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Background. Shrimp fisheries using fyke nets have been associated with a massive acquisition of teleost fishes as
bycatch, potentially resulting in the decimation of their stocks. Based on this assumption, the presently reported
study intended to test an alternative modification of a commonly used fyke net, in order to minimize the impact
of its low selectivity.

Materials and methods. To evaluate the alternative design proposed in this work, a total of 44 sampling efforts,
including 22 with a control gear (CG) and 22 with a modified gear (MG), were conducted at a subtropical coastal
lagoon system located in southern Brazil. In all trials, the fyke nets were installed at the fishing area approximately
at 18:00 h and removed approximately at 06:00 h. The duration of each trial was nearly 12 h, which was similar
to the catching time preferred by local fishermen.

Results. Bycatch (BC) was preponderant in both modalities but the results showed that MG presented a reduction
by 66 percentage points in BC catches, being more selective than CG. Additionally, the non-parametric test
showed no significant differences of shrimp catches between the fishing gears used (MG and CG). So, the tested
bycatch reduction devices (BRD) reduced the bony fishes acquisition preserving the volume of the target catch.
Conclusion. The vertical opening reduction due the adoption of guiding panel + fan upper panel contributed to bycatch
reduction, being a consistent BRD to reduce the potential impacts of this fishing gear over the bony fishes stocks.

Keywords: responsible fisheries, shrimp, bycatch reduction, fisheries engineering, passive fishing gear, fyke net,

selectivity

INTRODUCTION

Transitional coastal wetlands, such as estuaries, coastal
lagoons, mangroves, or salt marshes, are among the richest
aquatic ecosystems in the world, supporting a diversity of
organisms, many of them of commercial value (Barletta et
al. 2017). In this sense, the penaeid shrimp fisheries is one
of the most relevant economic activities in these coastal
zones, representing almost 80% of global shrimp catches
with wide range occurrence around the world (Broadhurst
2000, D’Incao et al. 2002).

In South America, bottom trawls are the main fishing
gear used for shrimp catches in the marine environment
(Branco and Verani 2006, Cattani et al. 2012, Domingos
et al. 2016, Vieira et al. 2017). On the other hand, shrimp
traps or shrimp fyke nets are largely used in estuarine and
coastal lagoons (Vianna and D’Incao 2006, Benedet et

al. 2010). Regardless of the nature of catch, both fishing
gears the trawls (active) and shrimp fyke nets (passive)
yield a massive bycatch (Loebmann and Vieira 2006).

In order to minimize the bycatch in shrimp fisheries,
many researchers have been suggesting the development of
bycatch reduction devices (BRD) as an alternative to fisheries
management (Andrew et al. 1993, Broadhurst and Kennelly
1996, Broadhurst 2000). The overwhelming majority of
published records was devoted to BRDs in shrimp trawls
and only few efforts were intended to reduce bycatch in other
shrimp fisheries (Larocque et al. 2012, Colotelo et al. 2013,
Soeth et al. 2015). It has been widely known that shrimp
fyke nets catch an excessive number of different bony fishes
that usually are discarded after the fishing activity but only
few authors suggested low-cost alternatives to reduce this
problem (Vianna and D’Incao 2006, Soeth et al. 2015).

* Correspondence: Dr Eduardo G. Gentil de Farias, Grupo de Gestéo, Ecologia e Tecnologia Marinha (GTMar), Departamento de Engenharia de Pesca e Ciéncias Bio-
logicas, Universidade do Estado de Santa Catarina (UDESC), Campus Laguna, Coronel Fernandes Martins, 270, 88790-000, Laguna, Santa Catarina, Brazil, phone:
+55 48 3647 7924, e-mail: (EGGF) eduardo.gentil@udesc.br, (ACPJ) juniorpereiraac@gmail.com, (MMD) domarcelomd@gmail.com, (DVD) david.dantas@udesc.br.


mailto:eduardo.gentil@udesc.br
mailto:juniorpereiraac@gmail.com
mailto:domarcelomd@gmail.com
mailto:david.dantas@udesc.br

2 Farias et al.

Considering the relevance of this subject, the presently
reported study suggests an alternative design of shrimp fyke
nets, in order to minimize the impacts caused by the low
selectivity of this fishing gear to contribute to the development
of a new BRD, that reconciles technology and sustainability.

MATERIALS AND METHODS

Study area. The presently reported study was carried out
in the Laguna Estuarine Complex (LEC) (Barletta et al.
2017) is located in southern Brazil (central coordinates:
048.75°W, 28.35°S), formed by the Santo Antonio dos
Anjos, Imarui, and Mirim lagoons (18 400 ha). More details
about LES abiotic factors can be found in Barletta et al.
2017. Each lagoon is linked to the other by small channels,
and the water flows to the sea through a single channel
(for the map of the area see Marques 2011). The estuary
is located in a strip of coastal plains, and it is a typical
choked lagoon, where the salinity ecocline is formed by the
connection between the sea and the Santo Antonio dos Anjos
Lagoon. The estuary receives freshwater from the Tubarao
River basin which discharges directly in the low estuary.
The middle estuary, where the presently reported study was
carried, presents limnetic to oligohaline conditions, with a
seasonal influence of rainfall patterns (Barletta et al. 2017).
Control (CG) and modified (MG) shrimp fyke nets.
This study was performed during the 2016 shrimp-
fishing season in the Laguna Estuarine Complex (LEC).
In the LEC, the shrimp fyke nets are the main artisanal
fishing gear to catch the juvenile population of pink
shrimp (Farfantepenaeus paulensis and Farfantepenaeus
brasiliensis). The fyke nets are allocated in shallows
zones (<1.5 m) preferably close to widgeon grass (Ruppia
maritima) and/or close to sheltered areas. Notably,
this fishing ground supports different young estuarine-
dependent species, and occasionally adult, estuarine-
resident, marine and freshwater species.

Shrimp fyke nets have a geometric shape similar to bottom
trawls, that is, a conical appearance, two wings, and a codend.
However, they are passive gears with its wings and cod-
end attached to wooden stakes and submerged in estuarine
shallow waters during the night period. On top of the codend
wooden stake a 3 W white light-emitting diode (LED) lamp is
installed to attract the shrimp into the gear. Another structural
difference can be observed due to valves sequences (two or
three) in fyke nets bodies with a distance of 0.5 m of between
them to facilitate the shrimp catch. The shrimp fyke nets
adopted in this study had the typical dimensions of such nets
commonly used in the LEC (Table 1).

In order to combine selectivity and low cost, the
BRD proposed consists of two adaptations in a regular
shrimp fyke net:

Substitution of a regular upper panel (PE multi and 24
mm) with a fan panel that consists of polyethylene ropes
connected between a cork line to the top portion of the
ring of the first funnel.

Incorporation of a guiding panel in an inner portion
of the wings to the upper portion of the first funnel ring.
Guiding panel consist in a polyamide monofilament panel
with 15 mm of stretched mesh (Fig. 1).

Except for the fan panel and guiding panel, the other
components adopted in the modified shrimp fyke net
were the same as the control gears: 4 main multifilament
polyamide (PA multi) panels, without knots (210/12), 24
mm of meshes opening and cork line/lead line constituted
by polyethylene braided multifilament (PE) with 8 mm in
diameter (Fig. 2).

Table 1
Parameters of a typical artisanal-shrimp fyke net used
in southern Brazil

Parameter Value/description

Layout 4 panels
Wing length 4.50 m
Wing height 1.60 m
Total length (without codend) 3.10 m
Horizontal opening 4.80 m
Codend length 4.15m
Codend width 1.40 m
Distance between metal hoops 0.60 m
Hoops diameter 0.45 m
Stretched mesh (cod-end) 0.024 m
Total weight (with footrope) 7.70 kg

A

B

Fig. 1. Schematic layout of the control shrimp fyke net
(A) and the modified shrimp fyke net used in the
presently reported study (B); in (B) note the presence of
fan panel between corkline to upper portion of the first
valve; fan panel are constructed by PE ropes represented
in figure by black lines up the mouth gear; guiding panel
is attached in diagonal position between the wings (50%
of its height) to upper portion to the first valve
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Experimental design and data analysis. To evaluate
the alternative layout proposed in this work, a total of
44 sampling efforts, including 22 with a control-gear
(CG) and 22 with a altered-gears (MG) along 11 fishing
trials were conducted in the LEC between November 2015
and February 2016 during the shrimp-fishing season. The
fishing gears were attached to bamboo stakes with an
artificial light attraction for all gears in a top of codend.
In all trials, the fyke nets were installed in pairs (that is,
MG and CQG) at the fishing area approximately at 18:00 h
and removed approximately at 06:00 h, which is similar to
the catching time preferred by local fishermen.

On the fishing boat, the catches were divided into two
categories: shrimp (SH) and bycatch (bony fishes and blue
crabs) (BC). Although the shrimp fyke nets also caught blue
crabs, this fishery resource is very important to the regional
economy being also considered target species. It is important

‘meA 67

to highlight that blue crabs caught by shrimp fyke nets are
very important to the regional economy being considered
byproduct. The fishes caught were identified to the family
level and the species according to specific taxonomic
keys. Additionally, Kolmogorov—Smirnov test (Siegel
and Castellan 1988) was employed to check if the dataset
of the main SH and BC catches in the control (CG) and
modified fyke nets (MG) were well modelled by a normal
distribution. Additionally, Mann—Whitney test (Lehmann
2006) was adopted to test the statistical differences between
experiments. The datasets were pooled (sum of all fishing
trials) by species, considering the number of individuals
and biomass by each treatment (CG or MG) to compare
their catch performance. Thus, it was possible to evaluate
the effectiveness of each fyke net in terms of bycatch
reduction. Both tests were applied considering a one-tailed
distribution and a 0.05 significance level.
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Fig. 2. Technical drawing of the modified shrimp fyke net (MG) used in the presently reported study
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RESULTS

The CG and MG fishing gears caught two shrimp species,
fifteen different bony fish species, and two blue crab species
(Table 2). Four bony fish species represented almost 85%
of the total bycatch: Eucinostomus gula (Quoy et Gaimard,
1824), Genidens genidens (Cuvier, 1829), Citharichthys
spilopterus Giinther, 1862, and Micropogonias furnieri
(Desmarest, 1823). In terms of the biomass, the combined
catch in CG and MG was close to 21.2 kg, including 15.7 kg
representing bony fishes, 5.8 kg of blue crabs, and just 0.2
kg of shrimps (target catches) (Table 2).

Kolmogorov—Smirnov test suggested that our dataset
could not be analysed through the parametric approach.
So, paired Mann—Whitney non-parametric test was
employed to evaluate the BRD impacts on the bycatch
reductions in shrimp fyke nets (Table 3). For the total
number and biomass of bycatch, significant differences
were observed (P < 0.05), showing that altered shrimp
fyke nets (MG) had a significant potential for bycatch
reduction (Table 3). MG presented a better selectivity
performance (228 bony fishes weighing 3519.74 g) than
control fyke nets (CG) (719 bony fishes weighing 12
215.90 g). These results suggest that MG can reduce by
more than 65 percentage points the bycatch acquisition.

For all main bony fishes in bycatch (E. gula,
G. genidens, C. spilopterus, and M. furnieri), significant

differences were observed in the number of individuals
and biomass (P < 0.05), between MG and CG (Table 3).
Micropogonias furnieri was the main bony fish caught in
control and modified shrimp fyke nets (400 individuals),
including 309 individuals (6129.20 g) in CG and 91
(1447.42 g) in MG, followed by E. gula (209 individuals)
where 153 individuals (1564.20g) were caught in CG and
56 individuals (608.08 g) in MG (Figs. 3 and 4; Table
2). The third most representative bycatch species was
G. genidens, with 94 (1639.20 g) and 40 (693.40 g)
individuals caught in CG and MG, respectively. Finally,
the fourth highest occurrence bycatch species found in
CG and MG was C. spilopterus (60 individuals) with a
predominance of catches in CG (52 individuals weighing
536.20 g) against § individuals, weighing 53.38 g, caught
in MG (Figs. 3 and 4, Table 2).

All bony fishes caught (CG and MG) had total lengths
below the L, (length at which 50% of the fish are mature).
Micropogonias furnieri represented mean length of 12.2
cm (standard deviation = 3.4 cm), for E. gula the mean
length was 9.9 cm (standard deviation = 1.3 cm) and
G. genidens showed mean length close to 11 cm (standard
deviation = 3.78 cm). Finally, C. spilopterus had the mean
length of 8.4 cm and standard deviation of 2.9 cm in
CG and MG. Note in Fig. 5 that all bony fishes caught had
a similar total length and standard deviation.

Table 2

Number of individuals, biomass, and mean total length of crustaceans and bony fishes caught using the control
shrimp fyke net (CG) and the modified shrimp fyke (MG) in the Laguna Estuarine Complex,
southern Brazil, in 2016

Number Biomass [g] Mean
Family Scientific name of individuals length [cm]
CG MG CG MG CG MG
Crustaceans
Penacidae Litopenaeus schmitti 2 3 17.80 19.80  10.90 12.50
Penaeidae Farfantepenaeus paulensis 20 11 89.90  49.89 8.25 9.00
Portunidae Callinectes sapidus 93 34 3866.60 1542.69 8.75 9.60
Portunidae Callinectes danae 1 1 35.80 4556 8.20 9.30
Total of crustaceans 116 49 4010.10 1657.94
Bony fishes
Achiridae Achirus lineatus (Linnaeus, 1758) 43 1 242.40 4.77 7.05 6.00
Ariidae Genidens genidens (Cuvier, 1829) 94 40 1639.20 693.40 11.35 10.70
Atherinopsidae  Atherinella brasiliensis (Quoy et Gaimard, 1825) 1 0 10.30 0.00 13.00 0.00
Belonidae Strongylura timucu (Walbaum, 1792) 5 1 761.70  43.11 46.30  34.50
Carangidae Oligoplites saliens (Bloch, 1793) 4 0 116.60 0.00 16.20 0.00
Carangidae Oligoplites saliens (Bloch, 1793) 4 0 116.60 0.00 16.20 0.00
Centropomidae  Centropomus parallelus Poey, 1860 1 0 5.20 0.00 9.20 0.00
Curimatidae IC;/f:g)ochamx santacatarinae (Fernandez-Y épez, 0 | 0.00 709 0.00 2,50
Engraulidae Anchoa marinii Hildebrand, 1943 1 0 5.60 0.00 9.40 0.00
Gerreidae Diapterus rhombeus (Cuvier, 1829) 18 5 187.80  61.58 9.00 9.70
Gerreidae Eucinostomus gula (Quoy et Gaimard, 1824) 153 56 1564.20 608.08 9.90 10.20
Gobiidae Gobionellus oceanicus (Pallas, 1770) 3 4 54.00 60.00 15.80 14.30
Mugilidae Mugil curema Valenciennes, 1836 2 0 124.70 0.00 13.55 0.00
Paralichthyidae  Citharichthys spilopterus Ginther, 1862 52 8 536.20  53.38 8.35 8.55
Sciaenidae Micropogonias furnieri (Desmarest, 1823) 309 91 6129.20 144742 12.45 12.00
Total of bony fishes 719 228  12215.90 3519.74
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Table 3
The numerical and biomass effectiveness of the control shrimp
fyke net versus the modified shrimp fyke net tested in the
Laguna Estuarine Complex, southern Brazil, in 2016 expressed
as paired Mann—Whitney statistics

Mann—Whitney

Test U Status

Number of individuals, bony fishes

Citharichthys spilopterus 118.5 P <0.05

Eucinostomus gula 103.8 P <0.05

Genidens genidens 125.5 P <0.05

Micropogonias furnieri 88.5 P <0.05
Number of individuals, shrimps

Farfantepenaeus paulensis — NS

Litopenaeus schimitti 37 NS
Number of individuals, blue crabs

Callinectes danae 439 P <0.05

Callinectes sapidus 37.5 P<0.05
Biomass, blue crabs

Callinectes danae 480 P <0.05

Callinectes sapidus 40 P <0.05
Biomass, bony fishes

Citharichthys spilopterus 282 P <0.05

Eucinostomus gula 284 P<0.05

Genidens genidens 329 P <0.05

Micropogonias furnieri 443 P <0.05
Biomass, shrimps

Farfantepenaeus paulensis — NS

Litopenaeus schimitti 101.5 NS

NS = not significant.

The non-parametric test showed that there were no
significant differences of shrimp catches between the fishing
gears used (MG and CG). Therefore, the BRD reduced the
bony fishes acquisition preserving the volume of target
catches. In addition, the mean length of the shrimps showed
an increment in the MG, compared to CG (Table 2). The
blue crab Callinectes sapidus showed significant differences
in the number and biomass, between CG and MG (P <
0.05) (Table 3). The CG caught 20 individuals (1097.1
g) and MG 8 individuals (220.57 g), but the mean length
of the individuals was higher in MG than in CG. Similar
statistical patterns were found in Callinectes danae, which
was possible to identify differences between CG and MG in
number and biomass (P < 0.05). Details about the species
caught and statistics results are presented in Tables 2 and 3.

DISCUSSION

The results of this study demonstrate that simple structural
alterations in a conventional fishing gear can contribute to an
increase in its selectivity. In this case, the use of a guiding panel
associated with a fan upper panel reduced by 66 percentage
points the bycatch acquisition without affecting significantly
the shrimp catches. However, compared to previous studies
(Vieira et al. 1996, Loebmann and Vieira 2006, Vianna and
D’Incao 2006) the absolute shrimp catches obtained in this
study (regardless of the treatment) were distinctly lower than
those reported in other years.
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Fig. 3. The numerical effectiveness of the control shrimp fyke
net (CG) versus the modified shrimp fyke (MG), tested in
the Laguna Estuarine Complex, southern Brazil, in 2016,
in respect to the main four bycatch species caught; MF =
Micropogonias furnieri, EG = Eucinostomus gula, GG =
Genidens genidens, CS = Citharichthys spilopterus
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Fig. 4. The biomass effectiveness of the control shrimp fyke
net (CG) versus the modified shrimp fyke (MG), tested in
the Laguna Estuarine Complex, southern Brazil, in 2016,
in respect to the main four bycatch species caught; MF =
Micropogonias furnieri, EG = Eucinostomus gula, GG =
Genidens genidens, CS = Citharichthys spilopterus
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Fig. 5. Length (TL) comparison of main four bycatch
species caught using control shrimp fyke net
(CG) versus the modified shrimp fyke (MG), tested
in the Laguna Estuarine Complex, southern Brazil,
in 2016; bars represent main values while whiskers
represent standard deviation; MF = Micropogonias
Sfurnieri, EG = Eucinostomus gula, GG = Genidens
genidens, CS = Citharichthys spilopterus



6 Farias et al.

Possibly, the lower shrimp catch rates observed in the
presently reported study were related to the El Nifio events
between 2015 and 2016. Usually, El Nifio is associated
with positive precipitation anomalies in southern Brazil
(Grimm et al. 2000). This fact was previously observed
by Vianna and D’Incao (2006) and Santana et al. (2015).
These authors found a negative correlation between
El Nifo events and shrimp catches in South America.
Moller et al. (2009) suggested that the increase in estuarine
hydrodynamic flows due to the water input derived from
the precipitation constitutes a physical barrier, limiting the
entry of shrimps into transitional environments. According
to Maller et al. (2009), the increase in estuarine flows is
more evident in environments with narrow estuary—sea
interfaces, which can be observed in the LEC.

The bycatch composition found in the presently
reported study was similar to that in previous studies
(Vieira et al. 1996, Loebmann and Vieira 2006) including
the abundance of some bony fish species. In this study,
Eucinostomus gula, Genidens genidens, Citharichthys
spilopterus, and Micropogonias furnieri were the most
prominent bycatch items in the presently reported study.
In general terms, these species inhabiting estuarine
shallow waters, especially during the early stages of their
life cycle once these environments can provide food and
shelter for these potential fisheries resources (Barletta et
al. 2008, Lacerda et al. 2014).

The alternative layout, proposed in this study, presented
good performance in terms of reduction of demersal fish
catches. According to Marchesan et al. (2009), when
exposed to artificial light, fish species with diurnal habits
perform a vertical migration even in shallow environments.
Thus, possibly the low capture of these species by MG, is
directly associated with the vertical opening limitation.

Blue crabs are not usually the target species of the fyke
nets fisheries, but due to the low catches of shrimps, during
El Nino events, Callinectes danae and Callinectes sapidus
are treated as a secondary target species and retained for
marketing, in order to increase the income of fishermen.
In the presently reported study, the blue crab catch was
reduced in the MG treatment, but the mean length of the
individuals increased, showing a better selectivity and
excluded small individuals.

The vertical opening reduction due to the adoption of
the guiding panel + fan upper panel contributed to bycatch
reduction, resulting in an increase the shrimp fyke net
selectivity and a reduction of the potential impacts of the
traditionally used, unaltered fyke net over the bony fish
stocks.

The absence of statistically significant differences
between the shrimp catches in CG and MG will be reviewed
in future works. Although this information suggests that
the alternative layout can concatenate selectivity with the
maintenance of shrimp catches on the unchanged level, the
low occurrence of target species acquisition was possibly
associated with the El Nifio phenomenon. Therefore,
it is pertinent to repeat this experiment under the usual
meteorological conditions in the LEC. Thus, the statistical
tests applied may be ratified.

Considering the relevance of this subject to artisanal
fisheries development, new experiments need to be
encouraged to improve the fishing gear selectivity in the
regional context.
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