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ADAPTIVE RADIATION OF DAY-GECKOS (PHELSUMA) IN THE
SEYCHELLES ARCHIPELAGO:
A PHYLOGENETIC ANALYSIS

RAY R. RADTKEY!
Department of Zoology, University of Texas at Austin, Austin, Texas 78712

Abstract.—A phylogenetic analysis using characters derived from mitochondrial DNA was used to show that the
species of Phelsuma in the Seychelles Islands represent a single, monophyletic lineage that has diversified as a result
of both historical and ecological factors. In the distant past, the Seychelles archipelago was physically invaded by a
single species of Phesluma. Separate eustatic sea level changes likely led first to allopatric speciation and then to the
secondary contact of these sister species. Differences in the relative timing of the secondary contact between island
groups resulted in P. sundbergi evolving an intermediate body size in the group of islands associated with Mahé and
a large body size, while sympatric with P. astriata, in the group of islands associated with Praslin. Ecological
information was used to support the conclusion that the actual evolutionary mechanism for the body size shift was a
response to frequency dependent natural selection of P. sundbergi in single-species and two-species competitive

regimes.
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When considering the assembly or disassembly of island
communities, ecologists must consider all forms of species
gain or loss over all possible time scales (Williams 1972;
Case and Cody 1987; Roughgarden et al. 1987; Ricklefs
1988; Roughgarden 1988). Communities are thought of as
open systems, with the rate-limiting step of their dynamics
being the source of new species. The importance of physical
invasion of species into the system through transport pro-
cesses was expounded by Preston (1962) and MacArthur and
Wilson (1963, 1967) and has remained the centerpiece of
discussions on island ecology. Considered less often is the
role of internal radiations as sources of species on one island
or between closely associated islands of an archipelago
(Hamilton and Rubinoff 1963, 1967; Williams 1972, 1983;
Diamond 1977; Juvik and Austring 1979). Case and Cody
(1987) stress that the diversity patterns of observed species
on islands are a combination of physical, phylogenetic, and
ecological effects. But they also warn that ‘‘island biogeog-
raphers must be very cautious in generalizing beyond the
bounds of the taxon and island system . . . studied.”

Although each system may be the result of a unique com-
bination of factors, the factors themselves are general and
should be studied in a standard way that facilitates compar-
isons. One essential step in this method should be the com-
parison of robust phylogenetic hypotheses to estimates of
physical history. Concordance between the two indicates in-
vasion into the system through speciation; discrepancies in-
dicate invasions into the island community via colonization
from other local or regional biogeographic areas (see Brooks
and McLennan 1991 for general examples). Integration of
ecological information with historical analyses allows the
definition of the role ecological interactions play in the evo-
lutionary process (Williams 1972, 1983). Identifying physical
invasions allows the application of theory defining how com-
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munities are assembled and structured. Identifying the eco-
logical context of speciation events allows the definition of
evolutionary mechanisms that involve ecological processes.
In this study I used phylogenetic inference, together with
ecological data, to determine what combination of these two
processes is responsible for the three taxa of day-geckos
(Phelsuma) seen in the Seychelles archipelago.

Study System

Arboreal day geckos of the genus Phelsuma, with about
40 species and 60 described ‘‘taxonomic units,”” occur -from
southwestern Africa to the Bay of Bengal (Loveridge 1942).
Within this range, the majority of species are found on islands
in the southwest Indian Ocean, including Madagascar, the
Seychelles, Mascarene, and Comoros Islands (Fig. 1). Two
points of disjunction exist in the distribution, however. First,
the only species to occur to the east of India is P. andama-
nensis, which is endemic to the Andaman and Nicobar Island
archipelagos of the Bay of Bengal (Loveridge 1942; Biswas
and Sanyal 1977, 1980). No species occurs between these
archipelagos either on islands in the central Indian Ocean
(Chagos, Lakshadweep, Maldives, Sri Lanka) or the Indian
subcontinent. Second, one native species from the Richters-
veld of the southwestern African mainland, P. ocellata, has
been placed in the genus by Schmidt (1934) and Russell
1977).

The geologic history through the range of Phelsuma is well
known. Madagascar, for instance, was tectonically rifted from
the African land mass over 130 mya (Coffin and Rabinowitz
1987) and had a close association with southern Africa that
goes back at least to the Miocene (Forster 1975; Tarling
1981). At the northern end of the distribution, the Andaman
and Nicobar island archipelagos are considered extensions of
the Himalayas uplifted during the Miocene (Karunakaran
1962, 1967), although they have never been connected to the
Indian subcontinent.

Between the extremes of the Phelsuma distribution (Fig.
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Fic. 1. Map of the Indian Ocean region. Species of Phelsuma are found in Madagascar, the Comoros, Mascarene and Seychelles
archipelagos, the Andaman and Nicobar islands in the Bay of Bengal, and western South Africa (not shown).

1) the remaining islands of the Indian Ocean have a varied
past. For instance, the Aldabra group (Aldabra, Assumption,
Cosmoledo, and Astove) are raised coralline islands. The last
total submergence of Aldabra due to eustatic sea-level
changes was approximately 125,000 years ago (Thompson
and Walton 1972; Taylor et al. 1979). The other islands in
the Aldabra group, along with the Farquhars and Amirantes
(sandy cays to the west and north of Madagascar, respec-
tively) have probably emerged only within the last 15,000
years. Northwest of Madagascar lie the Comoros islands and
to the east the Mascarenes. Both groups are volcanic islands
high enough to remain emergent since their origin. Finally,
the granitic Seychelles are high islands of continental origin
representing fragments left by the Indian plate as it moved
north. The Seychelles (Fig. 2) and the Comoros have formed
separate large banks within a period of 15,000 years (Peake
1971).

Systematic studies within the genus Phelsuma are limited,
with the majority of the work being phenetic (Russell 1977;
Crawford and Thorpe 1981; Cheke 1982, 1984; Thorpe 1983;
Thorpe and Giddings 1983; Gardner 1984, 1987). Russell
(1977) recognized two groups in Phelsuma based on toe-pad
morphology. His group I contains most Phelsuma species,
the mainly-arboreal forms. His group II lizards (P. barbouri,
breviceps, dubia, mutabilis, standingi, guttata, and ocellata)
possess slightly different habits (e.g., some ground dwelling
and preferring drier climates), smaller body size, and duller

coloration. The only phylogenetic work on species within
Phelsuma has focused almost entirely on species thought to
be closely related to P. madagascariensis (Borner and Minuth
1984; Thorpe 1985, 1986) and will be discussed below in
relation to my current results.

Ecological Motivation of Phylogenetic Hypotheses

Each of the granitic Seychelles supports either zero, one,
or two species of Phelsuma. Under current taxonomy (Gard-
ner 1984, 1987; Thorpe 1985), P. astriata and P. sundbergi
are the only species involved in this simple ecological setting.
The low species richness of Phelsuma in the Seychelles is
likely due to the isolation of this archipelago (Losos 1986).
Although several small-scale ecological studies (Crawford
and Thorpe 1979; Thorpe and Crawford 1979; Evans and
Evans 1980) have been conducted, Gardner (1984) has pro-
vided the most extensive look at the reproductive tactics,
micro- and macrohabitat utilization of these two species in
sympatry and in allopatry.

An intriguing summary of body size information, a com-
bination from those of Gardner (1984) and my own mea-
surements, is given in Figure 3. The figure shows the dis-
tribution of snout-vent lengths (mean of the three largest
males) for the species across the granitic Seychelles islands
with the islands (1-19) placed in approximate south to north
orientation. Figure 4 shows explicit distributions of snout—
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Fic. 2. Granitic Seychelles numbered according to Figure 3. Dotted line separates ‘“Mahé group” and *‘Praslin group”” of islands. White

areas represent a depth of 40 m, gray areas 40-200 m (from Chief

vent (SVL) lengths for both species from six of the largest
islands. Several patterns emerge from these figures. First,
when ordered from south to north, SVL of P. sundbergi gen-
erally increases while SVL of P. astriata shows no clear
pattern of variation with respect to island. Second, the mean
difference (25.76 mm) of SVL between P. astriata and P.
sundbergi within Praslin and its associated islands is signif-
icantly different from the corresponding mean difference
(7.35 mm) in the Mahé group of islands (¢-test, P < 0.0001).
Third, on Silhouette, one of the larger and more isolated
islands associated with Mahé, a convergence of relative body
size is observed.

Assuming the habitats are similar across this small archi-
pelago (see below), it seems inexplicable that one set of
islands has coexisting congeners with overlapping body size
distributions and another set has the same two species but
with very distinct body size distributions. The situation is
complicated further by the fact that these islands have his-
torically been united into a single large bank several times
during glacial maxima (Braithwaite 1984; Montaggioni and
Hoang 1988). Given this intimate setting, why does one set
of islands contain two species with significantly less differ-

Surveyor, Republic of the Seychelles).

ence in maximum body size than another set of islands with
the same two species?

MacArthur and Levins (1967) and May and MacArthur
(1972) have shown analytically that a limit exists to the sim-
ilarity competing species can attain. If the resource overlap
between two species is too large they must either diverge in
use or one species must go extinct. Where species occur in
the absence of competitors, density-dependent natural selec-
tion should work to maximize carrying capacity thus leading
to intermediate correlates of niche use (e.g., body size) under
certain conditions (Schoener 1969; Roughgarden 1976,
1983). Since then it has been shown that evolutionary di-
vergence is predicted under a wide variety of conditions of
species interactions (see reviews in Taper and Case 1992a,b).

In the present case, Gardner (1984) argues that, although
ecological processes are important in determining population
densities of Phelsuma, a relationship between body size and
competition is not the causal factor in body size evolution
in the Seychelles Phelsuma. He bases his argument on the
fact that on Mahé, where P. astriata and P. sundbergi are
very similar in maximum SVL (57 vs. 63 mm), the two spe-
cies currently exhibit little microhabitat partitioning. Is this
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Snout—vent length for largest three males of P. astriata and P. sundbergi from each island of the granitic Seychelles. Islands

are ordered from south (1) to north (19). Measurements are a combination of Gardner (1984, 1986) and my own collections (indicated
by asterisks). Minimum sample size is 11 (Little Sister P. sundbergi). Island numbers and groups (Mahé or Praslin ) correspond to the
map in Figure 2. The mean difference between P. astriata and P. sundbergi in the Mahé island group is significantly different (paired
t-test, P < 0.0001) from the corresponding mean in the Praslin island group.

the correct interpretation of the body-size information? Be-
low I offer an alternative argument that is consistent with
character displacement driving body size evolution and spe-
ciation in this system.

To test whether the differences in body size observed with-
in the Seychelles Phelsuma are a result of character displace-
ment, I will use the six necessary criteria for competitive
character divergence provided by Schluter and McPhail
(1992) and Taper and Case (1992a). The six criteria stated
in relation to this system are: (1) body size differences be-
tween sympatric species relative to allopatric species cannot
be ascribed to differential colonization (size assortment); (2)

body size differences between sympatric species pairs are
statistically greater than between paired allopatric popula-
tions; (3) differences in body size are realized in differences
in resource utilization; (4) Competition for resources increas-
es as individual Phelsuma become more similar in size; (5)
size differences are not correlated to resource distribution;
and (6) body size differences are genetic (assumed in this
case).

The criteria outlined above suggest alternative hypotheses
to character displacement for observed body size patterns.
The focus of this study is to use a phylogeny generated from
changes of mtDNA nucleotide sequence to test alternative
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