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Abstract: Blue crabs (Callinectes spp.) are widely distributed around coastal regions being usually exploited by artisanal
fishing through specific fishing gears, like as crab traps. Notably, two crab traps types are adopted in Brazil: (I)
rectangular crab traps and (II) circular crab traps. Empirically, fishermen suggest that the geometry of these fishing
gears amongst the wind regimes in shallow waters are directly related to the catch success, that is, the blue crabs
capture into the crab traps. However, these empirical observations have not been proven by academy. Thus, the
present study analysed the performance of circular and rectangular traps during twenty campaigns in a coastal
lagoon located in Laguna, Santa Catarina—Brazil. The results showed that circular crab traps obtained the highest
catches of Callinectes spp. than rectangular crab traps. We observed that wind direction can influence the catch
performance in both fishing gears and the best catch performance in our study region were during NE and SO
wind quadrants.
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Introduction

Several species of teleost fishes and invertebrates are exploited
in estuarine ecosystems and adjacent coastal waters. In these
environments, the crustaceans catches represents one of the most
important groups exploited by global fisheries, being considered a
source of food and income for coastal communities (FAO, 2018).

In this sense, blue crabs (Callinectes spp.) are a relevant
fisheries resources due its wide distribution and abundance in
shallow waters of tropical and subtropical regions around the
world, being mainly exploraited by the artisanal fishing through
some fishing gears like crab traps and longlines (Bunnel et al.,
2010; Anderson et al., 2011; Barletta et al., 2017; Mancinelli et al.,
2017; Ruas et al., 2017).

Crab traps may have different geometric shapes being
provided by one or more openings for the blue crabs entrance and
a frame made of steel or Poly-Vinyl Chloride (PVC) covered by
multifilament polyamide with five centimeters of mesh opening
between opposing nodes. On the upper or lateral side of the
crab trap, there is an opening to remove the blue crabs caught.
Additionally, pieces of bony fishes (natural baits) are allocated
inner the fishing gears to attract the blue crabs (Bannwart, 2014).

Two crab trap typologies are adopted in artisanal fisheries in
Brazil: (I) rectangular and (II) circular traps (Bannwart, 2014).
Empirically, artisanal fishermen report that the success in this
fishing method is close affected by the typology of the crab traps.
Additionally, they report that in shallow waters regions surrounded
by hills, the wind direction regimes can also affect the fishing
productivity. However, these empirical observations do not have
any academic verification, and there are no efforts to measure the
catchability potential of the crab traps in coastal lagoons located
in South America.

Considering the relevance of this subject and the lack of efforts
to valuate the catchability potential of a crab traps, the present
study analysed the performance of circular and rectangular traps
in a blue crab fishing ground located in a South American coastal
lagoon.

Materials and Methods

To evaluate the crab traps performances, a total of 40 sampling
efforts, including 20 with a rectangular trap and 20 with a circular
traps along 20 fishing trials were conducted in the Laguna Estuarine
Complex (LEC) located in southern Brazil (study area coordinates
-48°46°W and -28°30’S; mud substrata; approximately 2 m depth)
during the spring season.

The study region is formed by the Santo Antonio dos Anjos,
Imarui, and Mirim lagoons (18400 ha). More details about LEC
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 Tubardo and

Duna River basins which discharges directly in the LEC (Barletta
etal., 2017).

The traps were allocated close one each other (distance lower
than 5 m) at the fishing ground using a rowing fishing boat close to
6:00 PM and collected at 7:00 AM, totalling 13 hours per fishing
campaign. This time interval was chosen because it is usually
adopted by local fishermen. At the same direction, we adopt the
same baits in the fishing gears: mullets (Mugil spp.) and atlantic
bonito (Sarda sarda).

Crab traps are a passive fishing gear with PVC and galvanized
steel structure and covered by multifilament polyamide with 5 cm
of mesh opening between opposing nodes. A long polypropylene
cable with styrofoam is tied to the top panel to facility the fishing
gear identification on the water surface. Finally, natural baits are
allocated in the crab trap to attract the blue crabs into the fishing
gear (Table 1 and Figure 1). In this study, the two main crab traps
models (circular and rectangular traps) to blue crabs (Callinectes
spp.) catches in LEC were designed and manufactured based on
the dimensions usually adopted by local fishermen.

Table 1: General description of crab traps in LES.

. . Circular crab Rectangular
Dimensions
trap crab trap

Number os entries 2 2

Area of each entries (cm?) 86.6 86.6
Height (cm) 16 16
Length (cm) 55 50

Mesh side (cm) 2.5 2.5

A B

Figure 1: Crab traps usually adopted in LES. In top column (A) is
a perspective view of a circular crab trap, in the center its lateral
view and in the lower portion, the superior and inferior view of
this fishing gear. Column (B) follows the same arrangement of
views for the rectangular crab traps.
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The blue crabs caught were identified (Melo, 1996), measured
(total carapace length and weight) and classified by gender (males
and females). Using the dataset obtained above we performed a
Mann-Whitney test (Lehmann, 2006) over the biomass caught
to identify possible differences into the catches between the
fishing campaigns. Moreover, considering that the fishing ground
is a shallow coastal lagoon (1.4 m) partially sheltered from the
influence of estuarine currents (Barletta et al., 2017), we evaluate
the possible effects of the local wind directions over the catch
fluctuations in rectangular and circular crab traps. In shallow
coastal lagoons (such as our study region), usually we have lentic
environments in the most of time (O'Sullivan and Reynolds,
2004). However, wind regimes can impact the water circulation
of these aquatic systems, provoking temporary alterations in local
hydrodynamical patterns (O'Sullivan and Reynolds, 2004). Thus,
the wind direction can affect the crab traps position, moving and/
or turn these gears in the fishing ground.

The daily wind information for the period were obtained
from in situ station of the Centro de Informag¢des sobre Recursos
Ambientais e Hidrometeorologia de Santa Catarina (CIRAM-
EPAGRI) located approximately 22 km from the fishing ground
where the catch efforts were performed in this study.

To evaluate the influence of the wind over the catch oscillations
its directional field was divided in quadrants as follows: Q1-north
to east (0-90°), Q2-east to south (90-180°), Q3-south to west
(180-270°) and, finally, Q4-west to north (270°-360°). This
approach was adopt to consider all wind directions variations
observed in study area (more details in Truccolo, 2011). The
catches by crab trap shape (circular and rectangular) were
compared by wind quadrants by Mann-Whitney test (Lehmann,
2006), in order to evaluate the influence of this environmental
variable over the fishing productivity/fishing gear.

Results and Discussion

After twenty fishing campaigns were caught 502 blue crabs
(30.41 kg) for three distinct species: Callinectes danae (327),
Callinectes sapidus (167) and Callinectes exasperatus (8).
Comparably, circular crab traps showed a largest biomass caught
than rectangular crab traps (19.63 kg and 13.78 kg, respectively).

Notably, 71.6% of catch composition in circular crab traps
were Callinectes danae, followed by 27.3% of Callinectes
sapidus and 0.3% of Callinectes exasperatus. Similar patterns
were observed in rectangular crab traps once Callinectes danae
represented 54.08% of total catches, followed by 42.3% and 3.5%
of Callinectes sapidus and Callinectes exasperatus, respectively
(Figure 2).

The mean length of Callinectes spp. caught by treatments
were 10.06 cm and 9.7 cm in rectangular and circular crab traps,
respectively. The minimum and maximum length for rectangular
crab traps were 6 cm and 14 cm, while for the circular crab traps
were 6.6 cm and 15 cm. According to Pereira et al. (2009), the
L50 values for Callinectes danae, studied in Babitonga Bay
(Santa Catarina state), is 8.6 cm, while for Callinectes sapidus is
10.2 cm. In this sense, it is possible to observe that just 18.6% of

blue crabs caught were below of L50 (length at which 50% of the
blue crabs are mature) (Figure 3). Considering that Callinectes
exasperatus caught less than 5% of total catches between the crab
traps, this specie was dropped from analysis.

During the twenty fishing campaigns were possible to observe
the predominance of Callinectes danae into the crab traps with
significant oscillation of biomass caught (kg) per campaign,
suggesting the influence of wind regimes over the catch fluctuations
(Figure 4). In this sense, considering that LEC has a very shallow
waters (1-2 m) the literature suggest that its dynamics is strongly
influenced by local wind (Barletta et al., 2017). However, wind
speed (magnitude) data did not showed a significant variations
between the fishing campaigns (average=3 ms™' and standand
variation=0.8 ms™). Possibly, this pattern is related to the fact that
in situ efforts were focused just in spring season. In the other hand,
considering the directional quadrants of the wind, it was possible

42.34%

Circular Rectangular

71.42%
0.32%
27.27%

Figure 2: Distribution of blue crabs species caught by crab traps.
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Figure 3: Bars represents the carapace length of Callinectes danae
and Callinectes sapidus caught during the fishing campaigns
and vertical lines its respective standard deviations. The dotted
lines represents the L, values for Callinectes spp. suggested by
PEREIRA et al. (2009) for Babitonga Bay populations.
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Figure 4: Biomass fluctuations (Callinectes spp.) along the fishing
campaigns. Black line represents the rectangular crab traps while
dotted line showed the circular crab trap catches.
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to observe considerable variation between the dates of the fishing
campaigns (Table 2).

Fishing campaigns under Q1 regimes obtained the highest
total biomasses caught (rectangular crab traps=5.2 kg and circular
crab traps=7.4 kg). The blue crabs under Q2 influence generated
4.1 kg of crab traps in rectangular crab traps and 5.2 kg in circular
crab traps. Finally, crab traps under Q3 regimes caught 4.5 kg and
6.9 kg of Callinectes spp. in rectangular and circular fishing gears,
respectively. There were no catches under Q4 regime.

The Spearman correlation showed a close correlation between
the blue crab biomass caught/wind quadrant, mainly in circular
crab traps once the values were: Q1=0.57; Q2=0.16; Q3=0.62. In
rectangular crab traps, the correlations between the Quadrants (Q)
and catches were: Q1=0.50; Q2=0.20 and Q3=0.48.

The Mann-Whitney test (monocaudal with 5% of
significance) showed that there was a significant difference
between the biomass caught in circular and rectangular crab
traps, showing the highest fishing potential of the first geometry
mentioned (U-calculated=107).

Analyzing five years of daily wind information from in
situ station of the CIRAM-EPAGRI we did not observe any events
of wind came from Q4 quadrant. Thus, just Q1, Q2, and Q3 were
considered for analysis in our study.

During the fishing campaigns, circular crab traps showed
better catch efficiency than rectangular crab traps. Considering
that both fishing gears has the same number (and dimensions) of
entries and mesh size, probably the shape design and total area
affects the blue crabs assimilation. According to Fuverik and
Lokkeborg (1994), the shape of passive fishing gears is one of the
most important variable related to the catch success. In this sense,
several studies have been evaluating the fishing gear geometry
impacts over the fishing effort (Guillory and Hein, 1998; Butcher
et al., 2012; Favaro et al., 2013; Brown et al., 2015; Serena et al.,
2016). However, these authors did not adopt crab traps with similar
dimensions and same mesh panel being difficult to identify the
characteristic responsible for different catch rates. In this sense, in
the present study the fishing gears dimensions are very close and
it was adopt the same material for structure and panels and just the
crab trap geometry was distinct between the fishing gears.

The highest biomass in circular crab traps probably are related
to its stability on the bottom. In some fishing campaigns, it was
possible to observe the rectangular crab traps turned due the wind
influence over the local water circulation. This fact can contribute
to blue crabs escape after its catches. Additionally, the noise
caused by the irregular movements of the rectangular crab traps at
the fishing ground can reduce the catch probability of blue crabs.

Most of blue crabs caught were above L50 that suggest the
high selectivity of this fishing gear. This fact is directly associate
with the mesh opening adopt by local fishermen (5 cm) that allows
just the adult stock be catch. In previous study, Guillory and Hein
(1998) showed that the mesh size and its typology in crab traps are
two most important variables to ensure the fishing effort just over
the blue crabs above L50.

Table 2: Wind quadrants distribution along the fishing campaigns.
It is possible to observe that the distribution of the wind directional
was similar in Q1 (06), Q2 (07) and Q3 (07). There were no

occurrences of Q4 in our study region.

Quadrants Campaigns/  Mean wind ~ STD - Wind
quadrant direction direction
Ql 6 59.7° 9.2°
Q2 7 121.7° 26.5°
Q3 7 217.3° 28.1°
Q4 0 _ N

Figure 5: DEM derived from SRTM data over Landsat 5 satellite
image for our study region (white star). The arrows represents
the wind Quadrants (Q) observed during the fishing campaigns
and dotted line was insert to highlight the hills around the coastal
lagoon.

During Q1 and Q3 quadrants, were observed an expressive
biomass caught in comparison to Q2 quadrant. Analyzing remote
sensing data, more specifically Landsat 5 data (band 4) over the
digital elevation model (DEM) from Shuttle Radar Topography
Mission (SRTM) it is possible to observe that the study area
(see "white star" in Figure 5) is protected from Q1 and Q3 wind
quadrants (see "dotted lines" in Figure 5). In the other hand,
during Q2 situations, wind regimes can reach directly on the water
surface of coastal lagoon due the hills absence in this quadrant.
Although the wind incidence over the water be fundamentally
relevant for oxygen balance and nutrient flows, this variable also
be negative effects increasing the local hydrodynamics circulation
(Powell and Stelle, 1995). Under these conditions (Q2), usually
local fisheries resources looking for shelter close to bottom and

fisheries catches presents a significant reduction (Powell and
Stelle, 1995).

Conclusion

Based on the results, it was possible to qualify the influence of
wind direction over the crab traps catches in neotropical regions.
Additionally, it was possible to evaluate the geometry influence
of these fishing gears over the catch rates in its fishing grounds.
Although the study case designed has a simple approach, this
represents a pioneer effort to better understand the crab trap fishing
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catch rates variability over different wind regimes in artisanal
fishing in neotropical coastal lagoons.

The majority of blue crabs caught were above L50 in both
fishing gears geometry suggesting that the open meshes adopt are
coherent with the selectivity premises independent of the quadrant
(Q) evaluated. In this sense, probably the hills around the fishing
ground affects the local circulation and water turbulence, once,
during Q1 and Q3 campaigns we observed the highest catch rates.

Considering the relevance of artisanal fishing for coastal
communities along neotropical regions and the lack of information
about the environmental-fishing gear typology over the catch rates
we suggest new efforts to support future fishing management
strategies.
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