


























not the main reasons for the retreat and final extinction of Prolagus. The insularity effects 
and other possible factors accounting for the Prolagus extinction will be discussed below. 

THE INSULAR POPULATIONS AND THEPROLAGUS EXTINCTION 

In spite of the relatively high proportion of known insular lagomorphs, both recent and 
extinct, the Prolagus lineage rarely inhabited true Tethyan islands along its history. The 
only exceptions are the Latest Miocene-Pliocene Gargano islands and the Plio-Pleistocene 
Thyrrenids. In contrast, other island were successfully colonized by Lagomorphs, like 
Baccinello in Latest Miocene, Sicily and Balears in Neogene. Prolagus is recorded in 
nowadays insular areas, such as Chios and Kos islands in EEA, but these localities were 
not isolated when Prolagus lived there during the Mio-Pliocene. 

Ancient insular mammal faunas can be recognized in the fossil record by special signs: 
a low species richness community, few or no carnivores, small mammals became larger 
and the opposite, large mammals became smaller (THALER 1973, SoNDAAR 1977). Insular 
Prolagus and other Ochotonids, like other micromammals, are larger than their mainland 
relatives. Conversely, insular Jeporids can behave like large mammals, becoming smaller 
than the mainland hares (case of the Balearic hare, see PALACIOS & FERNANDEZ 1992). 

Both Gargano and Thyrrenid insular Prolagus populations produced at least two ende
mic species each: P. apricenicus and P. imperialis in Gargano (MAZZA 1987, MAZZA & 
ZAFONTE 1987), P. figaro and P. sardus in Thyrrenids (L6PEZ-MARTiNEZ & THALER 1975). 
Although there are some indices of the coexistence of the two sister species in each case, 
the frequent taphonomic mixture of karstic fissure filling deposits can be misleading. All 
these insular species show large size, robust skeleton and some complications in the pre
molar morphology. In contrast, other known cases of insular lagomorph populations show 
a single species only, and they tend either to simplify (Paludotona Dawson, Gymnesicola
gus Mein et Adrover) or to complicate its dental morphology (modem Pentalagus Lyon). 

The isolation time seems independent of the degree of morphological differentiation 
between insular and mainland populations. The modern insular leporid Nesolagus nets
cheri from Sumatra shows similar morphology that a recently discovered mainland popu
lation from Laos. In spite of the ea. 8 million years divergence time inferred by their 
genetic distances, they differ only by a somewhat larger interorbit (see SURRIDGE et al., 
1999). Conversely, the Pliocene Thyrrenian insular Prolagus figaro strongly diverged from 
their closest mainland Prolagus population (P. depereti) in a relatively short time (much 
Jess than 1 m.y.). The Balearic hare as well, Lepus granatensis solisi, has rapidly changed 
its shape and loss about 5% in size (was probably introduced by man less than 7000 years 
ago; PALACIOS & FERNANDEZ 1992). 

Around Middle Pleistocene epoch, all Prolagus species were extinct, except those from 
eastern and southern Iberian littoral (Prolagus calpensis from Barcelona, Prolagus sp. 
from Malaga) and Thyrrenian islands (Prolagus sardus from Corsica and Sardinia). The 
two species differed in size, the mainland species being around three quarters of the insu
lar species size. Both have similar limb proportions. However, dentition size was similar, 
thus the insular species had a disproportionate body size in relation to teeth size. 

Before the Late Pleistocene, the mainland Prolagus populations disappeared. The latest 
glacial period could bring too much a cold climate until its last refuge. Also, the littoral 
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habitats of the last mainland Prolagus, may be the humid backshore of coastal forests, 
probably disappeared because of the arid glacial period and the increasing steep of oroge
nic landscapes. However, these factors as well must have affected the Thyrrenids, where 
Prolagus survived for 150,000 years more. Therefore, these factors alone cannot explain 
the Prolagus extinction. Other factors, such an increased predation pressure, must account 
for the selective extinction that stroked mainland and spared insular Prolagus. 

After its isolation phase, the Prolagus extinction pattern is similar to that of other mam
mals. The fate of insular faunas is nearly predictable: the endemic, isolated mammal spe
cies shows more or less longevity, but its fatal destiny is always extinction. This regularity 
is just an empirical observation. We do not know cited examples of an insular mammal 
species successfully invading the mainland area (the continent, in case of terrestrial fau
nas). Conversely, there are many examples of insular species becoming extinct, not only 
among mammals but many other groups also. This pattern do not seem to be determined 
by any evolutionary constraint. In fact, the current evolutionary theory predicts the oppo
site, namely allopatric isolation would be a prerequisite of evolutionary change and speci
ation. On the contrary, in the fossil record as well as in modem world, the observed pattern 
is extinction comes frequently after a previous isolation phase. Prolagus and other extinct 
vertebrates repeat this pattern at different scales, since the final extinction of the last thre
atened insular refugees occurred in a small island butte, Tavolara (VIGNE 1988). 

The extinction of the mainland endemic Prolagus species such as P. ibericus, P. bilobus 
and P. caucasicus, occurred probably earlier, near the Plio/Pleistocene boundary. The iso
lation of endemic species by geographic barriers are not a necessary factor linked to the 
extinction. Also endemic, either sympatric or allopatric species are prone to the extinction. 
This was the case for P. schnaitheimensis and P. forsthartensis (sympatric respectively 
with P. vasconiensis and P. oeningensis), and for the above cited allopatric species. They 
differentiated after the fragmentation of a former continuous distribution area, without 
evident geographic barriers. 

CONCLUSIONS 

Near 22 Prolagus species (Lagomorpha: Ochotonidae) inhabit Europe, Anatolia and nor
thern Africa during more than 20 million years mainly in subtropical swamp and wetland 
forest habitats, analogous to modem 1eporidSylvilagus palustris from the Everglades (Flori
da, USA). Although they were a common prey supporting food webs like modem rabbits, 
a combination of climatic change (to colder and arid conditions) and stronger predation 
pressure lead to its extinction, after a suite of paleogeographic changes: (1) a southern 
displacement of the area, (2) a fragmentation, (3) a strong reduction during the Pliocene, 
and 4) isolation in the Thyrrenids (Corsica and Sardinia Islands). The Pliocene areal redu
ction coincides with the highest species richness of the lineage history, due to endemisms. 

The reasons for the retreat and final extinction of Prolagus include arid and cooler 
climatic conditions; but its selective extinction in mainland during Pleistocene was not 
climatically driven, since it persists in insular populations living in a climate similar to the 
surrounding continents. Stronger predation pressure probably has been one determinant 
factor, man being one of its potential predators as it has been shown in Corsica. Population 
isolation is a prelude of extinction, in contrast to current theoretical expectations. 
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SOUHRN 

Rod pist'uch Prolagus predstavuje j ednu z nejde!Sich v)rvojov)rch linii v historii savcu sveta, ktera se 
vyvijela v Evrope, Anatolii a severni Africe vice nez 20 milionu let, a pokudje do v)rctu zahrnutjako 
primy pi'edek i rod Plezodus, tak a;t 24 milionu let. Fosilie jedincu rodu Prolagus tvoi'i misty velmi 
bohata spolecenstva, ktera dokladaji, ze tato zvifata byla - podobne jako moderni kralici - befuou 
soucasti potravnich siti. Tyto pist'uchy byly velikosti a tvarem tela podobne p ist'ucham nalezejicim 
soueasnemu rodu Ochotona. Rod Prolagus obyval pl'edevsim subtropicke mokfady a v lke lesy, a byl 
ekelogick)rm analogem soucasneho kralika bazinneho (Sylvilagus palustris), kter)r zije v Everglades 
na Floride (USA). Fosilni rozsil'eni rodu Prolagus ma patrny charakter zemepisne delky, zpusobeny 
zrejme jeho termofilnimi ekologick)rmi preferencemi. Jeho areal rozSii'eni by! vymezen pohybem 
Alpskeho oblouku behem pozdniho miocenu. Pl'ed konecnou isolaci a vyml'enim rodu Prolagus se 
areal jeho roz5il'eni v prubehu pliocenu menil a posouval na j ih, fragmentoval a zmenfoval, v teto 
dobe ale me! take nejvyssi druhovou bohatosti v cele sve historii, ktera byla zpusobena endemis
mem. Chladnejsi podnebi pravdepodobne ovlivnilo posuny arealu rozSii'eni rodu Prolagus, ale ne
zda se, fo by bylo hlavnim duvodem ustupu a konecneho vymi'eni tohoto rodu. Rod Prolagus od te 
doby pi'ezival v ostrovnich populacich zijicich v podnebi podobnem okolnim svetadilum. Urcujici 
faktor, kter)r zpusobil selektivni vymi'eni pevninsk)rch druhu roduProlagus kolem hranice stl'edniho 
a pozdniho pleistocenu by! zl'ejme predacni tlak. Fragmentace arealu rozSii'eni v rilznem meritku tak 
vedla k populacnimu vymirani. Tyto zavery vsak neodpovidaji dosavadnim hypothesam. 
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