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One of the most prominent features of life on Earth is the uneven
number of species across large spatial scales. Despite being inher-
ently linked to energetic constraints, these gradients in species
richness distribution have rarely been examined from a trophic
perspective. Here we dissect the global diversity of over 3,600
coral reef fishes to reveal patterns across major trophic groups. By
analyzing multiple nested spatial scales, we show that plankti-
vores contribute disproportionally to the formation of the Indo-
Australian Archipelago (IAA) marine biodiversity hotspot. Besides
being “hotter” at the hotspot, planktivorous fishes display the
steepest decline in species numbers with distance from the IAA
when compared to other trophic groups. Surprisingly, we did not
detect differences in diversification, transition, and dispersal rates
in extant species phylogenies that would explain this remarkable
gradient in planktivorous fish richness. Thus, we identify two po-
tential complementary drivers for this pattern. First, exceptional
levels of partitioning among planktivorous coral reef fishes were
driven by temporally stable oceanographic conditions and abun-
dant planktonic resources in the IAA. Second, extinctions of plank-
tivores outside the IAA have been particularly pronounced during
Quaternary climate fluctuations. Overall, our results highlight tro-
phic ecology as an important component of global species richness
gradients.
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The marine realm hosts one of the most remarkable diversity
patterns in the world, with a major global biodiversity hotspot

in the Indo-Australian Archipelago (IAA) (1–3). While lat-
itudinal trends in marine species richness parallel those observed
in terrestrial taxa (3, 4), the longitudinal accumulation of species
across the Indo-Pacific is a unique feature of marine systems (3,
5–7). The superimposition of these latitudinal and longitudinal
gradients forms a distinct bull’s-eye pattern of species richness
peaking in the IAA. This bull’s-eye pattern of marine biodiversity
is particularly pronounced in coastal habitats (3), and explana-
tions for its origin have revolved around it being a center of lineage
origination, overlap (or accumulation), and survival (reviewed in
5–9).
These explanations are not mutually exclusive, and geological,

paleontological, and molecular evidence all points to a complex
and temporally dynamic combination of factors operating through-
out the Cenozoic, leading to the formation of the modern IAA
hotspot. During the Paleocene–Eocene (66 to 33.9 million years ago
[Ma]), the marine biodiversity hotspot was situated in the Tethys
Sea (10, 11). At that time, the islands in the IAA were just
starting to emerge (12, 13) and to accumulate species (14). With
tectonic changes in the Oligocene–Miocene (33.9 to 5.3 Ma), the
IAA became progressively more complex (12, 13), with new
lineages giving rise to most of the extant diversity in multiple
marine taxa (e.g., 10, 14–17). Finally, in the last 3 million years
(My) the IAA appears to have acted mainly as a center of sur-
vival (14), protecting species against extinctions, especially during
Quaternary climatic oscillations (18). This historical sequence of

events was largely responsible for the genesis of the bull’s-eye
pattern of marine species richness distribution.
While history is the key element underpinning the origin of

global marine biodiversity patterns, ecological factors may also
play an important role. For example, in coral reef fishes, one of
the major contributors to the IAA hotspot (3), the availability of
shallow-water habitat area, is an important predictor of species
richness (1, 19, 20). This area effect overrides the predicted mid-
domain model of species ranges stacking in a bounded domain
within the Indo-Pacific (2, 21). More recently, species traits have
been considered for their role in structuring assemblages (22),
and species maximum body size was also found to be a strong
predictor of species richness across multiple spatial scales (23).
Locations within the IAA tend to have more reef fish species
with smaller body sizes (22, 23). In turn, species body size is
correlated with dispersal potential (24), which reinforces the dis-
parities in species numbers between the center and the periphery
of the marine biodiversity hotspot (25). Thus, the bull’s-eye pat-
tern of reef fish richness is essentially the combination of historical
and ecological processes that resulted in the accumulation and
maintenance of numerous small-bodied, low-dispersive species
in the IAA.
Although many elements of this story have already been revealed,

there is a fundamental component missing from the macroevolu-
tionary narrative: trophic status. The trophic identity of species is
inherently linked to the pace of species formation in coral reef fishes,
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with recently derived guilds sustaining higher diversification
rates (26). Yet it remains unclear how marine richness gradients
are compartmentalized among species with different trophic
ecologies. To address this knowledge gap, we assess the trophic
component of diversity distributions in coral reef fishes. More
specifically, we first describe the global patterns of reef fish
species richness across major trophic groups. Subsequently, we
explore the relationship between guild richness and distance to
the center of marine diversity (IAA) at both global and regional
scales, accounting for species body size. Finally, after finding a
disproportional accumulation of planktivorous species within the
IAA, we investigate the potential evolutionary mechanisms un-
derpinning this pattern. Our results reveal a trophic link to the
bull’s-eye pattern of coral reef fish biodiversity distribution.

Results
We found remarkable disparities in the distribution of coral reef
fish species across trophic groups. In the 13 consensus families
examined (i.e., families that occur universally on coral reefs; see
Materials and Methods), our global presence–absence dataset
revealed species richness to be highest in the IAA in all groups
(Fig. 1). However, the absolute number of planktivorous reef fish
species exceeds by far those in other trophic groups in grid cells
(150 km2) around the IAA (Fig. 1). While over 350 species of
planktivores can be found in most IAA grid cells, no other tro-
phic group exceeds 300 species per cell. Indeed, the group with
the second-highest number of species per cell (mobile inver-
tivores) has ∼20% less species in the richest cells when compared
to planktivores. This accumulation of planktivorous fish species
is particularly pronounced around the Philippines, Indonesia,
Papua New Guinea, and the Solomon Islands (Fig. 1).
When we modeled species richness per trophic group against

the distance to a central point in the IAA (IAAc: latitude = 0°,
longitude = 121°E; see Materials and Methods), the dispropor-
tional contribution of planktivores to the bull’s-eye pattern be-
came even more evident. As the distance from the IAAc increases,
all trophic groups decrease in species richness (Fig. 2A and SI
Appendix, Fig. S1). However, planktivores display the steepest
decline (Fig. 2A), with a significantly more negative slope than
any other trophic group (Fig. 2 A, Inset). Remarkably, this in-
tuitively simple model including only the distance from the IAA
and the mean species body size per grid cell was capable of
explaining 85% of the global variance in planktivore richness.
Besides planktivores, only omnivores had such a high model fit
(with a less negative slope), while mobile invertivores, general-
ized carnivores, herbivores/detritivores, and sessile invertivores
had explained variances of 52% or less (Fig. 2A).
Model results were consistent when we used the proportion of

species per trophic group as the response variable. Planktivores
comprised around 27% (23–30%; interquartile range) of species
in IAA cells, a ratio that decreases steeply as one moves away
from the IAAc (Fig. 2B). No other trophic group had such a high
predicted proportion in cells close to the IAA, and once again,
planktivores and omnivores had the highest model fits (48% and
52% of explained variance, respectively). Interestingly, despite
the relatively little explained variance, generalized carnivores pre-
sented an inverse trend with an increasing proportional richness
toward the most peripheral cells, while herbivores/detritivores and
mobile invertivores seem to maintain even species proportions
globally (Fig. 2B).
It is important to note that the mean species body size per grid

cell contributed substantially to model performance. For in-
stance, if we exclude body size as an interactive factor with dis-
tance from the IAAc in planktivores, the proportion of explained
variance drops from 85 to 34% in our main model. However, this
effect is not limited to planktivores. Across all trophic levels,
mean species body size tends to be lower in cells closer to the
IAAc (SI Appendix, Fig. S2). Therefore, with the exception of

herbivores/detritivores, species richness is predicted to be higher
in cells that have lower mean species body sizes and are closer to
the IAAc (SI Appendix, Fig. S3).
When we analyzed an Indo-Pacific fish survey dataset (848

sites in 31 ecoregions; see Materials and Methods), we detected
very similar trends. The mean planktivorous fish richness de-
tected per visual census tended to be substantially higher within
the IAA when compared to peripheral sampling locations (Fig. 3A).
Furthermore, only visual censuses performed within the IAA
(i.e., less than 3,000 km from the IAAc) contained means of 16 to
18 planktivorous species per 250 m2, which is almost double that
of most other regions (Fig. 3A). By modeling species richness
against distance from the IAAc, we found results that were highly
consistent with our global analysis. Besides presenting better model
fits, planktivores and omnivores were predicted to have steeper
negative slopes with distance from the IAAc than other trophic
groups (Fig. 3B). Finally, the results were similar when we analyzed
the dataset at the scale of individual sites (SI Appendix, Fig. S4), as
opposed to using the sites combined into regions. Alongside our
global analysis, these results reveal a robust cross-scale pattern of
accumulation of planktivorous species in the IAA.
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Fig. 1. Global coral reef fish richness per trophic group. Maps show the
absolute number of species per grid cell (n = 2,800) in each classified trophic
group. Cell colors correspond to the scale bar and range from low (blue) to
intermediate (yellow) and high (red) richness. Grid cell resolution is 150 km2

(see Rabosky et al., 27).

2 of 8 | PNAS Siqueira et al.
https://doi.org/10.1073/pnas.2019404118 Planktivores as trophic drivers of global coral reef fish diversity patterns

https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2019404118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2019404118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2019404118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2019404118/-/DCSupplemental
https://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2019404118/-/DCSupplemental
https://doi.org/10.1073/pnas.2019404118


Finally, we assessed the potential evolutionary mechanisms
driving the global species richness pattern in planktivores. First,
we found that net diversification rates (speciation minus ex-
tinction, as calculated from a near-complete reef fish phylogeny;
see Materials and Methods) did not present any geographic signal
with distance from the IAAc (Fig. 4A and SI Appendix, Fig. S5).
Although there seems to be a slight increase in diversification in
cells close to the center of the IAA (Fig. 4A), the model fit was
very low, suggesting that diversification differences alone would
not be sufficient to explain observed richness patterns. Second,
the proportion of transitions toward planktivory throughout reef
fish evolution was not higher in the IAA when compared to other
biogeographic provinces (Fig. 4B). Last, we found substantially
higher rates of dispersal in planktivorous lineages going from the
IAA toward other regions (Fig. 4C), which is the exact opposite
of what would be expected under a scenario of species accu-
mulation due to dispersal.

Discussion
Our results suggest that one of the most remarkable gradients in
species richness distribution in the world has a strong trophic
signal. Although the IAA bull’s-eye pattern of marine species
richness has been described for over 50 y (reviewed in 6, 7), an

analysis of its trophic characteristics concomitantly with global
distribution and survey data has uncovered a hidden pattern in a
speciose vertebrate assemblage. Our analyses revealed that while
all coral reef fish trophic guilds contain more species in the IAA,
planktivores contribute disproportionally to the foundation of
this hotspot. This disproportional contribution is consistently re-
covered across sampling scales and when species proportion per
trophic group is considered. Interestingly, although evolutionary
processes (speciation, extinction, and dispersal) form the fun-
damental basis for disparities in species richness globally (30),
our phylogenetic analyses did not provide support for any single
evolutionary mechanism underlying the planktivore-based hot-
spot. This suggests that either 1) the drivers of the dispropor-
tional richness of planktivorous species in the IAA are not
detectable through extant species phylogenies alone (cf. 31, 32)
or 2) the pattern has an ecological basis. Below we argue that the
explanation may lie in a combination of the two alternatives.

Geological and Oceanographic Drivers. The Indo-Australian Ar-
chipelago is one of the most complex and dynamic geological re-
gions in the tropics (12, 13). Hence, it is widely hypothesized that
the exceptional accumulation of marine species within the IAA (3)
is ultimately linked to this geological complexity (6). For instance,
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the large shallow-water habitat area in the IAA has been con-
sistently demonstrated to be a strong predictor of species rich-
ness in coral reef fishes (1, 19, 20, 23). However, we show that

the effect of the IAA is disproportionally pronounced in plank-
tivorous fishes, which suggests that simple species–area rela-
tionships provide only a partial explanation. While the geological
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complexity of the IAA may, indeed, provide larger coral reef
habitat area (20), it also promotes highly dynamic oceanographic
conditions (33, 34) which might help explain the high planktiv-
orous fish richness found therein.
The first important element of this oceanographic explanation

is associated with the constancy of planktonic resource avail-
ability within the IAA. Planktivorous coral reef fishes are heavily
reliant on allochthonous food sources that are brought to the
reef by complex water movements related to oceanographic currents
and tidal regimes (35, 36). Although these particle transportation
processes tend to operate mostly on reef-scale topographic features
(35), it is likely that the wider-scale oceanographic dynamics in
the IAA promotes a constant input of resources for planktivo-
rous fishes. Besides supporting an intense flow of water driven by
the strong exchange between Pacific and Indian Ocean waters
(33, 34), the IAA is also under the influence of strong upwelling
systems and tidal regimes (37). The IAA may thus provide a
constant flow of abundant planktonic resources. However, these
energetic inputs could only explain the disproportional plank-
tivorous species richness in the IAA if they had been maintained
through time (38, 39). Geological evidence provides support for
this hypothesis.
Although the initial tectonic history of the IAA dates back to

the Eocene (56 to 33.9 Ma), its highest geomorphological com-
plexity was only achieved around 5 Ma (12, 13). Thus, it is rea-
sonable to infer that the major oceanographic processes directly
related to the geological features of the archipelago were already
in place at that time. This suggests that despite obvious variations
related to sea level changes (5), the large-scale oceanography of
the IAA has remained relatively constant over the last 5 My. For
planktivorous reef fish species, this means a 5 My period with an
almost uninterrupted flow of food particles.

Ecological Drivers. Ecologically, there is clear evidence that plank-
tivorous fishes partition the abundant planktonic food resources in
multiple ways. First, reef fish planktivores display clear within-
reef spatial distribution patterns (35, 36), with remarkable compo-
sition heterogeneity. This heterogeneity is often associated with
morphological features that allow some fish species to benefit from

the high availability of larger zooplankton in forereef habitats
while dealing with increased hydrodynamics or predation pres-
sure (36, 40). Second, planktonic resources are partitioned in
time (36). While most planktivorous fish groups are diurnal (e.g.,
Pomacentridae, Serranidae, Labridae, and Caesioninae), two spe-
ciose families are predominantly nocturnal (Apogonidae and Hol-
ocentridae). Finally, planktivorous reef fishes may exhibit strong
partitioning depending on the resources being targeted. For in-
stance, fairy wrasses (genus Cirrhilabrus) and fusiliers (Caesioninae)
appear to target predominantly gelatinous material, in contrast
to crustacean zooplankton that is targeted by other planktivorous
species (35, 41). Taken together, these lines of evidence suggest
that the disproportional amount of planktivorous fish species in
the IAA might be the result of successful partitioning of constant
and abundant resources.
Evidence from productivity patterns in present-day coral reefs

provide further support for the ecological drivers of the IAA
planktivorous fish hotspot. In a recent analysis across coral reef
fish trophic pathways, Morais and Bellwood (42) revealed that
water column-derived productivity may surpass the productivity
of any other trophic pathways explored by reef fishes. Although
this work was performed on a single coral reef, these pelagic
subsidies sustaining high planktivorous fish productivity appear
to be widespread, as evidenced by the importance of planktivores
to the fish biomass reported by other large-scale studies, par-
ticularly in the IAA (43, 44). Alongside the parallel evolution of
morphological features permitting water column usage in mul-
tiple independent reef fish lineages (45), our results indicate that
planktivory can be a successful evolutionary and ecological strat-
egy, provided that a constant supply of planktonic resources is
maintained. Hence, the patterns described herein agree with long-
standing ecological hypotheses that correlate species diversity and
coexistence with resource availability, temporal stability, produc-
tivity, and niche partitioning (46, 47).

Evolutionary Drivers. The resource-related factors explained above
appear to provide a compelling case for the differences in species
richness between planktivores and other reef fish trophic groups
within the IAA. However, explaining the disproportional drop in
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planktivorous species with distance from the IAA hinges on the
understanding that the mechanisms driving such declines are
unlikely to be detectable in extant species phylogenies. Past re-
search has shown that the distance from stable coral reef habitats
during Quaternary climate fluctuations (last 2.6 My) outweighs
present-day environmental factors in explaining global reef fish
richness patterns (18). This highlights the potential role of areas
that maintained suitable coral reef habitat over geological time
as extinction refugia for fishes (18). Our results provide an anal-
ogous productivity-based scenario. Given that most historical
coral reef refugia lie within the IAA, it seems likely that plank-
tivorous fishes have been disproportionally affected by extinction
in areas away from the IAA. In other words, planktivorous species
distributions point strongly to differential survival within the IAA
vs. peripheral locations during the last 5 My.
The nature of the loss of species in the peripheral locations is

hard to establish as it is virtually impossible to detect extinction
events and estimate extinction rates without a detailed fossil
record (31). The loss of species from peripheral areas may be a
result of short-term phenomena, e.g., barriers to establishment,
with colonization events being stymied due to unsuitable envi-
ronmental conditions. Alternatively, they may be longer-term
phenomena, with population declines and range contractions
leading to local or global extinction. In either case, the loss of
species appears to be dependent on the sustained availability of
suitable resources. We posit that reef refuges and historically
stable oceanographic conditions in the IAA provided constant
habitat and food resources for planktivorous fishes through time.
This scenario helps to explain 1) why we did not find a geo-
graphic signal in the diversification rates of planktivores (Fig. 4A)
and 2) our results for transition rates (Fig. 4C). The IAA likely
served as a source of surviving planktivorous lineages that recolon-
ized depauperate peripheries after extinction events. It is also in-
teresting to note that one of the very few, and perhaps the sole,
documented cases of extinction in a previously abundant reef fish was
the loss of the Galapagos planktivorous damselfish Azurina eupa-
lama. Its extinction was apparently driven by changing oceanographic
conditions in a geographically peripheral location (48).
Finally, it is important to highlight that our findings apply to

fish species that dwell in shallow-water coral reef habitats (less
than 30 m deep). Although our knowledge about deeper-water
fishes has been increasing at an unprecedented rate, it is still
insufficient to draw general conclusions about the large-scale
biogeographic patterns of these taxa (49). Mesophotic (30 to
150 m) species distribution data to date suggest that the diversity
gradients between the IAA and central Pacific islands are not as
steep as in shallow-water taxa (49). However, given that the
geological complexity of the IAA extends into deeper waters and
that a disproportional number of mesophotic species in the IAA
are planktivores (50), we hypothesize that patterns similar to the
ones found herein, for shallow-water taxa, will also be found in
mesophotic fish species.
In conclusion, our study highlights a unique association be-

tween large-scale marine diversity gradients and species trophic
identities. Splitting the global coral reef fish species distribution
data between trophic groups revealed that planktivores are ma-
jor contributors to the disparate richness within the IAA biodi-
versity hotspot. This is likely related to the persistent oceanographic
conditions promoted by the geological complexity of the IAA over
the last 5 My. By providing an abundant and constant flow of food
through time, this oceanographic setting fostered high levels of
resource partitioning among planktivorous reef fishes within the
IAA. Peripheral regions, on the other hand, almost certainly ex-
perienced periods of intense extinction of planktivorous fish
lineages associated with habitat loss and oceanographic changes.
Despite having been recolonized by some surviving lineages from
the IAA, these peripheral regions appear to carry the imprint of
past extinctions within planktivorous coral reef fishes.

Materials and Methods
Species Distribution and Survey Data. We used two independent datasets of
coral reef fish distributions: a global presence–absence record of species in
150 km2 resolution grids (27, 51) and a fish community survey dataset (29).
The presence–absence dataset was downloaded from a publicly available
repository (51) and was built using the AquaMaps algorithm (52). The au-
thors estimated geographic ranges of marine fishes based on species oc-
currence records and a set of environmental predictors (27). From this
presence–absence dataset, we filtered those species that belong to the con-
sensus coral reef fish families (sensu 53). These 13 families are always found on
coral reefs irrespective of their biogeographic location (i.e., Acanthuridae,
Apogonidae, Blenniidae, Carangidae, Chaetodontidae, Gobiidae, Holocen-
tridae, Labridae, Lutjanidae, Mullidae, Pomacanthidae, Pomacentridae, and
Serranidae). Therefore, our focus here was on fish families that universally
occur on coral reefs, rather than “reefs” sensu lato, to avoid potentially
confounding effects of habitat type. Following previous molecular phylo-
genetic analyses, we considered Caesioninae a subfamily of Lutjanidae (54)
and Microdesminae and Ptereleotrinae part of Gobiidae (55). Altogether,
the families considered here comprise ∼3,600 described species. Based on
the geographic ranges of these coral reef fishes within the dataset, we
calculated the number of overlapping species per grid cell. Subsequently, we
divided the species richness per cell according to the classified trophic groups
(see Species Trait Data). Finally, we kept only cells that had at least one
species per trophic group in the dataset to avoid distribution extremes
where very few species occur. Our final presence–absence dataset consisted
of 2,800 geographic cells containing the number of species per trophic
group along with the respective latitudinal and longitudinal coordinates of
the centroid of these cells.

The community survey dataset was downloaded from the publicly avail-
able Reef Life Survey website (https://reeflifesurvey.com). This dataset con-
sists of global fish surveys, systematically collected using standardized
methods (29). Each individual survey (transect) involves an underwater visual
census of fish communities that covers two blocks of 250 m2 each, totaling
500 m2 per survey (29). We averaged the species counts between these two
blocks to get the mean number of species in a final area of 250 m2 per
transect. Our goal with this dataset was to assess the richness per transect
across the Indo-Pacific; therefore, we downloaded the surveys ranging from
the western Indian Ocean and Red Sea to the central Pacific islands (Fig. 3A).
After filtering data available in these regions that contained a minimum of
four transects per ecoregion, we used the data from 848 sites. To calculate
the mean richness per site across trophic groups, we categorized all species
recorded in the transects according to our defined guilds (see Species Trait
Data). Finally, to be able to explore cross-scale patterns of species distribu-
tions, we aggregated individual sites into ecoregions (sensu 28) and calcu-
lated themean species richness per trophic group in each region. This regional
dataset comprised 31 ecoregions containing at least three sites each.

Species Trait Data. We used a previously assembled dataset on reef fish
ecological traits (26) to assess species-specific trophic identity and body size.
The maximum body length (body size) data for each species within this
dataset was originally sourced from FishBase (56). For the trophic identity,
species were grouped into six major guilds: generalized carnivores, mobile
invertivores, omnivores, planktivores, sessile invertivores, and herbivores/
detritivores. These guilds are based on species diets in the adult life stages
and were previously defined in the literature (57). The major differences,
however, are that the original herbivores/macroalgivores group has been
merged with the general herbivores/detritivores guild and that we used a
broader categorization for carnivores (26). While Mouillot et al. (57) classify
species that feed on larger prey (i.e., fish and cephalopods) as piscivores, we
adopt a broader category of generalized carnivores to include species that
feed more generally on larger elusive prey (including larger crustaceans).
Our trophic categorization was used in combination with the distribution
and survey datasets to calculate the number of species in each guild per
geographic cell (presence–absence data), ecoregion, and site (survey data).
In addition to the richness per trophic group, we also calculated the mean
species size per guild in each geographic cell, ecoregion, and site using the
body size data (26). This body size dataset was then used in our statistical
modeling procedures.

Statistical Analyses. To assess the relationship between guild richness and
distance from the center of marine biodiversity, we first calculated the
geographical distance (in kilometers) between each grid cell, region, and site
to a central point in the IAA (IAAc: latitude = 0°, longitude = 121°E). This was
done using the function distHaversine from the ’geosphere’ R package (58).
Subsequently, we applied negative binomial models to correlate the species
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richness per grid cell (presence–absence data) with the distance from the
IAAc in each trophic guild. These models were built using the gam function
within the ’mgcv’ R package (59), and all accounted for spatial autocorre-
lation between geographic cells. We also calculated the proportional guild
richness per geographic cell and modeled it against distance from the IAAc
using beta regressions implemented in the ’betareg’ R package (60). For the
community survey dataset, we fitted generalized linear models per trophic
group against distance from the IAAc since the richness in this case repre-
sents averaged values of multiple transects (site) and sites (ecoregion). Both
the site and the ecoregion models were fitted using a gamma distribution
for the response variable (mean species richness) with a logarithmic link.

Species body size was recently demonstrated to be a key predictor of coral
reef richness across spatial scales (23). Therefore, all of our models were
fitted using the mean body size per sampled area as an interactive factor
with distance from the IAAc. Since we were interested in isolating the effect
of distance from the IAAc in species richness, we performed our main model
predictions using the mean body size fixed in the estimated value for the
cells, regions, and sites closer to the IAAc. To calculate this fixed value, we
first fitted a LOESS (locally estimated scatterplot smoothing) polynomial
regression with an α parameter of 0.7 between mean body size and distance
to the IAAc. Then we extracted the first estimated value derived from this
relationship and used it in our main model predictions. Finally, to assess the
effect of varying body size values in our global model results, we per-
formed predictions using the median and the 2.5, 25, and 75% quantiles of
the distribution of mean species body size per geographic cell in each
trophic group.

Phylogenetic Comparative Methods. After finding a disproportional contri-
bution of planktivores to the IAA biodiversity hotspot (see Results), we ex-
plored the potential evolutionary mechanisms driving this pattern. First,
planktivorous species might have accumulated in the IAA as a result of
higher diversification within that area. To test this, we calculated the mean
tip diversification rate of planktivorous lineages in each geographic cell. The
species-specific diversification values were extracted from the Siqueira et al.
(26) dataset and were originally calculated using the software BAMM (61).
Then we fitted a generalized linear model of planktivorous tip diversifi-
cation rate against distance to the IAAc to assess whether origination was
higher in cells within the IAA. This model was fitted using a gamma dis-
tribution for the response variable (net diversification rate) with a
logarithmic link.

Alternatively, the disproportional accumulation of planktivores within the
IAA might have been the result of higher transition rates toward that guild
since transitions to planktivory have been shown to be prevalent throughout
reef fish evolution (26). To test this hypothesis, we calculated the proportion
of transitions to planktivory between marine biogeographic provinces using
stochastic character mappings (62). First, we categorized all consensus spe-
cies present in the Siqueira et al. (26) phylogenetic tree according to pres-
ence or absence in six biogeographic provinces: IAA, central Pacific, western
Indian, tropical eastern Pacific, eastern Atlantic, and western Atlantic. Then
we pruned the phylogeny to contain only species that were present in each
province. Finally, for each pruned tree, we simulated 1,000 stochastic maps
of trophic guilds using a modified version of the make.simmap function (63)
that considers rate heterogeneity across the tree (26). From the simmap
results, we calculated the proportion of transitions toward planktivory from
the total trophic transitions.

Last, the planktivorous fish hotspot might have resulted from an accu-
mulation of lineages via dispersal into the IAA.We assessed this hypothesis by
applying the GeoSSE model (64), within the ’diversitree’ R package (65). This
model allows the estimation of dispersal rates associated with geographical
states along a phylogenetic tree. Therefore, we built an unconstrained
GeoSSE model to calculate dispersal rates out and into the IAA, considering
the presence or absence of species within that area. This model was applied
to a phylogenetic tree that was pruned to only contain planktivorous spe-
cies. We used the resulting model coefficients to implement the Bayesian
framework of diversitree and sample the posterior distribution of dispersal
parameters. We ran 4,000 iterations of the MCMC (Markov Chain Monte
Carlo) with exponential priors from a preliminary run of 100 iterations. Fi-
nally, we eliminated the initial 10% of samples as burn-in and assessed
convergence through the effective sample sizes.

Data Availability. Raw data and R scripts generated during the current study
are avilable at the Zenodo repository (http://doi.org/10.5281/zenodo.4475349) (66).
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