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ABSTRACT

Habitat configuration governs the movement of organisms across landscapes, thereby shaping both population structure and
community assembly. While theoretical and empirical studies have assessed how habitat connectivity simultaneously influences
intra- and interspecific diversity, direct comparisons across contrasting biogeographic regions remain limited. Here, we investi-
gate patterns of genetic and species 3-diversity in tropical reef fishes across two ocean basins with distinct spatial configurations:
the Caribbean Sea and the Western Indian Ocean. Using a comparative framework based on species occurrence data from five
fish families and single nucleotide polymorphism (SNP) data from 19 species, we detected significant isolation by distance at
both population and community levels in the Western Indian Ocean, but only at the community level in the Caribbean Sea.
Additionally, genetic and species {3-diversity were positively correlated among species in the Western Indian Ocean, but not in
the Caribbean Sea. Together, these results suggest that the shorter inter-reef distances of the Caribbean Sea promote higher con-
nectivity, leading to a decoupling of intra- and interspecific $-diversity patterns.

1 | Introduction and species colonization dynamics (Cowman and Bellwood 2013),

shaping both genetic composition between populations and spe-
Dispersal is a key evolutionary process that influences the spatial cies composition between communities. Hence, when neutral
structure of populations and communities (Kokko and Lopez- processes such as dispersal serve as important drivers of the dis-
Sepulcre 2006). Through the exchange of individuals among tribution of biodiversity across scales of organization, a covaria-
patches of habitat, dispersal determines gene flow (Hellberg 2009) tion between genetic and species compositional dissimilarities is
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expected. Species-genetic diversity correlations (SGDCs) quantify
such patterns (Vellend 2005), and may reveal common ecological
and evolutionary processes that shape biodiversity from popula-
tions to communities (Lamy et al. 2017). However, biodiversity
patterns are influenced by intrinsic biological traits (e.g., Donati
et al. 2021; Keggin et al. 2023) and extrinsic properties (e.g.,
Liggins et al. 2016) that can modulate the association between in-
tra- and interspecific diversity (Vilcot et al. 2024).

Landscape connectivity, shaped by the isolation among suitable
habitats, can impose significant constraints on functional con-
nectivity between communities, with patches that are isolated by
distance or by dispersal barriers requiring greater dispersal capac-
ities for successful colonization (Sudrez et al. 2022). Limited con-
nectivity often increases dissimilarity with geographic distance.
This pattern, known as “isolation by distance” (IBD) in popula-
tion genetics (Kimura and Weiss 1964; Wright 1943) or “distance
decay” in community ecology (Whittaker 1960, 1972; Nekola and
White 1999), depends on the effective number of migrants, as well
as on population or community size. IBD is used as a null model
to test the effect of distance and dispersal on intra- and interspe-
cific compositional dissimilarity (i.e., 8-diversity). Early work on
SGDCs extended this framework to 3-diversity, showing a paral-
lel decrease in community similarity with geographic distance at
both genetic and species levels (Baselga et al. 2013). Such similar
patterns are expected when diversity distribution is constrained by
the neutral process of dispersal (Baselga et al. 2015), yet empirical
evidence remains scarce, especially in marine systems. Given that
the slope of IBD is often considered a good indicator of functional
connectivity (Selkoe and Toonen 2011; Benestan et al. 2021), com-
paring these slopes across contrasting environments can help un-
derstand the role of geographic factors on dissimilarity patterns
across scales of biological organization.

In a marine environment, the exchange of genes and spe-
cies partly depends on seascape connectivity (Galindo
et al. 2006; Hansen and Hemmer-Hansen 2007; Manel and
Holderegger 2013; Selkoe et al. 2016). The structural compo-
nent of this connectivity depends on the spatial configuration of
reefs and open ocean and the hydrological connectivity driven
by ocean currents (Olds et al. 2016). Reefs act as stepping stones
that favor connectivity (Kimura and Weiss 1964; Buonomo
et al. 2017; Boulanger et al. 2020), whereas water trenches can
hinder movement and gene flow among populations (Huyghe
and Kochzius 2018). Currents can further facilitate or restrict
the movement of larvae and juveniles across the seascape,
thereby linking distant communities or separating close habitat
patches (D'Aloia et al. 2015). Together, these factors (geographic
distance, currents, and habitat structure) create a complex mo-
saic of connectivity that shapes the population dynamics and
evolutionary trajectories of marine organisms.

Marine bioregions contain distinct species assemblages
(Spalding et al. 2007), but share lineages from recent global
radiations (Rabosky et al. 2018) and common biological traits
(McLean et al. 2021). Exploring diversity patterns across
bioregions provides a natural experiment with comparable
communities containing phylogenetically related species that
share similar life-history traits, while evolving within differ-
ent seascape configurations (Kulbicki et al. 2013; Parravicini
et al. 2021). In our study, we examine and compare genetic and

species f-diversity patterns between the Caribbean Sea and
the Western Indian Ocean. These two marine basins repre-
sent unique biogeographic environments with varying species-
specific connectivity levels that can influence spatial differences
in both community structure and intraspecific genetic similar-
ity. The Caribbean Sea has a higher proportion of suitable hab-
itats for reef fish, with a smaller mean distance among habitat
patches (Keggin 2023), which reflects higher potential connec-
tivity than the Western Indian Ocean.

Here, we aim to investigate how habitat connectivity shapes
both population and community structure by integrating fish
datasets from the Caribbean Sea and the Western Indian Ocean.
We expect -diversity patterns to exhibit IBD, leading to a pos-
itive correlation between species and genetic -diversity in re-
gions with more limited dispersal, specifically in the Western
Indian Ocean but not in the Caribbean Sea.

2 | Material and Methods
2.1 | Sampling Design

To assess the influence of varying seascape configurations and
connectivity levels on biodiversity, we compared patterns of
genetic and species fish diversity across two contrasting ocean
basins: the Western Indian Ocean and the Caribbean Sea. In
the Western Indian Ocean, we obtained genetic data from
Donati et al. (2021) which included samples from four sites: the
Republic of Maldives, Mafia Island (Tanzania), the Seychelles,
and Mayotte Island (the Comoros archipelago) (range of dis-
tances between sites: 805-3931km). In the Caribbean Sea, we
obtained genetic data from Keggin et al. (2023) which also con-
tain samples from four sites: Providencia Island (Colombia),
Santa Marta (Colombia), Curagao, and Martinique (France)
(range of distances between sites: 556-2190km; Figure 1).

These ocean basins were selected due to their contrasting sea-
scape configurations. According to the Marine Ecoregions of
the World (MEOW) defined by Spalding et al. (2007), the four
Caribbean Sea sites are located within a single province (Tropical
Northwestern Atlantic), while the four Western Indian Ocean
sites are located in two distinct provinces (Central Indian Ocean
Islands and Western Indian Ocean). As described in Keggin
et al. (2023), which quantified seascape metrics at the provinces
scale, the Caribbean Sea exhibits a greater habitable reef area
than the Western Indian Ocean (383,013 vs. 248,661 km?) over
a smaller total area (6,899,039 vs. 14,822,619 km?). Additionally,
the Caribbean Sea contains a higher number of habitat patches,
which are on average larger (2350 vs. 1884km?; Keggin 2023).
These structural differences result in a smaller mean distance
among habitat patches in the Caribbean Sea compared to the
Western Indian Ocean (23 vs. 39 km).

2.2 | Genetic Data

For the species-level diversity, we targeted 27 species in the
Western Indian Ocean and 15 species in the Caribbean Sea,
which were sampled in 2016-2017 and in 2018-2020, respec-
tively (Donati et al. 2021; Keggin 2023). To ensure taxonomic
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Sampling scheme of the 19 genotyped species. Sampling sites in the Caribbean Sea (in orange, from darkest to lightest: Providencia,

Santa Marta, Curacao, Martinique) and the Western Indian Ocean (in red, from darkest to lightest: Mafia, Mayotte, Seychelles, Maldives), with
reefs shown in shades of blue (UNEP-WCMC et al. 2021). Phylogenetic relationships spanning five families (Rabosky et al. 2018; Chang et al. 2019):
Acanthuridae (black), Labridae (purple), Mullidae (blue), Pomacentridae (turquoise), Tetraodontidae (light blue). Number of samples after genetic

filtering, for each species at each sampling site. Adapted from Donati et al. (2021) and Keggin et al. (2023).

comparability, we prioritized families that have species in both
ocean basins. The total of 42 reef fish species included in the
genetic dataset was also selected to ensure maximum repre-
sentation across a broad range of ecological and morphological
traits, including body weight (ranging from 0.22 g for Dascyllus
aruanus to 6315 g for Caranx melampygus across sampled indi-
viduals), morphology (see Donati et al. 2025 for species of the
Western Indian Ocean), and distribution within the Teleost

phylogeny. Fish sampling was conducted via scuba diving using
hand barrier nets. For larger-bodied and more mobile species,
we complemented the sampling with locally caught fish from
local markets. For each specimen, we collected tissue samples
from either the muscles or the fins and stored them in either
90% EtOH or RNAlater. In total, across the 42 species, we
sampled 1701 individuals, with 1061 from the Western Indian
Ocean and 640 from the Caribbean Sea (Figure S1).
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Full details of genetic data and metric preparation can be found
in Donati et al. (2021) and Keggin et al. (2023). In summary, DNA
extraction from tissue samples was carried out using the LGC
sbeadex tissue purification kit and the KingFisher Flex by Thermo
Fisher Scientific for large extraction batches. Libraries for double
digest restriction-site-associated sequencing (ddRADseq) were
constructed following a similar protocol adapted from Peterson
et al. (2012) as described in Donati et al. (2021) for the Western
Indian Ocean, and in Keggin et al. (2023) for the Caribbean Sea.
Briefly, libraries were prepared using EcoRI and Taql restriction
enzymes. A set of 48 barcodes, combined with two Illumina in-
dexes, was used to tag samples, generating 12 uniquely indexed
equimolar pools for the Western Indian Ocean and 19 for the
Caribbean Sea. Negative controls and individual replicates were
included to detect contamination and assess sequencing consis-
tency. All Caribbean Sea libraries were pooled together while
maintaining equimolarity across samples. Western Indian Ocean
libraries were sequenced on 12 lanes on the Illumina HiSeq 2500
(2x125bp), while Caribbean Sea libraries were sequenced on one
lane of the Illumina NovaSeq 6000 (2 150bp).

For each species separately, SNP calling was carried out according
to Donati et al. (2021), but we used the post-genotyping filtering
option from Keggin et al. (2023). Specifically, we excluded individ-
uals with more than 50% of missing data, and SNPs with more
than 20% of missing data in each sampling site or 5% of missing
data across all individuals. Additionally, only the first SNP per
locus was retained to reduce bias across loci. Given the different
genomic architectures of each species, differences in SNP numbers
were expected across species. To control for this bias, we randomly
subsampled loci for each species to the minimum number of loci
found across species in both oceans (n=2852). To address the
unequal numbers of genotyped individuals between species and
sampling sites, we also subsampled each site to a maximum of 10
individuals per sampling site per species. The SNP and individual
subsampling steps, and all derived metric calculations, were car-
ried out iteratively 999 times. After confirming an acceptably low
level of variation between iterations, the mean metric values across
these 999 iterations were used in the final analyses.

Among the 42 species genotyped, we retained only those for
which genetic data were available for at least three individuals
in each of the four sampling sites, and samples with a minimum
depth of coverage of 4. We further only retained species which
had family representatives left in both oceans. Over the 42 spe-
cies, 10 were excluded because they lacked genetic data in at least
one site across the four sampled sites, and an additional 13 spe-
cies were excluded because they had no family relatives remain-
ing in both oceans (Table S1). This resulted in a reduced final
selection of 890 individuals from 19 species spanning five fam-
ilies: the Acanthuridae (surgeonfishes, tangs, unicornfishes),
Labridae (wrasses), Mullidae (goatfishes), Pomacentridae (dam-
selfishes), and Tetraodontidae (puffers; Figure 1).

2.3 | Occurrence Data

For the community-level diversity, we obtained occurrence data
for 15,595 Actinopterygii and Chondrichthyes species through
an updated version of Albouy et al. (2019) dataset. This dataset
combines the GASPAR database (Parravicini et al. 2013) and the

Ocean Biogeographic Information System (OBIS, http://www.
obis.org) utilizing a 1° resolution grid covering all oceans. To
parallel the genetic sampling, we extracted the list of fish species
present at each sampling site within a 111km buffer (~1° at the
equator) from this global database. The extraction identified a
total of 2239 species in the four Caribbean Sea sites and 2518
species in the Western Indian Ocean sites. From this list of spe-
cies presence at each site, we generated lists of species per site for
each selected family.

2.4 | Genetic and Species @-Diversity

Genetic B-diversity (8-GD) for each genotyped species was
computed as Hedrick's G”¢; (Meirmans and Hedrick 2011) as
described in Keggin et al. (2023). The original G, defined as

TH_THS (Nei 1987), measures genetic differentiation among pop-
ulations and is similar to the common F., though it accom-
modates multiple alleles. Hedrick's G'g = % (Hedrick 2005)

ST

™ Gstamay
standardizes Gy by the maximum possible value it can obtain.
The unbiased estimator G”4, includes an additional correction
to reduce bias that can occur when the number of sampled
populations is small (Meirmans and Hedrick 2011). We com-
puted both overall and pairwise values between sampling sites
by using the Gst_Hedrick and the pairwise_Gst_Hedrick func-
tions of the “mmod” R package (Winter 2012). The reported
-GDs are the average of all the 999 resampling of the 2852
SNPs datasets.

We quantified species @-diversity (8-SD) for each selected
family using Jaccard's dissimilarity index (§;,.-SD), which
measures how different two sites are in terms of species com-
position. We opted for Jaccard's dissimilarity index as it gives
more weight to unique species in each site than Serensen dis-
similarity index for example (Baselga 2012). We further par-
titioned the BjaC—SD into its nestedness component (Bjne—SD),
reflecting differences due to species richness, and its turnover
(Bjm-SD) component, which captures species replacement and
is independent of richness differences (Baselga 2010). These
calculations were performed with the “betapart” R package
(Baselga and Orme 2012), using the function beta.multi for
overall estimates and the function beta.pair for pairwise esti-
mates between sites.

Variation in dispersal potential for each family in each ocean
basin was estimated with the pelagic larval duration (PLD). PLD
values for each species present in our sampling sites were taken
from Luiz et al. (2013). If not available at the species level, the
PLD was computed as the median at the genus level.

2.5 | Genetic and Species Isolation by Distance

We assessed population and community IBD, that is the increase
of genetic and species f-diversity with geographic distance
(Wright 1943; Kimura and Weiss 1964; Nekola and White 1999),
within each ocean basin. To integrate our multi-taxa dataset, we
implemented maximum-likelihood population-effects (MLPE)
linear mixed models (Clarke et al. 2002). MLPE includes a co-
variate structure to account for the nonindependence of pair-
wise values (f-diversity or geographic distance), and offers
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greater flexibility than traditional Mantel tests as it allows to add
a random effect for species or families. This enabled us to esti-
mate an average IBD slope for each ocean, while permitting each
species to have its own baseline level of 3-diversity (i.e., different
intercepts). We estimated the geographic distance (in km) as the
shortest in-water distance between pairs of sites avoiding land
masses, using the GEBCO-gridded bathymetry data (https://
www.gebco.net) and the lc.dist function of the “marmap” R
package (Pante and Simon-Bouhet 2013). We fitted the MLPE
models using the Ime function from the “nlme” R package com-
bined with the corMLPE function of the “corMLPE” R package.
The marginal (R’?m) and conditional (R?c) coefficients of deter-
mination were computed using the r.squared GLMM function of
the “MuMIn” R package.

2.6 | P Species-Genetic Diversity Correlations

To investigate the relationship between genetic and species dis-
similarity, we aimed to quantify (8 species-genetic diversity correla-
tions (8-SGDCs) for each genotyped species. Similarly to the IBD,
we tested f-SGDC within each ocean using MLPE linear mixed
models, combining distance matrices of all species/family from
each ocean basin, with a random effect on the species/family.

All statistical analyses were performed in R v4.1.2 (R Core
Team 2022).

3 | Results
3.1 | Genetic and Species Diversities

Across the 19 genotyped species (Table 1), genetic 3-diversity was
on average lower (Figure 2a; ANOVA F=4.77, p-value =0.043)
in the Caribbean Sea (mean (-GD=0.0178+0.016) than in
the Western Indian Ocean (mean (-GD=0.0379+0.021).
With only five families compared at the community level, we
found no significant difference of §;-SD (Figure 2b; ANOVA
F=0.96, p-value=0.355) between the Caribbean Sea (mean
6jm—SD:0.089iO.14S) and the Western Indian Ocean (mean
Bjm—SD =0.163+0.089). Three families in the Caribbean Sea
(Acanthuridae, Mullidae and Labridae) exhibited no species
turnover between most pairs of sites (i.e., Bjm—SD =0 for all site
pairs), such that the total Jaccard dissimilarity (Bjac—SD) was en-
tirely explained by nestedness for these families (Table 1).

To account for differences in dispersal abilities of focal families
that could underlie differences in -diversity between oceans,
we verified that the average PLD across species retained for
biodiversity assessments did not differ between ocean basins.
There was no difference in the average PLD between oceans for
species included in the community dataset (Figure 2c; F=0.17,
p-value =0.678), nor for those composing the genetic dataset
(Figure 2c; F=0.57, p-value =0.464).

3.2 | Genetic Isolation by Distance

We evaluated the impact of geographic distance on genetic
-diversity in each ocean basin separately (Figure 3a). For

within-species 8-GD, we found evidence of IBD across species of
the Western Indian Ocean, where genetic dissimilarity increased
significantly with geographic distance (Table 2; MLPE p-value
<0.001). This pattern suggests restricted gene flow among pop-
ulations as geographic distance increases. In contrast, we de-
tected no significant IBD across species of the Caribbean Sea
(Table 2; MLPE p-value > 0.05), indicating that gene flow may be
higher or not dependent on geographic distance in this region.

3.3 | Species Isolation by Distance

We also tested for a signal of IBD on within-family species $3-
diversity for each ocean (Figure 3b). Using the species turnover
Bjtu-SD, we detected a significant relationship between within-
family Bjtu-SD and geographic distance both in the Western
Indian Ocean and in the Caribbean Sea (Table 2). Results using
total species dissimilarity (Bjac-SD) were similar (Figure S2).
This suggests that species total dissimilarity and turnover within
families are spatially structured by distance in both oceans.

3.4 | Species-Genetic Diversity Correlation

To test whether genetic and species $-diversity covary spatially,
we assessed the correlation between f-GD and 3-SD in each
ocean basin (Figure 3c). § species-genetic diversity correla-
tion was positive in the Western Indian Ocean using BjaC-SD
(Figure S2b; Table 2; MLPE p-value <0.01) and marginally sig-
nificant using Bjtu-SD (Figure 3c; Table 2; MLPE p-value=0.05),
but never significant in the Caribbean Sea (Table 2; MLPE p-

value >0.05).

4 | Discussion

The spatial structure of habitats is recognized as a major
determinant of connectivity between populations or com-
munities by influencing how individuals move across space
(Baguette et al. 2013; Cowman and Bellwood 2013; Riginos
and Liggins 2013; Dalongeville et al. 2018). However, the
influence of landscape or seascape connectivity on both in-
tra- and interspecific diversity has rarely been examined in
an integrated framework. Our study addressed this gap by
evaluating the co-variation of species and genetic 3-diversity
in tropical fishes and comparing them in two distinct geo-
graphical regions: the Caribbean Sea and the Western Indian
Ocean. Overall, we observed IBD in both genetic and spe-
cies B-diversity in the Western Indian Ocean, whereas the
Caribbean Sea exhibits IBD only in species 3-diversity. These
patterns confirm an overall positive correlation between
species and genetic $-diversity in the Western Indian Ocean
(Vilcot et al. 2023). In contrast, the higher connectivity in
the Caribbean Sea led to an absence of covariation between
genetic and species f-diversities. Together, our findings high-
light the critical role of seascape structural connectivity in
shaping functional connectivity from intra- to interspecific
levels.

Positive 8-SGDCs have been reported in several natural sys-
tems (see Kahilainen et al. 2014), often related to connectivity
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TABLE 1 | Within-family 8 species diversity (ﬁjac—SD) and within-species 8 genetic diversity (8-GD) metrics in each ocean (values from
Keggin 2023), with indication of the number of species in the presence data (N species), and the number of individuals in the genetic data (N

individuals), for each ocean: Caribbean Sea and the Western Indian Ocean.

N N
Family Ocean species ﬁjac-SD ﬁjtu-SD ﬁjne-SD Species individuals B-GD
Acanthuridae Caribbean Sea 5 0.400 0.000 0.400 Acanthurus 42 0.0350
tractus
Western 42 0.410 0.207 0.203 Ctenochaetus 69 0.0106
Indian Ocean striatus
Labridae Caribbean Sea 32 0.406 0.000 0.406 Halichoeres 28 0.0149
garnoti
Western 93 0.437 0.270 0.167 Gomphosus 44 0.0172
Indian Ocean caeruleus
Halichoeres 46 0.0202
hortulanus
Hemigymnus 44 0.0727
fasciatus
Mullidae Caribbean Sea 5 0.200 0.000 0.200 Mulloidichthys 53 —0.0100
martinicus
Western 17 0.286 0.118 0.168 Parupeneus 56 0.0354
Indian Ocean macronemus
Pomacentridae  Caribbean Sea 21 0.284 0.111 0.172 Agzurina cyanea 54 0.0147
Azurina 51 0.0370
multilineata
Stegastes partitus 46 0.0216
Western 71 0.487 0.185 0.302 Chromis 35 0.0654
Indian Ocean atripectoralis
Chromis 49 0.0435
ternatensis
Chromis weberi 45 0.0631
Dascyllus aruanus 39 0.0522
Dascyllus carneus 55 0.0232
Dascyllus 40 0.0231
trimaculatus
Tetraodontidae  Caribbean Sea 12 0.429 0.333 0.095 Canthigaster 57 0.0116
rostrata
Western 22 0.363 0.038 0.325 Canthigaster 44 0.0284
Indian Ocean valentini

(Vilcot et al. 2023), historical processes (Robuchon et al. 2019),
or even to direct interaction between species and genetic diver-
sity (Fourtune et al. 2016). Our results align with the findings
of Baselga et al. (2013), who revealed consistent distance-decay
patterns from genetic to species when dispersal constrains diver-
sity distribution. The Caribbean Sea, with its higher proportion
of habitable area and greater number of habitat patches, demon-
strates a much lower mean distance between patches compared
to the Western Indian Ocean (Keggin 2023). This configuration
likely facilitates higher dispersal among reef fish populations
(Buonomo et al. 2017). Although we considered isolation based

on geographical distance as a first approximation, the ocean dy-
namics can be particularly strong in some regions such as the
Caribbean Sea. Incorporating isolation by temporal distance
derived from ocean circulation models simulating particle
movement, and extending the sampling to more ecoregions may
reveal different results in the Caribbean Sea (White et al. 2010).
A thorough assessment of larval connectivity that accounts for
ocean currents could further help disentangle the relative con-
tribution of currents versus geographic distance alone in shaping
both genetic differentiation and community dissimilarities (e.g.,
Bernal-Duréan et al. 2024; Burt et al. 2024). Such approaches
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Diamond shapes are PLD for species of the genetic dataset, and boxplots are the PLD for species of the community dataset for which information was

available from Luiz et al. (2013).

can also provide insights into the directionality of connectivity
among communities (Riginos et al. 2016).

Our study leverages extensive multispecies genetic sampling.
However, the combination of this genetic dataset with occur-
rence data that were not generated to address this specific
research question may introduce heterogeneity in the spatial
resolution of the detected patterns. Nevertheless, combining
these complementary datasets provided a broad coverage of
environmental heterogeneity. As the detection of genotype-
environment relationships strongly depends on the spatial
and temporal matching between environmental predictors,
sampling design, and the biological scale at which adaptive
processes occur (Dauphin et al. 2023), our results should be
interpreted as reflecting broad-scale trends rather than local-
scale processes. Additionally, the limited number of sites

sampled in each ocean basin due to a trade-off between sam-
pling many sites or many species using traditional genetic
data, constrained our ability to estimate spatial patterns at a
high resolution. Leveraging standardized sampling strategies
such as environmental DNA (e.g., Adams et al. 2019; Vilcot
et al. 2026) would enable finer-scale genetic datasets, facilitat-
ing comparisons of species-specific and family-specific diver-
sity patterns.

In this study, we compared species from the same five fami-
lies across the two ocean basins, ensuring broadly comparable
dispersal potential and life-history traits. Of the five families
studied, three (Acanthuridae, Labridae, Pomacentridae) are
among the six most dominant reef families according to the
Coral Fish Diversity Index (Allen and Werner 2002), and thus
play a key role in structuring reef fish communities. This focus
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FIGURE 3 | Contrasting isolation by distance and species-genetic diversity correlation between the Caribbean Sea (orange) and the Western

Indian Ocean (red) using MLPE linear mixed model. Isolation by distance on species 3-diversity (a) and on genetic 8-diversity (b). (c) § species-genetic

diversity correlation between species 3-diversity and genetic 3-diversity. Species -diversity was measured as Jaccard turnover (Bjtu—SD) for each fam-

ily and genetic §-diversity was measured as genetic differentiation (G";) for each species.

on dominant families ensures that our findings reflect pat-
terns relevant to the broader ecological dynamics of tropical
reef ecosystems. Yet, tropical reef fishes exhibit a large dispar-
ity of life histories and ecological strategies, which signifi-
cantly influence their dispersal (Cowman and Bellwood 2013;
Bellwood et al. 2017). Dispersal, occurring during the pe-
lagic larval stage for the majority of fishes (Leis 1991; Green
et al. 2015), plays a pivotal role in population connectivity
and gene flow among geographically separated populations in
interaction with the seascape (Morrison et al. 2011). Key bi-
ological traits, such as PLD (Selkoe and Toonen 2011), swim-
ming ability (Hogan et al. 2007), reproductive behaviors and
parental investment (Riginos et al. 2014), or even the timing of
the spawning (Torquato and Meller 2022) vary widely among
species and critically impact the extent and success of disper-
sal and resulting diversity patterns. In the Western Indian

Ocean, species with shorter PLD have been shown to exhibit
stronger positive 3-SGDCs (Vilcot et al. 2023). However, when
reef systems are sufficiently connected so that most sites are
within the dispersal range of all species regardless of their dis-
persal capacities, the influence of PLD on diversity patterns
is expected to weaken or disappear (Mora et al. 2012). This
scenario is likely in the Caribbean Sea, where reef distances
are generally smaller and connectivity higher. We hypothesize
that species with lower dispersal ability may be more sensi-
tive to seascape structure and show the greatest differences
in B-diversity between ocean basins. Further exploration of
the interactions between species dispersal ability and habitat
connectivity could help unravel the variability in IBD patterns
across lineages, especially by estimating lineage-specific
dispersal abilities, or even dispersal kernel estimates rather
than mean trait values (D'Aloia et al. 2015). In particular,
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TABLE 2 | Summary statistics of the MLPE linear mixed models by ocean basin for isolation by distance (IBD) and 8 species-genetic diversity
correlation ($-SGDC). MLPE are between genetic 3-diversity (-GD), species turnover (Bjtu—SD), species total dissimilarity (Bjac—SD), and geographic
distance (in km). R?c: Conditional R%; R?m: Marginal R2. Significant relations (p-value <0.05) are indicated in bold.

Hypothesis Response Predictor Ocean Estimate p R% R?,
Genetic IBD B-GD~ Geographic distance Caribbean Sea 7.59E-06 0.222 0.03 0.29
Western Indian Ocean 1.24E-05 0.000 0.17 0.25

Species IBD Bjm—SD~ Geographic distance Caribbean Sea 3.68E-05 0.039 0.05 0.52
Western Indian Ocean 8.02E-05 0.000 0.45 0.45

BjaC-SD~ Geographic distance Caribbean Sea 9.17E-05 0.000 0.11 0.11

Western Indian Ocean 6.90E-05 0.000 0.47 0.67

B-SGDC Bjm—SD~ B-GD Caribbean Sea 0.235 0.597 0.00 0.47
Western Indian Ocean 0.875 0.054 0.05 0.05

Bjac-SD~ B-GD Caribbean Sea 0.836 0.093 0.02 0.02

Western Indian Ocean 0.852 0.010 0.07 0.07

combining biophysical models with B-diversity estimates
would help unravel the interplay between seascape structure
and species dispersal abilities (Jahnke and Jonsson 2022), of-
fering a more comprehensive and mechanistic picture of con-
nectivity patterns from genes to communities.

In conclusion, our study based on a multispecies genetic sam-
pling across two biogeographic regions highlights that intra-
and interspecific biodiversity patterns and the covariation
between them can be highly variable. We emphasize the major
role of seascape connectivity on both population and commu-
nity assembly in tropical reef fishes, suggesting intricate rela-
tionships between micro- and macroevolutionary biodiversity
patterns.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Number of samples se-
quenced for all the 42 species collected in the Caribbean Sea and the
Western Indian Ocean. Figure S2: MLPE linear mixed model of spe-
cies isolation by distance (a) and §8 species-genetic diversity correlation
(b) using total Jaccard dissimilarity as species -diversity. Table S1:
Genotyped species excluded from the analysis due to insufficient sam-
pling or lack of oceanic comparison.
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