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ABSTRACT. - This paper reviews ecological and evolutionary processes that ope-
rate among and within insular communities, species and populations. Being basical-
ly non-evolutionary the MacArthur and Wilson's paradigm of island biogeography 
holds well in explaining processes that operate on the short ecological time, and 
proved to be helpful in explaining such issues as colonisation-extinction processes, 
species richness at equilibrium and species turnover. But several limitations make it 
insufficient as a modem tool for explaining evolutionary changes on islands. Colo-
nising an island necessarily entails rapid evolutionary changes as a response to both 
non-selective and sélective évolution. This results in a cascade of changes of life 
history traits, the so-called insular syndrome. Components of this syndrome include 
changes in morphology (size and shape), demography (age-specific fecundity, sur-
vival, dispersai) and behaviour. Shifts in behaviour are among the most spectacular 
features in insular vertebrates. Surprisingly few systematic and broad-scale analy-
ses of démographie changes on islands have been designed to document the classi-
cal tenet of evolutionary shifts from high reproductive rates and short life span 
towards the opposite combination of life history traits as a resuit of high intraspeci-
fic compétition in crowded insular populations. Examples of shifts in life history 
traits are given from a detailed case study on the biology of Blue tits in the island of 
Corsica, and most of thèse changes fit the prédictions of an insular syndrome. An 
interesting trend resulting from shift from dispersai to sedentariness and habitat fi-
delity in islands is the potential for population differentiation at much smaller spa-
tial scales than on mainland régions. This results in enhancing within-species 
diversity which counterbalances the species impoverishment of insular biotas. 
Although ecological adjustments and evolutionary changes make insular communi-
ties self-regulating assemblages of species that are résistant face to the risks of 
spontaneous extinction and invasion, insular communities are among the most vul-
nérable biota on Earth. The most important threats to island birds are discussed and 
some directions are given for promoting studies that could contribute to fill the 
most important gaps in our knowledge on évolution on islands and contribute to 
conservation issues. 

RÉSUMÉ. - Cet article fait un bilan résumé de nos connaissances sur les processus 
écologiques et évolutifs qui caractérisent les communautés, espèces et populations 
d'Oiseaux en milieu insulaire. Le paradigme de biogéographie insulaire de 
MacArthur et Wilson s'est montré fort utile pour expliquer les processus qui opè-
rent à l'échelle relativement courte du temps écologique, notamment les processus 
de colonisation, d'extinction, de renouvellement d'espèces, ainsi que certains chan-
gements tels que l'élargissement des niches et différentes modalités de partage des 
ressources, de sélection de l'habitat et de densité de population. Mais il ne se pro-
nonce pas sur les processus évolutifs, ce qui en limite la portée. Lorsqu'une propa-
gule réussit à s'implanter sur une île, des processus évolutifs de type non-sélectif 
(dérive, mutations) et sélectif (nouveaux régimes de sélection) entraînent de pro-
fondes modifications dans les traits d'histoire de vie, ces modifications caractéri-
sant ce qu'on appelle le syndrome d'insularité. Les composantes de ce syndrome 
sont d'ordre morphologique (taille et forme), démographique (fécondité, survie, 
dispersion) et comportemental. Les modifications du comportement sont générale-
ment spectaculaires chez les vertébrés insulaires. Peu de travaux se sont attachés à 
tester l'hypothèse classique selon laquelle les populations insulaires de vertébrés 
présentent un glissement démographique tendant à réduire la fécondité et augmen-
ter la survie. Un exemple bien documenté de modifications de traits d'histoire de 
vie, celui de la Mésange bleue en Corse, révèle que la plupart des changements ob-
servés vérifient les prédictions du syndrome d'insularité. La tendance à la sédenta-
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rité et à la fidélité de l'habitat, qui est un trait régulier en milieu insulaire, se traduit 
par une différenciation des populations à des échelles d'espace bien moindres que 
sur le continent. Cela favorise une diversité intra-spécifique élevée qui, d'un point 
de vue adaptatif, compense en partie le fait que les communautés insulaires soient 
appauvries en espèces. Bien que les ajustement écologiques et changements évolu-
tifs qui caractérisent les communautés insulaires les rendent résistantes aux pertur-
bations et invasions spontanées, ces communautés sont pourtant parmi les plus 
menacées de la planète. Les menaces les plus sérieuses sont examinées et quelques 
pistes de recherche sont données qui permettraient de combler certaines lacunes 
dans nos connaissances et favoriser la mise en œuvre de stratégies efficaces de 
conservation. 

INTRODUCTION 

The question why organisms are so diverse has 
been addressed by evolutionary biologists for more 
than a century and a half. This is especially true for 
bird diversity on islands which has been the object 
of a particular focus for two reasons. First, being 
conspicuous, mostly diurnal and popular as study 
models, birds are well known and suitable for ob-
servation, field studies and sometimes experi-
ments. Second, being discrète small areas, islands 
have many advantages over larger mainland ré-
gions where shifts in distribution, geographical 
variation of populations and species, and problems 
of spatial scales complicate attempts to reconstruct 
evolutionary history and patterns of diversity. It is 
a commonplace since Darwin and Wallace to say 
that islands are natural laboratories for the study of 
évolution and it is true that whatever we learn 
about avian évolution on islands can be used as a 
basis for constructing explanations for diversifica-
tion at larger spatial scales. By diversification, I 
not only mean taxonomic differentiation and 
speciation but also any evolutionary changes that 
occur at the level of populations and modify life 
history attributes in morphology, demography, 
physiology and behaviour. 

Diversification on islands at the species level 
will not be considered further here (see Grant 
1998). Suffice is to say that the main ideas inher-
ited from the nineteenth century (e.g. Darwin 1859, 
Wallace 1871) have not been dethroned. Basically, 
speciation in birds is an allopatric process whereby 
natural sélection causes divergence of geographi-
cally isolated populations. The most genetically 
similar populations are most often allopatric popu-
lations, not sympatric congeners (Grant 1998), 
which confirms the long-standing tenet that 
phenotypic resemblance reflects phylogenetic re-
latedness (Mayr 1942). Thèse patterns are inconsis-
tent with the theory of sympatric speciation which, 
on ecological and behavioural grounds, is unlikely 
in birds (Grant & Grant 1989). This is not to say 
that a deeper understanding of the mechanisms of 
species diversification did not occur during the 
twentieth century. Since the Perkins' (1903, 1913) 

pre-genetical theory of insular differentiation ap-
plied to the radiation of the 36 forms of Drepanid 
honeycreepers on the Hawaiian archipelago, much 
insight has been given on the tempo and mode of 
species divergence. Recently, biochemical tech-
niques such as electrophoresis (Hubby & Lewontin 
1966) and then molecular data used to reconstruct 
phylogenies (Fitch & Margoliash 1967) made the 
new systematics shift from the mostly morphologi-
cal (phenotypic) systematics of the first half of the 
century (Huxley 1942, Mayr 1942) to molecular 
systematics (Mindell 1997). Molecular data have 
the advantage to provide information on the tempo-
ral context of speciation as well as on the degree of 
genetic relatedness among the différent taxa of a 
clade. 

In this paper I will mostly focus on 
biogeographical, ecological and microevolutionary 
processes that operate among and within insular 
communities, species and populations. I shall try to 
show that combining the provinces of ecology and 
évolution in the field of evolutionary ecology is a 
prerequisite to answer fundamental questions on 
differentiation and adaptive radiation. Books on is-
land biology are generally concerned with either 
évolution (e.g. Grant 1998) or ecology (e.g. 
Gorman 1979, Vitousek et al. 1995) but few en-
compass both ecological and evolutionary concerns 
(one exception is Williamson 1981). Islands are 
land masses isolated from others by water, but is-
lands and mainland differ only arbitrarily in scale 
in relation to organisms: what is an island for birds 
may be a large mainland for ants so that investigat-
ing insular patterns involves to scale study areas to 
the dispersai range of organisms. 

COLONISING AN ISLAND NECESSARILY 
RESULTS IN EVOLUTIONARY CHANGES 

When a propagule, say a few individuals of a 
species, succeeds in colonising an island, both sé-
lective évolution resulting from new sélection ré-
gimes in a new environment and non-selective évo-
lution (founder effect and genetic drift because a 
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propagule is necessarily a genetic bottleneck) inev-
itably lead the new population to evolve rapidly 
and diverge from its mainland mother population. 
Molecular studies have confirmed that the found-
ing of a new population by a few individuals in-
volves a loss of genetic diversity (Mundy et al. 
1997, Tarr et al. 1998), in an inverse proportion to 
the size of the founder group (Merilà et al. 1996) 
and that larger populations contain more genetic 
variation (Avise 1994). Since mutations inevitably 
arise and are subject to drift as well as sélection, 
local environments do not have to differ for genetic 
divergence to occur in isolated populations (Grant 
1998). The substitution at genetic loci of certain al-
leles for others from random drift is conducive to 
phenotypic change irrespective of any changes in 
sélection régimes. However, sélection régimes in 
the new insular environment of a colonising popu-
lation inevitably differ from those on the source 
mainland because of différences in both abiotic 
(climate) and biotic (resources, competitors, preda-
tors, parasites) factors. Many comparisons of bird 
populations between islands and adjacent mainland 
régions or among islands within archipelagos have 
been used to infer différences in régimes of natural 
sélection in différent environments (Mayr 1940, 
Grant 1965a, Keast 1970, Alatalo & Gustafsson 
1988, Roff 1994, Fitzpatrick 1998). 

Divergence may eventually lead to speciation 
and insular endemism if differentiation conducive 
to reproductive isolation of a first colonising 
propagule is attained before a second colonisation 
event by the same mother population occurs. This 
is the case of double invasion of pairs or more 
rarely triplets of species on several islands around 
the world (Grant 1968). A common feature of thèse 
sister species is a large différence in both ecologi-
cal characters and morphology. On the Canary Is-
lands, the Blue chaffinch Fringilla teydea evolved 
from a first colonisation event by the European 
chaffinch F. coelebs, and much later, the islands 
have been colonised again by the European chaf-
finch. In the meantime F. teydea achieved repro-
ductive isolation, hence a full species status, so 
that the two species occur sympatrically without 
hybridising. This scénario, which had been pro-
posed a long time ago from resemblance between 
the two species and common-sense, has been re-
cently confirmed from molecular data (Marshall & 
Baker 1998). Whether species-specific adaptations 
to différent habitats by the two species permits 
their coexistence or compétitive interactions pro-
duced the divergence is difficult to assess (Grant 
1998). Most non-oceanic islands are too close to 
the mainland, however, for differentiation having a 
chance to occur between two colonisation events, 
which explains why few species evolved as 
endémies in islands that are close to the mainland. 
For example very few birds evolved as endémie 
species in the Mediterranean archipelago because 
of the closeness of ail islands to the mainland. 

BIRD ASSEMBLAGES ON ISLANDS: 
A CASCADE OF ECOLOGICAL SHIFTS 

Summarising the évidence from a great many 
studies on insular biology, Rosenzweig (1995) 
came to the conclusion that, in spite of much de-
bate, controversies and shorteomings (see e.g. 
Blondel 1991), the MacArthur & Wilson's (1963, 
1967) theory of island biogeography holds up well 
in explaining species diversity, immigration rates, 
extinction rates and turnover rates on islands. How-
ever, being basically non-evolutionary the theory 
captures only two of the three fundamental pro-
cesses that détermine biogeographic patterns, 
namely immigration, extinction and évolution al-
though taken in a broader context the theory is not 
silent on evolutionary processes within the basic 
assumption of equilibrium (Whittaker 1998, 2000). 
Therefore the MacArthur & Wilson's paradigm has 
mostly been designed to explain processes that op-
erate on the short ecological time and at relatively 
small-scale circumstances, which implies several 
over-simplistic assumptions (Heaney 2000, 
Lomolino 2000a). 

What détermines species richness on islands ? 

Contrary to what is too often written, even in the 
best international journals, species impoverishment 
on islands is not an issue of the MacArthur & Wil-
son's model. The réalisation that islands are 
depauperate in species in comparison with areas of 
similar size on the nearby mainland dates back to 
biogeographers of the nineteenth century (e.g. 
Wallace 1880) who noticed that the size of an is-
land is the most important déterminant of the size 
of the pool of species that coexist on it. The key 
point of MacArthur & Wilson is not species rich-
ness per se, but the existence of a turnover of spe-
cies on islands as a resuit of an equilibrium be-
tween colonisation and extinction events in 
communities that are assumed to be more or less 
saturated in species. The rôle of island characteris-
tics in shaping insular communities has received 
much attention from both theoretical and empirical 
studies (Hamilton & Armstrong 1965, Haila et al. 
1980, Williamson 1981, Blondel 1991, Wiggins & 
M0ller 1997). A positive relationship between is-
land area and species richness has been so widely 
demonstrated that it became an universal law 
(Ricklefs & Lovette 1999 and références herein). 
However, disentangling direct from indirect effects 
of area on species richness has proven quite diffi-
cult. At least three factors interplay in determining 
species numbers on islands (see also Fox & Fox 
2000). First, as the size of an island increases, so 
does the size of species' populations. Thus, the 
probability of extinction decreases as the island 
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area increases. Second, as the size of an island in-
creases, so does its probability of encompassing a 
wider range of habitats that will be suitable for 
colonisation by a wider range of species. Watson 
(1964) on the Aegean islands, Greece, Haila et al. 
(1983) on the Aland archipelago, Finland, Martin 
et al. (1995) in the Queen Charlotte Islands, Cana-
da, and Ricklefs & Lovette (1999) in the Lesser 
Antilles gave good illustrations that species-area 
curves are primarily determined by the diversity of 
habitats. Analysing 30 studies of bird species-area 
relationships that included some measure of habitat 
diversity, Ricklefs & Lovette (1999) reported that 
22 studies found a significant area effect, 21 found 
a significant habitat-diversity effect, and 10 found 
both effects. Third, distance to the mainland source 
often explains a significant amount of the variance, 
especially in remote oceanic islands as first demon-
strated by Diamond (1974) in a séries of islands off 
New Guinea. For example, Reed (1987) found a 
significant relationship between the residuals of a 
régression that fitted island area to bird diversity 
and log distance to mainland for birds of the 
Bahama islands. 

Insular communities are not a random sample 
of the source mainland pool of species 

Besides the mere number of species, a point of 
major interest is whether or not the species présent 
on an island are a random subset of the pool of spe-
cies of the nearby source mainland, i.e. have ail 
species of the mainland pool the same chance to 
successfully colonise the island as assumed in the 
MacArthur & Wilson's model ? Answering this 
question requires comparative studies on spe-
cies-specific attributes in relation to colonising 
abilities. Species differ in their rates of immigra-
tion, dispersai abilities and aptitude to construct vi-
able populations, which explains why islands in-
clude a non-representative sample of species from 
the mainland. Some species, the so-called tramps 
and supertramps (Diamond 1974), arrive at higher 
rates whereas others immigrate at imperceptible 
rates. Thus, the most successful colonists will on 
average be those species that arrive first on an is-
land since rates of extinction are a function of the 
number of species already présent. Successful is-
land colonists are often small generalist species 
that are common, widespread and very mobile on 
the mainland, so to say flexible in habitat sélection 
and in utilising resources. The smaller the island 
the more likely it will be colonised by a low num-
ber of small species that are common everywhere 
in the nearby mainland (Blondel 1991, 1995). 

Another sorting process in colonisation proba-
bilités is body size. For similar population sizes, 
large organisms need on average more space than 
small organisms. Hence a lower proportion of the 

larger species on islands in most taxonomic groups. 
This explains that predators are under-represented 
in most island biota. Predator populations being 
necessarily smaller than those of their victims, they 
are likely to become accidentally extinct with a 
much higher probability than their victims. Thus, 
island communities are 'disharmonie', a term 
which refers to changes in the relative proportions 
of différent taxa or trophic levels on islands as 
compared with those on the nearby mainland. As a 
resuit, species richness alone is a poor characteris-
tic of insular communities because the relation be-
tween species number and area is indirect. This re-
lation is mediated by a chain of interrelated factors 
that include habitat structure, habitat size, and spe-
cies-specific attributes (Haila et al. 1983). 

In séries of islands of différent sizes not far from 
a mainland source, species assemblages are usually 
nested, which means that communities of lower 
species numbers (smaller islands) are non-random 
subsets of more diverse assemblages (larger is-
lands). Each subset of species does not include spe-
cies that are already absent from the next richer as-
semblage (Patterson & Atmar 1986, Simberloff & 
Martin 1991). In perfectly nested subsets one or 
several species are lost as species richness déclines 
as a resuit of réduction of the size of the island, and 
none of the species lost from the richer communi-
ties reappears in any of the lower-rank communi-
ties once it has been lost. True biological 
nestedness requires that communities share a com-
mon biogeographic history, live in similar environ-
ments and have hierarchical niche relationships 
(Patterson & Brown 1991). Such situations are 
likely to occur in habitat islands resulting from fo-
rest fragmentation or in archipelagos not far from a 
same mainland source (Cutler 1991). Oceanic is-
lands that were colonised from différent mainland 
pools at différent time intervais are much less 
likely to exhibit nested species assemblages 
(Patterson & Atmar 1986, Wright et al. 1998). 
Note that one approach to analyse sets of separate 
communities that are not independent, e.g. nested 
insular communities, is spatial autocorrélation 
(Koenig 1999). 

Community structure and dynamics 

What are the conséquences of species impover-
ishment and disharmony on community dynamics 
and resource sharing ? Detailed bird censuses con-
ducted at différent scales of space in islands as 
compared to areas of similar size on the mainland 
frequently show that species impoverishment differ 
depending on scales and that impoverishment at the 
scale of the whole island does not necessarily 
translate at lower levels of the hierarchy, i.e. land-
scapes and habitats. For example 109 species of 
breeding birds occur in the whole island of 
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Corsica, as compared to 170 to 173 species in three 
mainland areas of similar size, a 37 % impoverish-
ment, whereas there is hardly any impoverishment 
at the scale of a landscape including six habitat 
types ranging from a grassland to a mature forest 
(42 versus 43 species) (Blondel 1991). At the habi-
tat level (the so-called alpha diversity), some habi-
tats, especially old forests, are heavily impover-
ished on the island whereas other habitats, such as 
shrublands, have many more species than their 
mainland counterparts. Thus, there are on average 
higher alpha diversities on the island than on the 
mainland and lower beta diversities for a similar 
overall richness (gamma diversity) at the scale of a 
séries of habitats combined. This results in a 
slow-down in turnover (beta diversity) among hab-
itats on the island as compared to the mainland. 
This is because many species expand their habi-
tat-niche and spill-over from their preferred habitat 
into other habitats (Blondel et al. 1988). In other 
words, species on an island recognise fewer habi-
tats than on the nearby mainland. I will come back 
later on this process of 'niche expansion', first de-
scribed by Lack (1969), which is a regular feature 
in island biota and results in a much looser struc-
ture of bird assemblages along habitat gradients. 

MICROEVOLUTIONARY CHANGES 

Ecological characters of insular species cannot 
be dissociated from evolutionary changes to which 
they are intimately related. Thèse changes are both 
idiosyncratic, that is spécifie to each particular or-
ganism or island, and gênerai and widespread 
(Grant 1998). Similar characters in a group of or-
ganisms living in the same environment may be 
due to common inheritance and/or shared environ-
mental pressures whereas similar trends among dif-
férent unrelated organisms occupying différent is-
lands are more likely to reveal gênerai evolutionary 
forces. One challenge is to disentangle which fac-
tors are responsible for the similarity of characters 
or trends. 

The new environment of a colonising population 
is characterised by many changes including species 
impoverishment, new interspecific interactions, 
new genetic background, ail resulting in a cascade 
of changes in the ecology and life history of that 
population. Many of them presumably evolved as 
mechanisms against extinction risks. They include 
higher population densities which reduce vulnera-
bility to stochastic extinctions (Pimm et al. 1988, 
Tracy & George 1992), changes in body size and 
shape (van Valen 1973, Case 1978), broadening of 
several components of the niche (habitats, diet, for-
aging sites), modifications of fitness-related traits 
such as fecundity, survival, dispersai (Blondel 
1991), and changes in social behaviour (Stamps & 

Buechner 1985). Ail thèse characters are parts of a 
so-called insular syndrome (MacArthur et al. 
1972a, Williamson 1981, Crowell 1983, Stamps & 
Buechner 1985, Blondel 1991, 1995). I will com-
ment some of them. 

Reduced dispersai 

A common and repeated response of both plants 
and animais to new sélective pressures in insular 
environments is a réduction in traits that allow 
them to disperse over long distances (Carlquist 
1974). Hence is the paradox that the best long-dis-
tance immigrants are organisms with powerful dis-
persai abilities whereas the most efficient colonists 
are poor dispersers within the island. The response 
may be ecological, evolutionary, or both. At the 
level of ecology, bird communities in continental 
islands quite often include a disproportionate pro-
portion of sedentary species, or species that be-
come sedentary, which is repeatedly the case in re-
mote oceanic islands (Blondel 1991). At the 
evolutionary level, a repeated trend is the réduction 
of morphological traits such as powerful wings in 
animais. Flightlessness is common in island popu-
lations of birds and insects because the advantages 
of sedentariness increase as the advantages of dis-
persai decrease (Darlington 1943, Carlquist 1974), 
including for winged organisms to be accidentally 
blown off islands by strong winds which often oc-
cur on islands. Flightlessness is also an energy sav-
ing mechanism in birds whenever a permanent hab-
itat with a local year-round food supply and the 
absence of prédation favour strong habitat fidelity 
(McNab 1994). Rails for example have evolved 
flightlessness many times (McNab 1994, Steadman 
1995). Long-distance dispersai to find suitable hab-
itats allowed this group of birds to colonise a large 
number of small islands sometimes quite remote as 
in the Pacific Océan. Then walking while exploit-
ing the habitats in the manner of large herbivores 
such as Dodos, Moas of Elephant-birds led to the 
progressive atrophy of wings which became use-
less because of the small distance to cover in the 
predator-free insular environments. 

Size changes 

A gênerai trend on islands is changes in body 
size and shape which repeatedly evolved in most 
groups of plants and animais (Van Valen 1973, 
Carlquist 1974, Grant 1998). Plants usually 
evolved greater size and stature with herbs becom-
ing shrubs and trees. In vertebrates, explanations 
for size trends are difficult because they involve in-
teractions between many factors such as food re-
sources, compétition and prédation (Case 1978, 
Heaney 1978, Lomolino 1985). Généralisation is 
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probably impossible because différent size trends 
dépend on species, islands and factors involved. In 
the absence of predators and competitors there is 
however a trend for mammals evolving large indi-
vidual size in rodents (Foster 1964, Williamson 
1981) and small individual size in carnivores 
which are supposedly food-limited (Klein 1968, 
Heaney 1978, Lomolino 1985, McNab 1994). In 
birds both gigantism in the case of large herbivo-
rous species (Moas, Dodos, Eléphant birds, 
Sylviornis), and dwarfism in many passerines are 
found on islands. However, the mechanisms that 
lead to either gigantism or dwarfism remain largely 
unknown and there are so many exceptions to this 
"rule" (e.g. Kikkawa 1976) that any généralisation 
would be prématuré. Ecological release from com-
pétitive and predatory constraints is often inferred 
from the measurement of ecologically significant 
morphological traits as a mechanism of changes in 
body size and/or shape. For example, island birds 
from a variety of taxonomic groups tend to have 
large beaks and long tarsi (Murphy 1938, Grant 
1965b), and that independently of body size which 
does not necessarily follow the same trend. 

High population sizes and niche expansion 

The reduced species richness of island bird com-
munities is often associated with higher population 
densities of species as compared to those in similar 
mainland habitats (Crowell 1962, MacArthur et al. 
1972a, Yeaton 1974, George 1987, Blondel 1991, 
Ricklefs & Lovette 1999). Kikkawa (1976) re-
ported on densities of the silvereye Zosterops 
lateralis chlorocephaha reaching an astonishing 
figure of 125 pairs per ten ha on Héron Island in 
the Great Barrier Reef, Australia. Such a density is 
higher that the highest recorded density of ail land 
birds in a mainland rain forest of Australia ! In ad-
dition to higher population sizes, many island ver-
tebrates (lizards, mammals, birds) expand the 
range of habitats occupied or dimensions of their 
feeding niche (MacArthur et al. 1972a, Williams 
1972, Blondel 1991, Roughgarden 1995, Kikkawa 
1976). A classical explanation of thèse patterns is a 
relaxation of interspecific compétition for re-
sources and différent patterns of resource partition-
ing in species-poor islands. The rationale which 
follows from the niche theory and the dynamic 
equilibrium theory is that island habitats are satu-
rated with fewer species than mainland ones with 
the resuit that extra-resources become available for 
more conspecifics. Several other hypothèses have 
been proposed to explain larger population densi-
ties, including reduced prédation (Higuchi 1976, 
Abbott 1980, Nilsson et al. 1985, Williamson 
1981), and reduced dispersai, the so-called "fence 
effect" (MacArthur et al. 1972b, Tamarin 1977). 
Reduced prédation may also resuit in a release in 

habitat sélection because camouflage is less impor-
tant in the absence of predators, favouring niche 
expansion in suboptimal habitats. Unfortunately, 
very few rigorous attempts have been made to test 
thèse hypothèses (Abbott 1980, George 1987), in-
cluding the hypothesis of a causal relationship be-
tween species richness and population density. One 
exception has been provided by George (1987) who 
experimentally demonstrated that higher densities 
of small land birds on the Coronados islands, Mex-
ico, resulted from lower prédation rates than on the 
nearby mainland. 

Responses of niche breadth and population den-
sity on islands are often called compétitive release 
and density compensation respectively (MacArthur 
et al. 1972a). They have long been interpreted as a 
deterministic output of compétitive processes in 
the framework of the assembly rules proposed by 
Diamond (1975). Thèse rules assume the improba-
bility of finding on the same depauperate island 
certain combinations of species, mostly species 
that overlap greatly in their ecological needs. Un-
fortunately they have rarely been tested and con-
fronted to null hypothèses but one exception has 
been provided by Moulton & Pimm (1987) who el-
egantly demonstrated the likelihood of the rôle of 
compétition in shaping insular bird assemblages. 
Thèse authors showed that native species of the 
Hawaiian islands that were the most likely to be 
competitively wiped out by introduced species 
were those species that were morphologically and 
ecologically the most similar to the introduced 
ones. 

However, changes in population sizes and niche 
breadth may also arise from other factors such as 
restricted dispersai or intraspecific spill-over, a 
neutral term to mean that increased niche breadth 
may be due to mechanisms other than compétitive 
release. For this reason, the terms density inflation 
(Crowell 1983) has been proposed instead of den-
sity compensation because it does not imply any 
causal mechanism. In addition, comparing niche 
width of an insular population with that of a single 
mainland population may be misleading. A sound 
comparison should involve comparing insular 
niche width with the mainland niche width at the 
scale of the whole range of niches and habitats oc-
cupied by the species on the mainland, which is, of 
course, very hard to do. 

Broadening of the niche and ecological générali-
sation on islands seem to contradict the tenet of a 
sharp spécialisation of local endémies which is so 
characteristic of remote oceanic islands. The rea-
son why niche broadening and ecological générali-
sation appear to be insular features is that there are 
many more small islands than large ones including 
clusters of small islands in large and well-isolated 
archipelagos. Populations on small islands are 
maintained in initial stages of evolutionary changes 
presumably because of limited ecological opportu-
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Table 1. - Components of an insular syndrome in Corsican blue tits. Yes means that the trend fits the prédiction of the 
insular syndrome. * P < 0.05; ** P < 0.01; *** P < 0.001. 

Trait Insular syndrome Island/mainland 

Ecology 

Body size 
Population density 
Habitat niche (eH ) 
Feeding niche (H') 

Breeding 

Laying date 
Clutch size 
Breeding success 
Nb. Fledglings/pair 
Fled. Mass/ad. mass 
Nestling period 
Adult survival 
Yearling survival 

Behaviour 

Territory size 
Territory overlap 
Aggressiveness 

Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 

Yes 
Yes 
Yes 

15% smaller *** 
2.5 pairs vs 1 pair.ha '*** 
2.92 vs 1.0 *** 
4.18 vs 3.72 *** 

11 May vs 15 April *** 
6.6 eggs vs 8.6 *** 
0.56 vs 0.57 ns 
3.5 vs 5.1 *** 
1.14» 0.98 ** 
22 days vs 18.5 days * 
0.56 vs 0.58 ns 
0.64 vs 0.48 ** 

0.94 ha vs 2.08 ha *** 
Circumstantial évidence 
Much lower on Corsica 

nities, and also possibly fréquent extinctions (Mayr 
1965). On large oceanic islands and archipelagos, 
ecological généralisation is far from being a neces-
sary outcome of evolutionary trajectories. In fact 
the opposite is likely to be true whenever 
speciation can produce several efficient specialists 
from an original generalist. This happened for ex-
amples for Darwin's finches in the Galapagos 
(Lack 1947) and honeycreepers in the Hawaiian ar-
chipelago (Perkins 1913). The ultimate fate of such 
specialists is expected to be extinction from com-
pétition when a new generalist species colonises 
the island, which results in the end of a taxon cycle 
and the initiation of a new cycle of differentiation 
and spécialisation (Wilson 1961, Ricklefs & Cox 
1972). 

Life historiés 

The large changes in community structure and 
species-specific attributes observed in insular biota 
resuit in large changes in life historiés of species. 
One example of thèse changes has been provided 
by studies of insular and mainland populations of 
blue tits Parus caeruleus in the French Mediterra-
nean région. As compared to their mainland coun-
terparts, blue tits on Corsica strikingly differ in 
morphology, ecology, breeding patterns and behav-
iour. Most of the changes fit the prédictions of an 
insular syndrome and are summarised in Table I 
(see also Higuchi 1976 for a study of insular popu-
lations of the varied tit Parus varius). In interpret-
ing thèse changes, one problem arises: could the 
différences between island and mainland features 

be simply différent phenotypic expressions of the 
same génotypes raised under différent environmen-
tal conditions ? Very few studies investigated 
whether différences between island and mainland 
populations have a genetic basis. Alatalo & 
Gustafsson (1988) demonstrated from cross-foster-
ing experiments that the larger size of the Coal tit 
Parus ater on the island of Gotland is due to ge-
netic factors, and Blondel et al. (1990) and 
Lambrechts et al. (1997) showed from common 
garden experiments that the large différences in 
laying date between a Corsican and a mainland 
population of blue tits were also genetically based. 

Changes in fitness-related traits, i.e. breeding 
patterns and social structures, have often been in-
terpreted as trade-offs among life history traits in 
response to high population densities in insular en-
vironments, especially between clutch-size and 
survival (Cody 1966, 1971, Ricklefs 1980). High 
population densities in insular environments were 
expected to resuit in high intraspecific compétition, 
high adult survival, and hence low clutch-size. Ré-
duction of clutch size in islands as compared to 
mainland has been reported in several species 
(Crowell & Rothstein 1981, Blondel 1991) includ-
ing Darwin's finches (Grant & Grant 1989) and an 
extrême case is that of the predator- and competi-
tor-free Seychelles warbler (Acrocephalus 
sechellensis) whose clutch size is only one egg 
while adult survival is as high as 83 % and life ex-
pectancy at the âge of one year 3.9 years, which is 
extremely high for a small passerine (Komdeur 
1994). However, a systematic and broad-scale 
analysis of reduced birth rates on islands control-
ling for latitudinal effects on clutch size has not yet 
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been performed (Grant 1998) and George (1987) 
found no différence in clutch size between 
conspecific island and mainland populations of 
three land birds on Coronados islands. If the trend 
of low birth rates combined with high adult 
survivorship is confirmed, it may reflect an evolu-
tionary shift away from high reproductive rates and 
short life span towards the opposite combination of 
life history traits as a resuit of high intraspecific 
compétition in crowded insular populations, that is 
an evolutionary shift from r-selection to ZC-selec-
tion (MacArthur & Wilson 1967, Boyce 1984). 

Behavioural shifts 

Shifts in behaviour are among the most spectac-
ular features in insular vertebrates and many de-
scriptions have been given of the tameness and ap-
parent fearlessness of islands birds. Stamps & 
Buechner (1985) emphasised that the social behav-
iour of a variety of insular vertebrates (reptiles, 
mammals and birds) reveals a remarkable conver-
gence in behavioural traits such as 1) reduced terri-
tory size, 2) increased territory overlap, 3) accep-
tance of subordinates, 4) reduced situation-specific 
aggressiveness, and 5) abandonment of territorial 
defence. A much lower aggressiveness of Corsican 
blue tits as compared to their mainland counter-
parts has been shown by Perret & Blondel (1993) 
to be associated with différences, probably geneti-
cally determined, in the ratio of sexual hormones. 
The higher the oestrogenous/androgenous ratio, the 
lower the level of aggressiveness because it has 
been demonstrated that both singing activity and 
aggressiveness dépend on testosterone levels. Sev-
eral hypothèses for explaining thèse shifts in be-
haviour have been proposed among which the "de-
fence hypothesis" which predicts that a release in 
aggressiveness should be selected for if defence 
costs become exaggerated in crowded populations 
where encounters between territory contenders are 
fréquent. Saving time and energy by reducing de-
fence costs and decreasing territory size is ex-
pected to improve fitness payoffs per territory 
owners and resuit in the production of more com-
pétitive offspring. Breeding traits of Corsican blue 
tits and of an insular population of varied tits in Ja-
pan (Higuchi & Momose 1981) include higher ratio 
of fledging mass/adult mass, longer nestling pe-
riod, prolonged infantile behaviour, higher 
survivorship of fledglings relative to adults, small 
territory size and large territory overlap. Ail thèse 
trends are consistent with the defence hypothesis. 
Kikkawa (1976) reported, however, that the insular 
silvereye of Héron Island, Australia, is more ag-
gressive than its mainland counterpart, but interest-
ingly, he noticed that the breeding success of domi-
nant birds may not be as high as that of submissive 
birds in some years, which runs in the line of pré-

dictions from the defence hypothesis. Behavioural 
shifts on islands could have important consé-
quences on genetic mating Systems of socially mo-
nogamous birds, with lower levels of extra-pair pa-
ternity in insular populations than in their mainland 
counterparts (Griffith 2000, Pétrie & Kempenaers 
1998). 

POPULATION DIFFERENTIATION 
ON ISLANDS 

An evolutionary trend resulting from shift from 
dispersai to sedentariness is the differentiation 
from a single generalist species first colonising an 
island or archipelago to several locally adapted 
specialist species as a resuit of local adaptation. 
Radiation of such groups as Darwin's finches in 
the Galapagos or honeycreepers in the Hawaii is-
lands are examples of such mechanisms which may 
eventually resuit in a taxon cycle of évolution lead-
ing to extinction of specialist species and their re-
placement by a new generalist species, which 
makes the cycle begin again (Wilson 1961, 
Ricklefs & Cox 1972, Pregill & Oison 1981, Grant 
1998). 

A conséquence of low dispersai, sedentariness, 
high site fidelity and strong philopatry of insular 
birds is the potential for differentiation at smaller 
spatial scales than on mainland régions, even at a 
smaller scale than the dispersai range of organisms. 
This may seem surprising because in such highly 
mobile organisms as birds, the homogenizing ef-
fects of gene flow are supposed to preclude adap-
tive differentiation at spatial scales that are smaller 
than the dispersai range of individuals. However, 
theory predicts that such a differentiation can po-
tentially occur if divergent sélection pressures are 
strong enough. 

Examples of large interpopulation differentia-
tion at a small geographical scale are that of the 
white-eyes (Zosterops spp.) in the Mascarene is-
lands (Cheke 1987), and, even more convincingly, 
the spectacular variation of bill size of Darwin's 
finches on the Galapagos islands in relation to the 
size and hardness of their seed food resources 
(Schluter 1996, Grant 1999). Food supply of the 
Darwin's finches has been found to differ on dif-
férent islands in a way that is consistent with dif-
férences in the bill size of the birds, thus support-
ing the hypothesis that morphological différences 
resuit from différent sélection pressures acting on 
genetic variation (Schluter & Grant 1984). Evolu-
tionary responses to oscillating natural sélection on 
heritable variation in bill shape have been demon-
strated when food supply changed after an El Nifio 
event (Grant & Grant 1989, 1995). 
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One example of local differentiation of popula-
tions within an island as a resuit of resource-based 
divergent sélection is that of the blue tit (Parus 
caeruleus) in Corsica. Two populations only 25 
km-apart are highly specialised to their local habi-
tats and differ so much in démographie and 
morphometric traits that they are apparently repro-
ductively isolated (Blondel et al. 1999). Thèse two 
populations responded to contrasting local sélec-
tion régimes involving large différences in the tim-
ing and abundance of food resources, which re-
sulted in divergent adaptive response of suites of 
life-history traits. Such a local adaptation to local 
environments at small spatial scales is a démon-
stration that sélection can cause divergence, pre-
sumably in the face of substantial gene flow, giv-
ing support to the divergence-with-gene-flow 
model of speciation (Rice & Hostert 1993). Differ-
entiation at such a small scale is really an insular 
feature because in a similar configuration of habi-
tats on the mainland, much higher dispersai rates 
and gene swamping prevented local adaptation and 
resulted in local maladaptation (Dias et al. 1996, 
Dias & Blondel 1996). Thus strong habitat fidelity 
and reduced dispersai which are components of an 
insular syndrome (Diamond 1983, Blondel 1995, 
Grant 1998) explain that population differentiation 
of birds can occur at much smaller spatial scales on 
islands than on mainland. A somewhat similar case 
of incipient parapatric speciation has been sug-
gested for Neospiza buntings on Inaccessible Is-
land in the Tristan da Cunha archipelago (Ryan et 
al. 1994). Interestingly, the lower inter-species di-
versity which is so characteristic of island biota is 
to some extent counterbalanced by a higher 
intra-species diversity. Thèse examples open the 
door to direct studies of observable évolution in 
natural populations which are surprisingly rare de-
spite their interest to understand and interpret the 
rather static analysis of évolution in the past, and to 
predict evolutionary changes as responses to 
man-induced environmental changes. 

STRENGTH AND VULNERABILITY 
OF ISLAND BIOTA 

Résistance of insular species to natural 
disturbance 

The insular syndrome involves ecological ad-
justments as well as evolutionary changes that 
make insular communities self-regulating assem-
blages of species that are résistant face to the risks 
of extinction and invasion. The mechanisms 
whereby insular communities are highly integrated 
and résistant biological constructs remain obscure, 
and the vague concept of diffuse compétition pro-
posed by MacArthur (1972) to explain the résis-

tance opposed by insular communities to potential 
colonists is not very helpful because it is impossi-
ble to test experimentally. The Systems that control 
island diversity work by the principle of feedbacks. 
Low diversity causes diversity to grow and high di-
versity causes diversity to fall (Rosenzweig 1995). 
Although species turnover on islands is the key-
stone of the theory of island biogeography, there 
are few well documented case studies of turnover 
on islands and some classical examples are contro-
versial because it is questionable whether observed 
changes in species composition between two cen-
sus intervais are due to competition-mediated im-
migration-extinction mechanisms or to idiosyn-
cratic habitat changes as a resuit of human action 
(Diamond & May 1977). Turnover can operate at 
long scales of time, thus remaining unnoticed, es-
pecially in remote oceanic islands where, on very 
long time scales, it turns to resuit in species re-
placement as exemplified by the taxon cycle 
(Ricklefs & Cox 1972). Indeed, even though is-
lands are subject to natural disasters including 
drought, fire, severe storms and hurricanes which 
can devastate entire populations on smaller islands 
(Wiley & Wunderle 1994), to date the fossil record 
has revealed no major loss of species from natural 
causes (Steadman 1995). Even in some Galapagos 
islands where severe droughts such as those pro-
duced by El Nino events, may reduce population 
sizes to very few individuals, no extinction events 
seem to have occurred in the récent past in Dar-
win's finches (Grant 1986, Grant & Grant 1989). 
On the small six-ha Mandarte Island, British Co-
lumbia, Canada, heavy storms can reduce the popu-
lation size of the Song sparrow (Melospiza 
melodia) to just a few individuals but no extinction 
of this small isolated population has been reported 
so far (Smith et al. 1991). 

Yet, the lack of connection with larger areas 
with which populations could exchange propagules 
makes small insular populations potentially vulnér-
able to environmental, démographie and genetic 
stochasticity which together can precipitate them in 
an 'extinction vortex'. Stochastic fluctuations of 
life history traits may be conducive to démographie 
thresholds below which rare events may lead to ex-
tinction (Lande 1987). 

There are critical factors of population size and 
structure below which inbreeding and loss of 
selectable variation could lead a population to ex-
tinction (Frankel & Soulé 1981, Soulé 1987). The 
"Allée effect" is a basic assumption underlying the 
so-called extinction vortex, stating that populations 
that become too small will inevitably be doomed to 
extinction as a resuit of the combined effects of dé-
mographie and genetic processes. Therefore, loss 
of genetic variability and reduced viability and fe-
cundity due to inbreeding dépression are probably 
a threat in small isolated populations. The relative 
impact of inbreeding on the viability of natural 
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populations has been questioned, however, because 
there is little évidence of deleterious effects of in-
breeding dépression in animal populations. Van 
Noordwijk & Scharloo (1981) demonstrated clear 
effects of inbreeding in a population of Great tit 
(Parus major) on the island of Vlieland, The Neth-
erlands. Reduced hatching success has been shown 
in inbred zygotes and in clutches of inbred females. 
Both the average number of not hatching eggs 
(7.5 % for every 10 % increase in inbreeding coef-
ficient) and the proportion of clutches in which any 
eggs fail to hatch increased with the degree of in-
breeding. However, there were no indication of 
smaller clutch size or a reduced fertility in inbred 
adults. Moreover, the effects of inbreeding in early 
stages of the life cycle were compensated in later 
stages because successful young have been shown 
to have higher survival rates and higher recruit-
ment rates (twice as many as expected). In fact 
continuous inbreeding probably exerts a strong sé-
lection against lethals. Purging of deleterious ré-
cessive alleles from the génome has been put for-
ward as a potential effect resulting from periods of 
intense inbreeding foliowing bottlenecks. In the 
small population of song sparrow on the Mandarte 
island that experienced a severe population bottle-
neck as a resuit of démographie crashes, those indi-
viduals that survived the crash were not a random 
subset of the pre-crash population in respect to in-
breeding (Keller et al. 1994). After two crashes 
(1980 and 1989) the mean inbreeding coefficient in 
the breeding population was actually lower in the 
season after the crash than in the previous season. 
Natural sélection clearly favoured outbred individ-
uals which does not mean, however, that inbreed-
ing does not affect survival in the wild. When there 
is a succession of crashes, sériai bottlenecks cannot 
entirely purge the genetic load sufficiently to alle-
viate the négative effects of inbreeding. Thus envi-
ronmental and genetic effects on survival may in-
teract in such a way that their effects on individuals 
and populations should not be considered inde-
pendently. 

The holocaust of island birds 

Islands are among the most threatened biota on 
Earth with more than two thirds of extinct avian 
species being insular endémies. Why are they so 
vulnérable in spite of them having evolved life his-
tory traits that successfully allow them to persist as 
explained above ? The answer is that insular biota 
became evolutionarily résistant to most natural dis-
turbance events but they are ecologically sensitive 
to human-induced disruption. This explains that 
suddenly insularizing an area may have dramatic 
conséquences on species which do not have the 
time to evolve the suite of life-history traits which 
would allow them to withstand new constraints of 

the recently isolated environment. An example is 
that of Barro Colorado Island (BCI). This artificial 
island has been created in 1914 when the canal of 
Panama has been built. Within some décades, as 
many as 60 species of birds became extinct. Ex-
tinction has been attributed to several causes in-
cluding prédation and a differential loss of species 
of undergrowth (Wilson & Willis 1975, Karr 
1982). Interestingly, Karr et al. (1990) provided 
évidence that the species that were the most likely 
to disappear from the island were those that had the 
lowest survival rates. Among the 25 mainland spe-
cies they analysed, survival rates of 8 species that 
vanished on BCI have been estimated as 0.50 ± 
0.05 as compared to 0.59 ± 0.02 for the 17 species 
still présent. Although the absolute différence may 
appear small, its démographie conséquences are 
considérable. 

Perhaps the most important threat to island birds 
is the disruption of interspecific interactions such 
as compétition, prédation and parasitism. As many 
as 49 différent species of birds have been intro-
duced in the Hawaiian islands between 1869 and 
1963. In the meantime, a large proportion of the 36 
endémie species of Hawaiian honeyereepers went 
extinct. From computer simulations on the morpho-
logical space of introduced and extinct species, 
Moulton & Pimm (1987) showed that compétition 
must have happened among them at the expense of 
native species because extinct species were signifi-
cantly closer to the introduced species in the mor-
phological space than are the still existing native 
and introduced species among them. This strongly 
suggests that introduced species have been the di-
rect cause of extinction for most of the native spe-
cies. Additional causes of extinction of Hawaiian 
honeyereepers have been the disease from malaria 
(Plasmodium) which has been introduced with 
non-native bird species (Van Riper et al. 1986). 

Release from prédation pressure is one of the 
most conspicuous features of island communities. 
In communities that are naturally poor in predators, 
birds did not evolve defence mechanisms and are 
naïve and particularly tame and easy to approach 
and catch. At the time of European invasion of 
many islands, an incredible tameness of mammals 
and birds was reported in a number of so far unin-
habited oceanic islands. Résident land birds on 
most oceanic islands are still remarkably tame, as 
illustrated for example by a photograph showing a 
Galapagos hawk sitting on the hat of" Peter Grant 
(Grant 1998). In the Cousin island, the Seychelles 
warbler lacks natural predators and can be ap-
proached just a few mètres (Komdeur 1994). New 
predators had catastrophic effects in such commu-
nities where introduced mice, cats and dogs be-
come as harmful for defenceless prey as are wea-
sels, lynxes and wolves, respectively, in mainland 
communities. The combination of tameness and 
flightlessness resulted in an unprecedented holo-
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caust of thousands of species, especially in remote 
oceanic islands, as soon as man invaded them 
(Oison & James 1984, Steadman 1995). In the Ha-
waiian islands which are renowned for the radia-
tion of Hawaiian honeyereepers, flightless ducks, 
geese and ibises, at least 60 endémie species of 
land birds have become extinct since human arrivai 
at about 1500-2000 yr BP. Combining seabirds and 
land birds, Steadman (1995) conservatively esti-
mated that an average of 10 species or populations 
in most families of Pacific island birds (rails, pi-
geons, doves, parrots, passerines) have been lost on 
each of the 800 major islands of the Pacific, yield-
ing a total loss of 8000 species ! Most extinct spe-
cies were flightless forest dwellers endémie to a 
single island. Flightless rails alone, with an esti-
mate of one to four species per island, may account 
for 2000 species that have been doomed to extinc-
tion. In nearly ail islands in the large archipelagos 
of the Pacific Océan (Melanesia, Micronesia, Poly-
nesia) birds have been decimated as soon as man 
reached them as early as 30,000 yr BP in Melanesia 
and much later, about 3500 yr BP in West Polyne-
sia and Micronesia. Once people occupied an is-
land, human prédation, habitat loss, and introduced 
predators, competitors, or pathogens were respon-
sible for mass extinction of native species within a 
very short period of time. 

PERSPECTIVES FOR FUTURE STUDIES 

Despite an impressive body of knowledge accu-
mulated on island biology since the time of Darwin 
and Wallace, there are still much ignorance and 
controversies about both ecological and evolution-
ary matters in island biota, including the very first 
step of describing their biological diversity. The 
equilibrium theory of island biogeography has un-
doubtedly been very useful to revitalise and rejuve-
nate insular studies by providing a novel and unify-
ing theory that stimulated hundreds of studies for 
nearly 35 years. However, several limitations and 
new insights in the biology of isolâtes make the 
theory insufficient as a modem tool to explain pat-
terns that span over a broad range of spatial, tem-
poral and ecological scales, including habitat is-
lands resulting from habitat fragmentation (Fox & 
Fox 2000, see also the spécial issue of Global Ecol 
Biogeogr 6, January 2000). Time is ripe to replace 
the long-standing MacArthur and Wilson's para-
digm by a more comprehensive theory taking into 
considération scale effects as advocated in the spa-
tial and temporal continuum proposed by Haila 
(1990). A new model, the gênerai conceptual 
framework of which has been offered by Lomolino 
(2000b), should incorporate those features not in-
cluded in the MacArthur & Wilson's theory but 
which have been shown to be important in deter-

mining insular communities: 1) the fact that basic 
biogeographic processes are not only immigration 
and extinction, but also évolution, 2) the impor-
tance of island-specific characteristics (physiogra-
phy, climate, stochastic abiotic events) in basic 
biogeographic processes, 3) the rôle of feedbacks 
among components of insular Systems, including 
both processes and species, and 4) the species-spe-
cific variation of life-history attributes which af-
fects microevolutionary processes and explains the 
non-random variation among species on islands 
(Lomolino 1999, 2000b). 

In this context evolutionary issues should be 
considered at both scales of phylogenetic diversifi-
cation, i.e. speciation, and microevolutionary 
changes within populations and species which op-
erate on the same time-scale as colonisation and 
extinction. Processes of phylogenesis can generate 
patterns of species richness almost independently 
of colonisation and extinction with not only en-
démie species, but also entire endémie clades 
including many species as in the Galapagos and 
Hawaiian islands (Heaney 2000). Many micro-
evolutionary questions remained to be answered 
before broad généralisations can be made. Each is-
land is a singular System with its own history, envi-
ronmental characteristics and living communities 
so that processes that have a significant impact on 
one species or set of species on an island may be 
unimportant for others on another island. Evolu-
tionary changes on islands that are assumed to be 
components of an insular syndrome too often re-
ceived ad hoc, "panglossian" (Gould & Lewontin 
1979) and circular interprétations. Such explana-
tions cannot be acceptée! until they rely on mea-
sured sélective forces producing adaptations and 
until it has been demonstrated that similar trends 
evolved among différent organisms living in the 
same or différent islands. Interprétations of évolu-
tion on islands are strongest whenever a trend is 
statistically demonstrable and/or known from 
phylogenetic analyses to have arisen independently 
and several times in unrelated taxa, and are re-
peated in geographically distant areas (Grant 
1998). Such conditions are rarely met but could be 
so thanks to récent improvements in the compara-
tive method (e.g. Felsenstein 1985, Harvey & 
Pagel 1991). 

Given the présent state of the art of our knowl-
edge on bird évolution on islands, several points 
should deserve investigations in the future. I shall 
limit myself to mention only a few of them. For ex-
ample no généralisation should be made on the bal-
ance between birth rates and death rates until much 
further insight is given on the overall demography 
and trade-offs between traits from long-term popu-
lation studies. The link between loss of genetic 
variation due to founder effect and evolutionary 
change, which is assumed from conventional wis-
dom, remains to be determined because not ail in-
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sular populations, including small populations, are 
genetically depauperate (Merilâ et al. 1996, Tarr et 
al. 1998). Addressing the challenge of what déter-
mines genetic variation on islands requires an an-
swer on the time period over which evolutionary 
changes occurred, and hence how much the is-
land's environmental history needs to be known. 
Modem molecular techniques using mtDNA or 
microsatellites for constructing phylogenies at the 
intraspecific level combined with quantitative ge-
netics on fitness-related traits, that respond within 
a few générations to strong directional sélective 
pressures, should give an insight on the response of 
populations to environmental changes. Coupling 
historical data on islands' environments with ge-
netic data on extant populations should help inter-
pret the microevolutionary history of island popu-
lations and predict their responses to man-induced 
environmental changes including the forthcoming 
changes due to global warming. Reconstructing 
past environments to interpret evolutionary 
changes is a great challenge, however. If geophysi-
cal history is not too complicated to reconstruct 
and should give eues to understand adaptive radia-
tions in archipelagos at the species level, as shown 
for example by Carson & Clague (1995) for the Ha-
waiian honeyereepers, or by Grant & Grant (1996) 
for the Darwin's finches in the Galapagos, the eco-
logical history of islands on time scales that are 
consistent with microevolutionary changes is a 
much more difficult task which requires a 
multidisciplinary approach involving disciplines of 
both earth and life sciences. Molecular approaches 
are quite promising to track the history of species. 
For example, the expectation of Ricklefs & Cox 
(1972) that the relative âges of island populations 
could be inferred from the degree of taxonomic dif-
ferentiation among island populations has been 
confirmed by analyses of DNA séquence diver-
gence among West Indian birds (Ricklefs & 
Bermingham 1999). 

Finally the alarming number of bird species that 
have become endangered or extinct in récent years 
(Diamond 1989), especially endémie forms on is-
lands (Collar et al. 1994), is much more than a 
mere impoverishment in biological diversity. 
Among the many arguments to be made for con-
serving our biological héritage (Reaka-Kudla et al. 
1996), one of them is that missing species make it 
difficult to interpret both ecological processes and 
evolutionary pathways. Missing species from eco-
logical communities or from evolutionary clades 
are like missing pages in a book. When too many 
pages are lost, the message becomes obscure, and 
finally unintelligible. This makes urgent a thor-
ough assessment of the causes of species déclines 
and an insight in the relative impact on the demog-
raphy of species of various threats such as habitat 
loss and fragmentation, pollution, the introduction 
of exotic predators, competitors and disease, hu-
man impact, unexpected catastrophes and hu-

man-induced climate changes. This can be 
achieved through population viability analysis 
(PVA) which has been developed to assess extinc-
tion risks and to compare alternative management 
options (Brook & Kikkawa 1998). PVA computer 
simulations based on démographie, environmental 
and genetic parameters (Gilpin & Soulé 1986, 
Boyce 1992) are currently widely applied to con-
servation biology thanks to récent improvements in 
the parameterisation of the models. Current techni-
cal sophistication makes the PVA recognised by 
the World Conservation Union (UICN) as one of 
the five internationally accepted criteria for risk 
catégorisation and development of management dé-
cisions (Clark et al. 1991), especially because PVA 
simulations allows to rank the relative severity of 
risks and develop potential management stratégies 
accordingly. 
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