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RESUME. — La paléontologie livre beaucoup d’exemples de faunes endémiques
insulaires. Les endémismes consistent surtout en variations de taille, chez les
Mammiféres en particulier. Des exemples significatifs sont représentés par les
Mammiféres des iles méditerranéennes a partir du Tertiaire. Les associations
insulaires a Mammiféres sont marquées par un faible degré de diversité
taxonomique, en raison de l’effet filtrant des liaisons avec la terre ferme. Les
manifestations les plus communes d’endémisme sont representées par la réduction
de la taille des Mammiferes les plus grands, comme les Proboscidiens et les
Artiodactyles, et ’augmentation de taille des Micromammiféres, comme les
Insectivores et les Rongeurs. On suppose que ces modifications résultent de
I’isolements génétique des populations continentales, d’une réduction quantitative
et qualitative de la disponibilité alimentaire, d’une altération de la compétition
intraspécifique, de 1’absence de Carnivores de grande taille, et probablement aussi
de I’adaptation endothermique et/ou d’une défense contre les Oiseaux prédateurs
pour les Micromammiféres. Des exemples significatifs dans ce sens sont présentés,
pour les faunes des iles méditerranéennes des Baléares, de Corse et de Sardaigne,
de 1'archipel toscan, des « iles fossiles » du Gargano et de la Calabre méridionale,
de Sicile, de Malte, de Crete, de plusieurs iles égéennes et de Chypre. Il semble
que pour produire ces spécialisations un temps relativement court soit suffisant,
comme il est démontré dans le cas des Cerfs de Capri, Pianosa et des iles de
Jersey et d’Oronsay hors de la région méditerranéenne, ainsi que dans le cas des
Mammouths nains de 1’ile de Wrangel, dans 1’Océan Arctique. L’ homogénéité des
caractéres chez les Mammiferes insulaires atteste le fait que leurs modifications
endémiques représentent la régle et non 1’exception. Est-il encore possible de
concevoir un « syndrome d’insularité » ?

ABSTRACT. — Many examples of endemic insular faunas are documented by the
paleontological record. The endemisms consist mainly in size variations, which
affect mammals in particular. Significant cases are shown by the mammals of the
Mediterranean islands, at least since the Early Tertiary. The insular mammal
assemblages are characterized by a very low taxonomic diversity, due to the
filtering effects of the connections with the mainland areas. The commonest trends
of endemization are the size decrease of large-sized mammals, such as
Proboscideans and Artiodactyls, and the size increase of micromammals, such as
Insectivores and Rodents. These modifications are generally supposed to be most
of all a consequence of a genetic isolation from continental populations, a
quantitative and qualitative reduction of food supply, an alteration of intraspecific
competition, the lack of large-sized carnivores, and possibly, in micromammals,
also endothermic adaptations and/or a defence from birds of prey. Among the
Mediterranean island faunas, significant examples are those of the Balearics,
Corsica and Sardinia, the Tuscan archipelago, the “fossil islands” of Gargano and
Southern Calabria, Sicily, Malta, Crete, several Aegean islands and Cyprus. A
relatively short time may be needed to produce these specializations, as the cases
of the deer of Capri, Pianosa and of the extra-Mediterranean islands of Jersey and
Oronsay and of the dwarf mammoths of Wrangel Island, in the Arctic Ocean, seem
to suggest. The constance of patterns shown by the insular mammals attests to
the fact that their endemic modifications are the normality and not the exception.
Is all this not a possible “treatment” for the “insular syndrome”?
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INTRODUCTION

The so-called “insular syndrome” consists in
several characteristics which distinguish micro-
mammals of the Mediterranean islands from their
continental counterparts. It has been described as
an essay of manifestations which comprise a de-
crease in species number (decrease in diversity),
reduced pressure of predators and competitors,
niche expansion, increase in population density,
tendency for allopatry, genotypic and phenotypic
modifications (e.g. gigantism), decrease in birth
rate (Fons et al., 1995). These factors also affect
macromammals distributed in isolated habitats,
though often with different responses (e.g. geno-
typic and phenotypic modifications may corres-
pond to a tendency towards dwarfism). Paleonto-
logy permits to verify only some of these
manifestations.

THE MONOTONOUS AND UNBALANCED
ENDEMIC FAUNAS
OF THE MEDITERRANEAN ISLANDS

According to paleontological evidence, many
of the fossil mammalian faunas of the Mediterra-
nean islands differed considerably from extant
continental faunas. They were characterized by
peculiarly evolved taxa. Fossils of Quaternary en-
demic mammals are known from the Balearics
(Mallorca and Menorca), Ibiza, Corsica, Sardinia,
the Italian islands of Pianosa (Tuscan archipelago)
and Capri (facing the peninsula of Sorrento), Si-
cily, Malta, Lampedusa, Corfu, Crete, Kasos, Ar-
mathia, Karpathos, Cyclades (Milos, Amorgos,
Delos, Seriphos, Kythnos, Naxos), Tilos, Rhodes
and Cyprus. Each of these mammalian faunas,
although monotonous in composition, at the order
rank, on most of the islands, displayed peculiar
endemic elements which differentiated each island
fauna from one another. This is due to the fact
that each island had a distinct geological history,
being connected at different times to the closest
landmass (Ambrosetti et al., 1980). However, a
common peculiarity of these insular faunas is
that macromammals, mainly represented by deer,
elephants and hippopotami, dispersed on islands
often becoming dwarfed, while micromammals,
represented by few groups of insectivores, such
as shrews, by rodents and by lagomorphs, disper-
sed on islands becoming larger than their main-
land counterparts (Sondaar, 1986).

On an overall view of the Mediterranean Pleis-
tocene island faunas it can be observed that dwar-
fed proboscideans are known from thirteen is-
lands, namely Cyprus (Bate, 1903a, 1904a, 1904b,
1904c; Vaufrey, 1929; Boekschoten & Sondaar,

Fig. 1. — 1, Megaloceros (Megaceroides) verticornis
dendrocerus, shoulder height: about 145-160 cm; 2,
Megaloceros (Megaceroides) algarensis, shoulder
height : about 80-100 cm; 3, Megaloceros (Megace-
roides) cretensis, shoulder height: about 55-65 cm.
Drawing by A. Azzaroli (1982).

1972; Reese, 1995); Rhodes and Tylos (Ba-
chmayer et al., 1984; Symeonidis et al., 1973,
Theodorou, 1985); Naxos, Delos and Serifos
(Johnson, 1980; Davis, 1987); Kythnos (Caloi et
al., 1986; Kotsakis 1990); Milos and Kythira
(Marinos & Symeonidis, 1977); Crete (Kuss,
1973 ; Sondaar, 1971 ; Theodorou, 1985; Schlager,
1991 ; Malta : Falconer, 1862 ; Leith Adams, 1870,
1875 ; Vaufrey, 1929 ; Bate, 1916; Zammit-Maem-
pel, 1985); Sicily (Ambrosetti, 1968 ; Ambrosetti
et al., 1980) and Sardinia (Azzaroli, 1978 ; 1983),
whereas, among artiodactyls, dwarfed hippopota-
mi are reported from Cyprus (Bate, 1906; Boek-
schoten & Sondaar, 1972); Crete (Marinos & Si-
meonidis, 1977); Malta (Bate, 1916) and Sicily
(Fabiani, 1928 ; Vaufrey, 1929; Accordi 1955 and
1962); dwarfed deer, reputed to derive from me-
galocerines, are known from Kasos (Kuss, 1969
and 1975); Karpathos (Sondaar, 1971; Kuss,
1975 ; Marinos & Simeonidis, 1977) and Sardinia
and Corsica (Azzaroli, 1952; Caloi & Malatesta,
1974); other dwarfed deer, believed to have
derived from cervines, from Rhodes (Kuss, 1975);
Crete (Simonelli, 1907, 1908; Accordi, 1972;
Kuss, 1975; De Vos, 1979 and 1984 ; Malatesta,
1980) ; Malta (Bate, 1916); Sicily (Accordi, 1955;
Ambrosetti, 1968 and 1969; Azzaroli, 1962 and
1971); Capri (Azzaroli, 1962, 1977) and Pianosa
(Stehlin, 1928; Azzaroli, 1962 and 1978); dwar-
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Fig. 2. — Deinogalerix koenigswaldi compared with living continental galericines. 1, Deinogalerix koenigswaldi; 2,
Echinosorex gymnurus; 3, Hylomys suillus. Modified from Butler (1980).

fed Rupicaprinae-like bovids from Mallorca and
Menorca (Bate, 1909 ; Alcover et al., 1981 ; Bur-
leigh & Clutton-Brock, 1980; Andrews, 1915;
Azzaroli, 1982) and Sardinia (Gliozzi & Mala-
testa, 1980), while dwarfed oxes are reported from
Pianosa (Azzaroli, 1978) and Sicily (Brugal,
1987). Endemic large-sized micromammals are
represented in most of the Mediterranean islands
(Petronio, 1970; Azzaroli, 1982; Alcover et al.,
1981 ; Vigne, 1992 ; Mayhew, 1977 ; Bate, 1903b).

The same modifications are documented in ol-
der insular faunas from the Mediterranean area
and in others from extra-Mediterranean islands.
The existence of “fossil islands” is attested by the
endemic faunas of the Miocene Abruzzo-Apulian
(Freudenthal, 1972 ; Butler, 1980; De Giuli et al.,
1986a; Mazza, 1986a, b, 1987; Mazza et al.,
1995; Mazza & Rustioni, in press) and Tuscan-
Sardinian paleobioprovince (Stehlin, 1910; Hiir-
zeler & Engesser, 1976; Hiirzeler, 1982, 1983,
1987; Engesser, 1983, 1989; Cordy & Ginesu,
1994 ; Kotsakis ef al., in press) and by the Late
Pleistocene ones of Southern Calabria (Bonfiglio,
1978 ; Bonfiglio & Berdar, 1986). The extra-Me-
diterranean record includes the mammoths distri-
buted in Wrangel Island, in the Arctic Ocean,
which progressively reduced their size between

7.000 and 4.000 yr B.P. (Lister, 1993), the dwar-
fed deer from the Last Interglacial deposits of
Jersey, Channel Islands (Lister, 1989) and those
from the Mesolithic deposits of Oronsay, in Inner
Hebrides (Grigson, 1981), which were imported
by man between about 6.000 and 5.400 yr B.P.
and then rapidly became dwarfed.

A peculiar aspect of the Late Pleistocene ende-
mic mammal faunas of the Mediterranean islands
is that they are all unbalanced. Large groups, such
as perissodactyls, are entirely missing. Outside the
Mediterranean, islands with Pleistocene unbalan-
ced faunas occur in the Japanese archipelago, In-
donesia, the Canary islands, Madagascar, and off
the coast of California.

Not all the faunal elements of the Mediterra-
nean islands arrived at the same time. Some ge-
nera are probably relicts from the Tertiary; others
are distinctly Pleistocene forms, but there are dif-
ferences in the degree of specialisation between
the ultimate species of the same genus or group
in the different island faunas. It is commonly
assumed that, before becoming dwarfed, ele-
phants, hippopotami, deer and, presumably, also
the oxes of Pianosa and Sicily reached the islands
from the closest mainland by temporary land-
bridges that originated from the lowering of the
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Fig. 3. — 1-4, Gargano Prolagus evolutionary sequence
from the P. apricenicus morphotype (1-3) to the P.
imperialis morphotype (4): 5-8, Gargano Microtia evo-
lutionary sequence from the most primitive (5) to the
most derived morphotype (8). Not to scale.

sea-level during the Pleistocene Ice Ages. Accor-
ding to Azzaroli (1971; 1977; 1983), this may be
the case of Sardinia and Sicily (Palombo, 1985).
On the basis of tectonic arguments, Malatesta
(1980) observed that Crete also may have been
united to continental Greece during the Pleisto-
cene. However, as noted by Davis (1987), it is
difficult to explain why the Pleistocene faunas of
the latter islands are relatively rich, compared to
that of Cyprus. Perhaps only few species migrated
to Cyprus, which was relatively difficult to reach
(Azzaroli, 1977). In fact, the bathymetric contours
prove that Cyprus was never connected to the
mainland, even during the numerous and protrac-
ted Pleistocene glacial episodes (Swiny 1988).
Sondaar (1977) observed that island faunas were
dominated by good swimmers such as elephants,
hippopotami and deer and therefore deduced that
continental mammals mainly swam to colonize
islands. Some authors agreed with this view sug-
gesting that elephants perhaps swam to at least
some of the Mediterranean islands (Johnson,
1980). New evidence today shows unequivocally
that elephants are actually excellent swimmers.
The swimming abilities of hippopotami and deer
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are also known (Dermitzakis & Sondaar, 1978),
though perhaps the latter do not swim as well as
elephants and hippopotami. For Davis (1987) this
may explain why deer never dared to reach Cy-
prus while elephants and hippos did. The reason
may consist in the long distance, too great for
deer, separating the island from the closest main-
land. An alternative view, proposed by Azzaroli
(1978, in press) is that large mammals and most
if not all the small-sized mammals of the Medi-
terranean islands, migrated only through corri-
dors; maybe, in some cases, along discontinuous
bridges of islands and shoals highly selective on
the immigrant fauna.

The factors that might be responsible for the
peculiar specializations of island mammals are
thought to include a contraction of food supply,
a reduction of competition, and a decrease in
predation (Foster, 1964 ; Azzaroli, 1971 ; Sondaar,
1977 ; Heaney, 1978 ; Davis, 1984). It is common-
ly assumed that the absence of large carnivores
in most of the islands reveals evidence of unba-
lanced ecological structures (Sondaar, 1977 ; Son-
daar er al., 1984). As a consequence of the lack
of predators, the endemic mammals of the islands
may have lost their capacities for defence. How-
ever, a survey of paleontological literature yields
a considerable amount of Quaternary carnivore
fossil species (Pomel, 1853; De Gregorio, 1886;
Bate, 1903b; Bate, 1935; Thenius, 1951 and
1962 ; Ficcarelli & Torre, 1967; Kurtén, 1968 ;
Boekschoten & Sondaar, 1972; Symeonidis &
Sondaar, 1975 ; Malatesta, 1977 ; Malatesta, 1978 ;
Kotsakis, 1980; Mourer Chauvire et al., 1980;
Alcover et al., 1981 ; Azzaroli, 1982; Esu et al.,
1986; Burgio & Fiore, 1988 ; Van der Geer, 1988;
Weesie, 1988; Eisenmann, 1990; Vigne, 1992;
Willemsen, 1992; Wolsan, 1993; Steensma &
Reese, in press).

Foster (1964) summarized, in rather general
terms, the effects of selective forces on living
insular mammals as compared to those distributed
on the nearest mainland areas. Size increase is the
inevitable price to pay for decreasing of the se-
lective pressure in the restricted insular environ-
ments with limited food resources (Reyment,
1983). Size increase, on the other hand, finds a
number of different explanations. Butler (1980)
suggested that the increase in size of micromam-
mals may likely be a consequence of a paucity of
ungulate herbivores. Although the increase in size
causes an increase in intraspecific competition, it
has an undoubted advantage in terms of endother-
mic control, because of the more suitable body
surface/body volume relation. From studies of is-
land squirrels in southern Asia, Heaney (1978)
showed that limited food supply and reduced in-
terspecific competition are also important in de-
termining size. On islands with few species, larger
rodents might have evolved to exploit a wider
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range of food (Davis, 1987). The increased size
of rodents might also have some correlation with
the lack of carnivores (Sondaar, 1977). Rodents
usually escape predators by hiding in crevices :
hence their small size. The absence of carnivores
on Mediterranean islands would permit, on the
contrary, the survival of larger individuals, which
could compete more successfully for limited food
resources. Thus dormice of giant proportions
would evolve (Davis, 1985). However, island ro-
dents will still be the main item for mainland
birds of prey which are present in large numbers
on the islands. In fact, a characteristic of fossil
island avifaunas is the great number of continental
and endemic birds of prey (Sondaar, 1977). There
are also mammals which did not change signifi-
cantly on the islands : for example, lagomorphs,
many insectivores and some of the rodents which
coexist with the giant forms. Probably on the
island they found an ecological niche similar to
that existing on the mainland (Sondaar, 1977).
This might be the case of Crocidura zimmermanni
Wettstein, 1953, an endemic “normal size” soricid
which has been documented from Crete since early
Pleistocene times. The terminal Pleistocene fauna
of Corsica and Sardinia is characterized by the
occurrence of Prolagus sardus (Wagner, 1829), an
ochotonid lagomorph the size of a big rat. This
animal, which is comparable to hares and rabbits,
probably produced many offspring in a rather
short time and it is likely that it provided an
inexhaustible source of food for the Pleistocene
predators of Sardinia and Corsica.

CONCLUSIVE REMARKS

Paleontological evidence shows that Mediterra-
nean and extra-Mediterranean fossil island faunal
communities are mainly characterized, compared
with coeval mainland communities, by lower di-
versity, an unbalanced composition and a reduced
pressure of predators, mostly due to an absence
of large-sized carnivores. A reduction of compe-
tition is commonly observed in island communi-
ties. This is actually documented in the initial
phase of colonization of island habitats. In later
times the modifications in body size and species
composition seem to be aimed exactly to reduce
the inter- and intraspecific competition and to pass
to K-selection (specialization and decrease in birth
rate : the contrary of r-selection).

Whether the species density modifies in insular
conditions cannot be demonstrated on paleontolo-
gical grounds, but the cases of Prolagus sardus
and of the Miocene Gargano Prolagus seem to
suggest that the density may be more or less
analogous to that of extant mainland lagomorphs.

The cases of the dwarf deer of Capri (Azzaroli,
1977), of Pianosa (Azzaroli, 1978) and of the
dwarf oxes of Pianosa (Azzaroli, 1978) and Sicily
(Brugal, 1987) seem to suggest that a relatively
short time may be sufficient to produce the ende-
mization of insular faunas, of the order of a few
thousands of years. Dwarf mammoths have been
reported from Wrangel Island, in the Arctic
Ocean, which became dwarfed between 7.000 and
4.000 yr B.P. (Lister, 1993). Outside the Mediter-
ranean basin, other two cases size reduction are
represented by the Last Interglacial deer of the
island of Jersey, Channel Islands (Lister, 1989),
and the Mesolithic deer of the island of Oronsay,
in Inner Hebrides (Grigson, 1981). The latter was
imported by man between about 6.000 and 5.400
yr B.P. and then became dwarfed.

The archaeozoological record tells us that pre-
sent day island mammals of the Mediterramean
were mostly introduced by Man and that the eco-
logical impact with the new incomers doomed
most of the previously distributed endemic forms
to a rapid disappearance at least after the Neoli-
thic colonization (7th millennium B.C.) (Alcover,
1980; Davis, 1984 ; Vigne, 1992 ; Masseti, 1993).
The example of the deer of Oronsay supports the
hypothesis that also macromammals introduced by
Man in the Mediterranean islands probably under-
go a process of endemization. This tendency to-
wards endemization may also explain the
occurrence of extant insular micromammals of
larger size in respect to their continental counter-
parts, such as Crocidura suaveolens cyrnensis, in
Corsica, Eliomys quercinus liparensis, in Lipari,
Apodemus sylvaticus ilvanus, in Elba, A. sylvati-
cus hermani, in Pantelleria (cf. Amori & Masseti,
in this volume).

The endemization of island faunas is the result
of a normal and repetitive reorganization of few
faunal entities distributed in restricted areas with
limited resources and in the absence of large-sized
carnivores. In its common acception, a “syn-
drome” is a “number of symptoms which collec-
tively indicate an often abnormal condition of the
body” (Oxford advanced learner’s dictionary of
current English, 1974). The part of a community
which underwent endemization would thus repre-
sent the “symptoms” which on the whole form
the “insular syndrome”. We should thus expect
that a residual part of the fauna would be “nor-
mal”, in the sense of maintaining its original
continental aspect and composition. This, how-
ever, is never verified on islands, provided a suf-
ficient time of endemization (Zammit-Maempel,
1989), as demonstrated by several paleontological
examples. By and large, the impression is that all
the modifications that occur in island mammals
may be the necessary result of a tendency towards
a redefinition of ecological equilibria under very
peculiar environmental conditions (cf. MacArthur
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& Wilson, 1967; Blondel & Vigne, 1993). The
pioneer faunas are in obvious state of disequili-
brium in insular environment and are subjected to
r-selection. Later on, the modifications in body
size and population density are aimed to reduce
the inter- and intraspecific competition and thus
tend to reestablish new equilibria. K-selection
conditions are finally reached.

In the light of all this facts, is it still the case
to talk about “insular syndrome”?
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