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With their simplified and isolated communities, oceanic islands are
considered ‘natural laboratories” for biogeographic and evolutionary
studies. Along the Mid-Atlantic Ridge (MAR), St Paul’s Rocks, Ascension
and St Helena islands are nearly equidistant from South America and
Africa. While St Paul’s Rocks is typically associated with the Brazilian
Province, Ascension and St Helena are commonly treated as a unified
biogeographical entity despite being separated by approximately 1300 km
of open ocean. Using an expert-validated, rigorously curated dataset on
Atlantic reef fishes, we demonstrate that these three islands constitute a
cohesive biogeographic unit, sharing 46 species found nowhere else in
the Atlantic. By integrating time-calibrated phylogenies and distributional
data, we reconstructed dispersal routes of 88 MAR fishes, revealing
predominant western Atlantic origins and a pronounced eastern influence
among endemics. Divergence estimates for two Ascension endemics
may predate the islands’ emergence, highlighting the potential roles of
seamounts and eustatic sea-level changes in shaping biotic persistence
and diversification. Trait analysis revealed that MAR fishes are typically
larger, occupy wider depth ranges and are more often pelagic spawners
and rafters than MAR endemics and their coastal counterparts. Our
findings underscore the complex biogeographic and evolutionary processes
structuring the reef fish communities of the tropical MAR islands.

1. Introduction

Biogeography seeks to explain spatial patterns of biodiversity by assessing
the distributions of organisms. This interdisciplinary field draws on ecol-
ogy, geology and palaeontology to uncover the evolutionary and ecological
mechanisms underlying regional differences and similarities [1-3]. In the
marine realm, biogeographic barriers are often subtler than on land, as the
fluid nature of the environment, combined with the pelagic larval stage
common in many species, enables strong connections across vast distances.
In this context, oceanic islands emerge as compelling research subjects, often
considered ‘natural laboratories” for biogeographic, ecological and evolution-
ary studies due to their isolation, small size and often well-known geologi-
cal histories [4-6]. Studies on these environments can offer critical insights
into ecological and evolutionary processes and community assembly across
space and time. Many oceanic islands are classified as unique provinces
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within greater biogeographic areas, following the threshold of >10% endemism proposed by Briggs [4], a parameter still widely n

applied [1,3].

In the Atlantic, St Paul’s Rocks (0°55’ N, 29°21' W), Ascension (7°58' S, 14°23' W) and St Helena (16°00’ S, 5°45’ W) are highly
isolated oceanic islands of great biogeographic interest. They are located in the Mid-Atlantic Ridge (MAR), central to the coasts
of South America and Tropical Eastern Africa [7] (electronic supplementary material, table S1), prompting questions about
the origins of their biotic composition and evolutionary history. Ascension and St Helena are volcanic islands that surfaced
around 1.15 million years ago (Ma) and 15 Ma, respectively, and are known as two of the remotest islands in the world. Their
pronounced isolation has contributed to a depauperate shallow fish fauna, with 116 species recorded for Ascension and 95 for
St Helena [8]. St Paul’s Rocks, one of the smallest and most isolated archipelagos, originated around 9 Ma and, although often
viewed as an impoverished outpost of the Brazilian marine fauna, also hosts species absent from nearby coasts yet present on
other Atlantic islands, with a total of 70 reef fish species [7,9-11].

Thousands of kilometres separate these three islands within the tropical Atlantic, where biogeographic barriers of distinct
orders act as possible boundaries for genetic connectivity, such as distance, sea currents, temperature and salinity. Surface
currents generally flow from the eastern Atlantic towards the MAR, potentially transporting larvae [3]. However, faunal
affinities for many reef groups are stronger with the western Atlantic (e.g. [12-15]), supported by palaeontological [13] and
phylogeographic [16] evidence, indicating a prevailing west-to-east dispersal. Another dispersal route seems to connect the
Indian Ocean to the tropical Atlantic, possibly via the Cape of Good Hope [3,17,18], transported by the Agulhas leakage
during interglacial periods [18,19]. Although currents seem to facilitate mainly larval dispersal [7,20], other studies highlight the
importance of various additional biological attributes for fishes dispersing to oceanic islands and the differences between this
group and insular endemic species (e.g. [21,22]).

Notably, factors beyond pelagic larval duration are equal or better predictors of reef fish geographic range size, such as
adult body sizes, schooling behaviour and period of activity [23]. Larger range sizes and the ability to raft enhance the odds
of reaching remote locations, while pelagic larval development (instead of demersal) is an important feature for crossing soft
barriers [24]. Furthermore, environmental factors (‘habitat similarity’, such as similar surface temperatures and water turbidity)
promote the settlement, maintenance and connectivity of species and populations among insular and coastal areas (e.g. Greater
Caribbean and Brazilian oceanic islands), as well as connecting different islands [10]. Historical, oceanographical and geological
factors, including seamounts and sea-level fluctuations, further shape insular community assembly [25]. Given their distinct
geological ages, extreme isolation and geographic position, the MAR islands offer a valuable case study for understanding
transatlantic dispersal and how traits and phylogenetic history influence species’ responses to biogeographic filters.

Here, we examine the evolutionary history and biogeographical patterns of three MAR islands, focusing on (i) historical
connections, (ii) biogeographic affinities of their reef fish assemblages, and (iii) contrasts in life-history traits among Atlantic,
MAR and MAR endemic fishes. We identify the MAR islands as a single biogeographic entity with 17 fish species shared
exclusively among two or more of the islands and three endemics common to all. Leveraging a comprehensive dataset
covering distributions and life-history traits for 1637 Atlantic reef fishes, we explore how species attributes may influence
their geographic ranges and the emergence of insular endemism. Our analyses encompass ancestral areas, haplotype networks
and biogeographical patterns of over half of the fish species that occur on the MAR islands, shedding light on the influence of
both the western and eastern Atlantic in the community composition of these isolated habitats. By integrating expert-curated
data and molecular analyses, our findings provide valuable insights into macroecological and evolutionary dynamics that shape
reef fish diversity in one of the Atlantic’s most isolated marine systems.

2. Material and methods

(a) Species distributions and life-history traits

We gathered presence-absence data for 73 families of reef-associated fishes, encompassing 1637 species in 26 distinct biogeo-
graphical units within the Atlantic Basin (electronic supplementary material, table S2), thus building a comprehensive Atlantic
fish database [8]. We followed Floeter et al.’s definition for ‘reef fish’ [3], including any shallow (<100 m) tropical/subtropical
benthic or benthopelagic fishes that consistently associate with hard substrates of coral, algal or rocky reefs or occupy adjacent
sandy substrate. All distributions were strictly verified by the authors and double-checked with online databases and available
literature (peer-reviewed regional checklists and scientific papers). Life-history traits were compiled using personal data, online
databases and published sources (e.g. [10,21,26,27]). Carefully curating the aforementioned data was a crucial step in mitigating
issues associated with using information from unfiltered online databases, as discussed by Chollett & Robertson [28] and Nori et
al. [29].

(b) Cluster analysis

We used presence-absence information for 1637 reef fish species to perform a bootstrapped cluster analysis (999 replicates)
with Euclidean distance matrix, Serensen similarity coefficient and UPGMA as the clustering method, selected based on the
highest degree of reliability of the clustered branches, and cophenetic correlation value [30] (figure 1). Here, p-values for cluster
nodes were calculated using bootstrap resampling (999 replicates) with the ‘Pvclust’ package [31]. To preclude possible bias
related to species misidentification and differences in the sampling effort among the studied areas, we also performed the same
cluster analyses using genus distribution (electronic supplementary material, figure S1). Invasive, introduced and undescribed
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species were excluded. Areas encompassed by the Guiana and Amazonian coasts, South European Atlantic Shelf and Saharan n

Upwelling [32] were excluded from ensuing analyses, given the unavailability of polished data on reef fish distributions, along
with overall habitat dissimilarity compared with adjacent studied regions.

(c) Taxonomic selection: phylogenies

We compiled molecular phylogenies with estimations of divergence time, including species endemic to at least one of the MAR
islands. Six phylogenies met these requirements (Chaetodon, Chromis, Priolepis, Scartella, Sparisoma and Thalassoma [33-38]). Since
the Chaetodon and Chromis tree files were not available from the original publications, we compiled the sequences available in
GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and re-ran the divergence time analyses, reaching results congruent with
those recovered by the original publications.

(d) Molecular phylogenies and haplotype networks

When phylogenies lacked an estimate of the divergence time, sequences and topology were used for subsequent analysis;
that is, we used the ‘sibling species’ relationships found in the topologies to perform the analysis of divergence time. When
sister-pairs molecular phylogenetic studies were unavailable, we pursued the sequences of target species in GenBank and
Barcode of Life Data System (http://www.boldsystems.org/) to perform analyses of divergence time between clades. We also
generated novel genetic sequences for species of Prognathodes and Stegastes, which were previously unrepresented in genetic
databases (electronic supplementary material, table S3). Therefore, divergence dates were calculated for five sister-pairs of
MAR endemics and their closest relatives (genera Chaetodon, Chromis, Ophioblennius, Prognathodes and Stegastes) using BEAST
2.6.3 [39], with a relaxed lognormal clock and the Calibrated Yule Model as priors. Substitution models were estimated using
jModelTest2 [40]. Secondary calibration points provided by Rabosky et al. [41] or by time-tree phylogenies of the target group
were also considered. In multi-locus analyses with both mtDNA and nuDNA, the genes were individually partitioned, thereby
enabling the specification of independent substitution models for each partition (electronic supplementary material, table S5).
In single-locus mtDNA analyses, we employed a strict molecular clock, applying mutation rates derived from the literature:
0.02 for the COI gene, 0.025 for CytB and 0.035 for the control region [42,43]. At least two independent Markov chain Monte
Carlo (MCMC) simulations were implemented for each analysis. The MCMC chain length was refined to be sufficient once all
convergence statistics of effective sample sizes were >200, sampling trees at every 0.01% generation of the chain length. The
run parameters were accessed in Tracer 1.7 [44], and the log and tree files were combined in LogCombiner [39]. The target
tree was summarized in TreeAnnotator [39] after excluding 20% burning from each run. In the analyses, divergence dates
were considered only when a clear phylogenetic separation was discernible between the MAR and eastern or western Atlantic
populations (i.e. clearly distinct clades with geographical structure and absence of shared haplotypes between them). When
different clades were not distinguishable for those regions, indicating an absence of isolation between populations from the
MAR and eastern or western Atlantic, the divergence date was computed as zero, regardless of the estimated crown age (e.g.
Centropyge [17]). This also applies to cases when there was no separation between different islands. To discern finer details
of population connectivity, we constructed haplotype networks using the TCS algorithm [45] implemented in PopArt [46] for
Opbhioblennius and Stegastes species (figure 2).

(e) Ancestral areas

We estimated the ancestral geographic range of 10 MAR lineages for which we were able to obtain or build phylogenetic trees
(genera Chaetodon, Chromis, Ophioblennius, Prognathodes, Scartella, Sparisoma and Thalassoma; figure 3; electronic supplementary
material, figure 514) with the R package ‘BioGeoBEARS’ [47]. In cases of comprehensive phylogenies, the trees were pruned
by selecting the clade that included the MAR fishes. The analysis performed in ‘BioGeoBEARS’ is a result of three different
models to assess the biogeographic history of the species: dispersal-vicariance analysis (DIVALike), Bayesian analysis of
biogeography (BayArea-like model) and dispersal-extinction—cladogenesis (DEC model [48]). We performed six non-stratified
and six time-stratified analyses using each model (i.e. DEC, DIVA and BayArea), including those with founder-event jump
dispersal (e.g. ‘'DEC+/" model). We designated 10 biogeographic regions for this analysis (modified from [1,32,49]; electronic
supplementary material, figure S2).

(f) Functional space

To estimate functional diversity, we used six life-history traits compiled for Atlantic reef fish [8]: maximum total adult body
length and depth range, spawning method, schooling behaviour, diet and rafting ability (see figure 4 legend for spawning and
dietary classes). Fishes were arranged into functional entities (unique trait combinations), and for this purpose, we grouped
the numerical traits ‘maximum body length” and ‘maximum depth’ into categories following Mouillot et al. [50] and Halpern
& Floeter [51], respectively. Variations in trait composition for each group of species occurrence (MAR endemics, MAR fishes
and Atlantic fishes) were evaluated using principal coordinate analysis with Gower dissimilarity matrix [52]. Functional indexes
(functional evenness, richness and diversity; electronic supplementary material, table 56) and the quality of functional spaces
(electronic supplementary material, figure S3) were calculated using the ‘mFD’ R package [53], and geometric polygons for each
group were created using convex hulls with R package ‘geometry” [54].

95105707 <267 § 205y 70l qdsy/jewnof/BioBuysyqndiaaposiefos


https://www.ncbi.nlm.nih.gov/genbank/
http://www.boldsystems.org/

Downloaded from https://royal societypublishing.org/ on 16 July 2025

Height

Northeastern Atl

Great Caribbean ‘
+ Bermuda

SIIUBJIY UIBISIM

00L|OOL

85 09

Tropical Eastern Atl ¢

St Paul’s Rocks
° /ﬁ,,

=4

MAR
Southwestern Atl

[ J
St Helena
&

(IVIN)
36pry dnURPY-pPIN

%)

ag

001j00}
(%)
-

| LL]06
(%) sanea dg/nNv yim weiboipuap JajsniD

% endemic spp

O 100
O 200
O wo
Qmo

Figure 1. Map of the Atlantic Ocean outlining the western (pink) and eastern (blue) coasts and the tropical islands of the MAR combined in yellow. Outer circles
are sized according to the number of fish species present in each Atlantic region, and internal circles are proportional to the number of endemics in each region. The
internal circle of South Africa represents Indo-Pacific species absent in the Atlantic or endemic species for the area. The number of species shared among the areas is
shown by the width of the grey lines connecting them. On the right side, bootstrapped cluster analysis shows the biogeographic clustering within the Atlantic. The
circles in the map and acronyms in the dendrogram are coloured according to significant groups. Red numbers on the nodes represent approximately unbiased p-values
(‘au’), and green numbers are the bootstrap probability value (‘bp’) for each cluster. The two-letter acronyms in the dendrogram refer to the 26 units used for compiling
reef fish distributions (electronic supplementary material, table 52).
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3. Results

St Paul’s Rocks, Ascension and St Helena formed a statistically supported cluster (figure 1), with Ascension and St Helena more
similar to each other than either is to St Paul’s Rocks. The MAR ichthyofauna showed greater affinity with the western Atlantic,
particularly the Brazilian Province and Greater Caribbean, sharing 44 species exclusively. We found that 11 fish species occur
only in the MAR islands and eastern Atlantic regions; 74 are amphi-Atlantic and 44 are MAR endemics (three of which occur
across all three islands; electronic supplementary material, table S7).

Ancestral area reconstructions (figure 3), haplotype networks (figure 2) and published phylogenies allowed us to trace the
dispersal routes of 88 MAR fishes (electronic supplementary material, figures S5-513, table S8). Approximately 70% of the
non-endemics reached the MAR islands via dispersal routes traced to the western Atlantic, with some using Brazilian islands
as stepping stones. About 22% of the species came from the eastern Atlantic, predominantly from the Tropical Eastern Atlantic,
while approximately 8% were traced back to the Indian Ocean. Among MAR endemics, over half had western Atlantic origins,
while the eastern Atlantic and the Indian Ocean contributed approximately 37% and approximately 11%, respectively. Two
endemic species from Ascension showed divergence times that potentially predate the island’s emergence: Scartella nuchifilis
originated well before the formation of Ascension (5.9 Ma, 3.0-8.6 Ma 95% HPD), whereas the estimate for Thalassoma ascensionis
(3.1 Ma, 1.0-5.2 Ma 95% HPD) marginally overlaps the time of island formation.

Molecular and network analyses also resolved the biogeographic positions of MAR endemics Prognathodes dichrous, Stegastes
lubbocki, S. sanctaehelenae and Ophioblennius aff. atlanticus. The closest relatives of the first three were located in the western
Atlantic, while the latter aligned with an eastern lineage. This Ophioblennius, endemic to the MAR islands, has been recognized
as a new species but is still awaiting formal description [16]. We found clear biogeographical compartmentalization between
Stegastes pictus and S. lubbocki and S. sanctaehelenae, which configures distinct Brazilian (including Vitéria-Trindade seamounts)
and Ascension and St Helena haplogroups (figure 2). Even though the Brazilian coast, along with seamounts and the islands
of Trindade and Martin Vaz, appears quite separated for S. pictus, either these areas remain connected, as shown by Trindade
and Martin-Vaz haplotypes appearing in the larger circle along with the Brazilian coast and seamounts, or those are ancestral
haplotypes.

Concerning life-history traits (figure 4), among the Atlantic reef fish species that do not occur on any MAR island (herein
ATL fishes), nearly 6% of them have a relatively higher dispersal ability due to their documented rafting behaviour while
juveniles or adults, whereas approximately 13% of MAR endemics and approximately 31% of MAR fishes possess rafting
abilities. We also examined spawning behaviour, finding that approximately 70% of ATL fishes and 51% of MAR endemics are
pelagic spawners, while approximately 28% and approximately 43% of them, respectively, are demersal spawners. In contrast,
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Figure 2. Haplotype networks of Ophioblennius and Stegastes clades containing endemic species of the tropical Mid-Atlantic Ridge (MAR) islands. Each circle
represents a unique haplotype of the mitochondrial gene CytB, with the circle size proportional to the number of individuals sharing that haplotype. Hatch marks
indicate mutational steps between haplotypes.

approximately 82% of the fish present in at least one of the MAR islands and elsewhere are pelagic spawners, with only
9.56% being demersal. We also compiled the maximum recorded depth and body length for species found in these three
biogeographic scales and observed that the larger maximum adult size is found for MAR fishes, while MAR endemics are
smaller-bodied. MAR fishes are able to inhabit deeper waters than both MAR endemics and ATL fishes.

By organizing species into functional entities within a functional space, we found that both MAR endemics and MAR
fishes represent a subset of the overall Atlantic reef fish functional space, but nearly one-third of the MAR endemic species
have functional aspects that are not presented in the overall MAR fish community (figure 4). Furthermore, compared with
widespread Atlantic species, MAR fishes and MAR endemics exhibit higher functional evenness but lower functional richness
and divergence (electronic supplementary material, table S6).

4. Discussion

The reef fish communities across St Paul’s Rocks, Ascension and St Helena form a unique biogeographic group, distinct from
other coastal and insular areas on both sides of the Atlantic. Despite prevailing westbound surface currents reaching the MAR
islands, facilitating larval dispersal from the eastern Atlantic [7,9], the overall insular ichthyofauna displays a stronger affinity
to the western biota. This tendency probably stems from the fact that both primary and secondary centres of diversity in
the Atlantic, notably the Greater Caribbean [55] and the Brazilian Province [10], are in the western Atlantic. It is commonly
perceived that dispersal primarily occurs from the more diverse regions to peripheral ones with less diverse biotas, even
stochastically, when current directions do not favour such paths [56]. However, the contribution of endemic lineages increases
from the east (and also from the Indian Ocean) relative to the western Atlantic. This result suggests that favourable currents
could allow weaker dispersers to reach the MAR islands, contributing to speciation.

In previous studies, Ascension and St Helena were grouped and showed a closer affinity either to the eastern Atlantic [3]
or the western Atlantic [57], whereas St Paul’s Rocks was consistently associated with the Brazilian Province. However, our
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Figure 3. Ancestral area reconstructions over chrono-phylogenies for clades containing species from the tropical MAR islands of the following genera: Chaetodon,
Scartella, Thalassoma, Chromis, Prognathodes and Sparisoma. Pie charts represent the probability of ancestral geographic origins for each node. Species found in St
Paul’s Rocks are highlighted in red, Ascension endemics are shown in yellow and St Helena endemics in blue, while species present in both Ascension and St Helena
appear in green. Time scale in millions of years before the present.

analyses support the three tropical MAR islands as a coherent biogeographic unit, sharing 84 species, including 25 present at all
three islands and 44 MAR endemics. Notably, three endemic species (Bodianus insularis, Pontinus nigropunctatus and Scorpaenodes
insularis) occur across all three islands, underscoring a unique ‘"MAR signature’. Additionally, each island harbours distinctive
endemics or closely related taxa, such as T. ascensionis and T. sanctaehelenae and Scartella springeri and S. nuchifilis (figure 3),
further distinguishing the islands. The genus Prognathodes is a notable example of the MAR signature, comprising closely
related species connecting all three islands: P. obliquus at St Paul’s Rocks and P. dichrous at Ascension and St Helena (figure 3).
Common traits such as small island size, extreme isolation and nutrient-poor oceanic conditions likely enhance faunal similarity
and reinforce the MAR's distinctive identity.

Scientific attention toward the MAR and other remote tropical Atlantic islands has intensified over the past decade,
highlighted by increased expeditions, systematic data collection and the subsequent discovery of new species and range
extensions [10,11]. Biogeographic surveys in such peripheral regions yield essential data for clarifying marine evolutionary
processes [58], revealing previously unrecognized biodiversity and enriching our understanding of large-scale biogeographic
patterns. While Robertson [59] showed that most island endemics originate from regionally diverse reef fish families, we found
that MAR endemics are not predominantly from the richest regional families (electronic supplementary material, figure S4).
Instead, biodiversity patterns vary across spatial scales, with different families dominating among endemic, MAR and Atlantic
species pools, emphasizing the impact of ecological filters and biogeographic barriers.

Briggs [56] predicted that Ascension and St Helena would share four times more species with the western than with the
eastern Atlantic. Using our updated dataset, we find that the MAR islands share approximately 39% more species with the
western (118) than with the eastern (85) Atlantic. However, when we consider only those species found in the MAR and on one
side of the Atlantic basin but not the other, the pattern aligns closely with Briggs’ forecast: 44 species are shared exclusively with
the western, and 11 with the eastern Atlantic, roughly 300% more species in favour of the west. Dispersal route reconstruction
(electronic supplementary material, figure S5, table S8) reinforces this asymmetry: we traced 60 non-endemic MAR species back
to western sources but only 19 to eastern ones, indicating a 3.2-fold stronger western influence on colonization pathways. Taken
together, these results underscore that stochastic dispersal from biodiversity-rich western centres, rather than advection from
peripheral provinces, dominates community assembly on these remote Mid-Atlantic islands.
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The greater faunistic affinity of the MAR islands with the western Atlantic is also observed for other taxonomic groups [ 7 ]

(e.g. [12,15]) and supported by paleontological findings [13]. In addition to historical biogeography, habitat similarity seems
to be a factor that could enforce this pattern, as the eastern Atlantic is predominantly composed of unconsolidated substrate
in high turbidity waters, with depauperate coral communities that do not form biogenic reefs [60]. Habitat similarity and
relative reef area have been identified as prominent factors influencing the colonization of oceanic islands by reef species [23], as
these characteristics affect the size of source populations and consequently increase the likelihood of propagules reaching these
remote systems [6].

Of the 44 MAR endemic fish species, we inferred potential biogeographic origins for 27 via ancestral area analyses, haplotype
networks and species distribution patterns, identifying the western Atlantic as the likely source for over half. This aligns with
previous research on marine invertebrates, such as the sea urchins Echinometra lucunter [61] and Diadema antillarum [62], as
well as the coral Favia gravida, which are more closely related to western Atlantic clades. That is also the case for Octopus
insularis [63], where phylogeographic data highlight seamounts and surface currents as crucial drivers of population structure
in the tropical Atlantic. This work provides the first report on the origins of Prognathodes obliquus (St Paul’s Rocks) and P.
dichrous (Ascension and St Helena), both derived from western Atlantic lineages. These butterflyfishes, which primarily inhabit
mesophotic reefs, exemplify the shared diversification history between shallow and mesophotic reef biodiversity. Furthermore,
we detected a recent history of colonization of Ascension and St Helena from the Brazilian Province for the genus Stegastes,
with an estimated divergence time of approximately 0.3 Ma. Regarding the Brazilian endemic damselfish Stegastes pictus,
two lineages have been identified: one endemic to the Trindade-Martin-Vaz insular complex (including some seamounts) and
another widespread along the Brazilian coast and Vitéria-Trindade Chain. While the widespread S. pictus lineage utilizes the
seamounts to reach Trindade from the Brazilian coast [64], an older endemic lineage used Trindade as an evolutionary stepping
stone to reach Ascension (S. [ubbocki) and St Helena (S. sanctachelenae). Therefore, in addition to the prevalent propagule
pressure driven by large populations in centres of diversity, this example emphasizes the importance of stepping stones for
colonization and diversification processes on oceanic islands, which involves smaller founder populations that are already
adapted to oceanic conditions. Interestingly, despite the presence of an endemic parrotfish at Trindade (Sparisoma rocha), which
theoretically has greater dispersal potential due to its pelagic spawning, the congeneric endemic from St Helena (S. strigatum,
rare in the warmer waters of Ascension) is most closely related to the temperate Mediterranean and Northeastern Atlantic
species, S. cretense.

We identified dispersal routes linking 10 MAR endemic species to the eastern Atlantic, including T. ascensionis and its
sister species T. sanctaehelenae. Although these taxa are distinct in mitochondrial DNA [65], hybridization has been reported
(T. sanctaehelenae was found in Ascension, likely because of human transport [66]). Additionally, 19 non-endemic MAR fishes
were traceable to eastern Atlantic origins, such as Xyrichtys sanctaehelenae [67]. Regarding other groups, the mollusc sister
species Echinolittorina miliaris (Ascension) and E. helenae (St Helena) are closely related to E. granosa from the eastern Atlantic,
suggesting an insular origin linked to a region where the genus exhibits minimal diversity [14]. Notably, some clades, such
as the temperate-affiliated Diplodus, are more diverse in the eastern than in the western Atlantic. Despite its peripheral status,
the eastern Atlantic retains lineages with deep evolutionary roots, tracing back to the Tethys Sea and its former Indo-Pacific
connections. Floeter ef al. [3] identified 18 eastern Atlantic fish genera with Indo-Pacific affinities that are absent from both the
western Atlantic and the Tropical Eastern Pacific—potentially reflecting either historical connectivity via southern Africa or the
persistence of Tethyan relicts.

A less conventional route to the MAR islands involves east-to-west migration from the Indian Ocean around the Cape of
Good Hope. During interglacial periods, the Agulhas leakage may intermittently facilitate such dispersal into the South Atlantic
[18,19]. Indicative cases include Helcogramma ascensionis, a MAR endemic and the sole Atlantic representative of an otherwise
Indo-Pacific genus [68,69], as well as Decapterus muroadsi and Uraspis helvola, both recorded at Ascension and St Helena, with
distributions spanning the Indo-Pacific [68]. Endemic species such as Centropyge resplendens and Chaetodon sanctaehelenae, along
with Gnatholepis thompsoni, widespread in the Tropical Atlantic, likewise point to Indo-Pacific affinities [17,18,33,70]. Additional
genera (e.g. Cirrhitus, Girella and Prionurus) display disjunct distributions across the Indo-Pacific, eastern Atlantic and tropical
eastern Pacific, yet are absent from the western Atlantic. This pattern suggests that the MAR islands can act as gateways for
colonization into the Atlantic or act as museums, preserving relic populations that survived extinction events in the western
Atlantic. The Indian Ocean link is especially evident in the biogeographic origins of both the youngest (C. sanctaehelenae) and
oldest (S. nuchifilis) MAR endemics. For both species, best-fitting models in ‘BioGeoBEARS’ support DEC scenarios, consistent
with island radiations via peripatric speciation [6,71].

Oceanic islands harbour both genetic novelties, in the form of neo-endemics, and genetic conservatism, represented by
palaeo-endemics that persist after extinction elsewhere, occasionally exporting lineages back to biodiversity centres [64]. We
identified two endemic species from Ascension whose divergence times appear to predate the island’s emergence, support-
ing the hypothesis that older, now-submerged seamounts and past sea-level fluctuations have facilitated lineage persistence
through deep geological time. While older endemic species often display traits conducive to ecological speciation and early
colonization, the prevalence of younger endemics in the MAR islands indicates shorter life cycles and higher turnover of
endemic species with limited dispersal, evidenced by population bottlenecks and negative growth [6]. However, the unique
geological and evolutionary history of the MAR islands, combining both older (approx. 15 Ma) and younger (approx. 1.5 Ma)
islands with intermediate seamounts, makes the evolutionary history of the MAR endemics more complex.

The extreme isolation imposes strong dispersal constraints, reflected by diverse functional traits among younger MAR
endemics. Interestingly, certain ancient lineages, such as the Scartella species, demonstrate unexpectedly low dispersal potential,
suggesting that palaeo-endemism in the MAR is less about initial colonization capability and more about maintaining small,
specialized populations in low-competition environments shaped by stringent dispersal filters. The restricted geographical
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Figure 4. Functional trait comparisons among ATL fishes (Atlantic reef fishes not found on MAR islands), MAR fishes (species occurring on MAR islands but not
endemic) and MAR endemics (species endemic to MAR islands). (a) Diet composition grouped into six categories: gc, generalized carnivores; hd, herbivores/detritivores;
is, sessile invertivores; mi, mobile invertivores; om, omnivores; pk, planktivores. (b) Spawning modes: att, attached; dem, demersal; live, livebearers; oral, oral;
pel, pelagic. (c) Proportion of species with documented rafting ability (yes/no). (d,e) Box plots of maximum adult body length and maximum recorded depth,
respectively. (f) Functional space. The grey background represents all functional entities of Atlantic reef fishes, the orange polygon represents MAR fishes and the blue
polygon represents MAR endemics; green overlap indicates shared functional space between MAR and END-fishes. Circles represent species grouped by unique trait
combinations (functional entities), with size proportional to the number of species per entity; grey crosses represent Atlantic species not found on MAR islands.

extent of single-island endemics could be related to their relatively young age and recent establishment or a reflection of a range
reduction caused by extinction processes in other areas [2,72]. For instance, Delrieu-Trottin et al. [33] observed that all Rapa
Nui’s small-range endemics were neo-endemics, whereas species whose distributions were restricted to the broader area of the
southern subtropical Pacific had varied divergence times.

Nevertheless, the restricted distribution could also represent the remnants of ancestral species with broader distributions.
In the Vitéria-Trindade Chain, a volcanic ridge of seamounts and islands in the South Atlantic, Pinheiro et al. [6] found
three cases of species predating the studied insular complex, paralleling our observations in Ascension (S. nuchifilis and
T. ascensionis). These ancient lineages may have initially colonized now-submerged seamounts that once provided suitable
shallow-water habitats [25,73]. Alternatively, they might have dispersed from nearby islands such as St Helena, subsequently
diverging through allopatric speciation facilitated by intervening seamounts [35], exemplified by T. ascensionis/T. sanctaehelenae
and Ophioblennius aff. atlanticus. Additionally, seamounts likely acted as drivers of diversification, particularly during the
Pleistocene, when fluctuations in sea level periodically exposed these features, creating new opportunities for speciation via
vicariance and enhanced dispersal [6,64,74]. Seamounts such as Grattan, Cardno and Bonaparte, situated between Ascension
and St Helena, could have supported lineage diversification, contributing to the high species overlap and cohesive MAR
identity [75].

Life-history traits further distinguish MAR island assemblages from the broader Atlantic ichthyofauna. MAR fishes tend
to be larger bodied and capable of inhabiting deeper waters compared with both MAR endemics and Atlantic species
that have not reached the islands. These attributes likely enhance reproductive output and facilitate crossing biogeographic
barriers, resembling patterns observed in amphi-Atlantic species [23]. Most MAR fishes exhibit pelagic spawning and rafting
capabilities, extending larval dispersal potential [21]. Conversely, MAR endemics typically feature demersal spawning, limited
rafting potential and smaller body size, increasing their susceptibility to isolation and divergence (e.g. [6,59]). Thus, stochastic
colonization events likely delivered their ancestors to the MAR islands, where isolation drove subsequent differentiation.
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MAR endemics represent a relatively small subset of the MAR biota, and given that St Paul’s Rocks, Ascension and St
Helena are among the world’s most functionally vulnerable oceanic islands [76], these endemics are likely further susceptible
to environmental pressures. We found that each functional entity present in the Atlantic comprises, on average, four species,
whereas the average functional entity for MAR endemics and MAR fishes is composed of only 1.19 and 1.32 species, respec-
tively. In the Atlantic, half the functional entities are made up of a single species. However, for MAR endemics and MAR
fishes, the proportions are higher, with around 83% and 77% of functional entities, respectively, represented by one species. The
presence of a single species per entity likely represents a unique combination of traits, highlighting the functional vulnerability
of these insular fish assemblages. In the event of a disturbance, these unique trait combinations cannot be replaced by other
species, leaving them more susceptible to local functional extinctions [50]. Our functional metrics support these findings, with
MAR assemblages displaying higher functional evenness but lower richness and divergence relative to widespread Atlantic
species (electronic supplementary material, table S6). This indicates that, despite evenly distributed roles, reduced trait diversity
and niche variation could impair long-term ecosystem resilience [77].

In this study, we synthesized multiple datasets and analytical approaches to establish a comprehensive biogeographic and
ecological framework. Oceanographic conditions, ecological factors and physiological traits, such as dispersal potential, body
size and spawning mode, interact intricately, influencing colonization processes, endemism and the assemblage structure of
fishes on remote islands. Widespread Atlantic species that also inhabit the MAR islands tend to be larger bodied, more
frequently pelagic spawners and often capable of rafting, which enhances their dispersal potential, as well as post-dispersal
persistence. In contrast, MAR endemic fishes, characterized by smaller body sizes and demersal spawning, exhibit limited
dispersal, reinforcing their restricted distributions. While numerous species may physically reach the MAR islands, successful
colonization, population establishment and subsequent diversification depend profoundly on species-specific ecological traits
and environmental interactions. Additionally, historical colonization via submerged seamounts, the establishment of popula-
tions on older islands as stepping stones or the survival of relict species with historically broader distributions may explain
endemic lineages older than their current habitats. These turnover processes offer valuable insights into the complex interplay
between dispersal, persistence and endemism, highlighting the complexity and temporal depth underpinning the evolutionary
dynamics of isolated oceanic ecosystems.
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