggenheim accounted for up to 90% of the weight of the class Squa-
tinidae, followed by Squatina argentina (Marini, 1930) (6.7%), Squatina occulta (Vooren and
da Silva, 1991) (1.8%) and Squatina spp. (1.6%). Catches showed an upward trend until
1977, followed by a sudden decline (Figure 2G). Between 1979 and 1997, catches showed a
new upward trend and a further sharp decline until 2006. Between 2006 and 2019, catches
showed an almost constant profile. Between 2007 and 2019, catches of S. guggenheim were
estimated at 1964 t, with an average of 151 t per year (Figure 2G).
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Figure 2. Catch reconstruction for the species identified within each class: Skates and
Rays/Atlantoraja platana (A), Dasyatidae–Dasyatis/Dasyatis hypostigma (B), Gymnura altavela (C),
Rhinobatos/Pseudobatos horkelli (D), Rhizoprionodon porosus (E), Sphyrnidae–Sphyrna/Sphyrna lewini
(F) and Squatinidae/Squatina guggenheim (G) in the southeast and south of Brazil between 1950 and
2019 from proportions calculated using Dirichlet regression. The blue area represents the confidence
interval of the estimates.
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3.2. Reclassification of the Generic Classes

Between 1950 and 2019, the Squatinidae family and the “emplastro” rays were the most
important categories (Figure 3A). The Squatinidae family showed a progressive decline,
while the “emplastro” rays increased progressively. This change was most pronounced in
2006. At the same time, the reconstructed catches of Rhinobatos decreased progressively
during this period, while the Dasyatidae and Dasyatis class showed an almost constant
participation over the entire series. The family Sphyrnidae showed greater participation
from 1977 onwards. The other species were less expressive (Figure 3A).
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Figure 3. (A) Proportion between the species categories reconstructed by the Sea Around Us ini-
tiative: Skates and rays, Dasyatidae; Dasyatis, Gymnura altavela, Rhinobatos, Rhizoprionodon porosus,
Sphyrnidae; Sphyrna, and Squatinidae and (B) the respective decomposed species: Atlantoraja caste-
unaui, Atlantoraja cyclophora, Atlantoraja platana, Dipturus leptocauda, Dipturus mennii, Dipturus spp.,
Psammobatis bergi, Psammobatis extenta, Psammobatis lentiginosa, Psammobatis rutrum, Psammobatis
spp., Rioraja agassizi, Sympterigia acuta, Sympterigia spp., Sympterygia bonapartii, Non-discriminated,
Bathytoshia centroura, Hypanus guttatus, Dasyatis hypostigma, Gymnura altavela, Pseudobatos horkelli,
Pseudobatos percellens, Pseudobatos spp., Rhizoprionodon porosus, Rhizoprionodon lalandii, Sphyrna lewini,
Sphyrna mokarrin, Sphyrna zygaena, Sphyrna spp., Squatina argentina, Squatina guggenheim, Squatina
occulta, Squatina spp. in the southeast and south of Brazil between 1950 and 2019 and the respective
groups identified in each approach (C,D).

After the reclassification, S. guggenheim represented 11% of the total catch between 2007
and 2019 (Figure 3B). The gradual decline of the Squatinidae category (mostly S. guggenheim)
was followed by a progressive increase in catches of A. cyclophora, A. casteunaui and S. acuta
(Figure 3B). In this period, skates and rays represented 76% of the total catch. The results of
the k-means analysis for both the unclassified (Figure 3C) and the reclassified reconstructed
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catches (Figure 3D) showed the presence of two different groups (or time periods) between
2007 and 2019.

A reconstructed average catch curve for all species showed an upward trend in the
first period, which was between 1950 and 1972 (Figure 4). A second period, between 1974
and 2004, was characterized by almost stable average catches. The third period covered
the end of the time series between 2005 and 2019, including the year 1973, with a clear
downward trend from 1973, when the highest average catch was recorded. In the evolution
of the threat criteria assessed by the IUCN (2000–2020), the percentage of species falling
under the VU, EN and CR criteria was 28% in 2000, increased to 48% between 2004–2009
and reached 68% between 2016–2020.
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4. Discussion

The reconstruction of the catch series revealed that there are a large number of en-
dangered species. The proportion of species used to reconstruct the catches from the
information collected onboard showed a high degree of convergence between the sources
of information. This convergence observed between the data collected onboard from differ-
ent sampling programs without temporal overlap indicates that this information is robust
and has low spatial and temporal variability. Consistent with these results, the proportions
of species obtained from the onboard data were also in agreement with the sampling
programs conducted onboard for Sphyrna species [28] and the genetic analyses (mtDNA)
for Dasyatis, Gymnura, Pseudobatos and Squatina [7,9,26,27]. The exception to this pattern
was the proportion of “emplastro” rays. In addition, no specimens of A. platana, Dipturus,
Rioraja, Psammobatis or Sympterigia were found in biological samples of elasmobranch
species randomly collected from food sold along the Brazilian coast [29,30].

This difference between sampling programs may be related to the different target
species and fishing gear used in each region. In south Brazil, the vessels that caught
“emplastro” fished with pair trawls, bottom gillnets and surface gillnets in a more inshore
range between 4–92 m, with an average of 29 m. In the southeast region, the vessels
worked with double trawlers and single trawls, bottom gillnets and purse seines, which
were used in deeper fishing grounds (10–635 m) with an average of 224 m. The use
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of bottom gillnets to catch Brazilian codling Urophycis mystacea and monkfish Lophius
gastrophysus on the upper and middle slope (240–635 m) in the southeast region captured
some species of the family Rajidae, including Dipturus rays, which are found exclusively
in deep sea [16,18].

On the other hand, studies on the certification of the monkfish fishery have shown
that the rays caught in this fishery are destined for export to other countries (Dias, personal
communication). In fact, the demand for skate meat under the common name “emplastro”
for the Korean market is so great that a movement has been detected aimed at overriding
Normative Instruction N◦ 445 [10], which is one of the instruments regulating trade in
marine products [2,9]. Species such as S. acuta, S. bonapartii, R. agassizi, A. casteunaui,
A. platana, A. cyclophora and Hypanus say (Lesueur, 1817) were previously detected in the
class “emplastro” [2], which confirms the results of the present study.

The rays in the category “emplastro” were of great importance in the present study
and showed an upward trend during the sampling period. However, A. platana is caught
intensively with various trawls throughout its range [13,31]. The increase in catches for this
species reflects the development of trawling in southeast Brazil in the early 1960s [32]. It is
believed that the high fishing pressure exerted on this species by artisanal and industrial
fisheries in recent decades has led to a decline in its abundance in this area [13].

Dasyatis hypostigma is still a poorly known species whose distribution limits are not
yet well defined [33]. This species is mainly caught with bottom trawls and gillnets in
the southeast and south of Brazil [14,34]. Although there are no biomass assessments for
this species, the reconstructed catch series reflect the evolution of fisheries throughout the
range, with the rapid expansion of the trawler fleet between the 1960s and 2000s in the
southeast and south of Brazil [32]. In the south range of species distribution, many stocks
in Uruguayan waters were overfished until the late 1990s [14,35].

In the 1980s, Gymnura altavela was caught year-round off southeast Brazil at depths
between 10–150 m by both artisanal and industrial vessels [36]. Between 1982 and 2005,
a decline in catch rates of more than 90% was observed based on data from scientific
cruises [37]. The reconstructed catch rates for G. altavela showed extreme fluctuations and
were not complete for the entire series. In Uruguayan and Argentinean waters, its biomass
decreased by 87.4% between 1981 and 2006 [38].

Pseudobatos horkelii is often caught as bycatch in industrial coastal fisheries, e.g., in pair
and single trawl fisheries for fish and in double trawl fisheries for shrimp species [39]. In
the 1980s, this species was one of the most important fisheries resources and caught with
different types of trawls, beach seines and gillnets [40]. Subsequently, declines in catches
of more than 80% were observed in its range [37,39,41], confirming the trends observed in
this study.

Rhizoprionodon porosus is a target species and is also caught as bycatch in commercial
gillnet, longline and trawl fisheries throughout its range, with an overall population decline
of 30–49% in the last 14 years [42]. This species has been recognized 100% of the time by
scientific observers in the southeast region. However, the relationship with its relative
R. lalandii reflects the mtDNA studies [30], with a lower abundance in relation to the
south region.

Sphyrna lewini is affected by fishing at all life stages [42]. As newborns and juveniles,
they are caught in coastal areas mainly with gillnets and trawls [17], as adults mainly with
longlines (pelagic and demersal fisheries). Although there are no abundance series for the
South Atlantic, the series reconstructed in this study are consistent with trends observed
globally [4].

The species of the genus Squatina occur from shallow waters on the continental shelf
to the upper slope (4–400 m) [16]. The most abundant species, S. guggenheim, occurs from
estuarine waters to the upper slope (4–360 m) [16], while S. occulta inhabits the coastal
waters of Rio Grande do Sul (10–350 m) and S. argentina is the species with the largest depth
range, occurring up to 400 m [43]. In the 1980s and 1990s, trawling and gillnetting posed
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the greatest threat to this species, which probably led to its sharp decline off south Brazil,
causing it to be classified as endangered [43].

In south Brazil, the landings of elasmobranchs consisted of four categories until the
1980s: sharks, angelfish, skates and rays, with the angelfish catch consisting mainly of
S. guggenheim [11,39,43]. Angelfish were fished intensively until the mid-1980s, when
catches peaked at 2000 tons per year [11]. Similar to angelfish, the stock of Pseudobatos spp.
also peaked between the late 1970s and early 1980s. This population was greatly reduced
from the 1980s onwards due to the use of beach trawls and trammel trawls [11,39,41,43]. The
Brazilian guitarfish Pseudobatos horkelli and the angelfish Squatina spp. are the two species of
interest to the trade [12,41,43]. In comparison, it is possible to speculate that the progressive
increase in the “emplastro” category may be related to the decline in catches of species
of the genus Squatina, the most abundant category among the species with reconstructed
catches. At the beginning of the 1980s, the abundance of demersal elasmobranchs was
90 per cent made up of angel sharks, rays and skates [44–46], which was very similar of
those observed in the hereby study, where angel sharks, rays and skates constituted
93.26% of the total demersal elasmobranchs. Despite the present estimates approximate
the historical data, most of the previous landing statistics extrapolate the study area
in the southeast-south Brazil or were grouped by several species [36,47,48], making it
impossible to determine proportions between species in order to reconstruct the catch
series between 1950 and 2007 at species level, especially for skates and rays.

The catches of skates and rays have increased for large specimens or were destined
for fishmeal since the 1980s [36,44,48]. Commercial interest in these species has increased
since the 2000s [49]. Nowadays, the international commerce of ray meat from the Rajidae
family follows the Mercosul Common Nomenclature (NCM) under the name Rajidae. This
inclusion in a common category is also known as an umbrella name [50], a characteristic
name for several species with similar morphological characteristics under a common
name [51,52]. This practice does not necessarily include endangered species [8,50], but
increased fishing pressure on ray meat, especially from the deep-sea species, which live in
a more stable environment and have typical k-strategist characteristics (slow growth, low
fecundity, high longevity and deposition of a limited amount of eggs on the ocean floor),
can generate a deleterious effect on these species [1,53,54].

The “emplastro” rays showed a peak in reconstructed catches in 1973. In the common
average catch curve, the year 1973 was associated with the most recent years in the k-means
analysis, which also showed a downward trend from 2005 onwards. In 2005, coincidentally,
the Normative Instruction MMA-N◦ 5 came into force, banning the catches of Squatinidae
family (S. guggenheim and S. occulta) and also Pseudobatos horkelli [55]. Nevertheless, the
“emplastro” rays quickly changed from a data deficient (DD) to a vulnerable (VU) status
(D. leptocauda, R. agassizi), endangered (S. bonapartii), threatened (A. cyclophora, A. platana)
and critically endangered (A. casteunaui, D. mennii, S. acuta). These results showed that there
are a larger number of endangered species in southern Brazil than was hitherto thought
within 20 years. Only the “emplastro” rays of the genus Psammobatis met the criteria of
least concern (LC).

In this case, the inclusion of several members of the Rajidae family in the same category
even alludes to the term “umbrella” [50]. However, in the hereby study, the decomposition
of the “emplastro” category, showing a large number of critically endangered species, was
analogous to opening Pandora’s box. This box will have contained several sins of humanity.
According to the Greek mythology, although popularized as a “box” in early versions of the
myth, the container is said to be a jug [56], thus making the shape of an “umbrella” a perfect
lid. These reconstructed catch series provide a baseline information for thirty endangered
elasmobranch species in the southeast and south of Brazil, serving for the assessment of the
abundance levels via data-poor models based on catch (e.g., Catch Maximum Sustainable
Yield–CMSY [57]).
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5. Conclusions

The hereby large number of endangered elasmobranch species in southern Brazil
placed under one umbrella name (e.g., Rajidae) can be minimized by applying a correct
species-specific identification to commercial products that would aid in the solution to the
mislabeling. As a consequence of species-specific identification, the abundance levels of
permitted species would also be reported at species level in fisheries statistics, thus allowing
to have species-specific catch series in the future. Conversely, the application of species-
specific identification will reduce the abundance of endangered species as a commercial
product. To achieve this objective, an identification handbook based on morphological
characteristics (on muscle, for instance) and combined with genetics (mtDNA) could
be developed to be used by regulatory agencies and in fisheries statistical programs in
southeast-south Brazil, as previously proposed by [2].
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