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Gill nets selectivity determine the fish community in connected
oxbow lakes of the Pantanal

Pantanal is known because of the amplitude on the water dynamics, with a pronounced flood and dry seasons. The water expansion and retraction reflect in the hydric connectivity between
river and bays, resembling the environments and causing distinct characteristics of water quality. In order to capture fish in these environments the gill nets are used. These passive devices
allow the capture of a certain length category according to the meshes size, avoiding the capture of fish that are too small or too large, characterizing their selectivity. The present study aims
to characterize the ichthyofauna of an oxbow lake system, as well as to establish its relationship with the seasonal, limnology and structural alterations of fish, seeking to understand the
spatial and temporal distribution characteristics of the community. Three points of two side lakes were sampled using a set of gill nets with 2, 3, 4 and 5 cm between knots, allocated in
parallel columns at every 10 meters in the lakes. The samples were performed during the day and during the night, where the nets were left in the water for 6 hours. Concomitantly to the
fish sampling, the limnologic variables were obtained using a portable field equipment and Secchi disk. The results showed that the limnological variables changes according to the hydric
seasons. These changes associated to the connectivity between the river and lakes presented an increase in the diversity indices considering the inlet of water in the system, while the
disconnected lakes remained about the same during the entire year. This discrepancy may be caused by the selectivity of the gill nets using in the study, where fish may use the flooded area
during the high waters, reducing the capture capacity of these devices. In the Pantanal, the connectivity associated to the selectivity of the gill nets determine the fish community.

Keywords: Tropical Wetlands; Ichthyology; Sampling Methods.

Seletividade de redes de emalhar determina a comunidade de peixes
em meandros abandonados conectados no Pantanal

O Pantanal é conhecido pela amplitude na dindmica das aguas, com estagGes de cheia e seca bem acentuadas. A expansdo e retragdo da agua refletem na conectividade hidrica entre rios e
baias, tornando os ambientes semelhantes e causando caracteristicas distintas na qualidade da dgua. Para capturar peixes nesses ambientes, as redes de emalhar sdo usadas. Esses
dispositivos passivos permitem a captura de uma determinada categoria de comprimento de acordo com o tamanho das malhas, evitando a captura de peixes muito pequenos ou muito
grandes, caracterizando sua seletividade. O presente estudo tem como objetivo caracterizar a ictiofauna de um sistema de meandros abandonados, bem como estabelecer sua relagdo com
as alteragBes sazonais, limnoldgicas e estruturais dos peixes, buscando entender as caracteristicas de distribui¢do espacial e temporal da comunidade. Trés pontos de dois lagos laterais foram
amostrados usando um conjunto de redes de emalhar com 2, 3, 4 e 5 cm entrends, alocados em colunas paralelas a cada 10 metros nos lagos. As amostras foram realizadas durante o dia e
a noite, onde as redes foram deixadas na agua por 6 horas. Concomitantemente a amostragem de peixes, as variaveis limnoldgicas foram obtidas utilizando um equipamento de campo
portatil e um disco de Secchi. Os resultados mostraram que as varidveis limnoldgicas mudam de acordo com as estagdes hidricas. Essas mudangas associadas a conectividade entre o rio e os
lagos apresentaram um aumento nos indices de diversidade considerando a entrada de agua no sistema, enquanto os lagos desconectados permaneceram praticamente os mesmos durante
todo o ano. Essa discrepancia pode ser causada pela seletividade das redes de emalhar utilizadas no estudo, onde os peixes podem usar a area inundada durante as dguas altas, reduzindo a
capacidade de captura pelos dispositivos. No Pantanal, a conectividade associada a seletividade das redes de emalhar determina a comunidade de peixes.

Palavras-chave: Planicies Inundaveis Tropicais; Ictiologia; Métodos de Amostragem.
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Gill nets selectivity determine the fish community in connected oxbow lakes of the Pantanal
MUNIZ, C. C.; OLIVEIRA JUNIOR, E. S.; BARBOSA, A. P. D.; PERET, A. C.

INTRODUCTION

Pantanal is known because of the amplitude on the water dynamics, with a pronounced flood and
dry seasons (JUNK et al., 1989), expanding the water more than five times during the high waters (MORAES
et al., 2013). The flooded area and its duration indicate more availability of habitats for the ecosystem
services (TALBOT et al., 2018), affecting the abundance and richness of fish (BONETTO et al., 1981; ESCALERA-
VASQUEZ et al., 2017). The water expansion and retraction reflect in the hydric connectivity between river
and bays, resembling the environments (THOMAZ et al., 2007). As a similar environment, fewer barriers are
found for fish lateral migration. For instance, the organic matter provided during the high waters favours the
invertebrates mass production, a propitious moment for fish feeding in the flooded areas (ALHO, 2008).

The connectivity also impacts the biodiversity of fish due to the drift of eggs and larvae of long-
distance migratory fish deposited in the river chain directed to the side bays, which are shallower and offer
shelter and food (VAZZOLER, 1996). Moreover, the connectivity provides a more complex fish community
structure than during the low waters (SILVA et al., 2010; TAKAHASHI et al., 2013). These differences in the
seasons and connectivity to the main river channel causes distinct characteristics of water quality (JUNK et
al., 1989), which are also found as a factor ruling the fish community, pressing for adaptations, or excluding
species that do not respond to the changes (COSTA et al., 2015; FERNANDEZ-OSUNA et al., 2016). For
instance, during the raising waters, low dissolved oxygen is found because of the biochemical processes in
the organic compounds in the sediment (ABDO et al., 2004). This deficiency in oxygen concentration causes
morphological adaptations on Characidae fish, which raise the labial surface to take oxygen in the beyond
between the water and atmosphere (WINEMILLER, 1989). Other characteristics, such as temperature,
precipitation, nutrient availability are also important factors influencing fish community composition in
freshwaters (ESTEVES, 2011).

The changes in the environment are highly seen in the side lakes, which are more susceptible to the
changes due to the shallower morphometry and flatter than the main channel (WANTZEN et al., 2008). In
these systems, the river deposit the nutrients during the raising waters, but take them out during the ebb
(JUNK et al., 1989). The morphometry also determines a propitious environment to the macrophytes
proliferation, where the nutrients provided by the movement of the water, together to the shallow depth,
favour the abundance and richness of these species (POTT et al., 2011), configuring spatial heterogeneity.
Due to the spatial heterogeneity in the side lakes, generally, the richness and abundance of fish are higher
than in the river (GLINSKA-LEWCZUK et al., 2016), feeding the riverine system and sustaining the trophic
and fishing activities in the basin (CARVALHO et al., 2005). Moreover, the availability of food and shelter
favour the dissemination of small fish, accreting the biodiversity.

To identify the fish community composition, gill nets are commonly used worldwide from the tropics
to the pole (HOVGARD et al., 2000). These devices are passive and allow the capture of a certain length
category according to the meshes size, avoiding the capture of fish that are too small or too large, which

characterizes their selectivity (SPARRE et al., 1997). However, in the Pantanal, sampling species must be
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monitored frequently, and the nets should not be left for a long time because of the threat of ‘piranhas’ and
Caiman attacks, and repairs or replacement of nets are constantly carried out. Therefore, hereby we used
the gill nets to identify the fish community in the Pantanal side bays, connected and disconnected to the
Paraguay river depending on the hydric season. We believe that (1) the fish community in the side lakes of
the Pantanal will respond to the water quality changes according to the hydric season; (2) the connectivity
of the side lakes to the Paraguay river will affect the similarity in the composition of fish, mainly in the lakes
disconnected during the low waters. Thus, the present study aims to characterize the ichthyofauna of an
oxbow lake system, as well as to establish its relationship with the seasonal, limnology and structural
alterations of fish, seeking to understand the spatial and temporal distribution characteristics of the

community.

MATERIALS AND METHODS

The specimens were sampled between September 2005 and September 2007, every two months, in
the Caicara’s oxbow lakes (1624’ - 162 7’ S and 572 46’- 572 44’ W) next to the municipality of Caceres, in the
Northern Pantanal. A system of two side lakes from the Paraguay river, where one is connected to the river
during the whole year (here called Lower Baia Caigara — LBC), and the other connected to the UBC and to the

river only during the high waters (here called Upper Baia Caicara — UBC; Figure 1).
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Figure 1: Study area and collection points. Caicara’s lakes system. UBC = Upper Baia Caigara; LBC = Lower Baia Caigara.
Northern Pantanal. Caceres, MT.

The samples were obtained from three points of each system using a set of gill nets with 2, 3, 4 and
5 cm between knots. Each net measured 35 meters length by 2 meters height, allocated in parallel columns
at every 10 meters in the lakes. The samples were performed during the day and during the night, where the
nets were left in the water for 6 hours. Concomitantly to the fish sampling, the following limnologic variables
were obtained: dissolved oxygen (mg/l), pH, electrical conductivity (uS.cm™), water transparency (cm), water
temperature (°C) and water depth (cm) using a portable field equipment (HACH multi HD 40D) and Secchi
disk.

After the capture of the fish, the specimens were split by sampling point, season and gill net, and
enclosed in thermal insulation boxes containing 4% of formalin solution. The specimens were identified using
Britski et al. (1999), and the biometric data were taken. The Shannon-Wiener Diversity Indexes (H’) and

Equitability (E’) were calculated to demonstrate the ichthyofauna community according to the seasons and

Revista Ibero-Americana de Ciéncias Ambientais Page | 297
v.10-n.5 ¢ Ago a Set 2019



Gill nets selectivity determine the fish community in connected oxbow lakes of the Pantanal
MUNIZ, C. C.; OLIVEIRA JUNIOR, E. S.; BARBOSA, A. P. D.; PERET, A. C.

to the site (LBC and UBC).

The Holt method (1963) was used for the calculation of selectivity and to estimate the available
species in the environment, through which the distribution of the available frequency of individuals per size
class was obtained. The selectivity factor of the gill nets is given by: FS = (-2a)/(b(ma+mb)), where: ‘FS’ is the
selectivity factor; ‘a’” and ‘b’ are given by the linear regression; ‘ma’ is the smaller net size; and ‘mb’ is the
bigger net size. Afterwards, the estimated selectivity is calculated by the followed expression: Sl = Exp [-
0,5*((A\-k)%/s%)], where: ‘SI’ is the Selectivity of the class of size; ‘A’ is the trasformed size (class of fish size/net
size); ‘k’ is the selectivity factor; ‘s’ is the standard deviation; and ‘In’ is the natural logarithm.

Only the species occurring in the four periods were considered to be correlated to the water
variables, connectivity and seasons. The environments were compared for physicochemical data using
hierarchical agglomerative clustering, and the similarities between the sites and sampling periods were
established. Canonical correspondence analysis (CCA) was also used to establish the relationships between
the environmental variables, the available species and the sampling periods. These analyses were performed

with the use of version 2009.3.01 of XLSTAT program.

RESULTS

Fish community composition
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Figure 2: Values of diversity (H’) and Equitability (E’) indices obtained in the Caigara oxbow lake system (LBC and UBC),
in the Pantanal considering the four hydric seasons from September 2005 to September 2007.

In total, 5,051 specimens were collected using the gill nets throughout the two years. These
specimens were distributed into 96 species. The Diversity Index values varied from 1.40 to 2.8 in UBC, and
from 1.80 to 2.96 in LBC, without significant difference between the sites. However, in the LBC lower indices
values were found during the flood, increasing during the ebb and dry. The highest value of the diversity
index in this site was found during the raising waters. In the UBC, the ebb and the dry period presented the
lowest diversity indices values and the highest during the raising waters. Interestingly to add that no
relationship was found between the indices in the analyzed sample sites (R? = 0.03), indicating that the
increase of values in one site does not represent the increase in the other. Three species (Acestrorhynchus
pantaneiro Menezes (1992), Plagioscion ternetzi (BOULENGER, 1895) and Pygocentrus nattereri Kner (1858)

represented more than 76% of the total species sampled in the ebb period, which led to a significant decrease
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of the Equitability values (0.63). In the dry period, the referred species accounted for less than 50% of the
total species sampled, with the Equitability being close to 0.90 (Figure 2). Considering the Holt method to
estimate the richness and abundance of the individuals sampled in the sites, we found that for LBC values of
the diversity index was lower during the flood and ebb, and higher for dry and raising waters, contrasting the
values for UBC, where the dry and raising waters presented higher diversity values. The same was observed

for the Equitability index.

Gill nets selectivity

To perform the analysis of selectivity and comparisons of the environment characteristics
determining the species composition, only 2,100 individuals were considered because were the species
sampled in all the four hydric seasons. These individuals were distributed in 3 orders, 7 families and 9 species,
as follows: A. pantaneiro; P. nattereri; Potamorhina squamoralevis (BRAGA et al., 1983); Psectrogaster
curviventris Eigenmann et al. (1903); Hemiodus orthonops Eigenmann et al. (1903); Pachyurus bonariensis
Steindachner (1879); Plagioscion ternetzi (BOULENGER, 1895); Liposarcus anisitsi Eigenmann et al. (1903);
Pimelodus maculatus La Cépéde (1803).

Considering the frequency of the species that occurred during the all four hydric seasons, A.
pantaneiro (39.88%) was the most representative species, except for the flood period (1.82%), followed by
P. nattereri (39.11%) in both environments. P. squamoralevis, P. curviventris and L. anisitsi were not collected
at the LBC during the flood period, although H. orthonops and P. nattereri (both accounting for 25.45%) and
L. anisitsi (18.18%) were found to be the most representative species of the composition of the ichthyofauna

sampled in the flood period in the UBC.
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Figure 3: Holt estimated values and collected number of the species sampled in Caigara oxbow lakes, September 2005
to September 2007.

Due to the selectivity of the gill nets, our results showed that only 35% of the species available in the
system were sampled, where instead 2,100 individuals sampled, 3,449 specimens in both environments were
estimated. This value represents an increment of approximately 65% of the available specimens in the
Pantanal oxbow lakes studied. In the UBC, the environment that disconnects the water flow from the
Paraguay river, the increment was only 10%, and in the LBC, the lake always connected the to Paraguay river,

the increment of specimens was more than 200% (Figure 3).
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Environment relation to the fish community

The variation of the Paraguay river water level characterized the flood pulse of the Pantanal. The
flood peaks occurred in February and March, and the driest months were August and September. For the
period of data sampling, the highest water level was 5.38 meters, in April 2006, and the lowest one was 1.03

meters, in September 2005 (Figure 4).
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Figure 4: Water level of the Paraguay river during the period of September/2005 to September/2007. Data from the
Brazilian Navy — Sinalizagdo Nautica do Oeste. Accessed on 18 September 2008.

Using hierarchical agglomerative clustering, and based on physic-chemical data, the sampling
environments were related to the seasonal periods. The Figure 5 shows the formation of 3 well-distinguished
groups, with the first group being formed by the flood and ebb seasons, considered as intermediate periods
between the other periods. The group Il is formed by the raising water season and the group lll is formed by
the dry season. Sorensen’s similarity index was above 0.95 in all the periods between the environments and
seasons, with ebb and flood being the most similar periods, close to 1.0. Thus, the seasonal variation showed
a direct influence on the composition of the fish community structure in the oxbow lakes studied. Both, the
seasonal periods and the environments were paired, showing a high similarity between the UBC and LBC,
considering the limnology characteristics.

The Canonical Correspondence Analysis (CCA) was performed in both environments, considering the
sampling sites (UBC and LBC), the limnology and the 9 species considered in the study). In the UBC (Figure 6),
during the flood period, the high transparency and depth reduced the distribution of detritivore species and
other species that feed on the substrate. L. anisitsi and P. squamoralevis, illiophagous species, were abundant
in the flood, as well as P. bonariensis, Sciaenidae. These species present a modified mouth that points
downwards to capture crustaceans and invertebrate larvae in the substrate. These species were sampled in
the deepest areas, and visual acuity is the most important feature of the third species mentioned.

In the flood period, after the stabilization of the system, the values of water transparency were the
highest up to system coalescence, at the beginning of ebb period. The highest transparency values for UBC
were obtained in March 2007 (160 + 23 cm). The maximum depth of the system was obtained in January

2006 (620 + 104 cm).
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Figure 5: Hierarchical agglomerative clustering comprising limnological data of the Caigara oxbow lakes system
showing the seasons from September 2005 to September 2007.

In the dry period, which occurs from October to December, the temperature (29.72 + 1.54 °C) and
conductivity (64 + 17 pS 1) increased the abundance of P. curviventris and P. maculatus. These two species
were the most abundant in the referred period, accounting for 132 and 78 specimens, respectively. The P.
curviventris species, detritivore, was the most favoured by the sediment inflow in the oxbow lakes, as well as

P. maculatus, omnivorous, which was favoured by the increment of insects and items from riparian forests,

for instance.
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Figure 6: Canonical correspondence analysis (F1 and F2 = 88.74%) of the environmental variables, collected species
and sampling sites of the Upper Caigara oxbow lake (UBC) from September 2005 to September 2007.

In the LBC, during the flood period, P. bonariensis, P. squamoralevis and L. anisitsi, all detritivores,
were the most abundant species accounting for 61, 24 and 14 specimens, respectively. The occurrence of
these species as was related to the water turbidity (44 + 13 NTU) and conductivity (61.11 + 18.21 uS 1), which
were higher for all the seasons due to the appearance of organic matter from the adjacent areas, as the river,
and consequently providing food for the referred species. H. orthonops and P. maculatus, both omnivorous,
were more abundant in the intermediate periods (raising waters and ebb), with 76 and 29 specimens,
respectively, considering these two seasons. The occurrence of these species was favoured by the greater
water transparency (126 + 5.29 cm) and water depth (691 + 40.42 cm). In the ebb and dry periods, P.
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nattereri, A. pantaneiro and P. curviventris were the most abundant species, with 208, 157 and 94 specimens,
respectively. With 90 specimens, P. ternetzi was the most abundant species in the ebb, using these
environments mostly for reproductive purposes. The values of dissolved oxygen (5.87 + 1.03 mg/l), during
the dry period, were the most significant relating to the carnivore species, such as P. nattereri and A.
pantaneiro (Figure 7). Considering the two sampling sites, it was found that the species L. anisitsi, P.
curviventris and P. squamoralevis did not occur in the LBC during the high flood period, and the A. pantaneiro

was abundant, mainly during the seasons of greater concentration of dissolved oxygen, both in UBC and LBC.
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Figure 7: Canonical correspondence analysis (F1 and F2 = 93.39%) of the environmental variables, collected species
and sampling sites of the Lower Caicara oxbow lake (LBC) from September 2005 to September 2007.

DISCUSSION

This study clearly showed that the biodiversity of fish in oxbow lakes of the Northern Pantanal was
determined by the connectivity between the river and the lakes, as well as between the lakes. Although the
diversity indices did not show statistical differences, we showed that the diversity increases according to the
increment of the water in the system connected to the river, supposing that the river feeds the lake. In
contrast, the lake that is not connected to the river did not show this pattern. The limnological variables
were also an important factor, first determined by the seasons, and influencing the occurrence of fish species
in these oxbow lakes systems.

In our study, the seasons were probably determined by the main river water availability, and,
consequently, establishing significant differences between the flood, ebb, dry and rising waters. These
physicochemical changes corresponded to the ichthyofauna community structure, corroborating to other
researchers who found that there is a narrow relationship between the abiotic and the fish biota present in
the water (RESENDE et al., 1996; BARKO et al., 2004). For instance, due to the decrease in dissolved oxygen

concentration, there is a limitation on the ichthyofauna distribution or activities (OLIVEIRA et al., 2000), and
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in our study dissolved oxygen was a variable structuring the fish community, mainly during the high waters
(flood), when the oxygen concentration reaches the lowest values.

The species diversity is one of the attributes that allow the identification of the communities in a
certain environment (MAGURRAN, 2004), which responds to the environment heterogeneity (WINEMILLER
et al., 2000) and quality (ESTEVES, 2011). In the Pantanal, the flood pulse of the water promotes an alteration
in the amount of available habitat sources, favouring the high diversity of the ichthyofauna species (SILVA et
al., 2010). Therefore, floodplains have some of the greatest diversity of species (MOSS, 1995; WINEMILLER,
1996; JUNK, 2000; WELCOMMIE, 2000). In our study, the Caicara oxbow lakes system showed values of
diversity compared to other studies performed in lakes from Amazon, for instance (FREITAS et al., 2004), but
higher than the temperate lakes. Our results also showed higher richness of fish than other rivers from the
Mississippi basin (POFF et al., 2001), Swiss rivers (WEBER et al., 2009), and even in streams tributaries of the
Parana river (FLORES et al., 2009).

In these flooding areas, due to the annual seasonal variation, the ichthyofauna developed strategies
of occupation for reproduction (OLIVEIRA et al., 2003), feeding (RESENDE et al., 1996; LOWE-MCCONNELL,
1987) and shelter/protection (WELCOMME, 1979). In the Pantanal, the lateral flooding is determinant for the
establishment of the referred strategies, promoting increased connectivity between the river and the
adjacent basins (JUNK et al., 1989). This can, therefore, change the fish community in the oxbow lakes system,
where part of the year is irrigated by the river and other lakes water, but in the other part is disconnected.
Other researchers identified that the connectivity between river and side lakes are important to structure
the diversity of the fish (PETRY et al., 2003). Species such as L. anisitsi, P. squamoralevis and P. curviventris,
detritivore/illiophagous were abundant in the LBC, favoured by the permanent connectivity with the
Paraguay River. In the UBC, in turn, only P. curviventris is found in the flood period, with L. anisitsi, P.
squamoralevis and P. curviventris only occurring after the reestablishment of the river and lake connectivity.
The connectivity and the greater water transparency played a fundamental role in the ichthyofauna
composition in the floodplain in these periods.

During the dry period, with the reduction of available space and decreased availability of food,
carnivore species are more numerous (ESCALERA-VAZQUEZ et al., 2017), which was also found in our study,
where A. pantaneiro and P. ternetzi were abundant in the dry and ebb periods in the LBC, respectively. In the
UBC, the occurrence of A. pantaneiro and P. ternetzi was also significant, with the latter being the most
abundant in this environment. These results were also previously reported by Rezende et al. (1996), in the
Southern Pantanal, showing the accretion in the numbers of carnivores during the dry period in lakes.

The restriction of areas and/or the few connectivity points favour the occurrence of species such as
P. nattereri and A. pantaneiro, which may adopt prowling or active pursuit of prey (SAZIMA et al., 1982),
ensuring their survival and abundance. In the flood season, these species were less abundant both in the UBC
and LBC, which is probably because of the dilution caused by the increase in the flooded area, reestablishing
the river and lake connectivity (BONETTO, 1993), consequently causing the homogenization of the entire

system. The connectivity also reflected in the selectivity of the gill nets in our study. The selectivity
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represented 90% of all the specimens sampled in the lake disconnected to the river during part of the year,
contrasting the fact that these devices may have taken only half of the specimens in the site connected to
the river the whole year. Although the abundance of fish was overestimated due to the selectivity of the
gillnets, the estimated diversity was less than 1% lower than the fish caught in the lakes. The discrepancy was
higher during the flood (4%), yet close to the total. Although the gill nets have been widely used and
established for the capture of some species (NAKATANI et al., 1991; GRAY et al., 2000; PESSERL, 2007), in the
Pantanal the gillnets may not reflect the entire community of fish in water propitious to raise and the expand
laterally. Due to the high spatial complexity and habitat heterogeneity, the fish may escape the nets by using
the shore (with high density and abundance of macrophytes) or the flooded area as a shelter, where it is
impossible to catch using these devices due to the access and depth. However, the gill nets may increment

the efforts to complete the samples made with other displays.
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