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Shrimp captures have reached a record in Southern Brazil, and some populations show signs of over-
exploitation. One shrimp species in particular, Xyphopenaeus kroyeri, abundant in Brazilian landings,
is caught by bottom trawl. Trawl fishery is recognized by the impacts it causes on the seabed and on
organisms that live in or on the substrate. The present study was conducted in traditional fishing areas
on the southern Brazilian coast to assess the conditions of the habitat and the ecological aspects of the
Keywords: marine macroinvertebrate community at 3 areas (Barra do Sul, Penha and Porto Belo) in the Central and
Trawl Northern Coast of the state of Santa Catarina (southern Brazil). Bottom water and sediment data were
Conservation used to analyze the differences between the sites. Macroinvertebrate captures were used to analyze

Shrimp ecological aspects of the communities such as composition, diversity and patterns associated with the

Bycatch abiotic variables and habitat conditions. We used a trawling vessel for samplings. The results showed

E‘O‘l“dlcawrs a homogeneous water mass between the areas. However, the sediment characteristic differentiates
cology

the areas and contributes to the species composition’s heterogeneity between the samples. The ABC
and species-ranking curves results suggest moderate disturbances in the three areas, but with a
better structure for the Porto Belo communities. In this context, Barra do Sul was characterized by
an environment relatively poor in sediment structure, the abundance and biomass of species. In
contrast, Porto Belo and Penha were the opposite. Since trawling changes the sediment’s characteristics
are strongly correlated with the diversity and the permanence of sensitive species, we suggest that
increased small-scale trawling activities might contribute to the substrate’s homogenization and reduce
species diversity in these areas. Therefore, constant surveys to monitor the physical structure and the
community and its dynamics in trawling areas are indispensable for the conservation of species and
fisheries’ sustainability.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction studies and actions that assist in the management of shrimp
fisheries around the world.

In Brazil, shrimp fishing mostly exploits the species of the
Penaeoidea superfamily. Penaeid shrimps are widely distributed
along the continental shelf and are more abundant in shallow ar-
eas and near the coast (Gillett, 2008). The fact that it is relatively
easy to access and to catch this valuable resource makes it an easy
target for both artisanal and industrial fisheries (D’'Incao et al.,

In the last decades, shrimps have gradually become an impor-
tant item in the international fish trade according to the world’s
records of production (FAO, 2016). As a result, some stocks show
signs of over-exploitation (D’'Incao et al., 2002; Ferreira and Med-
ley, 2005; Leite and Petrere, 2006; Arreguin-Sanchez et al., 2008;

Rajakumaran and Vaseeharan, 2014), generating a demand for
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2002). Among Penaeidae shrimps, the seabob shrimp Xyphope-
naeus kroyeri (Heller, 1862) is one of the most abundant re-
sources in Brazilian landings. It is commonly caught by artisanal
fleets in shallow areas (below 20 m) and fine sediment cover,
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where there are greater aggregations of this species (Costa et al.,
2007; Kolling and Avila-da Silva, 2014).

Small-scale fisheries target the Atlantic seabob shrimp along
the Brazilian coastline, particularly in the Southern region (D’Incao
et al, 2002), yielding considerable production (Gillett, 2008).
More specifically, in the Central and Northern Coast (CNC) of
the state of Santa Catarina (southern Brazil), there are several
localities that have historically relied on this type of fishing
(Pezzuto et al., 2008; Serafini et al., 2014), where shrimp fisheries
have important social and economic roles (Branco, 2005).

The oceanographic conditions are characterized by a coastal
waterbody rich in nutrients and organic matter (Schettini et al.,
2005). Seasonality is well defined, and there is an influence of a
platform waterbody, which is derived from the mixture of waters
(Coastal, Tropical and Central waters of the South Atlantic) that
arrive at the southeastern and southern Brazilian coast (Emil-
son, 1961; Pereira et al., 2009). There is little information about
the substrate of the CNC of Santa Catarina, but since the area
maintains dense shrimp populations, it is assumed that the sub-
strate may be composed of fine sand and mud, similar to other
places where these crustaceans usually aggregate (Costa et al,,
2007; Freire et al., 2011). However, even though oceanographic
conditions are shared among fishery sites on this stretch of the
coast, there is considerable heterogeneity in the composition of
the catches (Branco et al.,, 2015), indicating that local factors may
influence these ecosystems.

In general, artisanal trawlers in the CNC of Santa Catarina
are equipped with double trawls (Branco et al., 2015), which
are known to impact the seabed and the benthic organisms
living inside or on the surface of the substrate (Blanchard et al.,
2004). Bottom trawls generate significant physical changes in
the substrate (e.g. bottom abrasion and sediment resuspension),
interfering directly and indirectly with the composition of benthic
communities and matter and energy transfer in coastal ecosys-
tems (Bellido et al., 2011; Keledjian et al., 2014; Pusceddu et al.,
2014). Another important way shrimp fishery impacts the lo-
cal fauna is the catch of non-target organisms, due to the low
selectivity of the net (Davies et al., 2009).

The direct and indirect impacts of fishing extend across differ-
ent levels of the ecosystem (Madrid-Vera et al., 2007). Among the
impacts related to trawling, the capture of “non-target” species,
called “bycatch”, is one of the biggest current problems in fish-
eries management, which is due to the low selectivity of nets in
this type of fishery (Alverson et al,, 1994; Kelleher, 2005). The
impact of the seabob shrimp fishing on this region’s fauna takes
on worrying dimensions, whether due to the high number of
species with no economic value or caught juveniles, forcing the
fisherman to return to the sea, usually dead, the surplus of the
catches (Branco and Verani, 2006).

In general, benthic communities disturbed by trawling show
an increase in the numbers of fast-growing species, and decreased
species diversity (Lockwood, 2000; Blanchard et al., 2004). The
impact of trawling on the dynamics of ecosystems (Magntsson,
1995) depends on the frequency and intensity of the trawling
activities (Jennings et al., 2002; Blanchard et al., 2004).

In view of what was discussed above, studies on the con-
ditions of the habitats and communities of species affected by
bottom trawling become very important (Duplisea and Blanchard,
2005; Hiddink et al., 2017). In this way, we studied invertebrate
macrofauna in three important penaeid shrimp fishing areas on
the southern coast of Brazil. We aim to provide ecologically-
based information for fisheries management in this region and
answer the following questions: There are differences in the
community’s composition captured in the three fishing areas? If
so, are these related to abiotic factors, such as water mass and
sediment variables?
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The bottom water and sediment data were used to verify if
there is variation in the environmental conditions among the
fishing sites analyzed. The data on the benthic macroinverte-
brates obtained at the trawling sites were used to: (1) analyze
the structure of the epifaunal macroinvertebrates bycatch and the
dissimilarity in species’ composition between them; (2) ascertain
if there is a relationship between species’ distributions and abi-
otic variables on the fishing grounds; (3) assess the abundance-
biomass curves at each fishing areas; and (4) compare the bycatch
diversity between areas exploited by fisheries.

2. Material and methods

The study area is located in the northern portion of the coast of
central Santa Catarina, including the limits of the municipalities
of Balneario Barra do Sul, Penha and Porto Belo (Fig. 1), where ar-
tisanal fishing of the shrimp Xyphopenaeus kroyeri is significant in
coastal areas (Branco, 2005). The predominant winds in the study
areas are southwest in the winter, and northeast during other
times of the year (Aradjo et al.,, 2006). The water mass of these
areas is characterized by coastal waters, which receive a large
riverine supply of nutrients from the rivers of the state of Santa
Catarina. Other masses of water that occur in these areas are
tropical waters, coming from the Brazilian current (summer and
fall) and, eventually, the South Atlantic Central Water (SACW), in
the summer, in the lower layers of the water column (Resgalla
and Schettini, 2006).

Barra do Sul (Area I) is located in the north of Santa Catarina
state and has 110.62 km? with 86 km of coastal extension. It
is located between parallels 26°27°20"S and 48°36'43"W, sur-
rounded by Atlantic forest and mangroves and bounded by the
Serra do Mar mountain range. Penha (Area II) is surrounded by
hills, sheltered from the southern quadrant winds, and exposed
to the prevailing winds from the northern quadrant that operate
with moderate intensity. It has an area of 60.3 km? and 70 km
of coastal extension. In this region, the area studied is between
“Praia de Armacdo” and the district of “Armacdo do Itapocoroy”,
between the coordinates 26°40’-26°47'S and 48°36'-48°38'W.
Porto Belo (Area III) is located in the state’s central-north portion
with an area of 92.76 km? and 81 km of coastal extension,
between parallels 27°09'28"S and 48°33’11"W. Its main feature is
the Porto Belo peninsula, composed of sandy-rocky beaches but
mainly muddy sediments from the Tijucas River. The three areas
studied are traditional in small-scale artisanal fisheries and range
from 10 to 25 meters in depth (Branco, 2005).

2.1. Samplings

Experimental trawls were carried out in the fishing areas,
following the common work routine of small-scale fishermen in
the region, and using similar vessels. In the small-scale fishing
communities in these places, only shrimp are used. The other
species are discarded. Sampling was carried out between 2009
and 2010, totalizing 36 trawls between areas (12 per area) and
under SISBIO’s license # 324642. Each sample is the result of
three random 20-minute trawls (totaling a sampled hour), which
were grouped according to the current season. A singled boat
(double rigged) for bottom trawling was used, with a diamond net
meshes of 30 mm between opposing nodes (at the net entrance)
and 20 mm in the collecting codend, trawled at two knots’ mean
speed. Before each trawl, the bottom water was collected with a
vertical van Dorn bottle, and the bottom temperature and salin-
ity were measured with a thermometer (0.1 °C) and an optical
refractometer (0.5%), respectively. In addition, a sediment sample
was collected with a van Veen sampler prior to the start of the
trawling.

The shrimps and other invertebrates were separated, kept
in refrigerated coolers and taken to the laboratory (Zoology lab
— Univali) for identification, quantification and biometrics.
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Fig. 1. Study area with the indication of the three regions sampled. Legends: (a) Brazil; (b) Santa Catarina state; (c) Santa Catarina coast and sampling areas; (d) I
— Barra do Sul trawling area; (e) I — Penha trawling area; (f) Ill — Porto Belo trawling area.

2.2. Data analysis

Data on the replicates were considered, and the average result
was categorized in the current season at the time of collection.
Seven parameters of water samples were analyzed: bottom tem-
perature and Salinity, silicon dioxide (Si0,), ammonia (NH4™),
nitrite (NO, ™), phosphate (PO>~4) according to APHA (1998), and
chlorophyll — a according to Mantoura et al. (1997).

Sediments were analyzed using the screening and pipetting
methods (Suguio, 1973), where the particle size followed the
parameters of Folk and Ward (1957) and the texture classification
proposed by Shepard (1954). The gravimetric method was used to
quantify calcium carbonate and organic matter (Suguio, 1973). To
quantify the carbonate content, 100 g of sample were exposed to
a solution of hydrochloric acid (HCl — 10%). The organic matter
content was determined by loss on ignition (8 h at 800 °C).

2.3. Statistical analysis

2.3.1. Environmental variables

To verify differences in environmental conditions across areas,
seasonal water and sediment data were separately tested through
a multivariate variance permutation analysis (two-way — PER-
MANOVA) (Anderson, 2001), by the Euclidean distance method,
to establish which of the parameter data sets (Water or sediment
variables) are significantly responsible for local and seasonal dif-
ferences. After determining which of the data sets (water or
sediment variables) responsible for the differences among the
areas, we test each variable independently to detect which ones
are responsible for the differences found. For this, we submitted
each variable to the Kolmogorov Smirnov’s normality test and an
ANOVA, followed by Tukey’s post hoc test (Zar, 2010)

2.3.2. Species composition

In order to evaluate species’ composition at the sites, the
abundance matrix, containing the total abundance and biomass of
the current season, was square root transformed to downweight
the role of dominant taxa in order to improve the understand-
ing of the obtained pattern (Clarke et al., 2006). Then, ANOSIM

(Clarke, 1993), using the Bray-Curtis index, was used to verify
differences in species composition among the areas and seasons.
When statistical differences were detected, the SIMPER was used
to determine the dissimilarity (%) among fishing sites and to
highlight the species that contributed the most to the recorded
changes (Clarke and Warwick, 1994). The value of 80% of cu-
mulative contribution was used as a cut-off to define the most
representative species in the results (Moscatello and Belmonte,
2009).

For comparison among the trawling areas, the alpha diver-
sity descriptors among the sampled sites were calculated by
species richness (S), Pielou’s equitability (J'), Simpson’s index (D),
Shannon’s index (H') as described in Magurran (2004). These
descriptors calculations, together with PERMANOVA, SIMPER, and
ANOSIM, were performed using the PAST statistical package v.3.16
(Hammer et al., 2001).

2.3.3. Relationship between species and environmental variable

To find significant associations between environmental and
faunal data, the species retained in the SIMPER analysis and
the abiotic variables retained in PERMANOVA were used for a
redundancy analysis — RDA (Legendre and Legendre, 1998). The
RDA, followed by the Monte Carlo significance axis test (p <
0.05), was generated using the software Canoco 4.5 (Ter Braak
and Smilauer, 2002).

2.3.4. Abundance-biomass curves in the trawl areas

The communities of the different areas were evaluated for
their integrity through the abundance and biomass curves (ABC).
The ABC represents the accumulated numerical abundance and
biomass of all populations present in a community and the re-
lationship between the curves is used to make inferences about
the degree of environmental disturbance (Warwick, 1986). Clarke
(1990) developed an index (W index) to mitigate the visual inter-
pretation effect. The W index is obtained from the expression:
W = o (Bi-Ai)/ [50 (S-1)], where Bi is the biomass value of
each species (i); Ai is the abundance value of each sequence
of species (i) and S is the number of species. Positive values
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indicate an undisturbed environment, negative values suggest
disturbed communities, and values close to zero indicate moder-
ate disturbances, ranging from —1 to 1 (Clarke, 1990; Magurran,
2004).

To evaluate if the disturbance degrees differ between areas,
W values was subjected to analysis of variance (ANOVA) with a
significance level of 95% (p < 0.05).

2.3.5. Species abundance distribution and descriptors of diversity
(community structure)

Species Abundance Distribution Models were adjusted to an-
alyze the patterns that structure the marine macroinvertebrate
communities in the different areas and then evaluated and com-
pared with the following theoretical models: Broken-Stick, Pre-
emption, Lognormal, Zipf and Zipf-Mandelbrot (Magurran, 2004;
McGill et al.,, 2007). The Broken-Stick model brings evidence
that an environmental variable is being stochastically divided
similarly between species. It is used as a null hypothesis against
which other niche division patterns can be tested. The Preemp-
tion model assumes that each species exhausts more than half
of the existing niche space, describes less uniform ecological
communities and degraded conditions (Odum, 1988). The lognor-
mal model is usually associated with good-quality environments
with habitat heterogeneity and high species diversity (Krebs,
2009; Magurran, 2004). The Zipf and Zipf-Mandelbrot models
are interpreted as a successional process in which late species
(species that appear late in the succession) have more specific
environmental needs and, therefore, are rarer than the species
present in the beginning of the colonization process (Magurran,
2004). The best fit was defined by the maximum likelihood es-
timation, which compares the models using the lower Akaike
(AIC), Bayesian (BIC) and Deviance criteria value for the best
adjusted ecological model (Oksanen et al., 2010). The models
were processed using the vegan package v1.17.9 (Oksanen et al.,
2010) of software R v3.2.2 (R Core Team, 2016).

3. Results
3.1. Environmental variables

Considering the average values of the water and sediment
variables (Supplementary material 1), the PERMANOVA analysis
(Table 1) did not reveal significant local and seasonal differences
in water composition (water mass). Only sediment composition,
except for gravel (F,_33 = 1.78, p = 0.18), was responsible for
significant differences among sites. Thus, grain size (F,_33 =
10.96), carbonate fractions (F,_33 = 8.31), organic matter (F,_33
= 3.38), sand (F2,33 = 9.19), silt (F2,33 = 1242) and clay (F2,33 =
7.30) in the sediment, which were significant for the differences
between the areas (p < 0.05), were selected for the Redundancy
analysis (RDA).

In general, the significant differences in carbonate, organic
matter, silt and clay fractions were, on average, lower in Barra do
Sul when compared to Porto Belo samples (Fig. 2). On the other
hand, the sand fraction and grain size were higher in Barra do
Sul; and the clay fraction was higher in Porto Belo (p < 0.05).
However, carbonate, organic matter, silt sand and average grain
size did not differ (p > 0.05) between samples from Penha and
Porto Belo. Similarly, Barra do Sul and Penha were not signifi-
cantly different concerning to carbonate, organic matter and clay
fractions.

Thus, in the sediment fractions, sand predominated in Barra
do Sul; silt and sand predominated in Penha; whereas a more
equitable distribution among sand, clay and silt fractions charac-
terized the bottom of Porto Belo. Consequently, the classification
of the seabed resulted in sandy for Barra do Sul, sandy silt for
Penha and sandy-silty-clay for Porto Belo.
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Table 1
Results of the multivariate analysis of variance (PERMANOVA — two-way) of the
water and sediment parameters between the areas and seasons sampled.

Water characteristics

Source Sum of squares df Mean square F P
Areas 3507.8 2 1753.9 1.2469 0.3051
Seasonal 6705.2 3 2235.1 1.589 0.1694
Interaction 15806 6 2634.3 1.8728 0.0717
Residual 33758 24 1406.6

Total 59777 35

Sediment characteristics

Source Sum of squares  df Mean square  F P
Areas 19845 2 9922.5 7.8512 0.0009*
Seasonal 561.48 3 187.16 0.14809 0.9648
Interaction ~ 3100.3 6 516.72 0.40886  0.8866
Residual 30331 24 12638

Total 53838 35

*Significant (p < 0.05).

3.2. Species composition

The samplings contributed 41 species of epifaunal macroin-
vertebrates distributed in 25 families, totaling 34686 individuals
collected in the trawling areas of Barra do Sul, Penha and Porto
Belo (Supplementary material 2). The Arthropoda (Crustacea) rep-
resented 63.41% of the all species, followed by Cnidaria (14.63%),
Mollusca (12.20%) and Echinodermata (9.76%).

A total of 4797 individuals distributed in 28 taxa were identi-
fied in the collections of Barra do Sul, and the Arthropoda (Crus-
tacea) accounted for 60.71% of the species collected, followed by
Mollusca (17.86%), Cnidaria (17.86%) and Echinodermata (3.57%).
The species Xiphopenaeus kroyeri, Olivancillaria urceus, Callinectes
ornatus and Lolliguncula (Lolliguncula) brevis were the most repre-
sentative in the number of individuals in this area, occurring in all
samples and contributing with 95.60% of the macroinvertebrates
sampled. The biomass ratios between discharges (bycatch) and
the target species varied between the spring (1.53:1), summer
(0.56:1), autumn (1.87:1) and winter (1.01:1) seasons, obtaining
an average ratio of 1.24:1 per year.

In Penha, a total of 13752 individuals distributed in 31 taxa
were collected, where the Arthropoda (Crustacea) contributed
70.97% of the species, followed by Mollusca (16.13%), Cnidaria
(6.45%) and Echinodermata (6.45%). The most abundant species
in this area were X. kroyeri, Penaeus brasiliensis, Pleoticus muelleri,
C. ornatus, Renilla muelleri, L. brevis and Astropecten marginatus,
collectively contributing 94.6% of the invertebrates sampled. The
biomass ratios between bycatch and the target species varied
between the spring (3.95:1), summer (0.31:1), autumn (2.06:1)
and winter (4.68:1) seasons, obtaining an average ratio of 2.75:1
per year.

In Porto Belo, a total of 16137 individuals, distributed in 39
species, were registered. The most representative groups were
Arthropoda (66.67%), Mollusca (12.82%), Cnidaria (10.26%) and
Echinodermata (10.26%). The species X. kroyeri, A. marginatus,
P. muelleri, Loxopagurus loxochelis, Buccinanops cochlidium, Acetes
americanus, Porcellana sayana and Sicyonia dorsalis, together con-
tributed with 93.4% of the macroinvertebrates sampled. The
biomass ratios between bycatch and the target species varied
between the spring (8.81:1), summer (0.58:1), autumn (0.57:1)
and winter (5.55:1) seasons, obtaining an average ratio of 3.88:1
per year.

Significant differences (R = 0.43 and p < 0.01) were found by
ANOSIM in species’ composition between Porto Belo and Barra
do Sul (p = 0.03), the former contributing to the greater species
dissimilarity in this study. The composition of species at Penha
did not differ statistically from Barra do Sul (p = 0.06) and Porto



G.H.C. Barrilli, J.L.R. Filho, J.G. do Vale et al.

100 (‘f) mBarra do Sul OPenha @ Porto Belo

90 | a
80 |
70 b
60 |
50 b b
40 b
30 b
20 . a
La @ ab b
plr Y

OM

Sediment fraction (%)

Carbonate Sand Silt Clay

Regional Studies in Marine Science 43 (2021) 101695

0.20
0.18
0.16 r
0.14

2 0.10 |
£ 008 |
O 006 |
0.04 |
002 |
0.00

(1 o

Penha Porto Belo

Barra do Sul

Fig. 2. Mean values and standard error of the sedimentary composition of the bottoms (a) and average grain size (b) of Barra do Sul, Penha and Barra do Sul
— trawling areas. Legend: Equal letters above the bars — no significant differences between the environments by Tukey’s multiple comparison test (p > 0.05).

Table 2
Similarity percentage analysis (SIMPER) of the community of marine macroinvertebrates between the studied areas.
Species ID Average Contribution Accumu- Mean (B) Mean (A) Mean (P)
dissimilarity % lated
%
Xiphopenaeus kroyeri Xkr 11.59 18.91 18.91 30.20 389 40.0
Astropecten marginatus Ama 5.63 9.18 28.09 0.35 5.53 22.30
Pleoticus muelleri Pmu 5.09 8.31 36.40 1.25 7.10 17.50
Penaeus brasiliensis Fbr 3.37 5.50 41.90 0.60 12.90 1.12
Renilla muelleri Rmu 3.11 5.07 46.97 1.80 8.48 10.90
Loxopagurus loxochelis Llo 2.55 417 51.14 0.75 0.35 8.40
Callinectes ornatus Cor 2.38 3.88 55.02 4.88 9.14 4.58
Olivancillaria urceus Our 1.90 3.09 58.11 7.63 3.99 1.37
Buccinanops gradatum Bgr 1.89 3.08 61.19 1.74 5.04 8.36
Sicyonia dorsalis Sdo 1.88 3.07 64.26 0.60 0.96 7.15
Hepatus pudibundus Hpu 1.60 2.61 66.87 1.76 450 431
Acetes americanus Aam 1.46 2.38 69.25 0 1.48 5.63
Lolliguncula brevis Lbr 1.43 2.34 71.59 433 6.00 423
Doryteuthis sanpaulensis Lsa 1.39 227 73.86 0.25 3.01 247
Persephona lichtensteinii Pli 1.27 2.08 75.94 0 0.50 5.16
Callinectes danae Cda 1.20 197 77.92 0.50 2.78 3.39
Exhippolysmata oploforoides Eop 1.17 191 79.82 0.90 244 191
Barra do Sul (B), Penha (A), Porto Belo (P) and species code (ID).
Belo (p = 0.11). However, no significant differences (R = 0.12 and Table 3 ) ' '
p = 0.20) were found between the seasons. RDA matrix of species-environment correlation.
The total dissimilarity between sites compositions, determined Axis T Axis2
by the SIMPER analysis (Table 2), resulted in 61.29%. X. kroyeri, Carbonate -060 036
A. marginatus, P. muelleri, P. brasiliensis, R. muelleri, L. loxochelis, C. Organic Matter —055 005
ornatus, O. urceus, B. cochlidium were responsible for 61.19% of the g;’;d 23858 8'8?
cumulative difference, while the S. dorsalis, Hepatus pudibundus, Clay _080  —0.02
A. americanus, L. brevis, Doryteuthis sanpaulensis, Persephona licht- Grain Size 0.77 0.32
ensteinii, C. danae, Exhippolysmata oploforoides species contributed Eigenvalues 0.47 0.10
18.63% more, closing the cut of 80% of the most influential species gPeCielsz?nVim“metm Co"e_lationsf e 25;0 268‘310
: : umulative percentage variance of species data . .
in the SIMPER analysis. Cumulative percentage of species—environment relation: 70.0 84.3
3.3. Relationship between species and environmental variables Summary of Monte Carlo test F - ratio p-value
Test of significance of first canonical axis 5.26 0.002
Test of significance of all canonical axis 241 0.01

The redundancy analysis (Table 3) resulted in 84.3% of the
total explainability of the relationship between environmental
variables and species, with axis 1 accounting for 70.0% and axis
2 accounting for 14.3% of the contribution. The Monte Carlo test
indicates that both axes contribute significantly (F ratio = 2.41, p
= 0.01).

The RDA generated from the sediment data and species com-
position (Fig. 3) showed strong positive association between sand
fraction and grain size with the following species: X. kroyeri (Xkr),
0. urceus (Our), C. ornatus (Cor). In addition, the sand fraction and
the species H. pudibundus (Hpu) and L. brevis (Lbr) were positively
correlated.

On the other hand, B. cochlidium (Bgr), R. muelleri (Rmu),
P. mulleri (Pmu), E. oploforoides (Eop), P. lichtensteinii (Pli), P.
brasiliensis (Fbr), D. sanpaulensis (Lsa), S.dorsalis and A. marginatus
(Ama), were associated positively with silt, organic matter and
clay fractions, being negatively associated with large fractions of

sand and to the larger grain size in the sediment. The species L.
loxochelis (Llo), A. americanus (Aam) and C. danae (Cda) were pos-
itively associated with higher carbonate values, being negatively
associated with the larger grain size and the sand fraction.

3.4. Degree of disturbance in trawl areas

The negative values of W for the calculations of the
abundance-biomass curves showed that all areas have suffered
a certain degree of disturbance. The highest negative value was
recorded for Penha in the winter (Fig. 4). The lowest negative
value was registered in the summer in Porto Belo. However, no
significant differences were detected (F,_14 = 1.92; p = 0.30) in
the disturbance index (W) between the areas.
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Table 4
Richness (S), Shannon diversity (H'), equitability (J'), dominance (D) and number
of individuals (n) values for total and seasonal samplings in study areas.

PAu

AWi

BWi

Grain Size
Xkr

Sand

PWi
Carbonate
PSp

Hpu

BSu

Our

S H y D’ n

BSp 16 1.08 0.39 0.57 656
BSu 14 0.56 021 0.77 2642
BAu 15 0.57 021 0.81 785
BWi 17 0.83 0.29 0.67 714

B total 28 0.74 0.22 0.73 4797
ASp 21 1.93 0.63 0.23 508
ASu 18 054 0.19 0.80 7048
AAu 17 1.10 0.39 0.42 5080
AW 21 1.65 0.54 0.29 1116
A total 31 131 0.38 0.46 13752
PSp 30 2.26 0.66 0.21 3621
PSu 17 127 0.45 0.43 6034
PAuU 22 0.90 0.29 0.65 5167
PWi 19 191 0.66 0.22 1846
P total 39 1.90 051 0.29 16678

Lbr Bsp

(] ASu
—
1

-1.0 1.0

Fig. 3. Redundancy analysis (RDA) between the species and environments
variables (Sand, Silt, Clay, Carbonate and Organic Matter — MO and Grain size)
responsible for the differences between the trawling areas. Legend sampling:
spring (Sp), summer (Su), autumn (Au) and winter (Wi) in the localities of Barra
do Sul (B), Penha (A) and Porto Belo (P). Legend of the species according to “ID”
—(see Table 2).

3.5. Macroinvertebrates structure

Considering the total abundances of each area, the Zipf and
Lognormal models were selected by the lowest values for AIC, BIC
and Deviance criteria (Supplementary material 3). Thus, the log-
normal model was the one that best fit the Porto Belo community,
and the Zipf model, which presented the best fit for the Barra do
Sul and Penha communities (Fig. 5)

Concerning to the diversity metrics (Table 4), species richness
(S) ranged from 14 to 17 in Barra do Sul, 17 to 21 in Penha and 17
to 30 in Porto Belo. The Shannon index (H’) ranged from 0.56 to
1.08 in Barra do Sul, from 0.54 to 1.93 in Penha and 0.90 to 2.26 in
Porto Belo samplings. The Pielou’s index (J') presented a variation
of 0.21 to 0.39 in the Barra do Sul samples, 0.19 to 0.63 in Penha
and 0.29 to 0.66 in Porto Belo. In addition, the variation of the
Simpson’s dominance index (D’) was 0.57 to 0.81 in Barra do Sul,
0.23 to 0.80 in Penha and 0.24 to 0.65 in Porto Belo samples.

In total, the Porto Belo community was the one with the
highest richness (S = 39), diversity (H' = 1,90), equitability (J’
= 0.51) and species abundance (N = 16678), followed by Penha
(S=31,H = 1.31,]J = 0.38 and N = 13752). On the other hand,
the community at Barra do Sul presented lower values of species
abundance (N = 4797), richness (S = 28), diversity (H' = 0.74)
and equitability (J' = 0.22). Pertaining species dominance, the
highest values were recorded for Barra do Sul (D = 0.73), followed
by Penha (D’ = 0.46) and Porto Belo (D’ = 0.29).

4. Discussion

The water parameter obtained revealed a similar pattern
among the study sites, which indicates that the water mass was
relatively homogeneous among the sample areas, corroborat-
ing the studies of Pereira et al. (2009), Bernardes Junior et al.
(2011) and Sedrez et al. (2013), which indicates that the water
characteristics in this region do not very different.

Spring (Sp), summer (Su), Autumn (Au), Winter (Wi) Barra do Sul (B), Penha (A)
and Porto Belo (P).

In contrast, sediment data varied significantly among sites
suggesting that notable differences in the composition of the
substrate are responsible for the differences among sites. The
sediment of the trawling areas of Barra do Sul are sandy, while
larger proportions of silt and clay are present in Penha and
Porto Belo. According to some studies, sites where the proportion
of silt and clay are greater than the proportion of sand are
more suitable to accumulate organic matter, a key compound
for the maintenance of the benthic fauna (Kenyon et al., 1995;
Pusceddu et al., 2014). In contrast, areas of sandy sediment can
be detrimental to the benthic fauna and may indicate that erosive
processes of anthropic origin (e.g. bottom trawling) contribute to
a simplification of the ocean floor (Pusceddu et al., 2014).

The catch’s composition varies considerably according to the
nature of the stock, the type and selectivity of fishing equip-
ment used, trawl duration, target species, the economic impor-
tance of the species, depth of capture, and time of year (Rochet
et al., 2002; Rodrigues-Filho et al., 2015). The discard rate (by-
catch:target species) ranged between 0.38:1 to 8.81: 1 consid-
ering all areas’ sampling, resulting in higher discharge averages
in Porto Belo (3.88:1) and lower in Barra do Sul (1.24:1). This
result is similar to previous studies, which recorded discard rates
ranging from 0.57:1 to 8:1 for southern Brazil (Branco and Verani,
2006; Cattani et al., 2011; Rodrigues-Filho et al., 2015).

Small-scale shrimp trawling in southern Brazil demonstrates a
wide variety of fish and invertebrates in the catch’s composition,
resulting from low selectivity and its incisive impact on marine
biota. Besides, sampling using this methodology has effectively
represented fish and invertebrate species in this region (Sedrez
et al,, 2013; Branco et al.,, 2015; Rodrigues Filho et al., 2016).
Among the species recorded, Arthropoda (Crustacea) predomi-
nated in samples from all environments, followed by Mollusca,
Cnidaria and Echinodermata. This is a recurring pattern in trawl
fishery samples from Santa Catarina (Branco and Verani, 2006;
Sedrez et al., 2013; Branco et al., 2015; Rodrigues Filho et al,,
2016). The variety of Crustaceans is probably due to a large
amount of nutrients and organic matter present in these areas,
which are sources of resources that favor this group’s abundance
and diversity (Melo, 1996; Schettini et al., 2005; Branco et al,,
2015).

The redundancy analysis indicates that X. kroyeri, C. ornatus,
H. pudibundus, O. urceus, and L. brevis are associated with sandy
environments. Previous studies on the biology and ecology of
these species indicate that they are flexible when it comes to



G.H.C. Barrilli, J.L.R. Filho, J.G. do Vale et al. Regional Studies in Marine Science 43 (2021) 101695

----®--- Abundance O~ Biomass
100 @ BSP - 100 AP 100 ¥ PSP
[ )
80 .f.po 80 80 M
/Uo '. [e)
60 1 & 60 60 —_,»Doﬂ
40 27 W =-0.16 40 40 0,9 W =-0.11
20 20 20 4.7
0 4 . . 0 4 . .04 1 .
1 10 100 1 10 100 1 10 100
AS ) PS
100 &V ESU 100 DA 100 § P
- 'S
* 4 A ¥o3
80 o 80 - 80 | &
60 9 60 - 60 9
40 - W = -0.08 40 4 W = -0.02 40 W =-0.01
20 20 20
0 . , 0 ' ' 0 '
1 10 100 1 10 100 1 10 100
(c) BAu (h) AAu (m) PAu
100 S 100 100
. 0% "0 8jsep..;--- 00 ,’%acdnmm J'.,g&gsmm
E" 80 4 /, 80 | l:go 80 1»'/D,o
£l 604 2 60 60
S ,
E| 40 4 W =-0.14 40 T W = -0.13 40 W = -0.07
20 20 | 20 1
0 . . 0 . . 0 ‘ .
1 10 100 1 10 100 1 10 100
(d) BWi (i) AWi (n) PWi
100 'Wm 100 - 100
,t"‘ o® QCSM
80 977 ,0o° 80 4 o 80 - o0
" » .
60 { .° 60 { n'd 60 | &°
40 1 W =-0.13 40 ¥ g W=-019 40 * W = -0.13
20 20 T 20 A
0 ; ) 0 : . 0 w 1
1 10 100 1 10 100 1 10 100
(e) B Total j) A Total P Total
100 57" 74 100 4 D 100 © P 1ot
80 0 go | »T% 80 .
0 e A
60 { o 60 2 60 ,f(‘ypffo
40 W =-0.10 40 W = -0.04 40 9 W = -0.08
20 20 20
0+ . . 0 4 : . 0 4 . .
1 10 100 1 10 100 1 10 100

Species rank

Fig. 4. Abundance and Biomass Curves (ABC) for the seasonal and total samples of Barra do Sul (B; a-e), Penha (A; f-j) and Porto Belo (P; k-o0). Legends: Spring
(Sp), Summer (Su), Autumn (Au), Winter (Wi) and Disturbance index (W).
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Fig. 5. Species-Abundance distribution models for samples of Barra do Sul (a), Penha (b) and Porto Belo (c).

sediment structure and occur from sand to clay substrates (Melo, of clay and organic matter (Batista et al., 2011), suggesting that
1996; Teso et al., 2011; Branco et al., 2015; Santos et al., 2016).
Conversely, A. marginatus and P. muelleri were strongly as-
sociated with a more complex sediment with fine fractions of ) .
silt, clay and organic matter. The abundance of P. muelleri has s pointed out by Blanchard et al. (2004) and Vergon and Blan-
been associated with environments that have greater amounts chard (2006), Astropecten starfish are sensitive to environmental

homogenization of the substrate may be a limiting factor for the
permanence of this species in the environment. In the same way,
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degradation and need a better background habitat structure to es-
tablish themselves. Thus, the high abundance recorded for these
species in Porto Belo samples may indicate the better background
quality of this environment when compared to the others.

Similarly, our data found a negative correlation between A.
americanus, L. loxochelis, P. lichtensteinii, C. danae, S. dorsalis, B.
cochlidium, R. muelleri, E. oploforoides, D. sanpaulensis, and F.
brasiliensis and sandy substrates and a positive correlation with
the other soil fractions, indicating a preference for less simplified
substrates. This trend is due to the fact that the heterogeneous
sediment properties represent important resources for the ma-
rine fauna, since they are involved in food processes and serve as
shelter for most benthic species (van Oevelen et al., 2011; Mayor
et al., 2012; Pusceddu et al., 2014).

The results generated by the abundance-biomass curves sug-
gest that all areas are under frequent disturbances. The trawling
impacts caused in these environments can change the dominance
relationships in a community, favoring the r-strategist species
and harming those that need more time to establish themselves
in the system. However, even if we do not have a controlled
environment (without or with few disturbances), this method
was applied to record the curves at that given moment and
verify their behavior in future monitoring studies. On the other
hand, the curves’ results also infer that biota is composed of
organisms with high numerical abundance but with less biomass.
The proximity of the study areas to the surf area may well
increase this result, because these areas are critical habitat for
factors related to the recruitment and development of many fish
and invertebrates species (Rodrigues-Filho et al,, 2015). In this
context, the dominance of X. kroyeri in all areas may reflect the
great reproductive potential, rapid development and a short life
cycle of this species (Branco, 2005; Lopes, 2008).

The results of the rank abundance distribution models were
largely in accordance with the ABC, indicating that the commu-
nities of Barra do Sul and Penha are moderately disturbed. The
Zipf model is interpreted as reflecting a successional process.
The species that need better conditions (physical and ecologi-
cal) to stabilize in the environment are rarer than the resistant
and more adapted species (e.g. pioneer species) (Frontier, 1985;
Magurran, 2004). In this context, the most adapted species prevail
over those that require that the environmental conditions are
more pristine. Consequently, the differences in the relative abun-
dance of species are a result of competition and other ecological
interactions (Wilson, 1991; Magurran, 2004).

The lognormal model was obtained for Porto Belo. This model
represents an environment of high diversity and better-quality
habitats, implying a community with high diversity of species
(Krebs, 2009; Magurran, 2004). This is consistent with the data
on the Porto Belo background, where the sediment structure is
better, and the diversity of species is greater than other areas.
In this case, the greater diversity of species results from many
independent factors and may be associated with the high capacity
of species to occupy habitats and use the many existing resources
of this environment, making the lognormal the most representa-
tive model of heterogeneous and balanced tropical communities
(May, 1975; Sugihara, 1980; Wilson, 1991). In addition, even with
the perturbations indicated by the abundance-biomass curves,
the data from Porto Belo suggests that these disturbances that
occur there change the dynamics of the environment, decreas-
ing the dominance, balancing and, consequently, increasing the
diversity of species in the environment (Connell, 1978; Wilson,
1991; Peterson et al., 1998).

The Shannon index values (H') recorded for the Barra do Sul
samples are similar to those found in areas West of the Atlantic
Coast of France by Blanchard et al. (2004), where the values
ranged from 0.68 to 0.89 under conditions of strong exploitation.
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In moderately exploited areas reported in the same work, the
Shannon index ranged from 0.97 to 1.15, resulting in the biomass
curve above abundance (no disturbance). However, our results
reveal a negative disturbance, with the biomass curve below the
abundance curve, even when the diversity is higher than found by
Blanchard et al. (2004), as in samples from Penha and Porto Belo.
Among these sites (Penha and Porto Belo), the gradual improve-
ment in the sedimentary structure in relation to the composition
of the substrate of Barra do Sul may explain the greater richness,
diversity and species abundance in both sites.

Pusceddu et al. (2014), argued that the effects of trawling on
the sedimentary structure and benthic diversity are similar to the
negative impacts caused by soil erosion and can transform the
environments into large faunal deserts and degraded seas. In this
context, the substrate of environments under frequent trawling is
characterized by an increase in the sandy fraction and a decrease
in the organic matter, essential compound for the feeding and
consequent maintenance of the bottom biota (Witte et al., 2003;
van Oevelen et al., 2011; Pusceddu et al., 2014), which is similar
to the Barra do Sul characteristics.

Also, fishing performance can function as a top-down control
controlling dominant organisms, altering competitive interac-
tions and contributing to an increase in species diversity (Levine,
1976; Vandermeer, 1980; Blanchard et al., 2004; van Denderen
et al,, 2013). It seems to be what happens in Porto Belo. However,
the increase in trawling can contribute to the homogenization of
areas, contributing to the disappearance of k-strategist species
and leaving only species with lesser environmental requirements,
which become dominant and make the environment less diverse
(Engel and Kvitek, 1998; Blanchard et al., 2004).

According to our results, the seabed of Barra do Sul is relatively
simplified compared to other areas. The lower diversity can con-
firm this factor in terms of species and sediment characteristics,
predominantly sandy. Its lower abundance and the lower biomass
of individuals contributed to the lowest bycatch rate among the
areas, which can give a false impression that it is the loca-
tion where there are the lowest rates of discharges. Conversely,
Porto Belo detained the most significant representation of marine
macroinvertebrates and the best seabed condition of the northern
and central north of Santa Catarina, followed by Penha.

The lack of a controlled environment (without the effect of
shrimp trawling) and past data from these areas does not al-
low us to say whether the results interpreted by the abundance
and biomass curves are natural consequences or the impact of
shrimp trawling. However, a first result using this methodol-
ogy is recorded here for these areas, in order to contribute to
the monitoring of this region. Since trawling changes the sedi-
ment’s characteristics are strongly correlated with the diversity
and the permanence of sensitive species, the results suggest that
increased small-scale trawling activities might contribute to the
substrate’s homogenization and reduce species diversity in these
areas.

Constant surveys to monitor the physical structure and the
community and its dynamics in trawling areas are indispensable.
Besides, monitoring areas under the influence of trawling is es-
sential to keep up-to-date information on this practice’s effect
on the seabed habitats, the problems related to bycatch and the
conservation of species impacted by fishing practices.
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