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Abstract: Bycatch are organisms that are inadvertently caught during fishery. They are usu-
ally rejected and/or returned to the sea, and are killed in the process. The aim of this study
is to characterize the Gastropoda and Bivalvia caught as bycatch of the trawling fisheries
of the Atlantic seabob, Xiphopenaeus kroyeri, on the coast of Parani state, southern Brazil.
This work was carried out in the municipality of Pontal do Parana. A total of 651 living indi-
viduals were collected, including four species belonging to three families of gastropods and
six species distributed into four families of bivalves. Although the frequency of gastropods
(96.5%) was much higher than that of bivalves (3.5%), species diversity was higher in bi-
valves. Among the Gastropoda, Olivancillaria urceus (Gmelin, 1791) was the most abundant
species, with 611 individuals. Among the bivalves, Anadara brasiliana (Lamarck, 1819) had
the most significant occurrence, with eight individuals. It is important to develop further
studies to identify the potential impact of trawling on these mollusk populations and the
creation and implementation of public policies and the adoption of technological devices to
reduce the bycatch in order to preserve them.

Keywords: Bycatch; Environmental impact; Mollusks; Trawl fisheries.

INTRODUCTION

Bycatch are organisms caught unintentionally alongside target species in fishery activities. These
animals end up rejected and/or returned to the sea, and most of them are killed during the procedure
(FonsEca et al. 2005). This rejected fauna may be diverse and usually includes mollusks, crustaceans,
cnidarians, fish, and echinoderms. Due to its low selectivity, the bottom trawling method is considered a
major source of unintentional mortality (PEREZ & WAHRLICH 2005).

Due to the use of heavy materials to drag the bottoms, added to narrower meshes, shrimp fishing
is considered one of the least selective fishing methods. It causes a considerable impact on demersal
and pelagic communities by changing the sea floor structure and sediment suspension, which ultimately
alters the functioning of ecosystems, and negatively affects biodiversity (King 2007).

In several communities on the southern coast of Brazil (Parana and Santa Catarina states), artis-
anal shrimp trawling is considered the basis of family economy. Even though the accompanying fauna
presents great nutritional value, it is rarely used as a food source (PEzzuTo 2001; CHAVES & ROBERT
2003). Though fishing activities have been developed since the beginning of the Holocene (ca. 11,000
years ago) on the coast of Parang, which is evidenced by vestiges found in prehistoric archaeological
sites such as middens (GERNET & SANTOS 2014), the local fishing techniques continue to be predomi-
nantly artisanal, with semi-industrialization occurring punctually on some coastal areas in Santa Catari-
na (ANDRIGUETTO-FILHO et al. 2009).
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The artisanal fishing of the Atlantic seabob, Xiphopenaeus kroyeri (Heller, 1862), is of great eco-
nomic importance in some coastal municipalities along Parana state, such as Guaratuba, Matinhos, Pon-
tal do Parang, and Paranagua (ANDRIGUETTO-FILHO 2003). Despite the fact that authors such as CARNIEL
& KRUL (2011) and CATTANI et al. (2011, 2012), in studies in Pontal do Parand, have identified the ich-
thyofauna as the most abundant group as bycatch of the bottom trawl fishery, it is important to point
out that the malacological fauna is also present in this type of activity (GRA¢A-LOPES et al. 2002). Even
though it is one of the major animal phyla, presenting great structural variety, wide trophic diversifica-
tion, and occupying nearly every ecological niche (GEIGER 2006), mollusks are still scarcely studied in
Brazil, and research related to this group as bycatch in the local fishery is even more incipient. The aim
of this work is to characterize the marine gastropod and bivalve mollusks as bycatch of trawling fisheries
of Atlantic seabob on the coast of Pontal do Parana.

MATERIAL AND METHODS

The present study was carried out on the coast of Parana state, off the municipality of Pontal
do Parana (25°67°36"S, 48°51’11"W), between Atami and Praia de Leste beaches (Figure 1). Sampling
was carried out once a month, from June 2015 to May 2016. The sampling effort involved the work of
four fishermen whose fishing equipment included nets with meshes varying from 20 to 40 mm. The
trawling technique consisted of winches and doors installed in canoes exclusively made of fiberglass.
The trawls were carried out at a distance of up to 5 km from the coast. Live specimens considered by-
catch were collected and later transported to the laboratory, where they were sacrificed in boiling water
at 100°C. They were properly sanitized in chlorine-diluted distilled water, air dried and then packed
in plastic containers containing ethanol 70%. All
containers were labeled with standard collection
data and registered in the malacological collection
of the Laboratério de Ecologia Aplicada e Bioin-
vasbes da Universidade Federal do Parana (LEB-
10 511-542), Pontal do Parana, Brazil. Taxonomic
identification was based on specialized literature
(MATTHEWS & COELHO 1972; DIAZ & PUYANA 1994;
GUERON & NARCHI 2000; PAPP & DUARTE 2001;
MATTHEWS-CASCON & RABAY 2003; ABSALAO & PI-
MENTA 2005; AMARAL et al. 2006; DENADAI et al.
2006; Rios 2009; RoSENBERG 2009; CLAREMONT
et al. 2011; TESO & PasTORINO 2011; RoCHA &
MATTHEWS-CASCON 2015). The same literature
was also used to present herein brief descriptions,
bathymetric data, and geographic distribution
of the species collected. The taxonomy has been
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(2017). Figure 1: Study site at Pontal do Parana municipality.
RESULTS

A total of 651 living individuals were collected as bycatch, four species (three families) of gastro-
pods and six species (four families) of bivalves, totaling 10 mollusk species (Table 1; Figures 2-11). The
frequency of gastropods (96.47%) was much higher than that of bivalves (3.53%), but species diversity
was higher in bivalves (Table 1). For the class Gastropoda, the species Olivancillaria urceus (Gmelin,
1791) was the most abundant, with 611 individuals, appearing in all samples throughout the year. The
second most collected species of Gastropoda was Semicassis granulata (Born, 1778) (eight individuals),
though it only occurred in the winter. Among the bivalves, Anadara brasiliana (Lamarck, 1819) had a
more significant occurrence, with eight individuals, also being present all year long. The bivalves Pitar
rostratus (Philippi, 1844) and Tivela dentaria (Lamarck, 1818) were the least representative, with one
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Figures 2-11: Species of mollusks as bycatch of Atlantic seabob fishery. 2. Semicassis granulata, LEBIO 512, H: 42.6 mm; 3. Olivancillaria
vesica, LEBIO 514, H: 31.2 mm; 4. Olivancillaria urceus, LEBIO 511, H: 14.8 mm; 5. Stramonita brasiliensis, LEBIO 525, H: 17.1 mm;
6. Anadara brasiliana, LEBIO 513, L: 41.0 mm; 7. Lunarca ovalis, LEBIO 538, L: 15.8 mm; 8. Pitar rostratus, LEBIO 541, L: 28.8 mm;
9. Tivela dentaria, LEBIO 535, L: 35.3 mm; 10. Temnoconcha galathaea, LEBIO 522, L: 32.8 mm; 11. Psammotella cruenta, LEBIO 536,
L: 62.0 mm. H: shell height for gastropods, L: shell length for bivalves.

specimen each. On a seasonal scale, the highest diversity of species (five) was observed during autumn,
and the highest number of individuals was captured during autumn and winter (Table 1).

Brief description of collected species

Semicassis granulata (Figure 2) has a robust shell with a smooth and glazed protoconch, with up
to 90 mm in height, there are numerous pustules and small folds on the columellar wall. The shell aper-
ture is oval, with the outer lip reflected and thick presenting delicate folds that resemble small teeth. The
tentacle and ommatophore from the left side are larger than those from the right side. The posterior and
anterior siphonal channels are well defined. Straight and wide monopectinate gills at the superior central
part of the pallial chamber. In the anterior extremity of the proboscis is the buccal mass, anchored by thin
radial muscles, including the odontophore and the radula. Distal margin pleated by the stretching of the
lateral-center nucleus elevations. The corneus operculum is light yellow, fan shape, axially stretched with
radial elevations cut by a number of fine concentric grooves. This species prey on echinoderms like star-
fish, sea urchins and sand dollars. It inhabits shallow water (up to 95 m in depth) and its specimens are oc-
casionally found in the intertidal strip, partially buried in the sand. This species occurs in the USA (North
Carolina to Florida, Texas), Bermuda, eastern coast of Colombia, Venezuela, Brazil (including Trindade and
Martin Vaz Archipelago), Uruguay, South Atlantic Seamounts, Cape Verde, Canary Islands and Madeira.
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Table 1: Species of mollusks as bycatch in Atlantic seabob fishery and number of individuals collected per season.

Class/Family Species Number of specimens Total Percentage
Winter Spring Summer Autumm (%)
GASTROPODA
Cassidae Semicassis granulata (Born, 1778) 8 0 0 0 8 1.23
Olividae Olivancillaria vesica (Gmelin, 1791) 5 1 1 0 7 1.07
Olivancillaria urceus (Réding, 1798) 172 125 22 292 611 93.85
Muricidae Stramonita brasiliensis Claremont & Reid, 2011 0 1 0 1 2 0.31
BIVALVIA
Arcidae Lunarca ovalis (Bruguiere, 1789) 0 0 0 6 6 0.92
Anadara brasiliana (Lamarck, 1819) 1 2 3 2 8 1.23
Veneridae Pitar rostratus (Philippi, 1844) 0 0 0 1 1 0.15
Tivela dentaria (Lamarck, 1818) 0 0 1 0 1 0.15
Tellinidae Temnoconcha galathaea (Lamarck, 1818) 0 1 0 2 3 0.46
Psammobiidae  Psammotella cruenta (Lightfoot, 1786) 0 0 4 0 4 0.62
Total 186 130 31 304 651 -
Percentage (%) 28.57  19.87 4.76 46.70 - 100

Olivancillaria vesica (Figure 3) has a polished shell that can reach up to 60 mm in height, with a
short spire, covered by a thick callosity and deep suture on the dorsal side. The shell has a smooth shiny
surface with little visible growth lines. The protoconch is not covered by the columellar callus. The si-
phon is short with a small amount of same-sized papillae. The external lip is curved, with the elongated
aperture representing 4/5 of the shell size. Smooth columella with broad thickening that extends to
the spire and with 4 or 5 oblique folds. Operculum absent. This species is carnivorous and has already
been observed feeding on the bivalve Donax hanleyanus Philippi, 1847, and on the crustacean Emerita
brasiliensis (Schimitt, 1935). It inhabits the sandy bottoms of the infralittoral zone about 20 m deep and
is found from Iguape Bay, Bahia state, to Florianépolis, Santa Catarina state, Brazil.

Olivancillaria urceus (Figure 4) has a solid sub-quadrangular shell (up to 63.5 mm in height) with
a strong parietal callus and pleats on the fasciolar band. The protoconch is always visible and it is nev-
er covered by the callus. The transition to the teleoconch is undistinguishable. Operculum absent. The
rachiglossate radula possesses tricuspid rachidian teeth. The back of the body is slightly conical. The
outer lip is smooth, but the columellar wall contains oblique folds and a strong callosity. It has a smooth
surface covered with a shiny enamel cover and with scarcely visible growth lines. This species is car-
nivorous and feeds mainly on the bivalve Donax hanleyanus. It inhabits sandy bottoms up to a depth of
50 m and it is distributed from Subaima, Bahia state, Brazil, to Puerto Lobos, San Martin Gulf, Chubut
province, Argentina.

Stramonita brasiliensis (Figure 5) has a medium-sized shell, around 70 mm in height, with nodular
sculpture and a crenulated outer lip. The shell aperture is sub-oval and the siphonal channel is short.
There spire angle is variable and the columellar is smooth with broad thickening and slightly orange
color. It has a corneus operculum with a lateral nucleus. It is carnivorous and feeds mainly on marine bi-
valves such as oysters and mussels. [t presents great capacity of locomotion when searching for food and
it also forms reproduction aggregates. The females lay prismatic and purple egg capsules. This species
inhabits all extracts of the rocky shores in the Lesser Antilles and from Venezuela to Uruguay.

Lunarca ovalis (Figure 6) has inequilateral valves, an oval to subtrapezoidal shape, reaching 40 to
60 mm in length; it is sculptured by smooth axial ribs and has slightly crenulated ventral margins; its
periostracum is thick and sometimes hairy; the hinge presents several taxodont denticles. The umbo
is joined and located in the anterior chamber of the shell, with a narrow ligament and taxodont hinge.
The cardinal area is reduced. It filter-feeds on small planktonic organisms using its gills. It inhabits the
infralittoral region up to 11 m in depth, burying close to the surface, with its posterior margin just above
the substrate. The species is found in the USA (North Carolina to Florida and Texas), the West Indies,
Venezuela, Brazil and Uruguay.

Anadara brasiliana (Figure 7) has inflated trigonal valves (left valve is larger than the right one)
ranging 41 mm in length, with a white color and a fine brown periostracum. Its surface presents prom-
inent nodular axial ribs and crenulated ventral margins. It has inflated umbos, well separated, and a
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taxodont hinge. The siphon and pallial sinus are absent and the scars of adductor muscles are discrete.
It is a filter feeder, inhabiting depths from 5 to 75 m in sandy bottoms with gravel. It is found in the USA
(from North Carolina to Florida and Texas), the West Indies, Venezuela and Brazil (from Amapa to Santa
Catarina states).

Pitar rostratus (Figure 8) has symmetrical subtrigonal valves with rounded margins, reaching up
to 65 mm in length and presenting a weakly-marked cordiform-elongated lunule. The posterior region
is longer than the anterior; the outer surface is smooth, with subtle growth lines and cream-white col-
oration region and a fine yellowish periostracum; the external ligament is strong and the umbo is ante-
riorly displaced. The scar of the posterior adductor muscle is rounded and that of the anterior adductor
muscle is oval and elongated. The pallial sinus is moderately deep and angulated. It is a filter feeder,
inhabiting depths of 10 to 100 m. It is distributed from Rio de Janeiro, Brazil, to Patagonia, Argentina.

Tivela dentaria (Figure 9) has thick oval to subtrigonal shells with rounded margins, which reach
up to 60 mm in length; the outer surface is smooth, with subtle growth lines; the periostracum is pink
to purple, varying in intensity. The internal region of the shell is white, with a large and angular pallial
sinus. The scar of the posterior adductor muscle is rounded and that of the anterior adductor muscle is
oval and elongated. The long ligament is attached to a thick nymph. The lunule is cordiform-elongated
and weakly delimited. There are delicate stems located on the anterior third of the shell. This species
lives in sandy bottoms up to 8 m in depth; it is a filter feeder. It can be found from Espirito Santo state,
Brazil, to Golfo San Matias, Argentina.

Temnoconcha galathaea (Figure 10) has a fairly fragile shell of homogeneous white coloration with
up to 40 mm in length. The anterior extremity is slightly larger than the posterior and lightly rounded.
The outer surface is smooth, with subtle growth lines. It has a deep palial sinus, with long and separate
siphons at the base, which are located behind the central region. There are no lateral teeth on the hinge.
It has a discrete ligament with narrower nymph. This filter feeder inhabits depths of up to 25 m in the
West Indies, Venezuela, Suriname and Brazil.

Psammotella cruenta (Figure 11) can reach up to 75 mm in length, displaying elliptic-elongated
valves, with a rounded anterior region and marked difference in valve morphology: the right valve is
strongly convex while the left one is flattened. The shell surface is smooth, with very subtle growth lines.
The umbonal region is dark pink. The scars of the adductor muscles are markedly different from one
another; the palial line is well marked and the species presents long siphons. This filter feeder inhabits
depths of up to 55 m from the Caribbean Sea to Brazil (from Maranhdao to Santa Catarina states).

DISCUSSION

A large quantity of organisms was captured as bycatch, a fact that is quite common in shrimp
trawls due to the small size of the meshes and, consequently, their low selectivity (DAYTON 1995; KELLE-
HER 2005). All mollusk species collected are typical of sandy bottoms, with the exception of Stramonita
brasiliensis, which is characteristic of rocky shores, and whose presence can be explained by animals
fixed on a moving substrate. The abundance of Olivancillaria urceus was also observed in other studies,
such as SANTOS et al. (1999), BRANCO & VERANI (2006) and BRANCO et al. (2015), and can be explained by
the behavior of the species, which lives in large and dense groupings (Borr1 1979), facilitating capture.
The large representativeness of this species points to an economic potential, as has already been com-
mented by SANTOS et al. (1999).

Although all fishermen who contributed to this work claim that they discard the fauna of no com-
mercial value in the sea, studies suggest that the survival of most of these individuals is low (KELLEHER
2005; BRANCO & VERANI 2006; CATTANI et al. 2011). The discarding is done because none of the mollusk
species collected is widely consumed in Brazil, having no commercial value compared to species that
are cultivated or extracted from the natural environment for this purpose, such as Crassostrea sp., Mytel-
la sp., Perna perna (Linnaeus, 1758), Anomalocardia flexuosa (Linnaeus, 1767), among others (BALDAN
& BENDHACK 2009; FREITAS et al. 2012; CASTILHO-WESTPHAL et al. 2014). MARTINS & OETTERER (2010)
argue that nutritional value of seafood is not always directly proportional to its market value and, there-
fore, the price is more often related to marketing. The development of new food products would be an
excellent alternative to give a fitting destination for the underutilized species accidentally caught (OSAko
etal 2005).
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The molluscan bycatch of Atlantic seabob fishery presents a great diversity; however, the impact
caused by the mortality of this fauna on the fishing areas is unknown. It is presently not possible to say
if there are any changes in the life cycle of these species. The creation and implementation of public
policies and the use of new technologies to reduce bycatch are thus necessary. To this end, it is extreme-
ly important to research and test bycatch reduction devices (BRD), observing that a simple import of
technologies used in other regions is not always adequate to local environmental, economic, and social
aspects (BERKES 2003; FONSECA et al. 2005; CATTANI et al. 2012; MEDEIROS et al. 2013).

Further studies focused on the life cycle of bycatch mollusks should also be carried out in order to
understand the real impacts of shrimp fisheries. Research on these mollusks in the region is still incipi-
ent, but trawling is a very old fishing practice along the coast of Parana.
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