Posted on Authorea 14 Feb 2022 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.164484365.50484282/v1 — This a preprint and has not been peer reviewed. Data may be preliminary.

Evolutionary opportunity and the limits of community similarity in
replicate radiations of island lizards
Luke Frishkoff1 , Gavia Lertzman-Lepofsky2 , and D. Luke Mahler2
1
2

The University of Texas at Arlington
University of Toronto

February 14, 2022
Abstract
Ecological community structure ultimately depends on evolution producing community members. To understand how macroevolutionary processes shape communities, we surveyed Anolis lizard assemblages across elevations on Jamaica and Hispaniola,
neighboring Caribbean islands similar in environment, but contrasting in evolutionary richness. The impact of diversification on
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evolved in the expansive Hispaniolan highlands, augmenting highland richness, and driving islandwide turnover in community
composition. Accounting for disparate evolutionary opportunities may illuminate when regional diversity will enhance local
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Abstract
Ecological community structure ultimately depends on evolution producing community members. To understand how macroevolutionary processes shape communities, we surveyed Anolis lizard assemblages across
elevations on Jamaica and Hispaniola, neighboring Caribbean islands similar in environment, but contrasting
in evolutionary richness. The impact of diversification on local communities depends on available opportunities for speciation within or between ecologically distinct sub-regions. Where opportunities abound, as in
the vast lowlands of both islands, communities converge in species richness and average morphology. But
community structures diverge in the highlands. On Jamaica, where limited highland area restricted diversification, communities remain depauperate and consist largely of elevational generalists. In contrast, a unique
fauna of high-elevation specialists evolved in the expansive Hispaniolan highlands, augmenting highland
richness, and driving islandwide turnover in community composition. Accounting for disparate evolutionary
opportunities may illuminate when regional diversity will enhance local diversity and help identify the causes
of convergent versus divergent community structure.
Introduction
A central goal in ecology is to determine what forces structure local communities, and to understand why
community membership varies across space. According to theory, the composition of local communities
reflects a balance between regional inputs, via speciation and dispersal, and local controls, such as environmental filtering and competition (MacArthur & Wilson 1967; Rosenzweig 1995; Vellend 2016; Leibold &
Chase 2018). If local forces control diversity equilibria, communities in similar environments are expected to
be similar in composition, regardless of the size of their regional species pools; conversely, if regional forces
predominate, regions with more species should also possess greater local diversity (Ricklefs 1987). Debate
over whether local or regional forces dominate has reached an uneasy détente, as macroecological patterns
suggest local control in some systems, and pervasive regional influences in others (Ricklefs & Schluter 1994;
Myers et al. 2013; Cornell & Harrison 2014). What is thus crucial is to identify the reasons for this variation
in controls of local diversity, and to establish a framework to explain why one system’s local diversity is set
by local processes, while another’s reflects inputs from the regional species pool (Cornell 1999; Harrison &
Cornell 2008; Lessard et al. 2012).
We approach this challenge by focusing on a pair of linked mechanisms by which macroevolutionary inputs
could ultimately determine community structure. First, we consider the attributes of biogeographic landscapes that foster (or limit) the evolution of diverse regional species pools (McPeek & Brown 2000; Swenson
2011; Zobel et al. 2011; Mittelbach & Schemske 2015; Craven et al. 2019). Second, we consider how these
richer regional species pools could then lead to saturated communities (competition-structured communities
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where richness reaches a stable equilibrium; Rabosky & Hurlbert 2015; Storch & Okie 2019). Crucially, species pools are generated by an interplay of ecological and evolutionary factors at spatial scales intermediate to
the local versus regional scales of traditional assembly models (Emerson & Gillespie 2008; Jetz & Fine 2012).
The hierarchical organization of regions (e.g., large, evolutionarily-independent areas such as continents or
oceanic islands) into environmentally-distinctive ”sub-regions” (e.g., biomes) may shape the evolutionary
buildup of species pools, thereby influencing the structure of local communities (Qian & Ricklefs 2000; Zobel
et al. 2011; Jetz & Fine 2012; Mittelbach & Schemske 2015).
If competition is relatively weak, increased diversification within a region should increase local community
richness by increasing species additions relative to losses (Hubbell 2001; Leibold et al. 2004). Alternatively, if
increased diversification produces species that specialize on particular sub-regions (e.g., Mayr 1947; Glor et
al. 2003; Rundle & Nosil 2005; Gray et al. 2019), it may spur the emergence of local richness controls. Subregional specialists may better monopolize local resources, resulting in competition-structured communities
that can resist migrants (MacArthur 1972; Cornell & Harrison 2014). Therefore, under this region/subregion/local model, a principal determinant of whether local or regional effects on diversity predominate is
the availability of evolutionary opportunity – a term we use to describe the conditions necessary for clades
to diversify and specialize on unique local ecological conditions (e.g., sufficient time and geographic space
for speciation among or within ecologically distinct sub-regions to complete; Losos & Parent 2010; Zobel et
al. 2011; Cornell 2013; Algar & Mahler 2015).
If greater evolutionary opportunities indeed facilitate local control, we predict the emergence of several
ecological patterns in local-community abundance, species diversity, and organization across space (betadiversity). First, for communities to exhibit local diversity controls requires that they be saturated at the
level of individuals competing for limited resources (Cornell 1999; Gaston 2000). Thus, numbers of individuals
in such communities should scale with resource availability, yielding correlations between local abundance
and proxies of productivity, such as temperature or elevation (Wright 1983; Gaston 2000). If individuals
can utilize local resources efficiently regardless of the diversity of the evolutionary fauna, the scaling of
abundance and productivity should be similar across systems that differ in evolutionary diversity. Conversely,
greater diversification could fundamentally change how ecological limits manifest by generating specialists
on previously unutilized resources and thereby enhancing community-level abundances (Cornell 2013; Storch
et al. 2018; Storch & Okie 2019). In that case, regions with greater evolutionary opportunity may exhibit
greater local abundances in otherwise-similar environments.
Second, if greater macroevolutionary inputs enhance local control on species diversity then the relationship
between environmental resources and local species richness should in theory be similar across regions. However, this relationship will depend on whether clades in different regions have had sufficient opportunity to
diversify into the niches available in local environments—in other words, whether they have produced subregional environmental specialists that can saturate communities at the species level (Jetz & Fine 2012; Cornell 2013). If a given region has had insufficient time or space for diversification to fill available sub-regional
niches, we would expect local richness patterns across regions to diverge (MacArthur 1972; Mittelbach &
Schemske 2015).
Finally, if evolutionary opportunity shapes communities by facilitating local control, we expect greater regional diversity to sort primarily among communities (i.e., as beta-diversity) rather than within them (elevated alpha-diversity) (MacArthur 1965; Cornell 2013). Evolutionary opportunity should thus precipitate
the emergence of spatial structure within faunas through the evolution of sub-regional environmental specialists. When opportunity is substantial in environmentally similar areas, whole-community properties such as
total richness and functional characteristics may converge, even among evolutionarily-independent regions
(Orians & Paine 1983; Cornell 1999; Ricklefs 2006). By contrast, faunas lacking in evolutionary opportunity
should consist of environmental generalists, and the local communities within these faunas should exhibit
comparatively little turnover and potentially low convergence between faunas.
Testing how diversification affects local community structure is difficult, in part because of the challenge
locating empirical systems that are ecologically similar, but differ in histories of macroevolutionary diver-
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sification (Lessard et al. 2012). Regions differing in evolutionary richness often also differ in climate and
habitat, or the deep phylogenetic history of the biota, either of which may confound straightforward comparison (Rosenzweig 1995; Price et al. 2000). Ideally one would seek a system in which replicate regions
are similar in environment, and contain faunas that radiated from recent phylogenetic stock, but differ in
macroevolutionary diversity.
Here we leverage a natural experiment to examine the effects of macroevolution on the structure of local
communities: independent radiations of anole lizards (Anolis ) distributed across similar environmental
gradients on the Caribbean island of Jamaica and the northern paleoisland of adjacent Hispaniola (this
region corresponds to a biogeographically distinctive unit within the island; Fig. 1). Anoles have diversified
to play similar ecological roles on both islands, but Hispaniola has a richer anole fauna than its smaller
neighbor Jamaica (Williams 1983; Losos 2009; Mahler et al. 2013). The two islands possess similar climates,
vegetation types, and macrohabitat diversity (Ricklefs & Bermingham 2008; Losos 2009). Notably, both
feature vast expanses of hot lowland tropical forest that grade into tall inland mountains featuring cool cloudforest habitats. Their key environmental difference is that Hispaniola’s highlands are much more extensive
than Jamaica’s, creating divergent evolutionary prospects in this sub-region type (Fig. 1b). Crucially, while
the lowlands of both islands cover more than 3,000km2 , the proposed minimum area required forin situ
speciation in anoles (Losos & Schluter 2000), only Hispaniola’s highlands clear this threshold, leading to the
expectation that Jamaica’s highland communities should be evolutionarily constrained.
We conducted mark-resample surveys of Anolis communities across matched elevational gradients on Jamaica
and Hispaniola to test whether greater macroevolutionary diversity, and especially differences in highland
evolutionary opportunity, trickle down to structure local communities. We begin by asking (1) whether the
abundance ofAnolis within local communities across elevations is similar between islands, as predicted if
local temperature is primarily responsible for controlling community size, and macroevolutionary inputs
have little effect on abundance. Next, we ask (2) whether differences in sub-regional area trigger divergence
in community structure across elevations, such that community convergence exists between islands in the
lowlands (where evolutionary opportunity is substantial), but is lacking in the highlands (for which Jamaica is
more limited). We then investigate (3) whether greater evolutionary opportunity in the Hispaniolan highlands
leads to ecologically distinct sub-faunas via the evolution of local environmental specialists. If so, we predict
that Hispaniolan anole communities will exhibit greater beta-diversity than their Jamaican counterparts.
Finally, we (4) test the importance of sub-regional faunas in impacting convergence in abundance and
richness between islands across the elevational gradient.
Methods
Sampling design
We surveyed Anolis lizard communities in plots across the Dominican Republic (Hispaniola) and Jamaica
between June and August of 2016-2018. We surveyed plots in 20 landscapes (13 on Hispaniola, 7 on Jamaica),
distributed over broad temperature and precipitation gradients. Study landscapes were distributed from sea
level to 2,380m on the Dominican Republic (highest point is 3,098m) and to 1,923m on Jamaica (highest
point is 2,256m), and encompass an elevation range representing >99.5% of the total land area of each island.
Climate conditions were broadly similar in our sample (Fig. S1).
Each landscape contained 2-4 30m-diameter plots in forest habitat—the native climax vegetation (NDR =
35, NJamaica = 20). An observer surveyed each plot six times. Each time, we marked any observed lizards
with non-toxic paint following Heckel and Roughgarden (1979). Paint marks allowed us to identify re-sighted
individuals, permitting estimation of total abundance for each species.
Mark-resight model
We used mark-resight models to estimate each species’ abundance within each plot, while accounting for
variation in detection probability across species, time of day, and observer. The model shared information
about detection and abundance across sites and species, while allowing for site and species-specific deviations

4

Posted on Authorea 14 Feb 2022 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.164484365.50484282/v1 — This a preprint and has not been peer reviewed. Data may be preliminary.

via random intercepts and slopes (Frishkoff et al. 2019). Doing so permits robust abundance and detection
estimates of both common and rare species. Species abundance was predicted based on plot canopy openness,
measured using a spherical densiometer, and mean annual temperature and precipitation variables. The latter
were extracted from the Chelsa dataset (Kargeret al. 2017) using plot latitude and longitude.
Mark-resight models were implemented in a Bayesian framework using JAGS V4.2.0 (Plummer 2003) within
the R V3.4.4 environment (Su & Yajima 2014). For every species at every plot the model provided estimates
of total abundance, and the effects of parameters related to environmental variables. A full model description
is available in the supplement.
Hypothesis testing
To test whether community size scales identically with elevation on the two islands, as predicted if communities are locally saturated, we first regressed local community size (total number of individuals derived
from mark-resight models) against elevation. Similarly, to assess whether greater regional diversity enhanced
community-level species diversity across the same environmental gradient, we regressed resight-model-derived
plot-level species richness against elevation. In both cases we used posterior means from the resight model
to represent the best-estimate of true values.
We evaluated trajectories of abundance and species richness along elevation using linear mixed-effects models
(LMMs). Our full model predicted the response as a function of linear and quadratic elevation terms, with
full interactions with island identity. Models included a random intercept of landscape to acknowledge that
multiple plots occurred in the same geographic area. We iteratively dropped terms from these models,
comparing the full model with the nested model, until a likelihood-ratio test (evaluated against a chisquare distribution) indicated that all remaining terms were significant (alpha = 0.05). We square-root
transformed resight-model-derived abundance and species richness estimates to meet model assumptions
of residual normality and homoscedasticity (log transformation—more typical of richness and abundance
data—failed residual normality and homoscedasticity tests).
Next, to test whether greater macroevolutionary diversity facilitates the evolution of environmental specialists, thereby permitting greater partitioning of communities across space, we calculated abundance-weighted
pairwise Bray dissimilarities between sites within each island using the betapart package (Baselga & Orme
2012). We further examined abundance-weighted phylogenetic and morphological dissimilarity to assess
whether differences in turnover had deeper evolutionary underpinnings, or resulted in ecomorphologically
different community structures, respectively. To do so we used the time-calibrated phylogeny and measurements of ecologically-relevant morphological traits for Greater Antillean anoles presented in Mahler et al.
(2013). We calculated phylogenetic dissimilarity of plots using abundance-weighted unifrac from the weighted unifrac function within the abdiv package (Bittinger 2020). For morphological dissimilarity we calculated
abundance-weighted mean pairwise distances between the species of all community pairs on each island in
a morphospace of ecologically-relevant traits (the four-dimensional PC-space of Mahler et al. (2013), which
represents 93% of total morphological variation across Greater Antillean Anolis lizards). In all cases we
assessed the rate at which pairwise community dissimilarities changed as a function of pairwise elevation
differences between sites on the same island. We used linear regression models including both linear and
quadratic effects of elevation as well as an effect of island identity, and an island-by-elevation interaction.
Given that sub-regional faunas formed to differing degrees on the two islands, we evaluated whether similar
environments led to whole-fauna morphological convergence at both island and sub-region levels, gauged
using community mean morphology. We applied a cut-off of 700m to split lowland and highland elevational
zones into subregions. This elevation corresponded to the location of maximum turnover between highland
and lowland species (but results are not sensitive to exact cutoff value). We assessed the abundance-weighted
mean morphology along the four ecomorphological PC axes described above. To test whether morphology
between faunas (or subfaunas) was more similar than expected by chance, we shuffled species morphologies
10,000 times, and examined where the observed Euclidean distance between fauna-mean morphologies fell
relative to the permuted null distribution (we obtained two-tailed p-values by multiplying one-tailed p-values
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by two).
Finally, given the distinctiveness of the high-elevation fauna, we examined whether these species drove
patterns of diversity within local communities across the elevational gradient. To do so we eliminated from
the community dataset all highland species (species whose abundances are maximized above 700m, none of
which occur at sea level). We then reassessed how both abundance and species richness of lowland species
changed across the elevational gradient of each island using the same LMMs and model selection process
described above.
Results
Local abundance and richness across islands
We first assessed whether total community size depended on macroevolutionary diversity or was instead set by
local environmental conditions. Abundances within local communities varied substantially, but community
size declined monotonically on both islands as elevation increased (Fig. 2a; best model: Elevation only,
Elevation term: P < 0.001; marginal R2 = 0.57). Despite the nearly 2-fold difference in gamma diversity
between faunas (11 in northern Hispaniola versus 6 in Jamaica), local communities at a given elevation
possessed a statistically indistinguishable number ofAnolis individuals (Island term: P = 0.70), and local
abundance declined with elevation at similar rates (Island*Elevation interaction P = 0.11).
But while abundance patterns are similar across islands, the way that diversity is partitioned over the
elevational gradient is not equivalent (Island*Elevation interaction P < 0.001,Elevation2 term P < 0.001,
marginal R2 = 0.86). As predicted by the evolutionary opportunity model, Jamaica and Hispaniola have
equivalent species richness in lowland communities, where opportunity is substantial. But above the lowlands
the trajectory diverges: Jamaica displays a steady loss of species with elevation, while Hispaniola contains
a mid-elevation hump, followed by a slow decline. Notably, above the lowlands (>500m) communities are
consistently richer on Hispaniola than Jamaica (Fig. 2b).
Community partitioning into sub-faunas
As predicted by the availability of greater highland evolutionary opportunity in Hispaniola, the two faunas
diverge in community turnover across elevations. As such, total beta-diversity is greater on Hispaniola than
Jamaica, and Hispaniola’s beta-diversity derives almost entirely from among-site species turnover (Table 1).
Jamaica, in contrast, shows markedly less turnover, with a substantial portion of its compositional dissimilarity stemming from gradients in richness and abundance. This difference is a community-level signature
from the evolution of high-elevation specialists on Hispaniola. Specifically, the Hispaniolan fauna contains 5
species that are broadly distributed across the lowlands, 1 that is a specialist on dry lowland regions, and
5 that maximize their abundance above 700m and do not occur at sea level. By comparison, Jamaica has 5
species that are distributed across the lowlands, and only 1 high-elevation specialist.
Hispaniola’s species are partitioned into two entirely distinct sub-faunas: the lowest and highest communities
share no species in common. In contrast, some of the lowland species in Jamaica are among those that persist
at the highest sites (Fig 3a-c). Interestingly the elevated beta-diversity of Hispaniola contains a strong
phylogenetic signal linked to historical elevational specialization. The Hispaniolan highland fauna appears to
be derived from a combination of in situ radiation and evolutionary colonization from lowland derived species.
While two highland species each have a lowland species as their closest relative, the most abundant highland
forest understory species primarily derive from a single clade, which colonized the highlands reasonably early
in the history of the island, seeming to have initiated an adaptive radiation in miniature (Fig 3d,e). The
presence of this clade drives the formation of the sub-regional fauna on Hispaniola, resulting in substantial
elevational turnover that is absent from Jamaica.
Evolution of this highland sub-fauna on Hispaniola also results in community-level differences in functional
trait distribution. Average morphology on Hispaniola diverges between lowland and highland communities
but remains steady on Jamaica across elevations (Fig 3f). Different environments in the highlands and
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lowlands should require different morphological solutions for optimal fitness. Given ample evolutionary opportunity, communities in similar environments should reach the same solution. Indeed, the community
abundance-weighted mean morphology in the lowlands of Jamaica and Hispaniola is extremely similar (Fig.
3g)—more similar than expected if species morphologies are randomly shuffled (Fig. 4, P = 0.033). In contrast
the highlands are morphologically distinct, without evidence for convergence between islands (P = 0.44),
suggesting that evolutionary opportunity on Hispaniola has created a community unique in both diversity
and morphology, that has not been reproduced on Jamaica. As a result, islandwide average morphologies
are not more similar across islands than expected by chance (Fig. S2, P = 0.076)
Finally, the development of the high-elevation fauna on Hispaniola appears to have granted access to niche
space that would otherwise go unoccupied by elevational generalists. For example, on Hispaniola above 1800m
three species were common and species continued to occupy montane forests up until 2,300m (Fig 2b,c). But
while Jamaica reaches 2,250m at its peak, we detected no anoles in the forests at or above 1800m (however,
even with no detections at the 4 highest plots over six two-hour surveys, resight models cannot rule out a
small number of individuals, and so model-predicted species richnesses are non-zero; as in Fig. 1b).
Community structure along environmental gradients
Given differences in regional sub-faunas on the two islands we sought to understand the consequences of
these sub-faunas for local diversity. To do so, we again examined alpha-diversity patterns on each island
by elevation, but eliminated from analysis the five species on Hispaniola and single species on Jamaica
that do not occur at sea level. With these highland species absent, abundance trajectories are no longer
statistically indistinguishable between islands: total community size declines much more rapidly on Hispaniola
than Jamaica (Island*Elevation interaction, P = 0.021;Island*Elevation2 interaction P = 0.025, R2 = 0.80;
Comparison to model with no island effects, P = 0.009). Specifically Hispaniola shows a lizard deficit at
middle and high elevations with respect to Jamaica, while the presence of some Jamaican lowland species
that still occur in middle elevations means that eliminating highland species had relatively little effect on
Jamaica’s lizard abundances (Fig. 4a).
In contrast, when high-elevation specialists are eliminated species richness patterns along the elevational
gradient become equivalent, with the best-fit model including only a linear elevation term (Elevation term
P < 0.001, marginal R2 = 0.88). Without the highland species Hispaniola loses its middle-elevation hump
in local species richness, and lowland species disappear from communities at roughly the same rate with
increasing elevation on both islands (Fig. 4b, All island effects non-significant:Island*Elevation2 interaction
P = 0.51,Island*Elevation interaction P = 0.43, Island effect P = 0.13).
Discussion
Diversification strengthens local controls on community structure
Our results reveal a complex signature of macroevolutionary processes on local community structure, supporting a model in which diversification both strengthens local controls on community diversity within biomes,
and elevates local diversity at biome transition zones where sub-faunas abut and mix. Critically, our data
suggest that factors promoting the evolution of sub-regional ecological specialists (e.g. Zobel et al. 2011; Jetz
& Fine 2012) may be key to determining whether communities achieve local diversity controls at the species
level.
Surveying lizard communities on neighboring islands that differ in evolutionary richness but otherwise contain
similar environments, we uncovered several patterns predicted if macroevolutionary inputs facilitate the
emergence of local diversity controls. First, total community abundances strongly suggest local controls,
declining similarly with elevation on Jamaica and Hispaniola, despite a two-fold difference in evolutionary
diversity between faunas. Total community sizes on both islands thus appear limited by individual-level
competition—most likely for dietary resources (i.e., energy). Interestingly, these patterns revealed little
support for macroevolution raising local carrying capacities (e.g., by producing more efficient specialists;
Cornell 2013; Storch & Okie 2019), although the slightly greater abundance of Hispaniolan anoles at the
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highest elevations may represent weak evidence for such an effect.
Second, we found that local patterns of species diversity were similar between Jamaica and Hispaniola where
both islands provide ample opportunities for the evolution of endemic habitat specialists (the lowlands), but
diverged in areas where opportunities differ starkly (the highlands). In the lowlands, average species diversity
and average community morphology were nearly identical between islands despite the larger area and greater
regional diversity of Hispaniola. Such similarity suggests that local limits on species diversity have been
reached in the lowland tropical forest habitats that predominate both islands (Cornell 1999; Ricklefs 2006).
However, community structure diverged in the highlands, with local species richness on Hispaniola exceeding
that on Jamaica at elevations greater than ˜700m (Fig. 2b). Hispaniolan highland communities were also
phenotypically distinctive, occupying a region of morphospace that differs from all sub-regions on either
island. In contrast, the average morphology of Jamaica’s highland communities is indistinguishable from the
lowlands, in part reflecting the fact that the highlands are largely composed of elevational generalist species
(Fig. 3c,g; Table 1). This pronounced highland diversity difference suggests that Jamaica’s high-elevation
anole communities are undersaturated at the species level (Cornell 1999; Mateo et al. 2017), despite having
similar abundances to those on Hispaniola.
Finally, as predicted if macroevolutionary inputs strengthen local controls (Cornell 2013), the greater evolutionary diversity of anole species on Hispaniola was associated with greater compositional turnover among
local communities (Table 1). This pattern was linked to the evolution of distinctive elevational sub-faunas
on Hispaniola, but not Jamaica (Fig. 3).
Evolutionary opportunity and the assembly of faunas and communities
Community abundance patterns suggest at least broadly comparable resources for anoles in tropical montane
forests on Hispaniola and Jamaica. So why are Jamaica’s montane communities less diverse? Ecological
explanations such as colonization limitation are unlikely—all Jamaican anole species not found in highland
communities are otherwise distributed islandwide, and no obvious barriers prevent colonization. Instead,
diversity differences are best explained by the relative paucity of high-elevation specialists in the species pool
of Jamaica – indeed, computationally “deleting” the endemic highland subfaunas of each island reconciles
their divergent relationships between local species richness and elevation (Fig. 4). Thus, to understand
Jamaica and Hispaniola’s highland community differences, we must turn to the evolutionary buildup of their
species pools (Jetz & Fine 2012; Cornell 2013; Mittelbach & Schemske 2015).
Speciation-driven contributions to highland diversity could arise either by evolutionary colonization, in which
lowland-derived lineages evolve to tolerate or specialize on cool upland conditions, or by in situ radiation
from a highland ancestor (Ricklefs 2006; Rosindell & Phillimore 2011). The first mechanism has occurred
on both islands, but appears difficult, with only one instance on Jamaica and a just a handful in northern
Hispaniola. Indeed, evolutionary transitions of this sort appear to be rare, with one study estimating that
speciation across biomes is ˜25 times less likely than within them (Crispet al. 2009). The second mechanism,
in situ highland radiation, occurred exclusively on Hispaniola, where a clade of highland-endemic anoles
diversified into a variety of ecological types (Figure 3e), raising the taxonomic, functional, and phylogenetic
uniqueness of the Hispaniolan highlands. The smaller cumulative area of Jamaica’s highlands likely precluded
enrichment of its montane fauna via this mechanism. Allopatric separation of populations is likely a prerequisite for speciation in anoles (Glor et al. 2004, 2005), and anoles likely need at least 3000km2 to undergoin
situ speciation (Losos & Schluter 2000). The highland “sky island” in northern Hispaniola above 700m clears
this threshold with 4000km2 (Fig. 1), yet Jamaica’s equivalent zone occupies less than 400km2 . Thus the
rarity of cross-biome speciation events, plus insufficient space for subsequentin situ radiation, appear to
have deprived highland Jamaica from the 2-3 additional species supported locally at similar elevations on
Hispaniola.
In contrast to the highlands, the lowlands on both islands are large, well over the 3000km2 threshold. Even
though the lowlands of northern Hispaniola are nearly 5X larger than in Jamaica (18,500 versus 3,900km2 ),
alpha-diversity in the lowlands is identical, suggesting that local diversity caps predominate, and have been
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reached. Northern Hispaniola’s greater total diversity thus appears to come about not because it is larger
per se , but because its high-elevation biome is large enough to generate an additional set of distinct species,
boosting diversity from 6 species (lowland only) to 11 (total).
A growing body of recent work has revealed the importance of geographical and environmental determinants
of evolutionary radiation in setting regional diversity patterns (Fine & Ree 2006; Jetz & Fine 2012; Quintero & Jetz 2018). Our work shows that such “evolutionary opportunities” can also structure communities
by producing species capable of maintaining local diversity equilibria. Such equilibria are consistent with
evidence from temporal studies of local-scale diversity, which provide evidence for stable community-level
richness limits over timescales ranging from decades to tens of millions of years (Bambach 1977; Brown
et al. 2001; Gotelli et al. 2017; Closeet al. 2019). However, they contrast with local diversity patterns in
Hawaiian trees, one of very few other groups to be investigated for signatures of macroevolution on local
community structure (Craven et al. 2019). In that system, greater island-level evolutionary diversity was
linked to increased local-scale diversity, suggesting that local diversity caps in that system either have not
yet been reached, or are more easily overridden. Understanding this difference will require further research,
and we suggest that the likelihood that evolution will strengthen local controls will depend on potentially
system-specific mechanisms of dispersal, competition, and coexistence. For example, compared to tropical
trees, anoles are poorer dispersers (Williams 1969), more likely to engage in interference competition (Schoener 1977; Culbertson & Herrmann 2019), and, lacking dormancy, less likely to benefit from temporal storage
effects (Chesson & Warner 1981), all of which could favor the primacy of local controls in anole communities.
Regional contributions to diversity at biological suture zones
Even if communities are effectively saturated with individual organisms, species richness may still be augmented by regional diversity where processes that remove species with redundant niches (e.g. competitive
exclusion) are slow relative to those that add them (e.g. immigration from nearby areas) (Cornell & Harrison
2014). We see no evidence for such regional signatures in the lowlands on either island, or above >1200m
on Hispaniola. However, the evolution of distinct elevational sub-faunas on Hispaniola is accompanied by a
mid-elevation diversity peak where low-elevation and high-elevation faunas meet, consistent with an ecotoneassociated dynamic equilibrium (Storch & Okie 2019). Middle elevations may be especially susceptible to
mixing if fitness differences equilibrate between lowland and highland-adapted species with redundant dietary or structural niches, preventing clear competitive dominance (Chesson 2000). Although hypothesized
to be common (Lomolino 2001), such mid-elevation richness peaks appear infrequently in reptiles (McCain
2010), and maximum diversity only rarely occurs at transition zones between reptile faunas (McCain & Beck
2016).
Our results suggest two potential reasons. First, faunal mixing can only occur where evolutionary opportunities allow faunas at either end of an environmental gradient to have sufficient species to result in richness
increases where faunas meet. On Jamaica, a highland sub-fauna of one is insufficient to engender a middleelevation diversity peak, given that several lowland species have already been lost. Our data thus point to
a key role for evolutionary opportunity in determining whether an elevational gradient is likely to exhibit
a middle-elevation peak in alpha-diversity (e.g., Hispaniola) or not (Jamaica). Indeed, deletion of highland
endemics, which are much more diverse on opportunity-rich Hispaniola, obliterates the middle-elevation diversity peak on that island, and creates a middle-elevation abundance deficit, just as expected if highland
and lowland species co-occurring at the ecotone are competing for limited resources in communities saturated
at the individual level (MacArthur et al. 1972).
Second, the emergence of local diversity peaks at sub-region boundaries will depend on the dispersal abilities
of community members. Anoles are relatively poor dispersers (Williams 1969), so mass and rescue effects
that facilitate persistence in unfavorable conditions should be minimal. As such, the mid-elevation diversity
peak on Hispaniola is fairly narrow. Ecotone peaks would be wider for stronger dispersers, and in the extreme
case could encompass an entire environmental gradient, supplementing alpha-diversity island-wide.
Conclusion
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Taken together, our results emphasize the role of macroevolutionary diversity in determining community
structure. Over ecological time, communities at different compositional start points will converge to similar
functional members, even if species identity varies (Fukamiet al. 2005). We suggest a similar process of
community filling over evolutionary time—so long as evolutionary opportunity is available, speciation can
fill local communities, allowing them to follow similar ecological trajectories. Evolutionary opportunity allows
for regional environmental specialists to form, increasing beta-diversity and supplementing alpha-diversity at
biological suture zones. Where speciation is comparatively limited, widespread species fill rare environments
as best they are able, but sub-regional faunas are unable to form, and local diversity in the rare environments
and their suture zones remains impoverished. Accounting for such dynamics may help reconcile contradictory
results in elevation diversity profiles across systems, and shed new light on how local or regional factors control
community structure and diversity.
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Tables
Table 1: Islandwide beta-diversity partitioning based on site presence-absence (Incidence) or Abundance. Total community dissimilarity is partitioned into a component deriving from species replacement between sites
(“Turnover” and “Balancing”), versus from differences in richness or abundance between sites (“Nestedness”
and “Gradient”).
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Type
Incidence

Abundance

Component

Hispaniola

Jamaica

Turnover
Nestedness
Total
Balancing
Gradient
Total

0.86
0.03
0.90
0.86
0.07
0.93

0.50
0.17
0.67
0.59
0.22
0.81

Figures

Figure 1: Left hand panels show maps of study site locations (triangles) along the elevational gradients on
both islands. Dashed line on Hispaniola separates the North paleoisland, from the south paleoisland—locations
that have had separate evolutionary histories during periods of higher sea levels, and which have different
species pools. Note that maps of Jamaica and Hispaniola are not on same scale. Right hand panel illustrates
the total area (y-axis on log scale) in 200m elevational bands on both islands. Note the steep drop off in area
on Jamaica above 700m.

Figure 2: Anolis abundance and species richness across survey plots on both islands. (a) Total Anolis
abundance declines monotonically with elevation and is statistically indistinguishable between islands. The
depicted model includes linear and quadratic effects of elevation and full interactions with island identity,
though only the effect of elevation is statistically significant after backwards model selection. (b) Species
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richness patterns along elevational gradients deviate between islands ranging from rough equivalency in the
lowlands to greater species richness in the Hispaniolan fauna upslope. Figure depicts model best fit lines
on Jamaica (green) and Hispaniola (yellow), with shaded regions representing standard error. Significant
differences between islands are emphasized with black borders around best fit lines and standard error regions
in panel b. Points represent posterior mean abundance and species richness at study plots derived from
mark-resight models (NJamaica = 20, NHispaniola = 35).

Figure 3. Greater macroevolutionary diversity on Hispaniola generates a high-elevation fauna. (a) Pairwise
plot-level community dissimilarity based on species identity against the differences in elevation between plots.
(b and c) Heat map showing abundance of species in all plots along the elevational gradient. Sites are organized along the y-axis so that lowest elevation sites are on the bottom and highest are on top. Tick marks
along y-axis show 500m increments. Note that y-axes are not scaled uniformly within islands, because low
elevation habitats are more common and thus preferentially sampled, and are not identical across islands,
as sampling sites were not matched by elevation. Species along the x-axis are organized by mean elevation
at which the species occurs. Note (1) the distinct highland species on Hispaniola, and (2) differences between islands in elevation at which no anoles occur. (d) Pairwise phylogenetic dissimilarity of plots as in
‘b’ highlighting the phylogenetic turnover along elevation on Hispaniola. (e) Phylogeny of all Anolis species
observed with branches colored according to island. ‘+’ indicates highland species (species not observed at
sea-level). (f ) Pairwise morphological dissimilarity between plots as in ‘b’ highlighting greater morphological
dissimilarity between elevation zones on Hispaniola. (g). Location in morphospace of all observed species
along first two morphological principal component axes from 11 morphometric measurements. PC1 corresponds to limb-length whereas PC2 corresponds to overall body size. Circle size represents overall abundance
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of the species across all plots. Triangles depict the abundance weighted morphological means of all plots in
the lowlands (<700m asl) and the highlands (>700m asl) on both islands. In all plots (except b and c) yellow
indicates plots or species in Hispaniola whereas green indicates those in Jamaica.

Figure 4: Lowland species abundance and richness across elevation. (a) Abundance of all lizard individuals in
plots across elevations, evaluating only species that have maximum abundances <700m. When discounting
the highland fauna, Hispaniola has fewer individuals at middle elevations, though total abundance is still
equivalent between islands near sea level. Compare to Fig. 2a, analyzing all species and showing equivalent
abundance profiles by elevation across islands. (b) Species richness in plots, evaluating only lowland species.
Removing the highland species yields extremely similar alpha-diversity trajectories between islands, suggesting
that differences in species richness trajectories across islands observed in Fig. 2b can be attributable to the
presence of the highland fauna on Hispaniola. Definitions of lines, shaded regions, and points are the same
as in Fig. 2. Note that both panels depict models with linear and quadratic effects of elevation and full
interactions with island identify though only the effect of elevation was significant after backwards model
selection for lowland species richness.
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