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Island mammals often display remarkable evolutionary changes in size and morphology. Both theory and empirical data support

the hypothesis that island mammals evolve at faster rates than their mainland congeners. It is also often assumed that the island

effect is stronger and that evolution is faster on the smallest islands. I used a dataset assembled from the literature to test these

assumptions for the first time. I show that mammals on smaller islands do indeed evolve more rapidly than mammals on larger

islands, and also evolve by a greater amount. These results fit well the theory of an evolutionary burst due to the opening of

new ecological opportunities on islands. This evolutionary burst is expected to be the strongest on the smallest islands where the

contrast between the island and the mainland environments is the most dramatic.
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Ever since Darwin’s first observations of Galapágos finches and

mockingbirds, islands have been recognized as natural labora-

tories for the study of evolution (Mayr 1967; Berry 1996). The

study of island species has, for example, helped to demonstrate

the importance of isolation for speciation and for adaptive radia-

tion (Losos and Ricklefs 2009). In mammals, isolation on islands

often leads to significant changes in body size and sometimes

the evolution of very peculiar morphologies (Foster 1964; Van

Valen 1973; Lomolino 1985, 2005; Sondaar 1991; Lister 1996).

Foster (1964) first noted the tendency of small mammals, such as

rodents, to be larger on islands when compared to their closest

relatives on the mainland. Large mammals, such as deer and ele-

phants, are often much smaller on islands than on the mainland

(Foster 1964; Sondaar 1977, 1991; Lister 1996). This tendency

for small mammals to become larger and large mammals to be-

come smaller on islands has come to be known as the island rule

(Van Valen 1973; Lomolino 1985, 2005).

In addition to phylogenetic affinities or body size of the is-

land species, island area and the degree of isolation have been

considered to be correlated with the main factors driving morpho-

logical and size evolution on islands (Heaney 1978; Lomolino

1985; Angerbjörn 1986; Berry 1996, but see Meiri et al. 2005).

Based on his observations on the tri-colored squirrel (Callosci-

urus prevosti) in southeast Asia and a review of the literature,

Heaney (1978) proposed a qualitative model of size evolution

in island mammals. His model included four causal factors: food

limitation, predation, interspecific competition, and physiological

efficiency. The model did not, however, take into consideration the

local climate, time of isolation, or other selective pressures that

could occur on a specific island. According to Heaney (1978),

the relative importance of each factor in his model was related to

island area, which thus determined body size of a given species

on a given island. Although this model was mainly derived from

observations of one species, Heaney proposed that it could be ap-

plied to all island mammals, potentially explaining the differential

trends in body size between large and small mammals on islands.

Later Filin and Ziv (2004) supported Heaney’s hypothesis through

a theoretical model linking the direction of body mass change, the

rate of change, and the area of the island. Using demographic pa-

rameters, allometric laws, and the hypothesis of an optimal body

mass, the model predicts that the selection pressures for body

size change are stronger on smaller islands. This was due to the

inverse relation between island area and the change in population

growth rate, which is also affected by the shape of the island and
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dispersal ability of the species. Filin and Ziv (2004) predicted

that (1) organisms on smaller islands experience a faster change

in body mass than those on larger islands, and (2) the change in

body mass, either increasing or decreasing, is proportional to the

inverse of island area.

Although not restricted to island mammal fauna (see

Millien 2006 for a review), some evidence exists for rapid evo-

lution, sometimes within only a few decades, in some isolated

species of mammals ( Kurtén 1959; Yom-Tov et al. 1986, 1999;

Pergams and Ashley 1999, 2001; Simberloff et al. 2000, but see

Meiri et al. (2009) who found no evidence for rapid evolution

in some island carnivores over the last 200 years). The fossil

record also suggests that island species evolve rapidly following

isolation (Sondaar 1991; Lister 1996). The trend for more rapid

evolution on islands was confirmed in a literature review compar-

ing the rates of morphological evolution of mammals from islands

versus the mainland (Millien 2006). This result held for various

morphological traits, and under a wide range of time intervals,

from a few decades up to several thousands of years. However,

Millien (2006) did not address the effect of island size on the rate

of evolution, and this hypothesis has not previously been subject

to quantitative analysis. Here, using a dataset assembled from the

literature on evolutionary rates in island mammals (see Millien

2006), I tested the following predictions: (1) evolution is faster on

smaller islands, and (2) the absolute amount of change is greater

on smaller islands. I also examined the effect of body mass on the

rate and magnitude of evolutionary change.

Material and Methods
The dataset consists of 72 populations of mammal species or evo-

lutionary lineages belonging to five orders and 21 species from 44

islands from the Atlantic and Pacific oceans, as well as from the

Mediterranean and Japan seas (Appendix 1). Most data were for

rodent species (55 out of the 72 samples). This reflects in part the

fact that Rodentia is the most speciose order of mammals, but also

the fact that rodents are very successful at colonizing and estab-

lishing on islands and are thus a common member of most insular

mammalian faunas. The time interval over which evolutionary

changes took place ranged from 21 years to 47,000 years. Island

area ranged from 0.6 to 979 sq. km, and was obtained from various

sources in the literature and from the United Nations Environment

Program Islands website (http://islands.unep.ch/). These raw data

are provided in a supplement (Table S1), and were obtained from

the sources cited in Millien (2006).

Only allochronic rates of evolution, as defined by Hendry

and Kinnison (1999), were used. These rates are based on the

comparison of a trait of a species or evolutionary lineage from the

same point in space, but at different points in time. Allochronic

rates thus pertain to actual trait temporal changes and reflect rates

of actual evolution. In contrast, synchronic rates are based on the

comparison of two extant populations that share a common ances-

tor and are found at different places (e.g., mainland-island com-

parisons). Consequently, synchronic rates reflect rates of diver-

gence that do not provide a direct measure of the rate of evolution

(i.e., Fig. 1 in Hendry and Kinnison 1999), and so were not used.

The “darwin” (Haldane 1949) was used as a measure of

evolutionary rate as (d) = (lnx2 − lnx1)/(�T), where a character

evolved from x1 to x2 over a time (�T) in millions of years. When

more than two datapoints for a character were available within a

lineage, evolutionary rates were estimated by the slope of a linear

model between ln(rate) and ln(area) (Millien 2006). Rates in dar-

wins can easily be calculated from mean values published in the

literature and are readily available for fossil species. Rates in dar-

wins are proportional to the dimensionality (Gingerich 1993), and

so only linear measurements were considered here, such as teeth,

skull, long bones, or body-length measurements. The absence of

effect of the type of trait used on the value of the evolutionary

rate was further tested with an ANOVA. When several types of

measurements were available for one species (e.g., a tooth mea-

surement and a long bone measurement), the average rate value

was used to avoid overweighting of replicated data (Millien 2006).

Evolutionary rates in darwins are also correlated with the time in-

tervals over which they are calculated (Gingerich 1983; Hendry

and Kinnison 1999), and this correlation was taken into account

in the interpretation of results. Rate (darwin), island area (square

km), and time intervals (Million years) data were log-transformed

(base e) prior to analyses. A hierarchical variance partitioning

approach was used to assess the variance contribution of each

explanatory variable (time and area) with rate as the dependent

variable (Chevan and Sutherland 1991; Mac Nally 2000). This

method accounts for the colinearity between the explanatory vari-

ables by obtaining the contribution of each of these variables, both

independently and jointly, to the total variance (Mac Nally 2000,

2002). The R squared was used to estimate the goodness of fit.

The Z-score and a randomization procedure that randomizes the

data and computes the distribution of independent effects of each

explanatory variable (1000 randomizations for area and time, see

Mac Nally 2002 for further details) were used to evaluate the

statistical significance of these effects (Mac Nally 2002).

The amount of evolutionary change was expressed as percent

change: %change = ((x2 − x1)/x1 × 100). The relation between

the percent change and the rate in darwin is as follows: %change =
((exp(rate × �T) − 1) × 100).

The relation between rates of evolution of morphological lin-

ear traits and body mass was also examined. I used the average

body mass for the species, which was supposed to represent the

mass of the mainland ancestor, assuming no or little evolution of

the ancestral species on the mainland. In most cases (19 species

out of 22), the body mass used was the median of the range of
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values published for the species on the mainland using data from

Smith et al. (2003). For the remaining three species, I used the

body mass of the endemic island species (e.g., Apodemus specio-

sus, published in Silva and Downing 1995). In two cases, body

mass data were not available from the above general sources,

and so the data were directly obtained from the source paper

(Anderson and Handley 2002, for the mass of Bradypus pyg-

maeus and Millien 2004 for Apodemus argenteus) or from the

closest mainland relative from the same genus (e.g., Megaloceros

algericus for M. giganteus).

General linear models were used to estimate the effects of

time interval, island area, and body mass on the rate of evolution

and the amount of change of morphological linear characters. For

all linear models, the interaction terms between explanatory vari-

ables and quadratic terms of all explanatory variables were first

included in the model. They were then sequentially removed (in-

teraction terms first, then quadratic terms) when not significant. A

logistic regression model was used to test whether the probability

of positive versus negative change was dependent on island area

and on body mass.

Pagel’s lambda (Pagel 1999) was used to assess the phylo-

genetic signal in the data, based on the phylogeny described in

Millien (2006). Pagel’s lambda varies between 0 (phylogenetic in-

dependence of the data) and 1 (more closely related species have

closer trait values). The advantage of this parameter is that it is

robust even when the phylogeny is not well resolved (Freckleton

et al. 2002). Branch lengths in million years were obtained from

Bininda-Emonds et al. (2007), using the “best dates” in the tree

file provided in this reference. There were two extinct species in

the data for which no divergence time was readily available from

Bininda-Emonds et al. (2007). The divergence date of Cervus

was thus used for the genus Megaloceros as there is very little

divergence between these two genera (Kuehn et al. 2005). The di-

vergence between the genera Mammuthus and Elephas was dated

at 5.8 to 7.7. Ma (Rohland et al. 2007), and the median value of

6.75 Ma was thus used for the divergence time of Mammuthus.

Each tip of the phylogenetic tree represented a single population

for a given species, and the relation between these populations was

not resolved in most cases (resulting in a number of polytomies).

The phylogeny is presented in Appendix 1.

Generalized least square (GLS) models fit by maximizing

the restricted log-likelihood (REML) were calculated to estimate

the effects of time interval, island area, and body mass on the

evolutionary rate and the amount of change, while taking into

account the phylogenetic structure in the data (Freckleton et al.

2002). The use of GLS methods requires the specification of a

correlation structure for the linear model. Both a Pagel correlation

structure, which is derived from a Brownian model of evolution

by multiplying the covariance by λ (Freckleton et al. 2002), and

a simple Brownian motion model were used.

All the analyses were carried out in R statistical software

version 2.9.2 (R Development Core Team 2010).

Results
EVOLUTIONARY RATES

Rates calculated ranged from 0.7 to 1435.8 darwin, which over-

laps with values reported for fossil vertebrates (0.11–32 darwin) in

Gingerich (1983) and for contemporary animals (0–395,880 dar-

win) in Kinnison and Hendry (2001).

An analysis of covariance (ANCOVA) with ln(time), ln(area),

ln(mass), and the type of variable used (teeth, skeletal, skull or

body length, or a combination of them) as factors and evolutionary

rate as the dependent variable showed that there was a significant

effect of time interval (F = 367.2, P < 0.0001), island area (F =
7.6, P < 0.007), and body mass (F = 19.6, P < 0.0001) on the

evolutionary rate value, whereas the effect of the type of variable

was not significant (F = 0.8, P = 0.59).

There was a strong correlation in the data between evolu-

tionary rate and time interval (r = −0.89, P < 0.0001), a relation

that has been reported elsewhere (Gingerich 1983; Hendry and

Kinnison 1999; Millien 2006).

There was a positive relation (Pearson correlation coefficient,

r = 0.42, P < 0.001) between ln(area) and ln(time). This corre-

lation has no obvious biological rationale and may be solely due

to a sampling bias. The correlation between the time interval and

island area violates the assumption of a lack of colinearity be-

tween the independent variables. A variance partitioning analysis

was thus used to evaluate both the independent and joint con-

tribution of each explanatory variable (time interval, island area,

and body mass) to the variation in rates of evolution. The analysis

with ln(area), ln(time), and ln(mass) as the explanatory variables

and ln(rate) as the dependent variable indicated that ln(time) ex-

plained in total 79.7%, ln(area) 24.5%, and ln(mass) 1.4% of the

variance in ln(rate). The independent contribution of each vari-

able was 80.6% for ln(time) (Z = 36.23, P < 0.05), 15.8% for

ln(area) (Z = 6.81, P < 0.05), and 3.5% for ln(mass) (Z = 0.81,

P > 0.05).

Overall, evolutionary rates ranged from 4.8 darwin on the

largest island to 144.2 darwin on the smallest island and were

thus over 30 times greater on the smallest islands in the data

(Fig. 1).

Rates of evolution were negatively related to island area and

positively related to body mass (Table 1, Fig. 2). Overall, rates

of evolution were much more variable in small species, mostly

rodents. Rates for this order ranged from 0.72 darwin, the lowest

value in the entire dataset to 37.90 darwin, one of the largest rates

calculated for the entire data.

Pagel’s λ indicated a strong phylogenetic structure in the

data with a value of 0.90. The analyses were thus repeated with
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Figure 1. The relation between the rate of evolution and island area. The line is the regression line between Log Rate and Log Area.

a correction for phylogeny using a general least square model

that took into account the phylogenetic structure in the data. The

results were similar (Table 1) to those obtained with a simple linear

model. Rates of evolution were negatively related to island area

and the effect of body mass on evolutionary rate was significant

and positive when using a Pagel’s correlation structure for the

linear model. However, an AIC criterion indicated that a simple

Brownian model of evolution was more adequate for the data, and

the effect of mass on evolutionary rates was not significant with

this model. Lastly, a small but significant effect of the quadratic

term Area2 was found with this last model (Table 1). However,

the coefficients of the model as indicated in Table 1 imply that the

Table 1. Results from linear models with rate of evolution, the percent change, or the absolute value of percent change as the dependent

variable. There was a positive relation (Pearson correlation coefficient, r=0.42, P<0.001) between ln(area) and ln(time) and a variance

partition analysis was used to evaluate the actual contribution of each variable to the model (see text for details).The analyses were

performed with and without taking into account phylogenetic structure in the data. For all models, the interaction terms between

explanatory variables and quadratic terms of all explanatory variables were first included in the model. They were then sequentially

removed (interaction terms first, then quadratic terms) when not significant.

Dependent variable Predictor Nonphylogenetic Phylogenetic Pagel Phylogenetic Brownian
Slope (β) Slope (β) Slope (β)

Log rate Intercept −2.15∗∗∗ −2.16∗∗∗ 0.88ns

Area −0.15∗∗ −0.15∗∗∗ −0.27∗∗∗

Mass 0.13∗∗∗ 0.13∗∗∗ −0.04ns

Time −0.87∗∗∗ −0.87∗∗∗ −0.72∗∗∗

Area2 ns ns −0.01∗

AIC 188.82 262.97

Percent change Intercept 8.53ns 7.46ns −0.38ns

Area −0.51ns −0.45ns −2.36∗∗∗

Mass −1.32∗∗∗ −1.19ns 1.36ns

Time 0.02ns 0.22ns 1.06ns

Mass2 ns ns −0.06∗∗∗

AIC 512.78 586.62

Absolute Intercept 11.39∗∗∗ 11.37∗∗∗ 41.81∗

Percent change Area −0.79∗ −0.81∗ −2.63∗∗∗

Mass 0.88∗∗∗ 0.90∗∗∗ −1.05ns

Time 0.93∗ 0.95∗ 1.88∗

AIC 458.78 519.61

∗P≤0.05, ∗∗P≤0.01, ∗∗∗P≤0.001, nsP>0.05.
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Figure 2. The relation between the evolution rate and body mass.

maximum of curvature, calculated when ln(rate)’ = 0, is found at

ln(area) = −13.5 (area = 1.3×10−6 sq. km), a negligible value of

island area that falls outside the range of data used. So overall, over

the range of data used, the effect of island area on evolutionary

rates is negative (Table 1).

AMOUNT OF CHANGE

Figure 3 illustrates the relation between the percentage change

in the morphological traits considered and island area. The slope

was negative, but not significantly different from zero, indicating

that the amount of change did not depend on the area of the island.
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Figure 3. The relation between percent change in morphological

traits and island area.

Overall, smaller mammals tended to change to a lesser extent than

large mammals (Table 1, Fig. 4). A Pagel’s λ of 0.50 indicated the

presence of a phylogenetic structure in the data. All the effects of

area and mass on percent change were nonsignificant when the

phylogenetic structure in the data was accounted for using a Pagel

correlation structure for the linear model (Table 1). When using a

simple Brownian model of evolution, there was a negative effect

of island area on percent change as well as a negative but small

effect of Mass2 (Table 1).

The absolute (unsigned) value of the percent change was

negatively related with island area and positively related with

body mass. There was also a positive effect of the time interval on

the amount of change (Table 1). A Pagel λ of 0.24 indicated a weak

phylogenetic structure in the data. All the effects of area, mass, and

time remained unchanged in their direction and significance level

when taking into account the phylogenetic structure in the data

and using a Pagel’s correlation structure (Table 1). However, the

effect of mass was not significant when using a simple Brownian

model of evolution.

DIRECTION OF CHANGE

Island area had no effect on the direction of size change in island

mammals (Fig. 3). A logistic regression model indicated that the

probability of positive versus negative change was not dependent

on island area (z = −0.86, P = 0.39). The negative relation

between percent change and body mass observed in Figure 4

illustrates a seeming tendency for smaller species to increase in

size and for large species to decrease in size. Overall, however,

the trend in Figure 4 was not significant, with a probability of
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Figure 4. The relation between percent change in morphological traits (A) or the percent of change in absolute value (B) and the average

body mass of the species.

positive versus negative change that did not depend upon body

mass (z = −1.43, P = 0.15). Most notably, an equal proportion of

rodents displayed either an increase in size (n = 28) or a decrease

in size (n = 27) on islands.

In summary, I found that the first prediction of accelerated

evolution on small islands was supported. The second prediction

was also supported, as the absolute amount of change in island

mammals was negatively related to the area of the island; the

smaller the island the greater the amount of change. I also showed

that rates of evolution tended to depend on the body mass of the

species, with larger species evolving faster on islands. This last

relation did not hold when taking into account the phylogenetic

structure in the data, a result that should be taken cautiously

because this phylogenetic structure was weak. I also found much

variability in the direction of change in small mammals.

Discussion
Altogether, the data presented here showed that rates of evolution

are slower over longer time intervals, which could very well be

a mathematical artifact (Sheets and Mitchell 2001). The issue of

a spurious correlation between rates of evolution and the time

interval over which they were calculated has long been acknowl-

edged (Gould 1984; Sheets and Mitchell 2001). Further, rates in

darwin calculated over long time intervals are necessarily low-

ered, because they average periods of rapid change with periods

of slow change or stasis, and they can also include fluctuations in

the direction of change (Gingerich 1983; Millien 2007).

There was a significant relation between the time interval

and island area in the data assembled here. However, we can

conclude that the effect of island area on the rate of evolution and

amount of change in isolated mammals is valid and not due to

a sampling bias for three reasons. First, despite the strong effect

of time interval on the rates of evolution found here, the variance

partitioning analysis indicated that a significant portion—nearly

a quarter—of the variation in rate is explained by the size of the

island. Second, there was no interaction between the time interval

and island area in any of the models (although these two factors

appeared to be correlated in the data). And lastly, the effect of

island area on the rate and amount (both in signed and in absolute
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values) of change was significant, even when the time interval

was included in the models.

The main finding of this analysis is a negative relationship

between the rate of evolution and island area: the smaller the

island, the faster the evolutionary change. This result provides the

first empirical evidence for early predictions that species on the

smallest islands will experience the largest amount and fastest

rate of morphological change (Heaney 1978; Filin and Ziv 2004).

A number of factors have been identified as drivers of evolution on

islands. Some factors are ecological, such as a reduced number

of competitors and terrestrial predators or fewer resources on

islands. Others factors are demographic, such as higher population

densities, higher population growth rates, or reduced dispersal

on islands (Case 1978; Heaney 1978; Lawlor 1982; Dayan and

Simberloff 1998; Michaux et al. 2002; Palkovacs 2003; Meiri

et al. 2005, 2006, 2008; White and Searle 2007). These same

factors, probably acting in combination, can also be invoked to

explain the more rapid evolution of populations found on islands,

and the strength of these factors is likely to be greater on small

islands.

The pattern of morphological evolution in island species can

be characterized by three components: its direction, magnitude,

and speed and below, I now review each of them in the light of

the results obtained.

DIRECTION OF CHANGE

The island rule is supported by empirical data (Foster 1964;

Lomolino 1985, 2005) although it has been challenged for carni-

vores (Meiri et al. 2004), primates (Schillaci et al. 2009), and more

generally in mammals (Meiri et al. 2006). The tendency of small

species to become larger and of large species to become smaller

is not apparent in the data assembled here. In particular, smaller

species sometimes increased and sometimes decreased in body

size on islands. However, the fact that some of the small island

species exhibited a decrease in size is not necessarily a refutation

of the island rule. The large Japanese field mouse, A. speciosus,

provides an illustrative example. This species has evolved toward

a smaller size in Japan since the Last Glacial Maximum (Millien

and Damuth 2004). However, this species is still the largest in the

genus Apodemus, and it is much larger than any Apodemus species

found on the Eurasian mainland (Nowak and Paradiso 1999). As

a result, although this species has decreased in size over the last

20,000 years, A. speciosus’ mainland ancestor was of smaller size

(Kawamura 1988). Consequently, despite its recent size decrease,

A. speciosus is still an example of an endemic rodent species that

is larger than its closest mainland relatives, in accordance with the

island rule (Foster 1964). Previous reviews on the island rule in

mammals were based on island–mainland comparisons that could

be qualified as “synchronic,” whereas the data described here only

refer to “allochronic” patterns, with the comparison of successive

evolutionary forms from a given lineage on a single island. The

data assembled here are thus not suited to conduct a formal test

of the island rule.

AMOUNT OF CHANGE

I found much variability in both the direction and amount of

size change in mammals evolving on islands, especially for small

mammals. This variability may be linked to a shift toward a more

generalist and opportunistic ecology following their isolation on

islands. It is precisely those species that have the potential to

adapt in a flexible way to the local conditions in their new en-

vironment that have an increased chance of survival on islands.

This supports the view that, while the ancestral body size of a

taxon is important for determining size change on an island, an

essential role is played by many other factors, such as diet, be-

havior, trophic level, life history, or community-wide patterns

(Case 1978; Heaney 1978; Lawlor 1982; Dayan and Simberloff

1998; Michaux et al. 2002; Palkovacs 2003; Meiri et al. 2005,

2006, 2008; White and Searle 2007). Moreover, the patterns and

strength of body size change in island mammals are likely to be

altered by other environmental factors known to influence body

size evolution in mammals, such as climate change or fragmen-

tation of the habitat (e.g., Millien and Damuth, 2004; review in

Millien et al. 2006).

Heaney (1978) suggested that body size evolution in island

mammals was the result of an interaction between island area

and body size. In his verbal model of evolution on islands, re-

source limitation was the main factor causing body size decreases

in large mammals, whereas reduced predation and competition

were the main factors causing body size increases in small mam-

mals. Heaney (1978) expected these effects to be strongest on

small islands. Lomolino (2005) also concluded that the island

rule should be the most apparent on the smallest islands, but these

results were challenged by Meiri et al. (2005) and Schillaci et al.

(2009), who found no effect of island area on the body size of

some isolated mammals. The dataset assembled here for island

mammals does not support this latter view, as the amount of size

change was dependent on island area. Island species tended to

change to a greater extent on smaller islands.

RATE OF CHANGE

The most striking examples of island evolution come from the

fossil record, including dwarf elephants and hippopotamuses

(Sondaar 1977, 1991; Lister 1996), deer (Lister 1996), and maybe

humans (Brown et al. 2004). Why, though, are dwarf island mam-

mals less common today? One possibility is that most of them

would not have survived hunting pressure, competition with in-

troduced species, or diseases associated with humans colonizing

islands (Sondaar 1987, 1991; Alcover et al. 1998). Meiri et al.

(2008) also suggested that the island rule could be expressed

EVOLUTION 2011 7



VIRGINIE MILLIEN

only over longer time scales, and they also found no pattern of

faster evolution on islands in carnivores over the last two cen-

turies (Meiri et al. 2009). This assertion is not in accordance

with previous studies on the pace of evolution in island mammals

(Sondaar 1991; Millien 2006), in which (1) most morphological

evolution happens very rapidly following isolation, and (2) island

mammals evolve at similar rates to their mainland counterparts

over longer time scales. Evolution on islands occurs following

either colonization on a newly formed island, or following dif-

ferential extinctions on a relict island that was once connected to

the mainland. The species found on islands have the opportunity

to exploit a full new range of resources, in an environment often

free of terrestrial predators and with a limited number of competi-

tors due to the different abilities of species to colonize or survive

on the island. This ecological opportunity then results into an

evolutionary burst with accelerated rates of diversification and/or

differentiation of the island species (Losos and Ricklefs, 2009).

Moreover, this evolutionary burst is assumed to occur rapidly, at

least faster than in mainland situations. Here, I found that species

tended to evolve faster on smaller islands. This result fits well the

theory of an evolutionary burst due to the opening of new ecolog-

ical opportunities on islands as described in Losos and Ricklefs

(2009). Indeed, one should expect that the smaller the island the

more dramatic the ecological contrast between the mainland and

the island environment should be (in terms of species diversity,

but also abiotic environment), thus potentially leading to accel-

erated rate of adaptation of species to this new environment. But

more importantly, demographic factors that should favor rapid

evolution (mainly smaller population size) are likely to be more

predominant on the smallest islands where stronger intraspecific

competition for limited resources is also expected to occur.

Conclusion
Many features of the environment of an island, both physical and

biological, depend upon its surface area. For example, the largest

islands host more diversified habitats and higher mountains, and

are less susceptible to natural disturbances than the smaller islands

(Whittaker 1995). Moreover, the biological environment of an is-

land is also linked to its surface area. The larger an island, the more

species diverse it is (MacArthur and Wilson 1967). As a direct

consequence of the link between island area and species diversity,

the intensity of predation and interspecific competition pressures

are altered on smaller islands. For example, small islands are char-

acterized by the lack of terrestrial mammalian predators (Sondaar

1977; Alcover and McMinn 1994). However, a smaller area also

implies limited resources, and a relative increase in intraspecific

competition (Adler and Levins 1994). Clearly, the large number

of factors affecting the evolution of island mammals (review in

Dayan and Simberloff 1998) makes it challenging to characterize

quantitatively and even qualitatively the relation between mor-

phological changes in island species and the surface area of the

island. Every isolated population is subjected to a whole suite of

selection pressures that vary in their nature and intensity. Each iso-

lated biological assemblage is the result of different colonization

histories, with varied times of isolation for each of its constituent.

Nevertheless, the number of species, and hence number of com-

petitors and predators on an island, the resource availability, the

complexity of the environment and potential ecological niche that

can be exploited on an island are all factors related to island area.

The smaller an island is, the more “island-like” it is. It is thus

not too surprising that both the theory and the empirical data pre-

sented here support the hypothesis of accelerated evolution on the

smallest islands.

In conclusion, islands remain exceptional “laboratories for

the study of ecology and evolution” (Mayr 1967; McNab 2002)

and can help us to understand the evolutionary potential of species

in the face of rapid and drastic change in their environment. A bet-

ter understanding of the adaptive response of species in a changing

environment is of theoretical and practical importance within the

current context of accelerated climate warming and natural habitat

destruction and fragmentation through human activities.
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