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ABSTRACT

Aim: To investigate the spatial patterns of species richness (SR), phylogenetic diversity (PD) and phylogenetic endemism (PE) in
bycatch decapod crustaceans along the Brazilian Exclusive Economic Zone and to assess the influence of environmental varia-
bles and trawling effort on these diversity indices.

Location: Brazilian Exclusive Economic Zone.

Taxa: Decapoda.

Methods: We compiled bycatch occurrence data from peer-reviewed studies and global biodiversity repositories. Diversity indi-
ces (SR, PD, PE, ED and WE) were estimated using a phylogenetic approach incorporating mitogenomic markers. Environmental
and trawling effort data were extracted from global databases, and statistical analyses, including redundancy analysis (RDA),
spatial regression and random forest models, were applied to determine the drivers of diversity.

Results: Decapod diversity showed strong spatial heterogeneity across the EEZ. SR peaked in southeastern Brazil in upwelling-
influenced ecotones, while PD and PE were highest in offshore and equatorial regions. PD was strongly associated with bottom
temperature, primary productivity (PP) and current velocity; SR was mainly driven by salinity, light availability and PP; and PE
was best explained by temperature and PP. Most hotspots of phylogenetic diversity and endemism fell outside Marine Protected
Areas (MPAs), revealing significant conservation gaps in offshore and southern regions.

Main Conclusions: This study provides the first macroecological framework of decapod diversity in the Brazilian EEZ and one
of the first applications of phylogenetic diversity (PD) and phylogenetic endemism (PE) metrics for decapods in the South Atlantic.
We show that temperature, salinity, productivity and current dynamics differentially shape biodiversity metrics. Southeastern
and offshore zones host unique evolutionary lineages but remain underrepresented in current MPA networks. By integrating

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2025 The Author(s). Journal of Biogeography published by John Wiley & Sons Ltd.

Journal of Biogeography, 2025; 52:€70076 10f19
https://doi.org/10.1111/jbi.70076


https://doi.org/10.1111/jbi.70076
https://doi.org/10.1111/jbi.70076
https://orcid.org/0000-0003-3281-7317
mailto:
https://orcid.org/0000-0002-8497-187X
mailto:jenifferteles94@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjbi.70076&domain=pdf&date_stamp=2025-10-21

phylogenetic and environmental data, our findings offer a baseline to improve spatial biodiversity assessments and support more

representative conservation planning under shifting ocean conditions.

1 | Introduction

Biodiversity assessments in marine ecosystems often rely on
a combination of taxonomic and phylogenetic metrics to cap-
ture different dimensions of diversity (Guilhaumon et al. 2014;
Wong et al. 2018; Mantelatto et al. 2018; Teles et al. 2024). Species
Richness (SR) provides a measure of the number of species within
a community, while Phylogenetic Diversity (PD) represents a
range of measures that reflect the total length of all the branches
connecting a set of species on their phylogeny in a given area
(Magurran 1988; Faith 1992; Tucker et al. 2017). Phylogenetic
Endemism (PE) is a metric that combines phylogenetic diversity
with geographic range, quantifying the extent to which evolution-
ary history is spatially restricted (Rosauer et al. 2009). Null models
are crucial for interpreting these metrics, providing a baseline to
determine whether observed patterns deviate from random expec-
tations (Gotelli and Ulrich 2012). By randomising species distri-
butions under controlled constraints, null models help isolate the
effects of species richness from other ecological and evolutionary
processes, ensuring that patterns in PD and PE reflect meaning-
ful biological or environmental drives (Gotelli and McCabe 2002).
These indices are increasingly applied in marine environments
to identify biodiversity hotspots and assess the impacts of envi-
ronmental changes (Mardones and Scherson 2023). By extending
these approaches to marine communities, researchers can gain a
more comprehensive understanding of biodiversity patterns and
their drivers in marine ecosystems (Tolimieri et al. 2015; Schmiing
et al. 2014).

Marine ecosystems exhibit distinct patterns of diversity across their
benthic, pelagic and planktonic realms, shaped by unique ecolog-
ical roles and environmental factors (Costello et al. 2017). Benthic
species often display high taxonomic and phylogenetic diversity due
to habitat heterogeneity and substrate complexity, which support
diverse adaptations and evolutionary lineages (Romoth et al. 2023).
In contrast, pelagic species tend to have broader distributions but
lower phylogenetic diversity, as open-water habitats impose fewer
ecological constraints, favouring dominance by a few widely dis-
tributed species (Norris 2000). However, planktonic communities
are taxonomically rich but characterised by rapid species turnover
and reliance on fewer evolutionary clades driven by dynamic nutri-
ent fluxes and light availability (Leibold and Norberg 2004). These
differences highlight the complementary contributions of each
realm to marine biodiversity (Figure 1).

Benthic communities play a crucial role in maintaining essential
ecosystem functions, including nutrient cycling, habitat structur-
ing and energy transfer across trophic levels (Griffiths et al. 2017).
Despite their ecological importance, these ecosystems are increas-
ingly threatened by anthropogenic pressures such as overfishing,
pollution and habitat destruction (Costello and Chaudhary 2017).
These stressors not only compromise ecosystem health but also re-
duce the resilience of marine environments to climate change, lim-
iting their capacity to recover from disturbances (Chapman 2017).
Furthermore, the degradation of benthic habitats can lead to
declines in the abundance, body size and reproductive success

of marine species that are important for human consumption,
with direct implications for fisheries productivity and food secu-
rity (Pauly et al. 2005; Hilborn et al. 2012, 2023). Understanding
benthic diversity patterns is therefore essential for conservation
strategies that aim to preserve both the evolutionary legacy of
marine life and the ecosystem services that support sustainable
livelihoods, objectives that align closely with global sustainability
targets such as the Sustainable Development Goals (Koundouri
et al. 2023; van Der Meer et al. 2023).

Marine crustaceans, particularly decapods (shrimps, crabs, lobsters
and hermit crabs), are ecologically and economically significant
components of benthic communities, contributing to ecosystem
functions like sediment turnover and nutrient cycling while sup-
porting valuable fisheries (Boudreau and Worm 2012). However,
despite a growing interest in macroecological diversity studies
for this group (Sharifian et al. 2020; Hultgren et al. 2021; Teles
et al. 2024), research on their diversity patterns remains limited
compared to other taxa such as fish (Aratjo et al. 2018; Teichert
et al. 2018). This knowledge gap is especially pronounced along
the Brazilian coast, where an extensive coastline (~8000km) en-
compasses diverse habitats distributed in three marine provinces
(see Spalding et al. 2007), which are subject to varying levels of
anthropogenic pressure. Trawl fisheries, a major threat to decapod
crustaceans along the coast of Brazil, produce substantial bycatch
that includes numerous non-target species with poorly under-
stood ecological roles (Mazor et al. 2021). The physical disturbance
caused by trawling alters benthic habitats and selectively removes
species, leading to declines in biodiversity and ecosystem function-
ing (Branco et al. 2015; Beauchard et al. 2023; Dantas et al. 2025).
Addressing these impacts requires robust data on decapod diver-
sity patterns across spatial scales.

Upwelling areas in southeastern Brazil are expected to show
higher diversity due to high productivity and the mixing of
tropical and subtropical species in ecological transition zones
(Valentin 2001; Cord et al. 2022), especially for decapods (Teles
et al. 2024; Teles and Mantelatto 2024). The Cabo Frio region
in southeastern Brazil is characterised by a coastal upwelling
system that brings nutrient-rich cold water to the surface, en-
hancing primary productivity and supporting diverse marine
communities (Coelho-Souza et al. 2012). This is the main up-
welling system in Brazil and the one with the greatest impact
on benthic biodiversity in the southeastern region, second
only to the Amazon-Orinoco Plume in the north, in terms of
large-scale oceanographic influence along the Brazilian coast
(Coelho-Souza et al. 2012; Cord et al. 2022; Peres et al. 2022;
Teles et al. 2024). These areas are essential for maintaining
connectivity between marine communities and fostering eco-
logical resilience, but they are also highly vulnerable to anthro-
pogenic pressures (Magris et al. 2020). This highlights the need
for integrating biodiversity data with environmental variables
to identify conservation priorities, underscoring the critical
role of transitional zones in supporting marine biodiversity
amid changing environmental conditions (Benson et al. 2018;
Ramirez et al. 2017). Therefore, targeted conservation strategies
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FIGURE1 | Conceptual diagram illustrates the main ecological realms of the ocean (planktonic, pelagic and benthic) with their general charac-
teristics. The realms differ in depth, temperature, light availability and biodiversity attributes. Planktonic communities, restricted to the sunlit zone,
are characterised by high species turnover. Pelagic organisms occupy mid-water depths and tend to have broad distributions but low phylogenetic
diversity. Benthic habitats, located on the seafloor, are cold and darker but host high taxonomic and phylogenetic diversity due to habitat complexity.
The diagram also depicts a bottom trawling operation impacting the benthic zone, illustrating the physical disturbance and potential biodiversity

loss caused by this fishing practice.

are required to address the unique dynamics of hotspot regions
and other transitional habitats along the Brazilian coast.

Environmental factors play a pivotal role in shaping the dis-
tribution and composition of marine decapod communities.
Temperature is a key driver of species distribution, influencing
physiological processes such as metabolism and reproduction,
such as gonadal maturation, timing and frequency of spawn-
ing, and embryonic development (Furlan et al. 2013; Monteiro,

de Castro, et al. 2023), especially in the context of global ocean
warming (Cheung et al. 2021). Ocean currents affect larval
dispersal and adult movement patterns, thereby structuring
population connectivity across spatial scales (Queiroga and
Blanton 2005). Light plays a fundamental role in regulating
circadian rhythms, foraging behaviours and vertical migra-
tion patterns of these organisms (Forward Jr and Buswell 1989;
Aréchiga and Rodriguez-Sosa 1997). Primary productivity,
in turn, is a key factor in food availability for marine species,
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directly influencing population dynamics and community struc-
ture (Sommer et al. 2002; Kearney et al. 2013). In areas of high
productivity, such as coastal upwellings or estuaries, benthic
decapods often exhibit greater abundance and diversity (De Léo
and Pires-Vanin 2006; Pantaledo et al. 2016). Anthropogenic
activities such as bottom trawling disrupt these dynamics by
altering substrate composition and reducing habitat complexity
(Kumar and Deepthi 2006). Additionally, fluctuations in salinity
and oxygen levels (whether natural or anthropogenic) can sig-
nificantly impact species survival and distribution (Anger 2003;
Monteiro, Cruz, et al. 2023). Comparisons with other taxa re-
veal similar environmental dependencies. For instance, coral
reef fish exhibit strong associations with temperature gradients
and habitat complexity (Bellwood and Hughes 2001), while
seagrass-associated fauna are influenced by sediment charac-
teristics and water quality parameters (Orth et al. 2006). These
parallels underscore the importance of understanding environ-
mental drivers across taxa to inform conservation strategies that
address multiple facets of biodiversity.

In this study, we investigate the diversity indices—species
richness (SR), phylogenetic diversity (PD) and phylogenetic
endemism (PE)—of benthic decapod crustaceans recorded
as bycatch in trawl fisheries across the Brazilian Exclusive
Economic Zone. This approach provides broad spatial cover-
age and captures the majority of benthic species relevant to our
ecological assessments, as most marine decapods are demer-
sal and highly susceptible to bottom trawling. Specifically, we
aim to identify relationships between SR, PD and PE with key
environmental factors (such as bottom temperature, salinity,
primary productivity, current velocity and bottom light) and
trawling effort predictors. By integrating these metrics with en-
vironmental data across macroecological scales, we seek to pro-
vide insights into the factors shaping bycatch decapod diversity
along Brazil's extensive coastline. The findings will contribute
to broader conservation efforts by integrating insights from
other taxa and regions to address multiple facets of biodiver-
sity. We hypothesise that (i) regions closer to urban or indus-
trial areas are expected to exhibit lower phylogenetic diversity
and greater loss of phylogenetic endemism, owing to pollution
and habitat degradation; (ii) in contrast, upwelling zones in
southeastern Brazil are anticipated to support higher diversity
(SR, PD, PE) due to enhanced productivity and the mixing of
tropical and subtropical species in ecological transition zones;
(iii) environmental gradients are expected to shape spatial pat-
terns of decapod diversity in predictable ways: we expect SR,
PD and PE to be positively associated with higher temperature,
salinity and primary productivity, which favour physiological
performance, reproductive output and resource availability in
benthic environments.

2 | Material and Methods

2.1 | Taxa Selection and Occurrence Data

To identify decapod species occurring in the Brazilian Exclusive
Economic Zone (EEZ), we conducted a comprehensive search

using Google Search with combinations of the following key-
words: Brazil, bycatch, Crustacea, trawling and Decapoda.

The search included publications from all available years (until
2023). We selected all decapod crustacean species reported
in peer-reviewed scientific journals indexed in the Journal
Citation Reports (JCR), except for three journals (Marine &
Fishery Sciences, Acta of Fisheries and Aquatic Resources, and
Research, Society and Development) which are indexed in at
least four other academic databases, including Latindex, and are
also peer-reviewed. From these sources, we retained studies that
provided species-level biodiversity lists for decapods collected
by trawling methods in marine environments up to 200 m depth
along the entire Brazilian EEZ.

The nomenclature followed the most recent taxonomic pro-
posal verified at World Register of Marine Species (Ahyong
et al. 2025). All species names were manually checked and,
when necessary, synonymised names were corrected to their
most recent valid nomenclature according to WoRMS. These
species also have documented occurrence points in the Ocean
Biodiversity Information System (OBIS 2024) platform accessed
through the ‘robis’ R package (Provoost and Bosch 2022).
Additional records from the Crustacean Collection of the
Department of Biology (CCDB) at the Faculty of Philosophy,
Sciences and Letters of Ribeirdo Preto (FFCLRP) in Brazil were
also included to improve spatial coverage whenever available
(Tables S1 and S2). Geographic data were filtered using the
clean_coordinates function from the CoordinateCleaner pack-
age (Zizka et al. 2019), with the following tests enabled: ‘cen-
troids’, ‘duplicates’ and ‘zeros’. This configuration allowed us to
flag and exclude records located at country centroids, exact du-
plicates and coordinate zeros, all of which are known to reflect
potential georeferencing errors.

We constructed a regular grid of 1°x 1° resolution (latitude/
longitude; ~111km?) using the lets.presab.points() function
from the ‘letsR’ package (Vilela and Villalobos 2015), with
spatial bounds defined from -53.35° to —25.95° longitude
and —33.85° to 5.2° latitude to fully encompass the Brazilian
Exclusive Economic Zone (EEZ). The grid origin was implic-
itly aligned to these bounds, and cells were generated in the
WGS84 geographic coordinate reference system. We used the
remove.cells=TRUE argument to exclude empty cells without
species occurrences. The resulting grid was cropped using the
official shapefile of the Brazilian EEZ via the lets.pamcrop()
function to ensure that only cells fully or partially overlapping
the EEZ were retained. No additional buffer or exclusion cri-
teria were applied to coastal overlap; thus, cells partially cov-
ering land and ocean were included, provided they intersected
the EEZ polygon.

2.2 | Environmental Factors

Data from environmental factors were extracted from Bio-
ORACLE: Marine data layers for Ecological Modelling ver-
sion 2.2 (Assis et al. 2017) using the R package ‘sdmpredictors’
(Bosch and Fernandez 2023). Were extracted 24 present benthic
layers for the following environmental factors: pH, currents
velocity (ms™), bathymetry mean (m), dissolved molecular
oxygen mean (molm™3), dissolved molecular oxygen range
(molm™3), dissolved molecular oxygen maximum (molm™3),
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chlorophyll mean (mgm™3), chlorophyll range (mgm™), ni-
trate (molm™3), phosphate (molm™3), salinity mean (PSS), sa-
linity range (PSS), salinity maximum (PSS), temperature mean
(°C), temperature range (°C), temperature maximum (°C), iron
(umolm=3), primary productivity mean (gm=day~!), primary
productivity range (gm=3day?), silicate (mol m~3), bottom light
(E/m?/year), carbon phytoplankton biomass mean (micromol/
m?), carbon phytoplankton biomass range (micromol/m3), car-
bon phytoplankton biomass maximum (micromol/m?) and cal-
cite (molm~3).

The platform Global Fishing Watch (https://globalfishingwa
tch.org) was used as a proxy of fishing pressure using the
‘efwr’ package (Clavelle et al. 2023). Monthly fishing effort
data from trawlers were downloaded from the Global Fishing
Watch database for the period 2019 to 2023, and an average
fishing effort raster layer was generated for the Brazilian
Exclusive Economic Zone (EEZ). We selected this five-year
window because data coverage and quality became substan-
tially more consistent from 2018 onwards, due to improved
AIS tracking, satellite monitoring, and platform standardisa-
tion. We excluded cells with fewer than 24 fishing hours and
log transformed the total fishing hours to better visualise the
results.

Multicollinearity among environmental factors and trawling
pressure was assessed using Pearson's correlation and Variance
Inflation Factor (VIF) value (Table S3), and variables were re-
moved if Pearson coefficients >0.7 and VIF >7 (Figure S1).
The final variables selected were current velocity (VIF =2.50),
bottom light (VIF =2.17), trawling pressure (VIF =1.44), mean
bottom temperature (VIF=6.23), mean surface temperature
(VIF=1.63), mean salinity (VIF =2.92) and mean primary pro-
ductivity (VIF =4.24).

2.3 | Species Richness and Phylogenetic
Diversity Index

We calculated species richness (SR) for each 1°x1° grid cell by
counting the number of unique decapod species with occur-
rence records within each cell.

To estimate the Phylogenetic Diversity index, the mitogenomic
phylogenetic Decapod tree from Shen et al. (2013) was recon-
structed, and additional sequences from species captured in
bycatch were added (Figure S2 and Table S2). A total of 12 mito-
chondrial protein-coding genes (COI, COII, ATP8, ATP6, COX3,
NAD3, NADS5, NAD4, NAD4L, NAD6, COB and NAD2), plus
12s rRNA and 16s rRNA of 173 species were used (Table S1).
We selected one individual per species available and retrieved
sequences of COX1, 16S rRNA and 12S rRNA deposited on
the GenBank platform (Table S1). Species were chosen based
on marker completeness and correct taxonomic identification.
Since the original phylogeny lacked a broad representation of
Brazilian species, this approach was essential to ensure their
correct placement in the resulting topology.

Each molecular marker was aligned separately using MAFFT
v.7 (Katoh et al. 2019), and poorly aligned regions and gaps were

trimmed manually in Geneious Prime 2023.1 (Kearse et al. 2012).
The alignments were concatenated in the same order as the
gene sequences described above. We used IQ-TREE2 (Minh
et al. 2020) to infer the phylogenetic tree using a single parti-
tion and the Maximum Likelihood method. The best-fit model of
nucleotide substitution (GTR + F + ASC + R8) was selected using
ModelFinder under the Bayesian Information Criterion (BIC).
Statistical support was assessed using the ultrafast bootstrap
approximation with 1000 replicates, and support values are pro-
vided on the nodes of the resulting tree (Figure S2). Non-target
species not captured as bycatch along the Brazilian coast were
removed using the ‘ape’ R package (Paradis and Schliep 2019),
while branch lengths were preserved for downstream diversity
analyses.

The diversity metrics calculated in this study included Faith's
phylogenetic diversity (PD), phylogenetic endemism (PE),
weighted endemism (WE) and evolutionary distinctive-
ness (ED), using the ‘phyloraster’ R package (Alves-Ferreira
et al. 2024). PD measures the total branch length of the phy-
logeny connecting all species in a community (Faith 1992). PE
quantifies how much of the total phylogenetic diversity is geo-
graphically restricted, highlighting areas with evolutionarily
unique and spatially limited lineages (Rosauer et al. 2009).
WE accounts for the range size of each species, giving greater
weight to narrowly distributed taxa (Williams et al. 1994). ED
reflects the evolutionary isolation of a species, based on the
amount of unique evolutionary history it represents in the tree
(Isaac et al. 2007).

Additionally, standardised effect sizes (SES), which are null
models widely used to control for richness effects in diversity
measures (Gotelli and Ulrich 2012), were computed for these
metrics using the SESraster R package (Heming et al. 2023).
We applied spatial and phylogenetic randomisations based on
999 iterations (Kembel et al. 2010). These randomisations were
designed to maintain observed species richness per grid cell
while shuffling species identities across the phylogeny or spa-
tial space, allowing the generation of robust null distributions.
After evaluating the correlation matrix, we found that the non-
standardised indices were all highly correlated (R*>0.9), and
the standardised SES variables exhibited lower correlation val-
ues. Based on this, SR, PD.SES and PE.SES were selected for
further analyses due to their sufficiently independent patterns
(Figure S3).

To identify and visualise spatial biodiversity patterns, we classi-
fied each grid cell for SR, PD.SES and PE.SES according to their
percentile values. Cells falling within the upper 10% (>90th
percentile) were designated as biodiversity hotspots, while those
in the lower 10% (<10th percentile) were categorised as cold-
spots. To contextualise these patterns in terms of conservation
coverage, we overlaid the spatial distribution of Brazil's Marine
Protected Areas (MPAs), encompassing both strict protection
and sustainable use categories. Spatial data were obtained from
the August 2025 version of the World Database on Protected
Areas (WDPA), maintained by UNEP-WCMC and ITUCN. This
dataset includes federally, state and municipally designated
MPAs and is accessible via www.protectedplanet.net (UNEP-
WCMC and IUCN 2025).
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2.4 | Data Analyses

All analyses and visualisations were conducted using R soft-
ware (version 4.4.2; R Core Team 2024). Trawling effort and spe-
cies richness (SR) data were logl0-transformed to reduce data
heterogeneity.

To investigate the environmental drivers influencing overall di-
versity indices (SR, PD.SES and PE.SES) within the Brazilian
EEZ, we adopted a multi-model analytical framework designed
to compare and complement different statistical approaches.
This strategy aimed to evaluate the consistency and relative ex-
planatory power of environmental and spatial predictors across
models.

As a first step, we performed Redundancy Analysis (RDA)
using the rda function from the ‘vegan’ package (Oksanen
et al. 2022). However, after detecting spatial autocorrelation
in model residuals through Multiscale Ordination (MSO), we
applied a Partial RDA (RDAp) to account for spatial struc-
ture. Moran's Eigenvector Maps (MEMs), calculated via the
scores.listw function from the ‘spdep’ package (Bivand 2022),
were used as covariables in the conditional matrix. These MEMs
were generated using Principal Coordinates of Neighbourhood
Matrices (PCNM) based on Euclidean distances among grid
cell centroids. The response variables included SR, PD.SES and
PE.SES, and the predictors consisted of six environmental vari-
ables plus trawling effort. The significance of each predictor
was tested via forward selection and Monte Carlo permutation
tests (999 permutations) using anova.cca.

To complement the ordination analysis and assess the individ-
ual importance of predictors from a modelling and predictive
perspective, we applied two additional approaches: Random
Forest (RF) and regression-based models (Breiman 2001). We
applied Random Forest regression modelling using the rf()
function from the ‘spatialRF’ package (Wright and Ziegler 2015;
Benito 2021), which allows for enhanced diagnostics and model
interpretation. The model was implemented with default param-
eters for tree construction (e.g., number of trees, mtry) and run
with 30 repetitions to increase robustness. Each tree was built
using bootstrap resampling (~63% of the data), and performance
was assessed using the out-of-bag (OOB) data (~37%). As spa-
tial autocorrelation in the residuals was not significant (Moran's
I, p>0.005), no spatial regression adjustment was required.
Variable importance was estimated by randomly permuting
each predictor in the OOB dataset and calculating the aver-
age decrease in node impurity. These procedures were applied
across all diversity indices (SR, PD.SES and PE.SES).

In parallel, we compared three regression-based models to pre-
dict each diversity index: Generalised Linear Models (GLM)
using the glmer function from the ‘Ime4’ package (Bates
et al. 2015), Generalised Additive Models (GAM) using the gam
function from the ‘mgcv’ package (Wood 2017), and Spatial
Generalised Linear Mixed Models (spaGLMM) using the fitme
function from the ‘spaMM’ package (Rousset and Ferdy 2014).
For spaGLMM, a Matérn spatial correlation structure was incor-
porated based on the geographic coordinates of the grid cell cen-
troids. The model with the lowest Akaike Information Criterion
(AIC) was selected as the best-fitting model for each index.

Additional R packages were employed throughout the analyses,
including ‘ggplot2’ (Wickham 2011), ‘readxl’ (Wickham and
Bryan 2025), ‘raster’ (Hijmans 2024), rgdal’ (Bivand et al. 2006-
2023), ‘dplyr’ (Wickham et al. 2023), ‘picante’ (Kembel et al. 2010),
‘writex]’ (Ooms 2025), ‘Tnaturalearth’ (Massicotte et al. 2023), ‘rna-
turalearthdata’ (South et al. 2024), ‘sf’ (Pebesma and Bivand 2023),
‘ggmap’ (Kahle and Wickham 2013), ‘gridExtra’ (Auguie 2017),
‘ggpubr’ (Kassambara 2023) and ‘cluster’ (Maechler et al. 2023),
‘car’ (Fox and Weisberg 2019), ‘ggord’ (Beck 2022), ‘adespa-
tial’ (Dray et al. 2023), ‘ape’ (Paradis and Schliep 2019), ‘terra’
(Hijmans 2024), ‘phylobase’ (Hackathon et al. 2024), ‘SESraster’
(Heming et al. 2023), ‘plyr’ (Wickham 2011), ‘readr’ (Wickham
et al. 2024) and ‘gstat’ (Griler et al. 2016).

3 | Results

A total of 104 species were analysed to calculate SR, comprising
43,002 occurrence points, while 98 species were used for PD.SES
and PE.SES metrics, distributed across 169 grid cells with 1°x1°
resolution within the Brazilian Exclusive Economic Zone. Across
all grid cells, species richness (SR) ranged from 1 to 65 species
per cell (mean=238.18, SD=10.7), PD.SES ranged from —4.28 to
2.18 (mean=—0.403, SD =1.24) and PE.SES ranged from —1.72
to 4.11 (mean=-0.121, SD=0.97). The largest groups used for
PD and PE index calculations were the Brachyura (crabs) and
Anomura (hermit crabs, squat lobster, porcelain crabs) infraor-
ders, respectively (Figure 2).

The spatial distribution of marine decapod biodiversity within
the Brazilian Exclusive Economic Zone (EEZ) exhibits distinct
patterns for Species Richness (SR), Phylogenetic Diversity stan-
dardised effect sizes (PD.SES) and Phylogenetic Endemism stan-
dardised effect sizes (PE.SES). Species Richness (SR) displays
two prominent hotspots: a primary peak between —20°S and
—25°S in the southeastern region and a secondary peak around
—15°S (Figures 3a and 4a). PD.SES reveals a heterogeneous dis-
tribution, with higher values concentrated in offshore regions of
the southeastern and southern areas, particularly between —15°
and below —30°, as well as in the northern region of Brazil, de-
fined here as the equatorial zone between approximately 5°N
and —2°S (including Amap4a to northern Maranhao). Notably,
greater diversity is observed in oceanic areas compared to coastal
regions, where lower values predominate, especially along the
northeastern coast, which we define as the area between —2°S
and —15°S (from central Maranhfo to Bahia) (Figures 3b and
4b). PE.SES exhibits a spatial pattern similar to PD.SES, with
a primary peak observed in the southeastern region between
—15°S and —25°S. However, areas of notable endemism are also
present in the northern region of Brazil, particularly between
5° and —2° (Figures 3c and 4c). Overall, the southernmost areas
(>30°S) show consistently lower values across all indices.

The spatial analysis revealed distinct patterns of overlap between
biodiversity hotspots and Marine Protected Areas (MPAs) along
the Brazilian coast (Figure 4). For SR hotspots, they were pri-
marily concentrated in the Southeastern and Southern regions,
covering the coastal areas of Espirito Santo, Rio de Janeiro and
Sao Paulo states, with additional important hotspots in Santa
Catarina, Bahia and Paraiba statesgi (Figure 4a). Although
most of these areas show partial overlap with MPAs, indicating
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FIGURE 2 | Maximum likelihood mitogenomic phylogenetic tree of decapod crustaceans, based on the concatenated alignment of 12 mitochon-

drial protein-coding genes plus 12S and 16S rRNA genes. The tree was pruned to include only the species used to calculate phylogenetic diversity.

Colours represent the taxonomic groups of the Decapod species.

a relatively high level of coverage, notable hotspots along the
coasts of Bahia, and especially in Rio de Janeiro and Espirito
Santo, remain entirely outside protected zones, highlighting
critical gaps in the taxonomic representativeness of decapod
species. PD.SES showed more scattered hotspots, mostly lo-
cated farther from the immediate coastline, where MPAs are
concentrated (Figure 4b). As a result, only a small proportion
of these areas of high phylogenetic diversity are currently pro-
tected, with some level of protection occurring in Maranhao,
Amapd, Ceard and Bahia states. In the case of PE.SES, hotspots
were concentrated in equatorial areas (Amapa state) and in
tropical and temperate regions such as Espirito Santo and Rio
Grande do Sul states, respectively (Figure 4c). Similar to the
pattern observed for PD.SES, most PE.SES hotspots are located
beyond the nearshore zone and therefore fall outside the effec-
tive coverage of MPAs. Nevertheless, it is worth noting that the
MPAs in Amapa and Espirito Santo contribute to the protection
of areas with high evolutionary value. Conversely, Rio Grande

do Sul hosts a major PE.SES hotspot that is completely unpro-
tected, revealing a significant shortfall in the conservation of
endemic lineages in the southern region.

The partial Redundancy Analysis (RDAp) model explained
6.65% of the variation in the diversity indices (adjusted
R2=3.94%) after controlling for spatial effects (Figure S4). The
first two canonical axes of the RDAp explained the majority of
the constrained variation, with RDA1 accounting for 80.24%
and RDA2 for 16.47% of the explained variance (Figure 5).
Based on the permutation test, RDA1 was statistically signif-
icant (F=12.45, p=0.012), while RDA2 was not (F=2.56,
p=0.827). Among the environmental predictors, bottom mean
temperature was the only variable showing a significant rela-
tionship with the diversity indices (F=7.65, p=0.001). The ordi-
nation plot illustrates that PD.SES and SR are mainly associated
with the first axis, whereas PE.SES shows a weaker relationship
with both axes (Figure 5).
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The spatial regression models revealed distinct patterns for SR,
PD.SES and PE.SES in relation to environmental predictors and
trawling effort. For SR, bottom temperature emerged as the most
influential factor, displaying a significant positive relationship
(0.312+0.083, t=3.762) (Table 1). The PD.SES model identified

current velocity as a significant predictor with a positive rela-
tionship (0.327 +£0.156, t =2.096). In contrast, the PE.SES model
did not reveal any significant relationships with the predictors.
Random effects, incorporated to account for spatial autocor-
relation, showed varying strengths of spatial dependence (1)
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across the models: SR (A=0.085), PD.SES (A=0.145) and PE.SES
(A=0.113).

The Random Forest model for SR demonstrated the best perfor-
mance (R?*-00b=0.574+0.0041; RMSE-00b=0.317+0.0015),
followed by PE.SES (R2-00b=0.156+0.0073; RMSE-
00b=0.897+0.0039) and PD.SES (R?-00b=0.111+0.0114;
RMSE-00b=1.177+0.0076). All models showed no spatial au-
tocorrelation (Moran's I, p>0.05) and exhibited normality ex-
cept for PE.SES (Figure S5). Also, distinct response patterns are
revealed across different biodiversity metrics. The key predic-
tors across the three models were: primary productivity, bottom
light and salinity for SR; bottom temperature, current velocity
and primary productivity for PD.SES; and surface tempera-
ture, bottom temperature and primary productivity for PE.SES
(Figure S6).

The response curves of the Random Forest models (Figure 6) re-
vealed distinct non-linear patterns for each diversity index. For
SR, values sharply declined in areas where primary productivity
was below 0.025 and continued to decrease more gradually up to
0.075. SR also increased rapidly with bottom light up to approxi-
mately 10 units, after which it plateaued around 1.0. In response
to salinity, SR remained stable up to 35 PSU, showed a sharp
increase near 36 PSU, and then slightly declined beyond 37 PSU.
PD.SES values showed a complex relationship with bottom tem-
perature, decreasing steeply below 10°C and then oscillating be-
tween —0.5 and —0.75. PD.SES declined with increasing current
velocity, showing multiple fluctuations as velocity increased.
It also decreased rapidly when primary productivity exceeded
0.025 and remained consistently low (~1.25) at higher values.

For PE.SES, a unimodal response was observed with surface
temperature: values were lowest (~0.75) at 20°C, peaked (0.25)
above 27.5°C. PE.SES also showed a generally negative response
to bottom temperature, fluctuating between —0.1 and —0.2.
With increasing primary productivity, PE.SES decreased until
~0.025 and then stabilised around 0.2 with minor variation.

4 | Discussion
4.1 | Diversity Indices

The observed patterns of decapod biodiversity in the Brazilian
Exclusive Economic Zone (EEZ), as measured by Species
Richness (SR), standardised effect sizes of Phylogenetic
Diversity (PD.SES) and Phylogenetic Endemism (PE.SES), are
largely driven by environmental factors. These patterns align
with broader biogeographic trends observed in other taxa, as
well as with the unique environmental characteristics of the
Brazilian coast (Aradjo et al. 2018; Magris et al. 2020; Cord
et al. 2022).

The southeastern region (—20°S to —25°S) emerges as a biodi-
versity hotspot for SR, likely due to its status as an ecotone where
tropical and subtropical species overlap. This region is influ-
enced by the Brazil Current and upwelling systems near Cabo
Frio (Peterson and Stramma 1991), which are known to en-
hance nutrient availability and primary productivity, fostering
diverse habitats (Cord et al. 2022; Martins et al. 2022). Similar
patterns have been documented in nearshore fish communi-
ties, where transitional zones between tropical and temperate
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TABLE1 | Spatial regression models (spaGLMM) for species richness (SR), phylogenetic diversity (PD.SES), phylogenetic endemism (PE.SES) and
environmental and trawling effort predictors. Estimated coefficients, standard errors, and t-values are shown. Statistical significance was assessed

based on the t-values, with asterisks indicating predictors with p < 0.05.

Diversity Coefficient Random effects
metrics Predictors estimate + SE t-value (Latitude + Longitude) Pseudo-R?
SR Intercept 0.621+0.061* 10.171 A=0.085 0.522
Current velocity —0.087+0.059 —1.464
Bottom temperature 0.312+0.083* 3.762
Salinity 0.082+0.049 1.669
Surface temperature —0.009 +0.066 —0.140
Light at bottom —0.043+0.050 —0.864
Primary productivity —0.102+0.062 —-1.640
Trawling effort 0.052+0.043 1.211
PD.SES Intercept —0.421 +0.175* —2.406 A=0.145 0.213
Current velocity 0.327+0.156* 2.096
Bottom temperature —0.427+0.230 —1.857
Salinity —0.232+0.157 —1.478
Surface temperature —0.094+0.175 —0.537
Bottom light —0.006+0.142 —0.042
Primary productivity —0.153+0.180 —0.850
Trawling effort —0.188+0.118 -1.593
PE.SES Intercept —0.113+£0.120 -0.942 A=0.113 0.138
Current velocity 0.001+0.142 0.007
Bottom temperature —0.135+0.206 —0.655
Salinity —0.114+0.131 —0.870
Surface temperature 0.077+0.137 0.562
Bottom light —0.044+0.123 —0.358
Primary productivity —0.046 +0.161 —0.286
Trawling effort —0.044+0.124 —0.355

Note: Predictors in bold were significant values in the models.

regions exhibit high richness due to overlapping species distri-
butions and habitat heterogeneity (Araujo et al. 2018). The rela-
tively lower SR in southernmost areas (>30°S) reflects harsher
environmental conditions and reduced habitat diversity typical
of temperate zones, a trend also observed in other marine taxa
(Cord et al. 2022).

The high PD.SES values offshore in southeastern and south-
ern Brazil (-15° to below —30°) suggest the presence of older
lineages that have persisted in stable deep-sea environments.
This includes species such as Squilla brasiliensis (Stomatopoda),
Pleoticus muelleri, Parapenaeus americanus (Dendrobranchiata)
and anomuran species like Babamunida forceps and Iridonida
irrasa, which are typically found in deeper offshore habitats and
represent evolutionarily distinct lineages. Offshore habitats often
act as refugia for phylogenetically diverse species due to their rel-
ative isolation from human impacts such as trawling (Teles and

Mantelatto 2024). The northern region (—5° to 0°) also shows ele-
vated PD.SES, potentially due to historical isolation mechanisms
such as the Amazon River plume, which acts as a biogeographic
barrier limiting gene flow and promoting genetic differentiation
(Martins et al. 2022; Peres et al. 2022). Coastal regions with lower
PD.SES values, particularly along northeastern Brazil, may re-
flect anthropogenic pressures like overfishing and habitat deg-
radation, which reduce both genetic diversity and population
connectivity (Cord et al. 2022; Teles and Mantelatto 2024).

PE.SES hotspots in southeastern Brazil (—15°S to —25°S) high-
light areas with unique evolutionary lineages shaped by habi-
tat diversity and oceanographic features like upwelling zones
(Coelho-Souza et al. 2012; Martins et al. 2022). Notable ende-
mism in northern Brazil (5° to —2°) may be attributed to his-
torical isolation caused by riverine barriers and limited larval
dispersal across freshwater plumes (Martins et al. 2022). These
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emphasising the importance of conserving regions with high
endemism due to their contribution to global phylogenetic diver-
sity (Gonzalez-Orozco et al. 2015).

4.2 | Influence of Environmental Factors
and Trawling Effort

The redundancy analysis highlighted the importance of bot-
tom temperature as a significant predictor of diversity patterns
across the indices studied. The response of diversity metrics

to temperature revealed distinct patterns. For PE.SES, a uni-
modal relationship with surface temperature peaked between
25°C and 27.5°C, suggesting an optimal thermal condition
for phylogenetic endemism. PD.SES exhibited a non-linear
pattern, with two distinct peaks: one at colder bottom tem-
peratures (< 10°C) and another around ~18°C, indicating that
different phylogenetic lineages may thrive under both cold and
moderately warm benthic conditions. SR, in contrast, showed a
positive association with bottom temperature in the spaGLMM
model, suggesting that warmer benthic environments may
support greater species richness. Within this window, benthic
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adults benefit from favourable bottom temperatures aligned
with their habitat preferences, while pelagic larvae depend
on surface temperatures for survival and dispersal (Pallas
et al. 2006; Boudreau and Worm 2012; Morgan 2020). This
dual thermal influence across life stages highlights the inter-
connected relationship between temperature and biodiversity.
These findings are consistent with previous studies that have
identified temperature as a key factor influencing the diver-
sity and abundance of various decapod groups, further rein-
forcing its fundamental role in structuring marine ecosystems
(Abele 1974; Furlan et al. 2013; Monteiro et al. 2024).

Temperature was the only environmental variable that consis-
tently influenced all diversity indices in our study, highlighting
its fundamental role in structuring marine decapod communi-
ties. Although our analyses do not model climate change pro-
jections directly, the temperature dependence observed suggests
that ocean warming could affect community structure over
time, especially by altering thermal conditions beyond optimal
ranges. Such changes may not only reduce the evolutionary leg-
acy of marine communities but also affect their resilience and
ecological functioning (Faith and Richards 2012). Extreme tem-
peratures act as ecological filters, limiting survival, reproduc-
tion and dispersal processes that are vital for sustaining diversity
(Monteiro, de Castro, et al. 2023). Additionally, warming-driven
environmental filtering may promote biotic homogenisation, a
process in which phylogenetically and functionally unique spe-
cies are replaced by widespread generalists, increasing the sim-
ilarity among communities across space (Magurran et al. 2015;
Brustolin et al. 2019). This erosion of regional distinctiveness
threatens the adaptive potential of ecosystems and reduces the
evolutionary and ecological complexity necessary for long-term
stability. These dynamics reinforce the need for conservation
strategies that protect thermally stable and heterogeneous habi-
tats, as well as for policies that anticipate and mitigate anthropo-
genic stressors associated with climate change.

The relationship between primary productivity and diversity
indices in marine decapod crustaceans reveals distinct patterns
that highlight the ecological importance of productivity gra-
dients. For SR, the response to primary productivity showed a
sharp peak at very low productivity levels, followed by a consis-
tent decline as productivity increased, with stabilisation at higher
values. This indicates that areas of low productivity support
higher species richness, while highly productive environments
may be less favourable, possibly due to environmental stress or
competitive exclusion. This is particularly relevant for decapods,
which rely on phytoplankton and detritus as foundational food
sources in their ecosystems (Boudreau and Worm 2012; Antonio
and Richoux 2014). The decline in SR at higher productivity levels
suggests that an excess of available resources may reduce species
coexistence or favour dominance by a few generalist taxa.

Higher primary productivity was associated with lower PD.SES
values, suggesting that communities in highly productive areas
tend to be composed of more closely related species. This pat-
tern may reflect environmental filtering, where certain traits
favoured in nutrient-rich environments are phylogenetically con-
served and shared among closely related taxa (Raeisbahrami and
Naderloo 2023). In the case of decapods, this could imply that
species well adapted to exploit abundant food resources become

dominant in such habitats, ultimately reducing phylogenetic
diversity. In contrast, PE.SES exhibited a slight positive trend
with increasing productivity, indicating that highly productive
regions may also support lineages with restricted evolutionary
histories. In southeastern Brazil, for instance, upwelling systems
like Cabo Frio enhance primary productivity and may foster both
elevated local endemism and unique phylogenetic assemblages
(Valentin 2001; De Léo and Pires-Vanin 2006). These areas are
particularly relevant for conservation, as they simultaneously har-
bour high biodiversity and evolutionary distinctiveness. Together,
these patterns highlight the complex role of primary productivity
in shaping both the taxonomic and phylogenetic structure of ma-
rine crustacean communities. Although primary productivity is
not directly manageable, the identification and protection of nat-
urally productive zones that support diverse and unique assem-
blages can help buffer sensitive communities from anthropogenic
nutrient inputs and eutrophication. These findings are consistent
with broader ecological theories linking productivity to biodi-
versity and underscore the need to incorporate multiple facets of
diversity into effective marine conservation strategies (Cardinale
et al. 2009; Tilman et al. 2014).

Salinity is another key environmental factor influencing the dis-
tribution and diversity of marine organisms, particularly decapod
crustaceans, due to its impact on physiological and ecological pro-
cesses (Anger 2003; Smyth and Elliott 2016). The observed rela-
tionship between salinity and SR in this study reveals a positive
correlation, with SR increasing sharply at intermediate salinity
levels and stabilising at higher salinities. This pattern suggests
that decapod communities are better adapted to typical marine
salinity conditions, where osmotic gradients remain within tol-
erable limits, reducing the energetic cost of osmoregulation and
supporting optimal physiological performance (Torres et al. 2011;
Jaffer et al. 2024). In contrast, environments with fluctuating
or low salinity can impose higher osmotic stress, particularly
for stenohaline marine species. Salinity plays a crucial role in
shaping decapod community structure by affecting reproduc-
tive success, larval development, molting frequency and growth
rates (Anger 2003; Nagaraju 2011). For example, in the south and
southeastern coast of Brazil, higher salinity levels have a positive
relationship with the abundance of many decapod species cap-
tured as bycatch, such as Libinia spinosa (Gongalves et al. 2020),
Hepatus pudibundus (Teles et al. 2020) and Achelous spinicarpus
(Sousa et al. 2021). These findings align with previous studies
indicating that regions with higher salinity support greater SR,
highlighting the ecological importance of salinity in maintaining
diverse and resilient decapod communities (De Léo and Pires-
Vanin 2006; Castilho et al. 2007).

The results for current velocity reveal a complex relationship
with phylogenetic diversity (PD.SES), underscoring the critical
role of ocean currents in shaping the diversity of marine decapod
crustaceans. In our models, PD.SES reached its highest values
at current velocities around 0.05-0.10m/s and began to decline
sharply above ~0.12m/s, followed by a more gradual decrease at
higher velocities. This threshold suggests that low-to-moderate
current velocities (up to ~0.12m/s) are more favourable for sus-
taining phylogenetic diversity, possibly by facilitating larval re-
tention, local recruitment and the maintenance of evolutionarily
distinct lineages. On one hand, currents enhance larval disper-
sal and connectivity between populations, supporting gene flow
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and community structure over broad spatial scales (Alvarez-
Noriega et al. 2020; Sanvicente-Afiorve et al. 2018). On the other
hand, increasing current velocity beyond certain thresholds may
act as a stressor, disrupting larval settlement or transporting lar-
vae away from suitable habitats, thereby limiting local diversity
(Anger 2006; Hameed et al. 2018). Additionally, currents influ-
ence the delivery of food resources, such as phytoplankton and
detritus, which are essential for both larval and adult feeding
behaviour (Hallegraeff 2010; Pineda and Reyns 2018).

The relationship between bottom light and SR in decapods
reveals a positive trend, with SR increasing sharply at low
light levels and stabilising at higher intensities. This pattern
suggests that light availability is a critical factor influencing
the diversity of decapod communities, particularly in benthic
habitats where primary producers like algae and seagrasses
depend on sufficient light for photosynthesis. Enhanced bot-
tom light likely supports richer benthic ecosystems, providing
decapods with abundant food resources and habitat complexity
(Hallegraeff 2010; Scyphers and Powers 2013). When consid-
ered alongside other environmental predictors, such as salinity
and primary productivity, the interplay between these factors
becomes evident. For example, areas with high salinity and
moderate to high primary productivity often coincide with op-
timal light conditions, creating favourable environments for
diverse decapod assemblages (De Léo and Pires-Vanin 2006;
Castilho et al. 2007). Furthermore, regions with stable hydro-
dynamic conditions that allow for consistent light penetration,
such as areas with lower turbidity, may enhance larval settle-
ment and adult foraging efficiency (Connell 2005; Maldonado-
Sanchez et al. 2019). However, excessive nutrient input in
coastal waters can trigger harmful algal blooms, which reduce
water clarity and significantly decrease bottom light availabil-
ity (Rabalais et al. 2009). These events may suppress benthic
primary production and disrupt the trophic interactions for
benthic invertebrate fauna (Lyons et al. 2014). Consequently,
eutrophication and bloom-driven light attenuation should be
considered in conservation and management plans. These
combined factors underline the importance of environmental
gradients in shaping the spatial distribution and richness of de-
capod species.

4.3 | Implications for Conservation

The findings of this study underscore the need to adopt multidi-
mensional conservation strategies that account for the complex
ecological and evolutionary factors shaping marine biodiversity.
While previous discussions emphasised patterns and threats,
our spatial analysis provides evidence of mismatches between
decapod diversity hotspots and the current Marine Protected
Areas (MPAs), reinforcing the urgency of refining conservation
planning in Brazil.

A key implication is the importance of integrating multiple di-
mensions of biodiversity (taxonomic, phylogenetic and func-
tional) into spatial prioritisation frameworks. MPAs are often
designed based on species richness, potentially neglecting re-
gions with unique evolutionary histories or high endemism. Our
analysis showed partial overlap of species richness (SR) hotspots

with MPAs in southeastern and southern Brazil, particularly in
Paraiba (PB), Espirito Santo (ES), Rio de Janeiro (RJ) and Sao
Paulo (SP). However, critical hotspots in Bahia (BA), ES, RJ and
PB remain unprotected, revealing persistent gaps in taxonomic
coverage. More critically, most PD.SES and PE.SES hotspots were
located offshore or in poorly protected areas such as Rio Grande
do Sul (RS) and parts of Ceara (CE), ES and RJ, areas of high evo-
lutionary value that are often excluded from conservation bound-
aries. This is especially concerning in southeastern and southern
states, which host the country's highest trawling activity.

This spatial incongruence mirrors broader global patterns. In
the Mediterranean Sea, for instance, MPAs often fail to protect
phylogenetically and functionally distinct species that are essen-
tial for long-term ecosystem stability (Guilhaumon et al. 2014).
Likewise, global assessments suggest that protecting just 22% of
marine areas could safeguard most marine biodiversity, includ-
ing its evolutionary and genetic components (Fan et al. 2023).
Therefore, incorporating metrics like PD and PE into marine
conservation agendas is essential to enhance representativeness
and ecosystem resilience.

Temperature emerged as a key driver shaping decapod diversity,
a pattern consistent with other coastal taxa such as mangrove
crabs and estuarine fish (Teichert et al. 2018; Teles et al. 2024).
This environmental factor affects different life stages differently:
surface temperatures may disproportionately impact larvae due
to their planktonic and dispersive nature, whereas bottom tem-
peratures regulate metabolism, growth and reproduction in
post-larval and adult stages (Anger 2006; Lindley 1998). These
findings highlight the need to implement conservation measures
that include thermally stable areas, which could serve as climate
refugia for vulnerable species. Moreover, expanding conserva-
tion networks in underrepresented regions such as CE, RJ, ES
and RS will require data-informed spatial planning and may
benefit from regional cooperation strategies already successful
in places like the Mediterranean (Mazor et al. 2013). Applying
similar frameworks in regions like the Brazilian Exclusive
Economic Zone could enhance the protection of migratory spe-
cies and interconnected habitats.

5 | Conclusion

This study provides the first integrative macroecological as-
sessment of decapod crustacean diversity across the Brazilian
Exclusive Economic Zone (EEZ), combining species richness,
phylogenetic diversity and endemism with a comprehensive
suite of environmental predictors. Our findings reveal that tem-
perature, salinity, primary productivity and hydrodynamics
play pivotal but distinct roles in shaping different dimensions
of biodiversity, with strong spatial mismatches between current
Marine Protected Areas (MPAs) and regions of high evolution-
ary value. Southeastern and offshore zones emerged as critical
reservoirs of phylogenetic diversity and endemism, likely re-
flecting historical isolation, habitat stability and ecotonal dy-
namics driven by oceanographic features such as upwelling.

The consistent influence of temperature across life stages and
diversity metrics underscores its central role in structuring
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marine communities, while highlighting the vulnerability of
thermal specialists to ongoing ocean warming. Furthermore,
patterns of phylogenetic clustering in highly productive or hy-
drodynamically stressful environments suggest that environ-
mental filtering may erode evolutionary distinctiveness, leading
to biotic homogenisation.

By identifying conservation gaps and revealing the ecological
and evolutionary processes that underpin decapod diversity, this
work advances biogeographical theory and offers actionable in-
sights for marine spatial planning. We advocate for the inclusion
of evolutionary metrics in conservation prioritisation to ensure
that protected areas safeguard not only species numbers but also
deep evolutionary lineages essential for long-term ecosystem re-
silience. In an era of accelerating climate change and anthro-
pogenic pressure, protecting thermally stable and ecologically
heterogeneous habitats (especially offshore and transitional
zones) will be key to maintaining the functional and evolution-
ary integrity of marine ecosystems.

Author Contributions

Jeniffer N. Teles: conceptualization, data curation, analysis and
modeling, writing - original draft, review, and editing. Fernando
L. Mantelatto: conceptualization, funding acquisition, review, and
editing.

Acknowledgements

We express our gratitude to the Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico (CNPq) for the J.N.T. Ph.D. fellowship (Proc.
140957/2020-0), PQ 302253/2019-0, 302706/2025-9 and PPBio 2023-
07/2023—Linha 8: Rede Costeira Marinha (Proc. 442421/2023-0) for
F.L.M. To the Coordenacgdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) for funding the Comparative Biology postgraduate
program at the Faculty of Philosophy, Science and Letters in Ribeirdo
Preto (FFCLRP), University of Sdo Paulo (USP) (Code 001) and
Ciéncias do Mar II Proc. 2005/2014-23038.004308/201414. We also
acknowledge the abroad Ph.D. scholarship at Florida International
University (FIU), Miami-FL, USA (Proc. 88887.716794/2022-00) and
the financial support from the Fundacdo de Amparo a Pesquisa do
Estado de Sdo Paulo—FAPESP (Projetos Tematicos Biota 2010/50188-8
and INTERCRUSTA 2018/13685-5; PROTAX 2021/08075-6; EMU
Colecgoes 2022/11451-2; PROTAX—BIOTA 2025/07224-9) and J.N.T.
post-doctoral fellowship (Proc. 2024/04231-1). Special thanks go to
Dr. Pedro Peres, Dr. Gabriel Bochini, Dr. Gustavo Teixeira and Dr.
Fernando Franco for their valuable discussions and advice on data
analysis and biological topics. We sincerely thank the reviewers for
their constructive comments and valuable suggestions, which greatly
improved the quality and clarity of our manuscript. Field permits were
not necessary for this study, as all data were sourced from existing
biological collections, publicly available online databases, and previ-
ously published scientific literature. The Article Processing Charge for
the publication of this research was funded by the Coordenacao de
Aperfeicoamento de Pessoal de Nivel Superior - Brasil (CAPES) (ROR
identifier: 00x0Oma614).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Original R codes and raw datasets that support the findings of this study
are openly available in Dryad at https://doi.org/10.5061/dryad.0zpc8
678d.

References

Abele, L. G. 1974. “Species Diversity of Decapod Crustaceans in Marine
Habitats.” Ecology 55, no. 1: 156-161. https://doi.org/10.2307/1934629.

Ahyong, S., C. B. Boyko, J. Bernot, et al. 2025. “World Register of Marine
Species.” Accessed 2025 Jan 10. https://www.marinespecies.org at
VLIZ.

Alvarez-Noriega, M., S. C. Burgess, J. E. Byers, J. M. Pringle, J. P. Wares,
and D. J. Marshall. 2020. “Global Biogeography of Marine Dispersal
Potential.” Nature Ecology & Evolution 4, no. 9: 1196-1203. https://doi.
0rg/10.1038/541559-020-1238-y.

Alves-Ferreira, G., F. M. M. Mota, D. Custddio Talora, C. V. Oliveira, M.
Solé, and N. M. Heming. 2024. “‘Phyloraster: An R Package to Calculate
Measures of Endemism and Evolutionary Diversity for Rasters.”
Ecography 2024, no. 4: €06902. https://doi.org/10.1111/ecog.06902.

Anger, K. 2003. “Salinity as a Key Parameter in the Larval Biology of
Decapod Crustaceans.” Invertebrate Reproduction & Development 43,
no. 1: 29-45. https://doi.org/10.1080/07924259.2003.9652520.

Anger, K. 2006. “Contributions of Larval Biology to Crustacean
Research: A Review.” Invertebrate Reproduction & Development 49, no.
3:175-205. https://doi.org/10.1080/07924259.2006.9652207.

Antonio, E. S., and N. B. Richoux. 2014. “Trophodynamics of Three
Decapod Crustaceans in a Temperate Estuary Using Stable Isotope
and Fatty Acid Analyses.” Marine Ecology Progress Series 504: 193-205.
https://doi.org/10.3354/meps10761.

Araujo, F. G., F. L. Rodrigues, T. P. Teixeira-Neves, et al. 2018. “Regional
Patterns in Species Richness and Taxonomic Diversity of the Nearshore
Fish Community in the Brazilian Coast.” Estuarine, Coastal and Shelf
Science 208: 9-22. https://doi.org/10.1016/j.ecss.2018.04.027.

Aréchiga, H., and L. Rodriguez-Sosa. 1997. “Coupling of Environmental
and Endogenous Factors in the Control of Rhythmic Behaviour in
Decapod Crustaceans.” Journal of the Marine Biological Association of
the United Kingdom 77, no. 1: 17-29. https://doi.org/10.1017/S002531540
0033750.

Assis, J., L. Tyberghein, S. Bosch, H. Verbruggen, E. A. Serrao, and O.
De Clerck. 2017. “Bio-ORACLE v2.0: Extending Marine Data Layers
for Bioclimatic Modelling.” Global Ecology and Biogeography 27, no. 3:
277-284. https://doi.org/10.1111/geb.12693.

Auguie, B. 2017. “gridExtra: Miscellaneous Functions for ‘Grid’
Graphics.” R Package Version 2.3. https://CRAN.R-project.org/packa
ge=gridExtra.

Bates, D., M. Michler, B. Bolker, and S. Walker. 2015. “Fitting Linear
Mixed-Effects Models Using Ime4.” Journal of Statistical Software 67:
1-48. https://doi.org/10.18637/jss.v067.i01.

Beauchard, O., C. Bradshaw, S. Bolam, et al. 2023. “Trawling-Induced
Change in Benthic Effect Trait Composition—A Multiple Case Study.”
Frontiers in Marine Science 10: 1303909. https://doi.org/10.3389/fmars.
2023.13039009.

Beck, M. 2022. “ggord: Ordination Plots With ggplot2.” R Package
Version 1.1.7.

Bellwood, D. R., and T. P. Hughes. 2001. “Regional-Scale Assembly
Rules and Biodiversity of Coral Reefs.” Science 292, no. 5521: 1532-1535.
https://doi.org/10.1126/science.1058635.

Benito, B. M. 2021. “spatialRF: Easy Spatial Regression With Random
Forest.” R Package Version 1.1.0. https://blasbenito.github.io/spatialRF.

Benson, A., C. M. Brooks, G. Canonico, et al. 2018. “Integrated
Observations and Informatics Improve Understanding of Changing
Marine Ecosystems.” Frontiers in Marine Science 5: 428. https://doi.org/
10.3389/fmars.2018.00428.

Bivand, R.2022. “R Packages for Analyzing Spatial Data: A Comparative
Case Study With Areal Data.” Geographical Analysis 54, no. 3: 488-518.
https://doi.org/10.1111/gean.12319.

14 of 19

Journal of Biogeography, 2025

85U8017 SUOIWIOD BAE8.D 8|qeo(dde aLpy Aq pausenob a8 ssppie YO ‘8sn JO S9|nJ o Afeiq) 8UlUO AB]IM UO (SO PUOD-PUR-SLUB) LD A8 |1 AReIq 1jeul|uo//SdnL) SUORIPUOD Pue swis 1 8y} 89S *[920z/c0/8T] Uo Akeld18uliuo A8]IM ‘92002 [AI/TTTT OT/I0p/wW00 A8 ImAIq U1 UO//SANY WOl pepeoumoq ‘ZT ‘G20z ‘6692S9ET


https://doi.org/10.5061/dryad.0zpc8678d
https://doi.org/10.5061/dryad.0zpc8678d
https://doi.org/10.2307/1934629
https://www.marinespecies.org
https://doi.org/10.1038/s41559-020-1238-y
https://doi.org/10.1038/s41559-020-1238-y
https://doi.org/10.1111/ecog.06902
https://doi.org/10.1080/07924259.2003.9652520
https://doi.org/10.1080/07924259.2006.9652207
https://doi.org/10.3354/meps10761
https://doi.org/10.1016/j.ecss.2018.04.027
https://doi.org/10.1017/S0025315400033750
https://doi.org/10.1017/S0025315400033750
https://doi.org/10.1111/geb.12693
https://cran.r-project.org/package=gridExtra
https://cran.r-project.org/package=gridExtra
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.3389/fmars.2023.1303909
https://doi.org/10.3389/fmars.2023.1303909
https://doi.org/10.1126/science.1058635
https://blasbenito.github.io/spatialRF
https://doi.org/10.3389/fmars.2018.00428
https://doi.org/10.3389/fmars.2018.00428
https://doi.org/10.1111/gean.12319

Bivand, R., T. Keitt, and B. Rowlingson. 2006-2023. “rgdal: Bindings for
the “Geospatial” Data Abstraction Library (R Package Version 1.6-7).”
https://CRAN.R-project.org/package=rgdal.

Bosch, S., and S. Fernandez. 2023. “Sdmpredictors: Species Distribution
Modelling Predictor Datasets.” (Version 0.2.15) [R Package]. http://
lifewatch.github.io/sdmpredictors/.

Boudreau, S. A., and B. Worm. 2012. “Ecological Role of Large Benthic
Decapods in Marine Ecosystems: A Review.” Marine Ecology Progress
Series 469: 195-213.

Branco, J. O., F. Freitas, and M. L. Christoffersen. 2015. “Bycatch Fauna
of Seabob Shrimp Trawl Fisheries From Santa Catarina State, Southern
Brazil.” Biota Neotropica 15, no. 2: €20140143. https://doi.org/10.1590/
1676-06032015014314.

Breiman, L. 2001. “Random Forests.” Machine Learning 45: 5-32.
https://doi.org/10.1023/A:1010933404324.

Brustolin, M. C., I. Nagelkerken, C. Moitinho Ferreira, S. Urs
Goldenberg, H. Ullah, and G. Fonseca. 2019. “Future Ocean Climate
Homogenizes Communities Across Habitats Through Diversity Loss
and Rise of Generalist Species.” Global Change Biology 25, no. 10: 3539—
3548. https://doi.org/10.1111/gcb.14745.

Cardinale, B. J.,, H. Hillebrand, W. S. Harpole, K. Gross, and R.
Ptacnik. 2009. “Separating the Influence of Resource ‘Availability’
From Resource ‘Imbalance’ on Productivity-Diversity Relationships.”
Ecology Letters 12, no. 6: 475-487. https://doi.org/10.1111/j.1461-0248.
2009.01317.x.

Castilho, A. L., M. R. Pie, A. Fransozo, A. P. Pinheiro, and R. C. Costa.
2007. “The Relationship Between Environmental Variation and Species
Abundance in Shrimp Community (Crustacea: Decapoda: Penaeoidea)
in South-Eastern Brazil.” Journal of the Marine Biological Association
of the United Kingdom 88, no. 1: 119-123. https://doi.org/10.1017/S0025
315408000313.

Chapman, P. M. 2017. “Assessing and Managing Stressors in a Changing
Marine Environment.” Marine Pollution Bulletin 124, no. 2: 587-590.
https://doi.org/10.1016/j.marpolbul.2016.10.039.

Cheung, W. W,, T. L. Frolicher, V. W. Lam, et al. 2021. “Marine High
Temperature Extremes Amplify the Impacts of Climate Change on Fish
and Fisheries.” Science Advances 7, no. 40: eabh0895. https://doi.org/10.
1126/sciadv.abh0895.

Clavelle, T., R. Joo, and N. Miller. 2023. “gfwr: Access Data From Global
Fishing Watch APIs.” R Package Version, 1.

Coelho-Souza, S. A., M. S. Lépez, J. R. D. Guimardes, R. Coutinho,
and R. N. Candella. 2012. “Biophysical Interactions in the Cabo
Frio Upwelling System, Southeastern Brazil.” Brazilian Journal of
Oceanography 60: 353-365.

Connell, S. D. 2005. “Assembly and Maintenance of Subtidal
Habitat Heterogeneity: Synergistic Effects of Light Penetration and
Sedimentation.” Marine Ecology Progress Series 289: 53-61. https://doi.
org/10.3354/meps289053.

Cord, I., L. T. Nunes, C. X. Barroso, et al. 2022. “Brazilian Marine
Biogeography: A Multi-Taxa Approach for Outlining Sectorization.”
Marine Biology 169, no. 5: 61. https://doi.org/10.1007/s00227-022-
04045-8.

Costello, M. J.,, and C. Chaudhary. 2017. “Marine Biodiversity,
Biogeography, Deep-Sea Gradients, and Conservation.” Current Biology
27,no0. 11: R511-R527. https://doi.org/10.1016/j.cub.2017.04.060.

Costello, M. J., P. Tsai, P. S. Wong, A. K. L. Cheung, Z. Basher, and
C. Chaudhary. 2017. “Marine Biogeographic Realms and Species
Endemicity.” Nature Communications 8, no. 1: 1057. https://doi.org/10.
1038/s41467-017-01121-2.

Dantas, L. R. G, V. E. L. da Silva, N. N. Fabr¢, J. S. Rosa-Filho, and T.
K. de Oliveira Pinto. 2025. “Unraveling the Taxonomic and Functional
Structure of Benthic Communities From Tropical Muddy Bottoms

Chronically Disturbed by Shrimp Trawling.” Estuarine, Coastal and
Shelf Science 3: 109412. https://doi.org/10.1016/j.ecss.2025.109412.

De Léo, F. C.,, and A. M. S. Pires-Vanin. 2006. “Benthic Megafauna
Communities Under the Influence of the South Atlantic Central Water
Intrusion Onto the Brazilian SE Shelf: A Comparison Between an
Upwelling and a Non-Upwelling Ecosystem.” Journal of Marine Systems
60, no. 3-4: 268-284. https://doi.org/10.1016/j.jmarsys.2006.02.002.

Dray, S., D. Bauman, G. Blanchet, et al. 2023. “adespatial: Multivariate
Multiscale Spatial Analysis.” R Package Version 0.3-23. https://CRAN.
R-project.org/package=adespatial.

Faith, D. P. 1992. “Conservation Evaluation and Phylogenetic Diversity.”
Biological Conservation 61: 1-10. https://doi.org/10.1016/0006-3207(92)
91201-3.

Faith, D. P, and Z. T. Richards. 2012. “Climate Change Impacts on
the Tree of Life: Changes in Phylogenetic Diversity Illustrated for
Acropora Corals.” Biology 1, no. 3: 906-932. https://doi.org/10.3390/
biology1030906.

Fan, H., M. Huang, Y. Chen, W. Zhou, Y. Hu, and F. Wei. 2023.
“Conservation Priorities for Global Marine Biodiversity Across Multiple
Dimensions.” National Science Review 10, no. 6: nwac241. https://doi.
org/10.1093/nsr/nwac241.

Forward, R. B., Jr., and C. U. Buswell. 1989. “A Comparative Study of
Behavioural Responses of Larval Decapod Crustaceans to Light and
Pressure.” Marine and Freshwater Behaviour and Physiology 16, no. 1:
43-56. https://doi.org/10.1080/10236248909378740.

Fox, J., and S. Weisberg. 2019. An R Companion to Applied Regression. Sage.

Furlan, M., A. L. Castilho, L. C. Fernandes-Goes, V. Fransozo, G.
Bertini, and R. C. Costa. 2013. “Effect of Environmental Factors
on the Abundance of Decapod Crustaceans From Soft Bottoms Off
Southeastern Brazil.” Anais da Academia Brasileira de Ciéncias 85:
1345-1356. https://doi.org/10.1590/0001-3765201394812.

Gongalves, G. R. L., L. F. D. S. Palomares, A. N. Sousa, et al. 2020.
“Geographical Ecology of the Symbiotic Crabs Libinia ferreirae and
Libinia spinosa: Distributional Patterns in South and South-Eastern
Coast of Brazil.” Marine Ecology 41, no. 4: €12606. https://doi.org/10.
1111/maec.12606.

Gonzalez-Orozco, C. E., B. D. Mishler, J. T. Miller, et al. 2015.
“Assessing Biodiversity and Endemism Using Phylogenetic Methods
Across Multiple Taxonomic Groups.” Ecology and Evolution 5, no. 22:
5177-5192. https://doi.org/10.1002/ece3.1747.

Gotelli, N.J., and D. J. McCabe. 2002. “Species Co-Occurrence: A Meta-
Analysis of J. M. Diamond's Assembly Rules Model.” Ecology 83, no. 8:
2091-2096.

Gotelli, N.J., and W. Ulrich. 2012. “Statistical Challenges in Null Model
Analysis.” Oikos 121, no. 2: 171-180. https://doi.org/10.1111/j.1600-
0706.2011.20301.x.

Griler, B., E. J. Pebesma, and G. B. Heuvelink. 2016. “Spatio-Temporal
Interpolation Using Gstat.” R Journal 8, no. 1: 204.

Griffiths, J. R., M. Kadin, F. J. Nascimento, et al. 2017. “The Importance
of Benthic-Pelagic Coupling for Marine Ecosystem Functioning in a
Changing World.” Global Change Biology 23, no. 6: 2179-2196. https://
doi.org/10.1111/gcb.13642.

Guilhaumon, F., C. Albouy, J. Claudet, et al. 2014. “Representing
Taxonomic, Phylogenetic and Functional Diversity: New Challenges for
Mediterranean Marine-Protected Areas.” Diversity and Distributions
21, no. 2: 175-187. https://doi.org/10.1111/ddi.12280.

Hackathon, R., B. Bolker, M. Butler, et al. 2024. “phylobase: Base
Package for Phylogenetic Structures and Comparative Data.” R Package
Version 0.8.12. https://CRAN.R-project.org/package=phylobase.

Hallegraeff, G. M. 2010. “Ocean Climate Change, Phytoplankton
Community Responses, and Harmful Algal Blooms: A Formidable

Journal of Biogeography, 2025

150f 19

85U8017 SUOIWIOD BAE8.D 8|qeo(dde aLpy Aq pausenob a8 ssppie YO ‘8sn JO S9|nJ o Afeiq) 8UlUO AB]IM UO (SO PUOD-PUR-SLUB) LD A8 |1 AReIq 1jeul|uo//SdnL) SUORIPUOD Pue swis 1 8y} 89S *[920z/c0/8T] Uo Akeld18uliuo A8]IM ‘92002 [AI/TTTT OT/I0p/wW00 A8 ImAIq U1 UO//SANY WOl pepeoumoq ‘ZT ‘G20z ‘6692S9ET


https://cran.r-project.org/package=rgdal
http://lifewatch.github.io/sdmpredictors/
http://lifewatch.github.io/sdmpredictors/
https://doi.org/10.1590/1676-06032015014314
https://doi.org/10.1590/1676-06032015014314
https://doi.org/10.1023/A:1010933404324
https://doi.org/10.1111/gcb.14745
https://doi.org/10.1111/j.1461-0248.2009.01317.x
https://doi.org/10.1111/j.1461-0248.2009.01317.x
https://doi.org/10.1017/S0025315408000313
https://doi.org/10.1017/S0025315408000313
https://doi.org/10.1016/j.marpolbul.2016.10.039
https://doi.org/10.1126/sciadv.abh0895
https://doi.org/10.1126/sciadv.abh0895
https://doi.org/10.3354/meps289053
https://doi.org/10.3354/meps289053
https://doi.org/10.1007/s00227-022-04045-8
https://doi.org/10.1007/s00227-022-04045-8
https://doi.org/10.1016/j.cub.2017.04.060
https://doi.org/10.1038/s41467-017-01121-2
https://doi.org/10.1038/s41467-017-01121-2
https://doi.org/10.1016/j.ecss.2025.109412
https://doi.org/10.1016/j.jmarsys.2006.02.002
https://cran.r-project.org/package=adespatial
https://cran.r-project.org/package=adespatial
https://doi.org/10.1016/0006-3207(92)91201-3
https://doi.org/10.1016/0006-3207(92)91201-3
https://doi.org/10.3390/biology1030906
https://doi.org/10.3390/biology1030906
https://doi.org/10.1093/nsr/nwac241
https://doi.org/10.1093/nsr/nwac241
https://doi.org/10.1080/10236248909378740
https://doi.org/10.1590/0001-3765201394812
https://doi.org/10.1111/maec.12606
https://doi.org/10.1111/maec.12606
https://doi.org/10.1002/ece3.1747
https://doi.org/10.1111/j.1600-0706.2011.20301.x
https://doi.org/10.1111/j.1600-0706.2011.20301.x
https://doi.org/10.1111/gcb.13642
https://doi.org/10.1111/gcb.13642
https://doi.org/10.1111/ddi.12280
https://cran.r-project.org/package=phylobase

Predictive Challenge 1.” Journal of Phycology 46, no. 2: 220-235. https://
doi.org/10.1111/j.1529-8817.2010.00815.x.

Hameed, S. O., M. L. Elliott, S. G. Morgan, and J. Jahncke. 2018.
“Interannual Variation and Spatial Distribution of Decapod Larvae in a
Region of Persistent Coastal Upwelling.” Marine Ecology Progress Series
587: 55-71. https://doi.org/10.3354/meps12408.

Heming, N. M., F. M. M. Mota, and G. Alves-Ferreira. 2023. “SESraster:
Raster Randomization for Null Hypothesis Testing.” R Package Version
0.7.0. https://CRAN.R-project.org/package=SESraster.

Hijmans, R. 2024. “terra: Spatial Data Analysis.” R Package Version 1.7-
71. https://CRAN.R-project.org/package=terra.

Hilborn, R., R. Amoroso, J. Collie, et al. 2023. “Evaluating the
Sustainability and Environmental Impacts of Trawling Compared to
Other Food Production Systems.” ICES Journal of Marine Science 80,
no. 6: 1567-1579. https://doi.org/10.1093/icesjms/fsad115.

Hilborn, R. A. Y., 1.J. Stewart, T. A. Branch, and O. P. Jensen. 2012. “Defining
Trade-Offs Among Conservation, Profitability, and Food Security in the
California Current Bottom-Trawl Fishery.” Conservation Biology 26, no. 2:
257-268. https://doi.org/10.1111/j.1523-1739.2011.01800.x.

Hultgren, K. M., L. Ossentjuk, K. Hendricks, and A. Serafin. 2021.
“Crustacean Diversity in the Puget Sound: Reconciling Species,
Phylogenetic, and Functional Diversity.” Marine Biodiversity 51, no. 2:
37. https://doi.org/10.1007/s12526-021-01172-1.

Isaac, N.J.,, S. T. Turvey, B. Collen, C. Waterman, and J. E. Baillie. 2007.
“Mammals on the EDGE: Conservation Priorities Based on Threat and
Phylogeny.” PLoS One 2, no. 3: €296. https://doi.org/10.1371/journal.
pone.0000296.

Jaffer, Y. D, I. A. Bhat, I. N. Mir, R. A. H. Bhat, M. J. Sidiq, and P. Jana.
2024. “Adaptation of Cultured Decapod Crustaceans to Changing
Salinities: Physiological Responses, Molecular Mechanisms and Disease
Implications.” Reviews in Aquaculture 16, no. 4: 1520-1543. https://doi.
org/10.1111/raq.12909.

Kahle, D., and H. Wickham. 2013. “Ggmap: Spatial Visualization With
ggplot2.” R Journal 5, no. 1: 144-161.

Kassambara, A. 2023. “ggpubr: ‘ggplot2’ Based Publication Ready
Plots.” R Package Version 0.6.0. https://CRAN.R-project.org/package=

ggpubr.

Katoh, K., J. Rozewicki, and K. D. Yamada. 2019. “MAFFT Online
Service: Multiple Sequence Alignment, Interactive Sequence Choice
and Visualization.” Briefings in Bioinformatics 20, no. 4: 1160-1166.
https://doi.org/10.1093/bib/bbx108.

Kearney, K. A., C. Stock, and J. L. Sarmiento. 2013. “Amplification
and Attenuation of Increased Primary Production in a Marine Food
Web.” Marine Ecology Progress Series 491: 1-14. https://doi.org/10.3354/
meps10484.

Kearse, M., R. Moir, A. Wilson, et al. 2012. “Geneious Basic: An
Integrated and Extendable Desktop Software Platform for the
Organization and Analysis of Sequence Data.” Bioinformatics 28, no.
12: 1647-1649. https://doi.org/10.1093/bioinformatics/bts199.

Kembel, S. W., P. D. Cowan, M. R. Helmus, et al. 2010. “Picante: R Tools
for Integrating Phylogenies and Ecology.” Bioinformatics 26, no. 11:
1463-1464. https://doi.org/10.1093/bioinformatics/btq166.

Koundouri, P., G. Halkos, C. Landis, et al. 2023. “Valuation of Marine
Ecosystems and Sustainable Development Goals.” Frontiers in
Environmental Economics 2: 1160118. https://doi.org/10.3389/frevc.
2023.1160118.

Kumar, A. B, and G. R. Deepthi. 2006. “Trawling and By-Catch:
Implications on Marine Ecosystem.” Current Science 90, no. 8: 922-931.

Leibold, M. A., and J. Norberg. 2004. “Biodiversity in Metacommunities:
Plankton as Complex Adaptive Systems?” Limnology and Oceanography
49:1278-1289. https://doi.org/10.4319/10.2004.49.4_part_2.1278.

Lindley, J. A. 1998. “Diversity, Biomass and Production of Decapod
Crustacean Larvae in a Changing Environment.” Invertebrate
Reproduction & Development 33, no. 2-3: 209-219. https://doi.org/10.
1080/07924259.1998.9652633.

Lyons, D. A., C. Arvanitidis, A. J. Blight, et al. 2014. “Macroalgal Blooms
Alter Community Structure and Primary Productivity in Marine
Ecosystems.” Global Change Biology 20, no. 9: 2712-2724. https://doi.
org/10.1111/gcb.12644.

Maechler, M., P. Rousseeuw, A. Struyf, M. Hubert, and K. Hornik. 2023.
“cluster: Cluster Analysis Basics and Extensions.” R Package Version
2.1.6.

Magris, R. A., M. D. Costa, C. E. Ferreira, et al. 2020. “A Blueprint for
Securing Brazil's Marine Biodiversity and Supporting the Achievement
of Global Conservation Goals.” Diversity and Distributions 27, no. 2:
198-215. https://doi.org/10.1111/ddi.13183.

Magurran, A. E. 1988. Ecological Diversity and Its Measurement.
Princeton University Press.

Magurran, A. E., M. Dornelas, F. Moyes, N. J. Gotelli, and B. McGill.
2015. “Rapid Biotic Homogenization of Marine Fish Assemblages.”
Nature Communications 6, no. 1: 8405. https://doi.org/10.1038/ncomm
$9405.

Maldonado-Sanchez, J., I. Marifio-Tapia, M. Teresa Herrera-Dorantes,
and P. L. Ardisson. 2019. “Hydrodynamic Conditions That Favor the
Settlement of Diadema antillarum to a Western Caribbean Coral Reef.”
Bulletin of Marine Science 95, no. 2: 251-264. https://doi.org/10.5343/
bms.2018.0001.

Mantelatto, F. L., M. Terossi, M. Negri, et al. 2018. “DNA Sequence
Database as a Tool to Identify Decapod Crustaceans on the Sdo Paulo
Coastline.” Mitochondrial DNA Part A DNA Mapping, Sequencing, and
Analysis 29, no. 5: 805-815. https://doi.org/10.1080/24701394.2017.
1365848.

Mardones, D., and R. A. Scherson. 2023. “Hotspots Within a Hotspot:
Evolutionary Measures Unveil Interesting Biogeographic Patterns in
Threatened Coastal Forests in Chile.” Botanical Journal of the Linnean
Society 202, no. 4: 433-448. https://doi.org/10.1093/botlinnean/boad002.

Martins, N. T., L. B. Macagnan, V. Cassano, and C. F. D. Gurgel. 2022.
“Brazilian Marine Phylogeography: A Literature Synthesis and Analysis
of Barriers.” Molecular Ecology 31, no. 21: 5423-5439. https://doi.org/10.
1111/mec.16684.

Massicotte, P., A. South, K. Hufkens, and M. Philippe. 2023. “Package
rnaturalearth. World Map Data From Natural Earth.”

Mazor, T., C. R. Pitcher, W. Rochester, et al. 2021. “Trawl Fishing
Impacts on the Status of Seabed Fauna in Diverse Regions of the Globe.”
Fish and Fisheries 22, no. 1: 72-86. https://doi.org/10.1111/faf.12506.

Mazor, T., H. P. Possingham, and S. Kark. 2013. “Collaboration
Among Countries in Marine Conservation Can Achieve Substantial
Efficiencies.” Diversity and Distributions 19, no. 11: 1380-1393. https://
doi.org/10.1111/ddi.12095.

Minh, B. Q., H. A. Schmidt, O. Chernomor, et al. 2020. “IQ-TREE 2:
New Models and Efficient Methods for Phylogenetic Inference in the
Genomic Era.” Molecular Biology and Evolution 37, no. 5: 1530-1534.
https://doi.org/10.1093/molbev/msaa015.

Monteiro, M., J. Cruz, U. Azeiteiro, S. C. Marques, V. Baptista, and M.
A. Teodoésio. 2023. “Dynamics of Decapoda Larvae Communities in
a Southwest Iberian Estuary: Understanding the Impact of Different
Thermal Regimes.” Estuarine, Coastal and Shelf Science 294: 108547.
https://doi.org/10.1016/j.ecss.2023.108547.

Monteiro, M., S. L. de Castro, S. C. Marques, R. Freitas, and U.
M. Azeiteiro. 2023. “An Emergent Treat: Marine Heatwaves—
Implications for Marine Decapod Crustacean Species—An Overview.”
Environmental Research 229: 116004. https://doi.org/10.1016/j.envres.
2023.116004.

16 of 19

Journal of Biogeography, 2025

85U8017 SUOIWIOD BAE8.D 8|qeo(dde aLpy Aq pausenob a8 ssppie YO ‘8sn JO S9|nJ o Afeiq) 8UlUO AB]IM UO (SO PUOD-PUR-SLUB) LD A8 |1 AReIq 1jeul|uo//SdnL) SUORIPUOD Pue swis 1 8y} 89S *[920z/c0/8T] Uo Akeld18uliuo A8]IM ‘92002 [AI/TTTT OT/I0p/wW00 A8 ImAIq U1 UO//SANY WOl pepeoumoq ‘ZT ‘G20z ‘6692S9ET


https://doi.org/10.1111/j.1529-8817.2010.00815.x
https://doi.org/10.1111/j.1529-8817.2010.00815.x
https://doi.org/10.3354/meps12408
https://cran.r-project.org/package=SESraster%3e
https://cran.r-project.org/package=terra
https://doi.org/10.1093/icesjms/fsad115
https://doi.org/10.1111/j.1523-1739.2011.01800.x
https://doi.org/10.1007/s12526-021-01172-1
https://doi.org/10.1371/journal.pone.0000296
https://doi.org/10.1371/journal.pone.0000296
https://doi.org/10.1111/raq.12909
https://doi.org/10.1111/raq.12909
https://cran.r-project.org/package=ggpubr
https://cran.r-project.org/package=ggpubr
https://doi.org/10.1093/bib/bbx108
https://doi.org/10.3354/meps10484
https://doi.org/10.3354/meps10484
https://doi.org/10.1093/bioinformatics/bts199
https://doi.org/10.1093/bioinformatics/btq166
https://doi.org/10.3389/frevc.2023.1160118
https://doi.org/10.3389/frevc.2023.1160118
https://doi.org/10.4319/lo.2004.49.4_part_2.1278
https://doi.org/10.1080/07924259.1998.9652633
https://doi.org/10.1080/07924259.1998.9652633
https://doi.org/10.1111/gcb.12644
https://doi.org/10.1111/gcb.12644
https://doi.org/10.1111/ddi.13183
https://doi.org/10.1038/ncomms9405
https://doi.org/10.1038/ncomms9405
https://doi.org/10.5343/bms.2018.0001
https://doi.org/10.5343/bms.2018.0001
https://doi.org/10.1080/24701394.2017.1365848
https://doi.org/10.1080/24701394.2017.1365848
https://doi.org/10.1093/botlinnean/boad002
https://doi.org/10.1111/mec.16684
https://doi.org/10.1111/mec.16684
https://doi.org/10.1111/faf.12506
https://doi.org/10.1111/ddi.12095
https://doi.org/10.1111/ddi.12095
https://doi.org/10.1093/molbev/msaa015
https://doi.org/10.1016/j.ecss.2023.108547
https://doi.org/10.1016/j.envres.2023.116004
https://doi.org/10.1016/j.envres.2023.116004

Monteiro, M., M. A. Pardal, U. M. Azeiteiro, et al. 2024. “Climate-
Driven Shifts in Decapod Larvae Assemblages in a Temperate Estuary.”
Marine Environmental Research 198: 106526. https://doi.org/10.1016/j.
marenvres.2024.106526.

Morgan, S. G. 2020. “Dispersal.” In Developmental Biology and Larval
Ecology: The Natural History of the Crustacea, edited by K. Anger, S.
Harzsch, and M. Thiel, vol. 7, 1-14. Oxford Academic. https://doi.org/
10.1093/0s0/9780190648954.003.0014.

Nagaraju, G. P. C. 2011. “Reproductive Regulators in Decapod
Crustaceans: An Overview.” Journal of Experimental Biology 214, no. 1:
3-16. https://doi.org/10.1242/jeb.047183.

Norris, R. D. 2000. “Pelagic Species Diversity, Biogeography, and
Evolution.” Paleobiology 26, no. S4: 236-258. https://doi.org/10.1017/
S0094837300026956.

OBIS. 2024. “Ocean Biodiversity Information System.” Intergovernmental
Oceanographic Commission of UNESCO. https://obis.org.

Oksanen, J., G. Simpson, F. Blanchet, et al. 2022. “vegan: Community
Ecology Package.” R Package Version 2.6-2.

Ooms, J. 2025. “writex]l: Export Data Frames to Excel ‘xlsx’ Format.”
R Package Version 1.5.4. https://CRAN.R-project.org/package=writexl.

Orth, R. J., T. J. Carruthers, W. C. Dennison, C. M. Duarte, J. W.
Fourqurean, and K. L. Heck. 2006. “A Global Crisis for Seagrass
Ecosystems.” Bioscience 56, no. 12: 987-996. https://doi.org/10.1641/
0006-3568(2006)56[987: AGCFSE]2.0.CO;2.

Pallas, A., B. Garcia-Calvo, A. Corgos, C. Bernardez, and J. Freire. 2006.
“Distribution and Habitat Use Patterns of Benthic Decapod Crustaceans
in Shallow Waters: A Comparative Approach.” Marine Ecology Progress
Series 324: 173-184. https://doi.org/10.3354/ MEPS324173.

Pantaledo, J. A. F.,, A. Carvalho-Batista, A. Fransozo, and R. C. Costa.
2016. “The Influence of Upwelling on the Diversity and Distribution
of Marine Shrimp (Penaeoidea and Caridea) in Two Tropical Coastal
Areas of Southeastern Brazil.” Hydrobiologia 763: 381-395. https://doi.
0rg/10.1007/s10750-015-2429-4.

Paradis, E., and K. Schliep. 2019. “Ape 5.0: An Environment for Modern
Phylogenetics and Evolutionary Analyses in R.” Bioinformatics 35, no.
3:526-528.

Pauly, D., R. Watson, and J. Alder. 2005. “Global Trends in World
Fisheries: Impacts on Marine Ecosystems and Food Security.”
Philosophical Transactions of the Royal Society, B: Biological Sciences
360, no. 1453: 5-12. https://doi.org/10.1098/rstb.2004.1574.

Pebesma, E., and R. Bivand. 2023. Spatial Data Science: With
Applications in R. Chapman and Hall/CRC. https://doi.org/10.1201/
9780429459016.

Peres, P. A., H. Bracken-Grissom, L. E. Timm, and F. L. Mantelatto.
2022. “Genomic Analyses Implicate the Amazon-Orinoco Plume as
the Driver of Cryptic Speciation in a Swimming Crab.” Genes 13: 2263.
https://doi.org/10.3390/genes13122263.

Peterson, R. G., and L. Stramma. 1991. “Upper-Level Circulation in the
South Atlantic Ocean.” Progress in Oceanography 26: 1-73. https://doi.
0rg/10.1016/0079-6611(91)90006-8.

Pineda, J., and N. Reyns. 2018. “Larval Transport in the Coastal Zone:
Biological and Physical Processes.” In Evolutionary Ecology of Marine
Invertebrate Larvae, edited by T. Carrier, A. Reitzel, and A. Heyland,
145-163. Oxford University Press.

Provoost, P., and S. Bosch. 2022. “robis: Ocean Biodiversity Information
System (OBIS) Client.” R Package Version 2.11.3. https://github.com/
iobis/robis.

Queiroga, H., and J. Blanton. 2005. “Interactions Between Behaviour
and Physical Forcing in the Control of Horizontal Transport of Decapod
Crustacean Larvae.” Advances in Marine Biology 47: 107-214. https://
doi.org/10.1016/50065-2881(04)47002-3.

R Core Team. 2024. _: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing.

Rabalais, N. N., R. E. Turner, R. J. Diaz, and D. Justi¢. 2009. “Global
Change and Eutrophication of Coastal Waters.” ICES Journal of Marine
Science 66, no. 7: 1528-1537. https://doi.org/10.1093/icesjms/fsp047.

Raeisbahrami, A., and R. Naderloo. 2023. “Phylogenetic Diversity of
the Mangrove Crabs’' Communities in the Persian Gulf; Its Relationship
With Functional Diversity Highlights Conservation Priorities.” Marine
Biodiversity 53, no. 2: 27. https://doi.org/10.1007/s12526-022-01329-6.

Ramirez, F., I. Afan, L. S. Davis, and A. Chiaradia. 2017. “Climate
Impacts on Global Hot Spots of Marine Biodiversity.” Science Advances
3, no. 2: €1601198. https://doi.org/10.1126/sciadv.1601198.

Romoth, K., A. Darr, S. Papenmeier, M. L. Zettler, and M. Gogina. 2023.
“Substrate Heterogeneity as a Trigger for Species Diversity in Marine
Benthic Assemblages.” Biology 12, no. 6: 825. https://doi.org/10.3390/
biology12060825.

Rosauer, D. A. N., S. W. Laffan, M. D. Crisp, S. C. Donnellan, and L. G.
Cook. 2009. “Phylogenetic Endemism: A New Approach for Identifying
Geographical Concentrations of Evolutionary History.” Molecular
Ecology 18, no. 19: 4061-4072. https://doi.org/10.1111/j.1365-294X.
2009.04311.x.

Rousset, F., and J. B. Ferdy. 2014. “Testing Environmental and Genetic
Effects in the Presence of Spatial Autocorrelation.” Ecography 37, no.
8: 781-790.

Sanvicente-Afiorve, L., J. Zavala-Hidalgo, E. Allende-Arandia, and
M. Hermoso-Salazar. 2018. “Larval Dispersal in Three Coral Reef
Decapod Species: Influence of Larval Duration on the Metapopulation
Structure.” PLoS One 13, no. 3: €0193457. https://doi.org/10.1371/journ
al.pone.0193457.

Schmiing, M., H. Diogo, R. S. Santos, and P. Afonso. 2014. “Assessing
Hotspots Within Hotspots to Conserve Biodiversity and Support
Fisheries Management.” Marine Ecology Progress Series 513: 187-199.
https://doi.org/10.3354/meps10924.

Scyphers, S. B., and S. P. Powers. 2013. “Context-Dependent Effects
of a Marine Ecosystem Engineer on Predator-Prey Interactions.”
Marine Ecology Progress Series 491: 295-301. https://doi.org/10.3354/
meps10485.

Sharifian, S., E. Kamrani, and H. Saeedi. 2020. “Global Biodiversity
and Biogeography of Mangrove Crabs: Temperature, the Key Driver of
Latitudinal Gradients of Species Richness.” Journal of Thermal Biology
92:102692. https://doi.org/10.1016/j.jtherbio.2020.102692.

Shen, H., A. Braband, and G. Scholtz. 2013. “Mitogenomic Analysis
of Decapod Crustacean Phylogeny Corroborates Traditional Views on
Their Relationships.” Molecular Phylogenetics and Evolution 66, no. 3:
776-789. https://doi.org/10.1016/j.ympev.2012.11.002.

Smyth, K., and M. Elliott. 2016. “Effects of Changing Salinity on
the Ecology of the Marine Environment.” In Stressors in the Marine
Environment: Physiological and Ecological Responses; Societal
Implications, edited by M. Solan and N. M. Whiteley, 161-174. Oxford
University Press. https://doi.org/10.1093/acprof:0s0/9780198718826.
001.0001.

Sommer, U., H. Stibor, A. Katechakis, F. Sommer, and T. Hansen.
2002. “Pelagic Food Web Configurations at Different Levels of Nutrient
Richness and Their Implications for the Ratio Fish Production: Primary
Production.” In Sustainable Increase of Marine Harvesting: Fundamental
Mechanisms and New Concepts. Developments in Hydrobiology, edited
by O. Vadstein and Y. Olsen, vol. 167. Springer. https://doi.org/10.1007/
978-94-017-3190-4_2.

Sousa, A. N., V. P. Bernardes, C. H. Bernardo, et al. 2021. “Bathymetric
Distribution of Brachyuran Crabs: Alpha and Beta Diversity Variation
in an Upwelling Area.” Marine Ecology 42, no. 3: €12650. https://doi.
org/10.1111/maec.12650.

Journal of Biogeography, 2025

17 of 19

85U8017 SUOIWIOD BAE8.D 8|qeo(dde aLpy Aq pausenob a8 ssppie YO ‘8sn JO S9|nJ o Afeiq) 8UlUO AB]IM UO (SO PUOD-PUR-SLUB) LD A8 |1 AReIq 1jeul|uo//SdnL) SUORIPUOD Pue swis 1 8y} 89S *[920z/c0/8T] Uo Akeld18uliuo A8]IM ‘92002 [AI/TTTT OT/I0p/wW00 A8 ImAIq U1 UO//SANY WOl pepeoumoq ‘ZT ‘G20z ‘6692S9ET


https://doi.org/10.1016/j.marenvres.2024.106526
https://doi.org/10.1016/j.marenvres.2024.106526
https://doi.org/10.1093/oso/9780190648954.003.0014
https://doi.org/10.1093/oso/9780190648954.003.0014
https://doi.org/10.1242/jeb.047183
https://doi.org/10.1017/S0094837300026956
https://doi.org/10.1017/S0094837300026956
https://obis.org
https://cran.r-project.org/package=writexl
https://doi.org/10.1641/0006-3568(2006)56%5B987:AGCFSE%5D2.0.CO;2
https://doi.org/10.1641/0006-3568(2006)56%5B987:AGCFSE%5D2.0.CO;2
https://doi.org/10.3354/MEPS324173
https://doi.org/10.1007/s10750-015-2429-4
https://doi.org/10.1007/s10750-015-2429-4
https://doi.org/10.1098/rstb.2004.1574
https://doi.org/10.1201/9780429459016
https://doi.org/10.1201/9780429459016
https://doi.org/10.3390/genes13122263
https://doi.org/10.1016/0079-6611(91)90006-8
https://doi.org/10.1016/0079-6611(91)90006-8
https://github.com/iobis/robis
https://github.com/iobis/robis
https://doi.org/10.1016/s0065-2881(04)47002-3
https://doi.org/10.1016/s0065-2881(04)47002-3
https://doi.org/10.1093/icesjms/fsp047
https://doi.org/10.1007/s12526-022-01329-6
https://doi.org/10.1126/sciadv.1601198
https://doi.org/10.3390/biology12060825
https://doi.org/10.3390/biology12060825
https://doi.org/10.1111/j.1365-294X.2009.04311.x
https://doi.org/10.1111/j.1365-294X.2009.04311.x
https://doi.org/10.1371/journal.pone.0193457
https://doi.org/10.1371/journal.pone.0193457
https://doi.org/10.3354/meps10924
https://doi.org/10.3354/meps10485
https://doi.org/10.3354/meps10485
https://doi.org/10.1016/j.jtherbio.2020.102692
https://doi.org/10.1016/j.ympev.2012.11.002
https://doi.org/10.1093/acprof:oso/9780198718826.001.0001
https://doi.org/10.1093/acprof:oso/9780198718826.001.0001
https://doi.org/10.1007/978-94-017-3190-4_2
https://doi.org/10.1007/978-94-017-3190-4_2
https://doi.org/10.1111/maec.12650
https://doi.org/10.1111/maec.12650

South, A., S. Michael, and P. Massicotte. 2024. “rnaturalearthdata:
World Vector Map Data From Natural Earth Used in ‘rnaturalearth’.”
R Package Version 1.0.0. https://CRAN.R-project.org/package=rnatu
ralearthdata.

Spalding, M. D., H. E. Fox, G. R. Allen, et al. 2007. “Marine Ecoregions of
the World: A Bioregionalization of Coastal and Shelf Areas.” Bioscience
57: 573-583. https://doi.org/10.1641/B570707.

Teichert, N., M. Lepage, X. Chevillot, and J. Lobry. 2018. “Environmental
Drivers of Taxonomic, Functional and Phylogenetic Diversity (Alpha,
Beta and Gamma Components) in Estuarine Fish Communities.”
Journal of Biogeography 45, no. 2: 406-417. https://doi.org/10.1111/jbi.
13133.

Teles, J. N., and F. L. Mantelatto. 2024. “Tracking Genetic and
Phylogenetic Diversity Across Brazilian Ecoregions: A Molecular
Ecology Approach Using Marine Decapod Crustaceans.” Journal of
Crustacean Biology 44, no. 3: ruae057. https://doi.org/10.1093/jcbiol/
ruae057.

Teles, J. N., F. L. Mantelatto, A. L. Castilho, A. Fransozo, and G.
Bertini. 2020. “Assessing the Factors Driving the Changes in the Spatio-
Temporal Distribution of Hepatus pudibundus (Decapoda, Brachyura)
Over a 20-Year Interval in a Region Under the Influence of El Nifno
(ENSO).” Marine Ecology 41, no. 6: €12617. https://doi.org/10.1111/
maec.12617.

Teles, J. N., P. A. Peres, L. C. Z. Jimenez, F. L. Mantelatto, and J.
P. Quimbayo. 2024. “Congruence Among Taxonomic, Functional,
and Phylogenetic Diversity of Mangrove Crabs in the Southwestern
Atlantic.” Marine Biology 171, no. 25: 1-13. https://doi.org/10.1007/
$00227-023-04326-w.

Tilman, D., F. Isbell, and J. M. Cowles. 2014. “Biodiversity and
Ecosystem Functioning.” Annual Review of Ecology, Evolution, and
Systematics 45, no. 1: 471-493. https://doi.org/10.1146/annurev-ecols
ys-120213-091917.

Tolimieri, N., A. O. Shelton, B. E. Feist, and V. Simon. 2015. “Can We
Increase Our Confidence About the Locations of Biodiversity ‘Hotspots’
by Using Multiple Diversity Indices?” Ecosphere 6, no. 12: 1-13. https://
doi.org/10.1890/ES14-00363.1.

Torres, G., L. Giménez, and K. Anger. 2011. “Growth, Tolerance to Low
Salinity, and Osmoregulation in Decapod Crustacean Larvae.” Aquatic
Biology 12, no. 3: 249-260. https://doi.org/10.3354/ab00341.

Tucker, C. M., M. W. Cadotte, S. B. Carvalho, et al. 2017. “A Guide
to Phylogenetic Metrics for Conservation, Community Ecology and
Macroecology.” Biological Reviews 92, no. 2: 698-715. https://doi.org/10.
1111/brv.12252.

UNEP-WCMC, and TUCN. 2025. Protected Planet: The World Database
on Protected Areas (WDPA) and World Database on Other Effective Area-
Based Conservation Measures (WD-OECM). UNEP-WCMC.

Valentin, J. L. 2001. “The Cabo Frio Upwelling System, Brazil.” In
Coastal Marine Ecosystems of Latin America, edited by U. Seeliger
and B. Kjerfve, vol. 144. Springer. https://doi.org/10.1007/978-3-662-
04482-7_8.

van Der Meer, J., M. Callier, G. Fabi, L. Van Hoof, J. R. Nielsen, and S.
Raicevich. 2023. “The Carrying Capacity of the Seas and Oceans for
Future Sustainable Food Production: Current Scientific Knowledge
Gaps.” Food and Energy Security 12, no. 4: e464. https://doi.org/10.
1002/fes3.464.

Vilela, B., and F. Villalobos. 2015. “letsR: A New R Package for Data
Handling and Analysis in Macroecology.” Methods in Ecology and
Evolution 6, no. 10: 1229-1234. https://doi.org/10.1111/2041-210X.
12401.

Wickham, H. 2011. “The Split-Apply-Combine Strategy for Data
Analysis.” Journal of Statistical Software 40: 1-29. https://doi.org/10.
18637/jss.v040.i01.

Wickham, H., and J. Bryan. 2025. “readxl: Read Excel Files (R Package
Version 1.4.5).” https://CRAN.R-project.org/package=readxl.

Wickham, H., R. Frangois, L. Henry, K. Miiller, and D. Vaughan. 2023.
dplyr: A Grammar of Data Manipulation (R Package Version 1.1.4
https://CRAN.R-project.org/package=dplyr.

Wickham, H., J. Hester, and J. Bryan. 2024. “readr: Read Rectangular
Text Data.” R Package Version 2.1.5. https://CRAN.R-project.org/packa
ge=readr.

Williams, P. H., C. J. Humphries, P. L. Forey, C. J. Humphries, and R. I.
VaneWright. 1994. Biodiversity, Taxonomic Relatedness, and Endemism
in Conservation. Oxford University Press.

Wong, J. S., Y. S. Chan, C. L. Ng, K. P. Tun, E. S. Darling, and D. Huang.
2018. “Comparing Patterns of Taxonomic, Functional and Phylogenetic
Diversity in Reef Coral Communities.” Coral Reefs 37, no. 3: 737-750.
https://doi.org/10.1007/s00338-018-1698-6.

Wood, S. N. 2017. Generalized Additive Models: An Introduction With R.
Chapman and Hall/CRC.

Wright, M. N., and A. Ziegler. 2015. “Ranger: A Fast Implementation of
Random Forests for High Dimensional Data in C++ and R.” Journal of
Statistical Software 77, no. 1: 1-17. https://doi.org/10.18637/jss.v077.i01.

Zizka, A., D. Silvestro, T. Andermann, et al. 2019. “CoordinateCleaner:
Standardized Cleaning of Occurrence Records From Biological
Collection Databases.” Methods in Ecology and Evolution 10, no. 5: 744
751. https://doi.org/10.1111/2041-210x.13152.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Table S1: List of species collected
during bycatch activities and used to map species richness (SR),
Phylogenetic Diversity (PD) and Phylogenetic Endemism (PE). Species
highlighted in red were used only for the calculation of SR due to the
lack of available genetic sequences. Species highlighted in green were
used for the calculation of PD and PE. Species highlighted in yellow
were included in the tree but discarded from the analyses due to possi-
ble accidental capture in trawl fishing environments and different habi-
tat occurrences. Species without colour were used only to construct the
cladogram. GenBank code. Species with fewer than two available genes
were excluded from the phylogenetic diversity analyses. ACS=Amazon
Continental Shelf; AL=Alagoas; ES=Espirito Santo; RJ=Rio de
Janeiro; RS=Rio Grande do Sul; SC=Santa Catarina; SE=Sergipe;
SP=Sao Paulo. Table S2: Summary of species included in the study
according to data availability and usage. Categories indicate whether
species were excluded (e.g., bycatch accidental), used only for species
richness (SR), included in all diversity metrics (SR, phylogenetic diver-
sity [PD] and phylogenetic endemism [PE]), or incorporated only into
the phylogenetic tree due to limited molecular data (fewer than two
genes). These classifications match the colour scheme used in Table S1.
Table S3: Variance Inflation Factor (VIF) values for the predictors used
in the models. Figure S1: Final Pearson's correlation matrix between
selected predictors after multicollinearity analysis. The correlation
values shown in the upper triangle represent the final dataset used in
the models, where variables with R2>0.70 were eliminated to avoid
multicollinearity effects. The diagonal panels display the distribution
(histograms with kernel density overlays) of each predictor, while the
lower triangle panels show scatterplots with smoothed fit lines for each
pairwise comparison. Figure S2: Mitogenomic maximum likelihood
phylogenetic tree of bycatch crustaceans. Bootstrap values are indicated
on nodes. The colours represent the taxonomic group of the crustacean
species. Figure S3: Species Richness (SR), Phylogenetic Diversity (PD),
Phylogenetic Endemism (PE), Weighted Endemism (WE), Evolutionary
Distinctiveness (ED) and their standardised effect sizes (SES). The di-
agonal shows density distributions, the lower triangle displays scatter
plots and the upper triangle presents correlation coefficients. Indices
with correlation R?>0.70 were removed from the analyses. Figure S4:
Multiscale ordination (MSO) showing the spatial structure variation
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of diversity indices across distance classes. The plot shows explained
variance (red circles), residual variance (squares), explained plus resid-
ual variance (crosses) and confidence interval for total variance (solid
line). Black squares indicate significant spatial autocorrelation. The
vertical dashed line represents the truncation point. Numbers below
indicate the number of point pairs in each distance class. Figure S5:
Diagnostic plots for model residuals across three Ranfom Forest mod-
els: SR (Species Richness), PD.SES (Phylogenetic Diversity Standardised
Effect Size) and PE.SES (Phylogenetic Endemism Standardised Effect
Size). Each column represents a different model, with rows showing
(from top to bottom): (1) Q-Q plots and histograms for normality as-
sessment, (2) residuals vs. predicted values and (3) Multiscale Moran's I
correlograms. The SR and PD.SES models exhibit normally distributed
residuals (Shapiro-Wilk test p-values >0.05), while PE.SES residuals
deviate from normality. The Moran's I correlograms demonstrate no
significant spatial autocorrelation across all distance thresholds for the
three models, as indicated by the p-values >0.05, eliminating the need
for spatial regression models in the analysis. Figure S6: Variable impor-
tance plots and response curves from Random Forest models analysing
biodiversity patterns. Variable importance plots showing the increase
in error when permuted for three biodiversity metrics: Species Richness
(SR), Phylogenetic Diversity (PD.SES) and Phylogenetic Endemism (PE.
SES). Variables are ranked from most to least important (top to bottom)
based on their contribution to model accuracy.
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