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Abstract
We assessed the ecological uniqueness of fish and crustaceans in traditional fishing grounds from a tropical shallow marine 
ecosystem, where bycatch is historically high. Trimestral trawling was carried out between November 2009 and August 
2010 in nine sites along 80 km of coastline in South Brazil. We investigated the local (LCBD) and species contribution to 
beta diversity (SCBD) using beta regression models, disentangling the influence of environmental (water, sediment charac-
teristics) and biotic (S, abundance, diversity, dominance) parameters over LCBD; and species occurrence, total and mean 
local abundance association with SCBD. The shallow marine areas presented high beta diversity of fish and crustacean. We 
identified two ecological unique sites for fishes that occurred in colder sites, while the only unique site identified for crusta-
ceans occurred, where crustacean species richness was lower. The ecological unique sites for both taxa were those with lower 
species richness and abundance, with distinct assemblages’ composition, although the location of the unique sites differed 
between taxa. Species contribution to beta diversity was mostly driven by species with intermediary–high distribution on 
the region with high variability in occurrence and abundance. High biodiversity is the general rule when assessing bycatch 
species, and the singularity of the species composition in the unique sites stems from the occurrence of rare species, which 
increases the size of the species pool.
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Introduction

Understanding the ecological uniqueness of a site across a 
broad geographic extent and identifying species with large 
contributions to biological variability can generate important 
insights into the management and conservation of biodiver-
sity (Socolar et al. 2016). This is especially true in hetero-
geneous systems, such as shallow marine ecosystems, that 
provide habitats for a highly diverse fauna including mac-
roinvertebrates and fishes (Beck et al. 2001; Pittman and 
McAlpine 2003). Highly dynamic environmental conditions 
are generated in these ecosystems mainly due to distinct 
habitat configuration (Moore et al. 2010) and the interac-
tion between water masses from the ocean and the adjacent 
terrestrial areas (Simpson 1981; Pereira et al. 2009), which 
is expected to generate natural biological variability among 
sites (i.e., beta diversity).

Shallow marine ecosystems are also subjected to multi-
ple and unequal uses by local communities, for recreational 
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(Franco et al. 2016) and economic (i.e., artisanal and indus-
trial fishing) activities. As a major economic activity in 
the shallow coastal areas, fisheries can negatively impact 
biodiversity (Lotze et al. 2006). Bottom trawling fisheries 
are the most widespread and impactful activity over the 
seabed physical structure and its associated biota (Hiddink 
et al. 2017; Lundquist et al. 2018). In addition, one of the 
main prejudices of trawling is the high incidental catches 
of non-target species—the bycatch (Alverson et al. 1994). 
Bycatch species are systematically removed from the eco-
system, with direct prejudice to energy pathways and to the 
food web structure (McConnaughey et al. 2000), reducing 
biodiversity (de Juan et al. 2020) and ultimately affecting 
ecosystem functioning and reducing the beta diversity of 
the region. Non-target species are represented by a variety of 
taxonomic groups, such as Echinodermata, Mollusca, Crus-
tacea, Polychaeta and Fish (Branco et al. 2015), with impor-
tant interactions that maintain a historical high diversity and 
abundance in distinct shallow marine areas (Rodrigues-Filho 
et al. 2020).

The natural variation in shallow marine ecosystems asso-
ciated with the anthropogenic activities promotes ecologi-
cal differences between its habitats (Blanchard et al. 2004), 
increasing even further the heterogeneity and beta diversity 
(i.e., variability among sites) in these areas (Huntington 
et al. 2010). The mechanisms promoting beta diversity of 
bycatch marine communities, and consequently their ecolog-
ical uniqueness, can derive from the influence of local (e.g., 
environmental filtering and biotic interactions) (Pozzobom 
et al. 2020) and regional processes (e.g., dispersal-related 
processes) (Barton et al. 2013; Henriques et al. 2017). For 
example, depth gradients (Rodrigues-Filho et al. 2015), 
changes in sediment composition (Ribó et al. 2021) and 
pollution (Yasuhara and Yamazaki 2005) can promote envi-
ronmental filtering, changing species abundances. Species 
and feeding interactions presented by marine aquatic com-
munities are also important drivers of community assembly 
in shallow marine ecosystems (De Araujo et al. 2014).

The aforementioned spatial dynamic is enhanced by tem-
poral variability, as in the rainy season, where higher fresh-
water discharge reduces water salinity, increases nutrient 
and riverine sediment inputs, and decreases temperature in 
marine shallow ecosystems (Pereira et al. 2009). Temporal 
influences are also important drivers of population dynamics 
variation (e.g., reproduction periods, short distance migra-
tion) (Rodrigues-Filho et al. 2020) and can contribute to 
differential responses of the aquatic fauna among seasons. 
Spatial, temporal and environmental influences can also 
promote diverging patterns of beta diversity for different 
taxa (e.g., crustaceans and fishes), because traits related to 
body size, niche width, natural history, and dispersal ability 
affect how organisms perceive and respond to their environ-
ment (Soininen et al. 2007; Barton et al. 2013; Clark et al. 

2014). Species composition of marine invertebrates is highly 
related to soil granulometry and organic matter content in 
the sediment (Barrilli et al. 2021), while groups with wider 
geographical distributions, such as fishes, are especially 
influenced by salinity and temperature gradients (Rodrigues-
Filho et al. 2015, 2020). A wide range of environmental and 
biological influences are expected to influence biodiversity 
patterns and promote community dissimilarities among shal-
low marine locations.

In the face of this high heterogeneity, the comprehension 
of the biological dissimilarity between coastal marine com-
munities can help to identify the connections between local 
and regional communities (i.e., beta diversity; Anderson 
et al. 2011) and disentangle ecological processes that influ-
ence and maintain biodiversity of aquatic assemblages in the 
ecosystems, driving ecological unique locations in the sea-
scape (Legendre and De Cáceres 2013). Ecological unique-
ness can be described through local contribution to beta 
diversity (LCBD; Legendre and De Cáceres 2013). LCBD 
can indicate localities with singular species composition and 
high alpha biodiversity (Legendre and De Cáceres 2013; 
Lindegren et al. 2018; Sor et al. 2018), or represent unique 
localities with low alpha biodiversity due to anthropogenic 
pressures (e.g., overfishing and bycatch discard), which will 
require preservation efforts (Ruhí et al. 2017). Beta diver-
sity can also be partitioned into species contribution to beta 
diversity (SCBD; Legendre and De Càceres 2013), which 
identifies species with large variations (e.g., abundance or 
incidence) across the study area. Widespread species (i.e., 
generalists) that occur in most of the sites usually have lower 
contributions to beta diversity (i.e., low values of SCBD) 
than species that occur in an intermediate number of sites 
(i.e., high values of SCBD; Heino and Grönroos 2017; Poz-
zobom et al. 2020). Environmental restrictions may influ-
ence the occurrence of species into small or intermediary 
number of sites, while higher variation in the species compo-
sition among sites provides a broader regional species pool 
(Whittaker 1972).

Most studies investigated LCBD and SCBD in fresh-
water ecosystems (e.g., Heino and Grönroos 2017; Brito 
et al. 2020; Pozzobom et al. 2020). Here we assessed the 
ecological uniqueness of fish and crustaceans’ communi-
ties from a tropical shallow marine ecosystem in tradi-
tional fishing grounds, where bycatch is historically high 
(see: Rodrigues-Filho et al. 2020). We investigated the 
local (LCBD) and species contribution to beta diversity 
(SCBD), disentangling the role of environmental and 
biotic parameters over LCBD, and species occurrence and 
total and mean local abundance association with SCBD. 
We were especially interested in understanding which 
sites could harbor unique assemblages (LCBD) of bycatch 
species. Moreover, we were interested in understanding 
if distinct marine assemblages subjected to bycatch (i.e., 
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fish and crustaceans) respond differently to environmental 
constraints and if they might produce distinct ecological 
unique sites in traditional fishing grounds.

Methods

Study area

The study was carried out in the central-north Santa Cata-
rina coastline, in Barra do Sul (BS), Armação Itapocoroy, 
in Penha (AI) and Porto Belo (PB) municipalities, in Brazil 
(Fig. 1). This area is highly heterogeneous, with the forma-
tion of bays and coves, and is associated with coastal lagoons 
and estuaries (Schettini and Carvalho 2010). It is also influ-
enced by the interaction and mixture between Coastal, Trop-
ical and the South Atlantic Central waters, which generates 
different oceanographic fronts (Pereira et al. 2009), boosting 
primary production (Paes and Moraes 2007) and promoting 
high biological abundance along the coastal area (Branco 
et al. 2015; Rodrigues-Filho et al. 2015). As a result of this 
ecological complexity, this area is also harvested for artisa-
nal shrimp trawling fisheries (Branco et al. 2015).

Sampling

Fishes and crustaceans

Trimestral sampling was carried out between November 
2009 and August 2010, in nine sites along 80 km of coast-
line (Fig. 1), under SISBIO license n. 324642. The sampling 
locations coincide with areas of traditional artisanal fishing, 
with the purpose of surveying demersal communities associ-
ated with fishing grounds. At each sampling site, one trawl-
ing of 20 min and 2.0 knots/hour was conducted, following 
the protocols used in these traditional fishing areas, that cor-
roborates sampling sufficiency of our methods (Rodrigues-
Filho et al. 2020; Barrilli et al. 2021). A vessel equipped 
with double trawl doors, with a mesh net of 3.0 cm and 
2.0 cm, was used in the bagger.

Fish and crustacean samples were kept in ice coolers. 
In the laboratory, they were sorted and identified to spe-
cies level according to specialized literature (Fish: Menezes 
et al. 2003; Crustacea: Costa et al. 2003). Crustacean spe-
cies composition included those classified as target species 
for artisanal and industrial fisheries (Xiphopenaeus kroyeri, 
Artemisia longinaris and Pleoticus muelleri), and where not 
considered in the beta diversity, LCBD and SCBD analysis, 
since our focus was on bycatch species. Their abundance and 
occurrence were used to calculate biotic indices (see “Data 
analysis”) that were used as explanatory variables.

Local scale environmental parameters

Before each trawl, water samples were collected with a ver-
tical van Dorn bottle at 10 m, 20 m and 30 m, from which 
temperature was measured with a thermometer (0.1 °C) and 
salinity was measured with an optical refractometer in the 
field. Water samples were used to determine chlorophyll-a 
concentration with acetone extraction according to the meth-
odology described in Mantoura et al. (1997). Sediment sam-
ples were collected with a Van Veen grab sampler, screened 
and separated according to particle size and texture, as clay, 
silt, sand and gravel (Folk and Ward 1957; Suguio 1973). 
Calcium carbonate was quantified by gravimetry (Suguio 
1973), through the exposure of 100 g of a sediment sample 
to a solution of hydrochloric acid (HCL 10%). Organic mat-
ter content was quantified from sediment samples by loss of 
ignition (8 h at 800 °C).

Data analysis

We calculated beta diversity from the abundance and inci-
dence-based matrices of fish and crustaceans according to 
the methods described in Legendre and De Cáceres (2013). 
We conducted both analyses to verify, respectively, if com-
munities presented different patterns between quantitative 
and qualitative data. First, the abundance and incidence-
based data of each assemblage was subjected to a Hellinger 
transformation. We estimated total beta diversity (BDtotal) 
for the entire area along the study period to account for spa-
tial and seasonal variation, as the total sum of squares of 
the species composition data. This method provides a beta 
diversity index that ranges between 0 and 1, that is, when 
all sites have entirely different species compositions, BDto-
tal = 1 (Legendre and De Cáceres 2013).

BDtotal was partitioned into local contributions of sites to 
beta diversity (LCBD), both for fish and crustaceans. We cal-
culated the local contributions from the abundance (abund.) 
and incidence-based (incid.) data separately, totaling four 
distinct metrics, hereafter  LCBDfish.abund,  LCBDcrus.abund, 
 LCBDfish.incid and  LCBDcrust.incid. LCBD represents the rela-
tive contribution of each sampling unit to beta diversity, cal-
culated as the sum of squares of each sampling unit divided 
by the total sum of squares. Sites with mean local contribu-
tion significantly higher than the sites LCBD-mean were 
considered unique (Legendre and De Cáceres 2013). It might 
represent degraded and species-poor sites or correspond to 
sites with special conditions that harbor higher species rich-
ness or distinct species composition among the study region 
(Leão et al. 2020; Pozzobom et al. 2020).

BDtotal was partitioned into species sontributions 
to beta diversity (SCBD), both for fish and crustaceans 
(from the abundance and incidence-based data sepa-
rately), totaling four metrics of species contribution, 
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Fig. 1  Location of the sampling areas in the South coast of Brazil
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hereafter  SCBDfish.abund,  SCBDcrus.abund,  SCBDfish.incid and 
 SCBDcrust.incid. Species with SCBD higher than the aver-
age SCBD of all species pool exhibit large variations (in 
abundance or incidence) across the study area (Legendre 
and De Cáceres 2013). BDtotal, LCBD and SCBD were 
obtained using the beta.div function from ‘adespatial’ 
package (Dray et al. 2020) in R (R Core Team 2020). It 
is important to highlight that the species that inhabit the 
unique sites (LCBD) may not be the same as those with 
higher contribution to beta diversity (SCBD), because the 
LCBD metric accounts for site-specific differences, while 
SCBD metric accounts for species-specific contributions.

We used beta regression to model LCBD and SCBD. 
Beta regression is the most appropriate analysis, because 
it incorporates heteroskedasticity or skewness, often 
observed in response variables taking values from 0 to 1 
(Cribari-Neto and Zeleis 2010). The beta regression model 
assumes that the dependent variable is beta-distributed and 
that the mean is related to a set of regressors through a 
linear predictor with unknown coefficients and a logit link 
function (Cribari-Neto and Zeleis 2010).

We used beta regression to identify how distinct pro-
cesses contributed to local composition variation of fishes 
and crustaceans within shallow marine ecosystems. We 
analyzed which factors are related to LCBD of fish and 
crustaceans (abundance and incidence-based) separately 
with two sets of predictors (i.e., environmental and biotic). 
We first investigated the influence of local environmental 
parameters over LCBD. The environmental variables (i.e., 
water temperature, depth, salinity, chlorophyll-a; propor-
tion of gravel, sand, silt, clay, carbonate and organic matter 
in the sediment) were previously subjected to a Pearson 
correlation to assess multicollinearity, using the command 
rcorr.adjust from the ‘RcmdrMisc’ package (Fox 2020) 
in R (R Core Team 2020). All sediment parameters (i.e., 
gravel, sand, silt, clay, carbonate and organic matter) were 
highly correlated to each other. We chose to retain the 
sand proportion in the sediment as our proxy variable, 
since it was consistently negatively correlated to all others 
(Table S1). Temperature and depth were highly correlated, 
and we chose to retain water temperature, since it has a 
clearer ecological influence over biological responses 
(Table S1). We ran the multiple regression with LCBD 
as our response variable and four initial explanatory envi-
ronmental variables (water temperature, salinity, chloro-
phyll-a and sand). Prior to the statistical analysis, all the 
environmental variables were z-scores standardized (i.e., 
mean = 0, SD = 1), with the decostand function in R (R 
Core Team 2020). Finally, we investigated the influence 
of local community diversity parameters—(i) species rich-
ness, (ii) abundance (log(x + 1)), (iii) Hill’s numbers for 
taxonomic diversity (exp(H’)) and (iv) Simpson’s diversity 
(1/D) over LCBD, in the biotic model.

We also used beta regression to understand the relation 
of SCBD with the number of occupied sites by the species 
and their total and mean local abundance. Because species 
occurring at an intermediate proportion of sites should be 
those most variable and contributing most to beta diversity 
(da Silva et al. 2018), we ran the beta regression on SCBD 
using total abundance, mean local abundance and number of 
sites occupied by the species to investigate for possible non-
linear responses. Beta regression was conducted separately 
for each predictor.

We ran the beta regression with a generalized additive 
model (GAM) with a Beta distribution, random effects and 
logit link using gam function with family = ’betar’ from the 
‘mgcv’ package (Wood et al. 2016) for inferences about 
LCBD responses in the environmental and biotic model. 
We did that to account for both nonlinear relations between 
response and explanatory variables identified during data 
exploration (Figs. S1, S2, S3 and S4), and to account for 
temporal (i.e., Season) and spatial (i.e., Beach) influences 
over our response variable (LCBD) as random effects (Wood 
2017; Pedersen et al. 2019), in R (R Core Team 2020). Ran-
dom effects were inserted as smoothing parameters (i.e., 
f(Season, bs = ’re’) that were constructed using random 
effects splines with k = 4 for seasons, and k = 3 for locations 
and estimated with restricted maximum likelihood estima-
tion (REML) (Wood 2017). We ran the beta regression 
with GAM with Beta distribution and logit link using gam 
function with family = ’betar’ from ‘mgcv’ package (Wood 
et al. 2016) for inferences about SCBD association with total 
abundance, mean local abundance and number of sites occu-
pied. Model validation for all approaches was conducted by 
inspecting residual graphics (Cribari-Neto and Zeleis 2010; 
Statistics 2010; Wood 2017). Model selection was based 
on the double penalty approach by setting the argument 
‘select = TRUE’ in the gam function of all models. Initial 
and simplified models were checked with the AICc selection 
criterion, and we choose the models with only significant 
terms, because they presented either smaller AIC values or 
Δ < 2 compared to the initial model (Anderson 2008; Marra 
and Wood 2011).

Results

Total beta diversity

We registered 73 fish species and 12,845 individuals. Fish 
species richness varied from 1 to 26 per site. The total beta 
diversity of fishes based on abundance data was 0.71, while 
the beta diversity based on incidence data was 0.74. We 
registered 24 species of crustaceans and 5,730 individuals. 
Crustacean species richness varied from 1 to 13 per site. The 
crustacean beta diversity based on abundance data was 0.69, 
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Table 1  Results of the best beta regression model of the relation between Fish LCBD based in abundance data, with environmental and biotic 
predictors

The regression models were generalized additive model with random effects for Season and Beach, using beta distribution and link = logit. n = 34 
sites, because two sites had no species

LCBDfish.abund

Environmental model Biotic model

Parametric coefficients Parametric coefficients

Estimate Std. Error z value Pr( >|z|) Estimate Std. Error z value Pr( >|z|)

Intercept − 3.531 0.078 − 45.19  < 0.001 Intercept − 3.518 0.070 − 50.14  < 0.001

LCBDfish.abund

Environmental model Biotic model

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(Temp, bs = ’ts’, k = 3) 1.760 1.94 57.029  < 0.001 s(S, bs = ’ts’, k = 3) 1.000 1.00 18.71  < 0.001
s(Season, bs = ’re’, k = 4) 1.967 3.00 5.294 0.044 s(Season, bs = ’re’, k = 4) 1.129 3.00 1.72 0.207
s(Beach, bs = ’re’, k = 3) 0.327 2.00 0.392 0.300 s(Beach, bs = ’re’, k = 3) 0.000 2.00 0.00 0.475
R-sq.(adj) = 0.635 Deviance explained = 64.4% R-sq.(adj) = 0.371 Deviance explained = 39.3%
REML = − 114.49 Scale est. = 1 n = 34 REML = − 109.06 Scale est. = 1 n = 34

Fig. 2  Relationship between 
 LCBDfish.abund and predictor 
variables from the environ-
mental model: a temperature 
(z-scores); and biotic model: 
c species richness of the fish 
assemblage. Relationship 
between  LCBDfish.incid and 
predictor variables from the 
environmental model: b temper-
ature; and biotic model: d fish 
abundance (log). Abundance 
(log) = total fish abundance. 
The best models retained only 
one significant predictor each, 
that are show in the graphic. All 
candidate models are available 
in Table S4. Points color: sum-
mer (red), spring (green), winter 
(blue) and autumn (purple). 
Points shape: northern area—
Barra do Sul (circle), central 
area—Armação do Itapocoróy 
(triangle), southern area—Porto 
Belo (square)
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while beta diversity based on incidence data was 0.70. Total 
beta diversity was high for both taxa, since the maximum 
beta diversity value that can be reached with this method is 
BDTotal = 1.

Local contribution to beta diversity (LCBD)

LCBDfish.abund varied between 0.015 to 0.052, with 1 site 
(Barra do Sul at 30 m) contributing above average in the 
winter (BS30 = 0.052).  LCBDfish.incid varied between 0.019 

Table 2  Results of the best beta regression model of the relation between Fish LCBD incidence based, with environmental and biotic predictors

The regression models were Generalized Additive Model with random effects for Season and Beach, using beta distribution and link = logit. 
Abundance was log-transformed prior to analysis. n = 34 sites, because two sites had no species found

LCBDfish.incid

Environmental model Biotic model

Parametric coefficients Parametric coefficients

Estimate Std. Error z value Pr( >|z|) Estimate Std. Error z value Pr( >|z|)

Intercept − 3.52 0.069 − 50.84  < 0.001 Intercept − 3.530 0.045 − 77.94  < 0.001

LCBDfish.incid

Environmental model Biotic model

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(Temperature, bs = ’ts’, k = 4) 2.228 2.56 110.25  < 0.001 s(Abundance(log), 
bs = ’ts’, k = 3)

1.110 1.20 133.32  < 0.001

s(Season, bs = ’re’) 2.537 3.00 15.34  < 0.001 s(Season, bs = ’re’) 2.051 3.00 6.20 0.026
s(Beach, bs = ’re’) 0.000 2.00 0.00 0.555 s(Beach, bs = ’re’) 0.001 2.00 0.00 0.408
R-sq.(adj) = 0.773 Deviance explained = 79% R-sq.(adj) = 0.809 Deviance explained = 80.7%
REML = − 128.38 Scale est. = 1 n = 34 REML = − 132.88 Scale est. = 1 n = 34

Table 3  Results of the best beta regression model of the relation between Crustacean LCBD based in abundance data, with environmental and 
biotic predictors

Crustacean LCBD was calculated with bycatch species. Biotic indices used in the biotic model as predictors included bycatch and target species. 
The regression models were Generalized Additive Model with random effects for Season and Beach, using beta distribution and link = logit. 
n = 32 sites, because four sites had no species found

LCBDcrust.abund

Environmental model Biotic model

Parametric coefficients Parametric coefficients

Estimate Std. Error z value Pr( >|z|) Estimate Std. Error z value Pr( >|z|)

Intercept − 3.443 0.130 − 26.34  < 0.001 Intercept − 3.459 0.137 − 25.10  < 0.001

LCBDcrust.abund

Environmental model Biotic model

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(Sand bs = ’ts’, k = 3) 1.516 1.76 2.72 0.328 s(S, bs = ’ts’, k = 3) 1.000 1.00 8.706 0.003
s(Season, bs = ’re’) 0.000 3.00 0.00 0.495 s(Season, bs = ’re’) 0.000 3.00 0.000 0.656
s(Beach, bs = ’re’) 1.347 2.00 4.19 0.043 s(Beach, bs = ’re’) 1.548 2.00 7.063 0.010
R-sq.(adj) = 0.135 Deviance explained = 20.9% R-sq.(adj) = 0.293 Deviance explained = 35.1%
REML = − 93 Scale est. = 1 n = 32 REML = − 96.137 Scale est. = 1 n = 32
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to 0.049, with 2 sites (Barra do Sul and Armação Itapocoróy) 
contributing significantly during winter (BS30 = 0.0.049; 
AI30 = 0.0.044), autumn (BS30 = 0.0.047), summer 
(BS30 = 0.048) and spring (AI20 = 0.044) (Table  S2). 
 LCBDcrus.abund varied between 0.014 to 0.055, with 1 site 
(Barra do Sul at 10 m) contributing above average during 
autumn (BS10 = 0.055), and  LCBDcrus.incid varied between 

0.018 to 0.051, with no sites contributing above average 
(Table S3).

Determinants of temporal and spatial variation 
in LCBD

Fish

The models that best explained  LCBDfish.abund based on 
the two sets of predictors (i.e., environmental and biotic) 
included only one significant predictor each, that were 
temperature and species richness, respectively (Tables 1, 
S4).  LCBDfish.abund was higher in colder sites (Fig. 2a). 
 LCBDfish.abund was negatively associated with species rich-
ness, i.e., higher ecological uniqueness was registered in 
sites with lower species richness (Fig. 2c). The models 
that best explained  LCBDfish.incid included temperature in 
the environmental model and total abundance in the biotic 
model (Tables 2, S4).  LCBDfish.incid was higher in colder 
areas (Fig. 2b).  LCBDfish.incid was higher in sites with lower 
total abundance (Fig. 2d).

Crustacean

LCBDcrus.abund was not predicted by environmental variables 
(Tables 3, S5).  LCBDcrus.abund was predicted by species rich-
ness (S) (Fig. 3). Sites with higher crustaceans’ ecological 
uniqueness were those with lower crustacean species rich-
ness. No site presented ecological uniqueness significantly 

Fig. 3  Relationship between  LCBDcrust.abund and species richness of 
the crustacean assemblage (including the target species)  from the 
biotic model. The best model retained only one predictor. All can-
didate models are available in Table S5. Points color: summer (red), 
spring (green), winter (blue) and autumn (purple). Points shape: 
northern area—Barra do Sul (circle), central area—Armação do 
Itapocoróy (triangle), southern area—Porto Belo (square)

Table 4  Results of the best beta regression model of the relation between Crustacean LCBD based in incidence data, with environmental and 
biotic predictors

Crustacean LCBD was calculated with bycatch species. Biotic indices used in the biotic model as predictors included bycatch and target species. 
The regression models were Generalized Additive Model with random effects for Season and Beach, using beta distribution and link = logit. 
n = 32 sites, because three sites had no species found, and 1 site was an extreme outlier and was removed from the analysis

LCBDcrust.incid

Environmental model Biotic model

Parametric coefficients

Estimate Std. Error z value Pr( >|z|) Estimate Std. Error z value Pr( >|z|)

Intercept − 3.454 0.044 − 76.88  < 0.001 Intercept − 3.453 0.059 − 57.95  < 0.001

LCBDcrust.incid

Environmental model Biotic model

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(Salinity, bs = ’ts’, k = 3) 1.810 1.96 5.717 0.077 s(Exp(H), bs = ’ts’, k = 3) 1.566 1.80 5.334 0.116
s(Season, bs = ’re’) 0.000 3.00 0.000 0.400 s(Season, bs = ’re’) 0.701 3.00 0.981 0.240
s(Beach, bs = ’re’) 0.000 2.00 0.001 0.372 s(Beach, bs = ’re’) 0.533 2.00 0.746 0.244
R-sq.(adj) = 0.116 Deviance explained = 17.6% R-sq.(adj) = 0.158 Deviance explained = 22.3%
REML = − 106.95 Scale est. = 1 n = 32 REML = − 106.96 Scale est. = 1 n = 32
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higher than the average when  LCBDcrus.incid were analyzed 
(Tables 4, S5), i.e., species distribution is more homoge-
neous with no significant species variation between sites. 

 LCBDcrus.incid was not predicted by environmental variables, 
nor by biotic variables (Table 4).

Table 5  Results of the best beta regression model of the relation between  SCBDfish.abund and  SCBDfish.incid with total abundance (log-trans-
formed), mean local abundance (log-transformed) and number of occupied sites

The regression models were Generalized Additive Model with random effects for Season and Beach, using beta distribution and link = logit. 
Regression was performed with each of the variables, separately, providing three distinct tests

SCBDfish.abund SCBDfish.incid

Total abundance Total abundance

Parametric coefficients Estimate Std. Error z value Pr( >|z|) Parametric coefficients Estimate Std. Error z value Pr( >|z|)

Intercept − 4.965 0.090 − 54.59  < 0.001 Intercept − 4.458 0.061 − 72.05  < 0.001

SCBDfish.abund SCBDfish.incid

Total abundance Total abundance

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(Abundance(log), 
bs = ’ts’, k = 3)

2.359 2.936 377  < 0.001 s(Abundance(log), 
bs = ’ts’, k = 3)

1 1 139.8  < 0.001

R-sq.(adj) = 0.89 Deviance explained = 83.9% R-sq.(adj) = 0.672 Deviance explained = 65.3%
REML = − 306.03 Scale est. = 1 n = 73 REML = − 273.84 Scale est. = 1 n = 73

SCBDfish.abund SCBDfish.incid

Mean local abundance Mean local abundance

Parametric coefficients Estimate Std. error z value Pr( >|z|) Parametric coefficients Estimate Std. error z value Pr( >|z|)

Intercept − 4.808 0.095 − 50.39  < 0.001 Intercept − 4.376 0.072 − 60.52  < 0.001

SCBDfish.abund SCBDfish.incid

Mean local abundance Mean local abundance

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(MLA(log), bs = ’ts’, 
k = 3)

2.185 2.701 234  < 0.001 s(MLA(log), bs = ’ts’, 
k = 3)

1.738 2.176 55.88  < 0.001

R-sq.(adj) = 0.8 Deviance explained = 74.8% R-sq.(adj) = 0.498 Deviance explained = 40.4%
REML = − 295.48 Scale est. = 1 n = 73 REML = − 255.96 Scale est. = 1 n = 73

SCBDfish.abund SCBDfish.incid

Number of occupied sites Number of occupied sites

Parametric coefficients Estimate Std. error z value Pr( >|z|) Parametric coefficients Estimate Std. error z value Pr( >|z|)

Intercept − 4.634 0.099 − 46.59  < 0.001 Intercept − 4.497 0.053 − 84.56  < 0.001

SCBDfish.abund SCBDfish.incid

Number of occupied sites Number of occupied sites

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(Occurrence, bs = ’ts’, 
k = 3)

1.367 1.646 122.5  < 0.001 s(Occurrence, bs = ’ts’, 
k = 3)

4.616 5.529 220.5  < 0.001

R-sq.(adj) = 0.539 Deviance explained = 62% R-sq.(adj) = 0.71 Deviance explained = 79.8%
REML = − 287.38 Scale est. = 1 n = 73 REML = − 284.49 Scale est. = 1 n = 73
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Species contribution to beta diversity (SCBD)

Fish

Out of 73 fish species, we registered 21 species with 
 SCBDfish.abund higher than the mean (0.014). The three spe-
cies with higher  SCBDfish.abund were Stellifer rastrifer, Stel-
lifer brasiliensis and Paralonchurus brasiliensis (Table S6). 
Higher  SCBDfish.abund was positively related to higher total 
abundance (Table 5, Fig. 4a), higher mean local abundance 
(Table 5, Fig. 4c).  SCBDfish.abund was higher for those species 
that occupied a higher number of sites (Table 5, Fig. 4e).

More species contributed to beta diversity when calcu-
lated with incidence data. Out of the 73 species, 28 species 
presented incidence variation higher than the mean (0.014). 
The three species with higher  SCBDfish.incid were S. rastri-
fer, P. brasiliensis and Cynoscion jamaicensis (Table S6). 
Higher  SCBDfish.incid was positively related to total abun-
dance (Table 5, Fig. 4b) and mean local abundance (Table 5, 
Fig. 4d).  SCBDfish.incid was higher for those that occupied 
higher number of sites (Table 5, Fig. 4f).

Crustaceans

Out of 24 crustacean’s species, we registered 9 species with 
 SCBDcrust.abund higher than the mean (0.041). The three spe-
cies with higher  SCBDcrust.abund were Callinectes ornatus, 
Sicyonia dorsalis and Callinectes danae (Table S7). Higher 
 SCBDcrust.abund was positively related with total abundance 
(Table 6, Fig.  5a) and mean local abundance (Table 6, 
Fig. 5c).  SCBDcrust.abund was higher for those species that 
occupied intermediary and higher number of sites (Table 6, 
Fig. 5e).

More crustacean’s species contributed to beta diver-
sity when calculated with incidence data. Out of the 24 
species, 10 species presented incidence variation higher 
than the mean (0.041). The three species with higher 
 SCBDcrust.incid were Portunus spinimanus, C. danae and C. 
ornatus (Table S7). Higher  SCBDcrust.incid was positively 
related with total abundance (Table 6, Fig. 5b), but no 
significant relation was found with mean local abundance 
(Table 6, Fig. 5d).  SCBDcrust.incid was higher for those spe-
cies that occupied an intermediary and higher number of 
sites (Table 6, Table 2).

Discussion

The shallow marine coastal areas in the South of Brazil 
presented high beta diversity for both fish and crustacean 
(bycatch) assemblages, and the ecological unique sites 
within our study region were those with lower species rich-
ness and abundance. These ecological unique sites were 
related to both local environmental and biotic features (com-
munity diversity), and it was most likely associated with 
the heterogeneous dynamics of this region (Rodrigues-Filho 
et al. 2020; Barrilli et al. 2021). The association of LCBD 
with the environment was mainly driven by temperature 
differences, but it was only significant for fishes. The local 
contribution to beta diversity based on crustaceans’ bycatch 
(non-target species in fisheries) assemblages did not corre-
late to local environmental features; instead, it was mainly 
related to species richness. Beta diversity has been shown 
to relate to distinct socioeconomic and environmental char-
acteristics in different sites in shallow marine ecosystems 
(Lazzari et al. 2020). The high diversity of both fishes and 
crustacean communities could be associated to the tempo-
ral and spatial variability of the water characteristics that 
are known to be influential over fishes (Stuart-Smith et al. 
2017), while sediment variability can be more important for 
crustaceans because of its seasonal reproduction and feed-
ing dynamics (Rodrigues-Filho et al. 2016). In addition, 
although environmental variability can be important predic-
tor of alpha diversity patterns, it might not be high enough to 
drive spatial ecological uniqueness (based on beta diversity) 
for bycatch crustaceans in our temporal scale. The location 
of ecological unique sites also differed between taxa, sug-
gesting that environmental and biotic influences might act 
differentially over fish and bycatch crustacean communities. 
It reflects the importance of wide spatial areas with low 
dispersal restrictions for biodiversity structuring in marine 
coastal areas, especially because environmental and biologi-
cal interactions within these ecosystems are taxa-dependent 
(da Silva et al. 2020; Wu et al. 2020). The precise location 
of the unique site might as well change over time, because 
of the heterogeneous dynamics of coastal areas, and the fact 
that our temporal scale included a year-round investigation, 
may preclude temporal trends of variation in species diver-
sity and abundance over larger periods (Carlos-Júnior et al. 
2019; Rodrigues-Filho et al. 2020).

The strength and direction of association of LCBD 
with environmental drivers has been shown to depend on 
the taxonomic group analyzed, especially because it is 
influenced by the relation between species distribution, 
environmental conditions, dispersal ability and species 
interactions (Landeiro et al. 2018), and are especially 
important when assessing species that are subjected to 
incidental catches and discard. That is because trawling 

Fig. 4  Relation between  SCBDfish.abund and  SCBDfish.incid with total 
abundance (log), mean local abundance (log) and number of occupied 
sites by the species. n = 73 species. The figure shows fewer points, 
because some species presents almost the exact numerical SCBD 
value and they overlap in the graphic. Points above 0.0136 represent 
species with SCBD higher than the mean

◂



 V. de Mello Cionek et al.

1 3

   41  Page 12 of 18

can induce chronic selectivity of resilient species (Blan-
chard et  al. 2004), with fast-growing characteristics 

(Hiddink et al. 2017), short migration fluxes (Rodrigues-
Filho et al. 2015) and that benefits from the damaged or 
dead organisms left after a trawl pass (i.e., scavenging 

Table 6  Results of the best beta regression model of the relation between  SCBDcrust.abund and  SCBDcrust.incid with total abundance (log-trans-
formed), mean local abundance (log-transformed) and number of occupied sites

The regression models were Generalized Additive Model with random effects for Season and Beach, using beta distribution and link = logit. 
Regression was performed with each of the variables, separately, providing three distinct tests

SCBDcrust.abund SCBDcrust.incid

Total abundance Total abundance

Parametric coefficients Estimate Std. error z value Pr( >|z|) Parametric coefficients Estimate Std. error z value Pr( >|z|)

Intercept − 3.372 0.142 − 23.69  < 0.001 Intercept − 3.183 0.127 − 25.03  < 0.001

SCBDcrust.abund SCBDcrust.incid

Total abundance Total abundance

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(Abundance(log), 
bs = ’ts’, k = 3)

1.354 1.63 32.57  < 0.001 s(Abundance(log), 
bs = ’ts’, k = 3)

1 1 8.69 0.003

R-sq.(adj) = 0.47 Deviance explained = 68.3% R-sq.(adj) = 0.215 Deviance explained = 29.5%
REML = − 61.423 Scale est. = 1 n = 24 REML = − 55.822 Scale est. = 1 n = 24

SCBDcrust.abund SCBDcrust.incid

Mean local abundance Mean local abundance

Parametric coefficients Estimate Std. error z value Pr( >|z|) Parametric coefficients Estimate Std. error z value Pr( >|z|)

Intercept − 3.225 0.162 − 19.81  < 0.001 Intercept − 3.129 0.138 − 22.54  < 0.001

SCBDcrust.abund SCBDcrust.incid

Mean local abundance Mean local abundance

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(MLA(log), bs = ’ts’, 
k = 3)

1.029 1.058 10.55 0.001 s(MLA(log), bs = ’ts’, 
k = 3)

1 1 0.628 0.428

R-sq.(adj) = 0.156 Deviance explained = 34.3% R-sq.(adj) = -0.019 Deviance explained = 2.73%
REML = − 55.142 Scale est. = 1 n = 24 REML = − 52.505 Scale est. = 1 n = 24

SCBDcrust.abund SCBDcrust.incid

Number of occupied sites Number of occupied sites

Parametric coefficients Estimate Std. error z value Pr( >|z|) Parametric coefficients Estimate Std. error z value Pr( >|z|)

Intercept − 3.431 0.140 − 24.44  < 0.001 Intercept 3.334 0.078 − 42.53  < 0.001

SCBDcrust.abund SCBDcrust.incid

Number of occupied sites Number of occupied sites

Approximate significance of smooth terms Approximate significance of smooth terms

edf Ref.edf Chi.sq p value edf Ref.edf Chi.sq p value

s(Occurrence, bs = ’ts’, 
k = 3)

1 1.001 54.85  < 0.001 s(Occurrence, bs = ’ts’, 
k = 3)

3.186 3.897 83.69  < 0.001

R-sq.(adj) = 0.73 Deviance explained = 70.8% R-sq.(adj) = 0.765 Deviance explained = 85.7%
REML = − 62.37 Scale est. = 1 n = 24 REML = − 68.576 Scale est. = 1 n = 24
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macroinvertebrates) (Tillin et al. 2006), which may con-
tribute to the historical maintenance of biodiversity in 
the area (Rodrigues-Filho et al. 2020). Trawling can also 
produce taxonomic impacts over species that are impor-
tant as feeding resources for fishes and crustaceans, 
such as anthozoan, Malacostraca and Polychaeta (Kaiser 
et al. 2002), and contributes further to the selectivity of 
resilient species pool. Common species are usually more 
frequent in stressed environments (Carlos-Júnior et al. 
2019). Diversity variability for distinct taxa can also be 
attributed to temporal dynamics of the shallow coastal 
areas that can shift the relative importance of water, sedi-
ment and fishing influences over communities and popu-
lation organization over time (Knowlton 2004; Rodrigues-
Filho et al. 2020; Barrilli et al. 2021).

Fish assemblages presented higher ecological unique-
ness in colder sites, where species richness and abun-
dances were markedly lower, especially in the northern 
and deeper areas of the study region (Barra do Sul—SC). 
This finding was consistent for both abundance and inci-
dence of fish–LCBD. This outcome was related to the 
distinct fish taxonomic composition in the unique sites 
that were inhabited by the rarest species of our species 
pool. Most of these species’ rest or burrow into the sandy 
substrate (i.e., Syacium papillosum, Synodus intermedius), 
or retreats into shelter when frightened (i.e., Diplectrum 
formosum). The study region does not present any physical 
restrictions to dispersal of fish and crustacean, especially 
not in our depth range, that encompass small distances 
(10–30 m). Even when considering the latitudinal range, 
which encompasses approximately 80 km, there is not any 
major geographical limitation to dispersal. Nevertheless, 
fish composition along the range of our study can change 
markedly, with substitution of dominant species in fish-
ing areas (Rodrigues-Filho et al. 2015), which led us to 
assume that unique locations could be identified, as it was 
indeed. It is interesting to note that the temperature decline 
along the 20–30 m depth profile was most likely produc-
ing an environmental filter that precluded the occurrence 
of most of the fish species in some of the northern sites. 
Aquatic species as fishes have physiological limitations to 
live outside of their required temperature range (Barton 
et al. 2002; Mark et al. 2002). Therefore, sea surface tem-
perature has been acknowledged as an essential environ-
mental filter for regional and local scale studies on shallow 
marine ecosystems (Stuart-Smith et al. 2017). Even though 
the lack of geographical barriers can enable species to 
maintain widespread geographical distributions, environ-
mental barriers (i.e., temperature and water masses) can 
provide diversity changes and dispersal restrictions to fish 
species (Stuart-Smith et al. 2017). The seasonal variation 
of abiotic characteristics can also contribute to the occur-
rence of distinct fish assemblages in small spatial ranges 

in the south Brazilian coast (Rodrigues-Filho et al. 2015). 
Interestingly, most of the fishing efforts in this region are 
historically concentrated in shallower areas (< 20 m), 
where species abundance and occurrence are higher and 
more frequent, and might represent additional evidence 
of a recurrent environmental filter influence in the area.

On the other hand, bycatch crustacean’s local contribution 
to beta diversity correlates was not consistent among abun-
dance and incidence responses. Only one unique site was 
detected in a shallow site in the most northern area (Barra do 
Sul—SC), for abundance crustacean–LCBD. Species found 
in this site (n = 2) were also rare in the region. Populations 
of Exhippolysmata oplophoroides, found in the unique site, 
present abundance variation during its reproductive cycle 
in response to rain (Santos 2018), and shows preference for 
colder locations (19–25 °C) (Braga 2006) in coastal areas of 
Brazil. The lack of influence of environmental characteris-
tics over ecological uniqueness of bycatch crustacean assem-
blage disagree with our expectations, especially because the 
composition of the substrate differs along our study region, 
and it has already been acknowledged as an important and 
significant driver of marine macroinvertebrate community 
assemble in the same area (Barrilli et al. 2021), and along 
the Brazilian coast (Piantkoski et al. 2021). Crustacean has 
historically been captured in trawling in the region, with 
high diversity and abundance (Branco and Verani 2006; 
Rodrigues-Filho et al. 2016), which has been associated 
with the increased availability of nutrients and organic mat-
ter in the sediment (Schettini and Carvalho 2010; Branco 
et al. 2015; Alsaffar et al. 2019). Crustacean species are 
also dominant items in the diet of fish and other crustacean 
species, which represents an important biotic interaction and 
evidence of crustacean availability in the system (Branco 
2005; De Araujo et al. 2014; Sabinson et al. 2015). Indeed, 
the only ecological unique site differed from all others due 
to a deviation from that pattern, with low species richness 
(S = 2) and abundance (n = 14 ind.), and it was located in the 
northern and shallower area of the study region. Bycatch 
crustacean LCBD was only (negatively) associated with 
species richness when calculated with abundance. This 
can be explained by the fact that these unique sites harbor 
the rarest species, as it was found for fish. Results from a 
temporal investigation from 1997 to 2016, conducted in the 
same study area (Rodrigues-Filho et al. 2020), also showed 
that most crustacean species caught in trawls are occasional, 
sometimes presenting low frequency and high abundance 
when caught. Only a few species (seven out of 155 spp.) 
were frequent and with similar abundance distribution along 
the study period (Rodrigues-Filho et al. 2020).

Many fish species contributed to beta diversity. Some of them 
were highly abundant in the region (e.g., Stellifer rastrifer and 
Paralonchurus brasiliensis), but presented variations in tempo-
ral and local abundance. In contrast, other fishes occurred in a 
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few sites with low abundances (e.g., D. formosum and Xyrichtys 
novacula), contributing to generating sites’ ecological unique-
ness. These patterns were most likely responsible for the high 
beta diversity in the region. As this shallow marine region is open 
to colonization, the maintenance of high alpha and beta diversity 
could be a result of the selection of species tolerant to the chronic 
impacts of trawling fisheries, with more general life history traits 
(McConnaughey et al. 2000; Magurran and Henderson 2003; 
Blanchard et al. 2004). Fish species with the highest contribu-
tions to beta diversity (SCBD), from abundance and incidence 
data, were represented mainly by Sciaenidae. S. rastrifer and Stel-
lifer brasiliensis presented a high variation of abundance and 
occurrence along the year. Although they are widely distributed 
and abundant in the study region, their spatial and temporal distri-
bution can vary greatly due to migration fluxes (Rodrigues-Filho 
et al. 2015) or fishing pressure (Rodrigues-Filho et al. 2011). 
This dispersal pattern can also be influenced by the movement 
and interaction of water masses from coastal, tropical and South 
Atlantic Central Water (SACW). The retraction of the SACW 
during winter can disturb the sediment layer, exposing some crus-
tacean’s species that are the main feeding resource of Sciaenidae 
in this region, attracting the fishes to new locations (Sedrez et al. 
2013). Other possible explanation for their high contribution to 
beta diversity can be linked to their differential feeding strategies, 
that allows both species to consume food resources in distinct 
habitat compartments (i.e., benthic or pelagic) (Rodrigues-Filho 
et al. 2011; Sabinson et al. 2015). Generalist species with broad 
niches are acknowledged to contribute less to SCBD than species 
with small or intermediate-sized niches (Heino and Grönroos 
2017). P. brasiliensis occurred in almost all locations along the 
year; however, it presented large temporal variation in abundance. 
This is a recurrent pattern for the species (Branco et al. 2015; 
Rodrigues-Filho et al. 2015), that presents large trophic spec-
trum and plasticity (Branco et al. 2005; Sedrez et al. 2021), and 
might show small scale migrations when foraging. Cynoscion 
jamaicensis was present in all sites, with large abundance vari-
ation along the year (1–243 individuals), as it was already been 
shown in previous studies in the region (Branco et al. 2015), 
which might contribute to its high contribution to beta diversity 
It does not occur in sites with low temperature (< 17 °C) (Castro 
et al. 2002) and feed mostly of crustaceans and demersal fishes 
(Rondineli et al. 2007).

Almost half of the crustacean species contributed to beta 
diversity in the shallow marine coastal areas, which means 
that their occurrence and abundance are highly variable (e.g., 
F. brasiliensis and Callinectes ornatus), both spatial and 

temporally. Crustacean species that most contributed to beta 
diversity were C. ornatus and Callinectes danae, which var-
ied seasonally both in abundance and incidence. Both species 
occur widely along the coastal zone of Brazil (Santos et al. 
2016), and present reproductive migration patterns, which 
might have contributed to their importance to beta diversity. 
C. ornatus presents multiple spawning periods, in which 
females migrate to areas with higher salinity and depth, that 
are more suitable to embryonic development (Branco and 
Lunardon-Branco 1993). Males, on the other hand, migrate 
from estuaries and are more abundant in the shallow coastal 
region during mating periods, with a preference for lower 
salinity. Their historical high abundance and distribution 
along the study region can also be attributable to their wide 
tolerance to salinity and they can occur all along the coast 
and depth ranges (Branco and Lunardon-Branco 1993). Por-
tunus spinimanus presented low abundance and occurred in 
a small number of sites. The species occurs along all the 
Brazilian coast, inhabiting mostly channels and bays and 
feeding primarily of fish and other crustaceans (Branco and 
Lunardon-Branco 2002). Sicyonia dorsalis abundance was 
only higher in the winter when other species presented lower 
abundance, and this might be a result of temperature reduc-
tion (Piantkoski et al. 2021). Both of the rare species con-
tributed to enhance the species diversity pool in the region.

The study region spans a meso-scale latitudinal range 
with areas with high contribution to beta diversity, and the 
occurrence of ecological unique sites with pronounced low 
species richness and abundance. This means that high bio-
diverse sites are the general rule when assessing bycatch 
species, and most of all, the singularity of the species com-
position in the unique sites stems from the occurrence of 
rare species which sums up to the diversity pool. LCBD 
in the shallow marine ecosystems are not necessarily rep-
resenting sites impoverish of species, but unique locations 
due to environmental and biological features (or filters), 
that are most important to biodiversity in the region. The 
abundance and incidence variability of the most common 
fish and crustacean species, rather than species composition 
changes, were most important to beta diversity, and might 
represent a consequence of the historical trawling impacts 
over these assemblages, that select the most resilient species, 
and more detailed investigations should be explored. Most 
interestingly, different factors were important to explain site 
and species contributions to beta diversity for distinct taxa 
and provides an opportunity to understand biodiversity pat-
terns and the relative importance of environmental filters 
and biotic interactions in structuring distinct aquatic assem-
blages. In addition, because unique sites are taxa-dependent, 
the protection of wide spatial coastal areas are necessary to 
attain biodiversity conservation and long-standing variation. 
In addition, because environmental changes and stochasticity 
can influence species sorting and dispersal, understanding 

Fig. 5  Relation between  SCBDcrust.abund and  SCBDcrust.incid with total 
abundance (log), mean local abundance (log) and number of occupied 
sites by the species. N = 24 species. The figure shows fewer points, 
because some species presents almost the exact numerical SCBD 
value and they overlap in the graphic. Points above 0.0416 represent 
species with SCBD higher than the mean
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its main drivers can help build up strategies to biodiversity 
conservation and fisheries future viability in the shallow 
marine coastal ecosystems.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00027- 022- 00872-5.
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