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Diversification and extinction patterns among Neogene
perimediterranean mammals

By J.-J.JAEGER' AND J.-L. HARTENBERGER?

! Laboratoire de Paléontologie des Vertébrés, Université Pierre et Marie Curie (Paris VI)
and C.N.R.S. URA 720, 4 Place Jussieu, 75252 Paris Cedex 05, France
® Institut des Sciences de I Evolution, Université des Sciences et Techniques du Languedoc (Montpellier)
and C.N.R.S. URA 327, Place E. Bataillon, 34060 Montpellier, France

The best mammalian fossil record during the Neogene of Western Europe is that of
the rodents, the most successful and diversified mammal order. The study of
origination and extinction during the Neogene (24-3 Ma BP) in one of the best-
documented areas, Spain and southern France, gives an insight into the dynamics of
these communities and indicates the possible nature of the driving forces. Three main
periods of time show a high rate of origination: the late Burdigalian (17.5 Ma BP), the
early Vallesian (11.5-11 Ma Bp) and the early Pliocene (4.2-3.8 Ma Bp). Two of
these high origination-rate periods are immediately followed by important extinction
events during which all cohorts are deeply affected (11.5-11 Ma Bp and 4.2-3.8 Ma
BP). The most important extinction event seems to occur during the early Vallesian
(11.5-11 Ma Bp), which probably includes the middle/late Miocene boundary. At
the Miocene/Pliocene boundary, and during the early Pliocene, the faunal turnover
seems to become faster, inducing a strong decrease of the mean species duration.
Whereas the main immigration event, which occurs at 17.5 Ma Bp, can be related to
other faunal migrations in terms of the closure of the Tethys, as it occurs also in
eastern Africa and in southwest Asia, the middle/late Miocene boundary event may
have been related to a period of ice growth in the Southern Hemisphere. The
extinction event that affects the planktonic foraminifera at 12 Ma Bp cannot be
chronologically correlated to this southwestern European land-mammal extinction
event, because the calibration of the marine fossil record during that time-span has
to be precise. Some limited terrestrial faunal exchanges that occur during the
Messinian between southwestern Europe and northwestern Africa do not deeply
affect the general faunal dynamics. Both allochthonous cohorts of immigrants
become rapidly extinct. :

Several endemic rodent faunas, indicating insular conditions, have been reported
from the southern edge of the western European continent from the middle Miocene
up to the Pliocene. All show low taxonomic diversity, strong endemism and short
survival. Some of them, like those of the Gargano Islands during the late Miocene,
underwent peculiar morphological changes and also speciation. The large number of
rodent genera coevolving in the Gargano Islands is indicative of the large surface
areas of these islands. The general geographic pattern of southwestern Europe during
the Neogene may therefore correspond to a large continental province including
Spain and southern France with some kind of fast-modifying archipelago on its
southern rim.

1. INTRODUCTION

During recent years, a large amount of data have been collected and analysed to relate the
main biotic events to physical and geochemical changes. To understand the relations between
the physical and biological worlds, two complementary points of view have arisen: some
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authors think that variation of the physical and chemical parameters of the various
environments has immediate and important consequences in the development of life; others,
mainly biologists, think that the evolutionary history of a species is largely dependent on other
species; which constitute its most influential environment (Van Valen 1973; Stenseth &
Maynard-Smith 1984; Hoffman & Kitchell 1984; Benton 1985). However, in this debate,
most of the data that have been analysed originated from the marine realm, where physical and
geochemical environmental parameters have been extensively studied in recent years. Indeed,
most of the palaeobiological data relate to marine invertebrates and to protista. The
evolutionary biology of these groups has not been extensively studied, so that the significance
of their morphological changes, the species concept in each of these groups and their
reproductive biology are not so fully understood as for higher organisms, such as mammals. For
example, a mean species duration as estimated in Cainozoic planktonic foraminifera of about
25 Ma BP (Stanley 1979) and of 7.7 Ma Bp for the upper half of the Cainozoic (Raup 1987)
seems questionable relative to generation time among these groups. On the other hand, the
known physical data relative to continental biotas are still incomplete.

In this context, we present here an analysis of the dynamic of mammalian faunas in a time
interval of about 21 Ma, from the beginning of the Miocene to the end of the lowermost
Pliocene, and in a restricted geographic area, around the Mediterranean.

2. METHODS

The fossil mammals of the perimediterranean area have been extensively studied since the
time of G. Cuvier, some 180 years ago. A detailed survey indicates that at least one
geographical area has been well documented, the southwestern part of Europe including Spain
and southern France. Using the taxonomic results of different authors as a database, we have
calculated several measures such as origination and extinction rates, duration of taxa and
several classical derived parameters following the methods extensively used by authors such as
Simpson (1944), Kurten (1960) and Stanley (1979).

The rodents are the most studied mammals in terms of their taxonomy and are represented,
between the earliest Miocene and the late Early Pliocene, by 235 species distributed among 96
genera, giving an average of 2.52 species per genus. Large mammals are also numerous, but
unlike the rodents, their taxonomy is still confusing and most of the families have not received
comprehensive study in recent years. Therefore, after a preliminary and unsuccessful trial, we
focused our study mainly on the rodents. Rodent taxonomy has reached some sort of consensus,
having been recently established and verified independently by several research teams. Interest
in rodent evolution is largely the result of their abundance in geological formations and of their
biochronological value. This seems to be a consequence of their rapid diversification and
phyletic evolution. The study of the dynamics of rodent faunas in southwestern Europe
between 24 and 3 Ma Bp therefore represents the main source of data from which the patterns
have been deduced. The results obtained from the interpretation of these data will have to be
tested in the future in the light of other faunal provinces and in other mammalian groups.
However, the quality of that fossil record is several orders of magnitude higher than that of any
other perimediterranean faunal province. Also the intrinsic value of the order Rodentia which,
from the middle Paleogene on, represents half the diversity of herbivorous and omnivorous
mammals, must also be considered. In this order the species concept used by palaeontologists
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has been shown to be rather close to the biological one. The reasons seem to be the qualities
of high heritability of the dental characters used in taxonomy (Bader 1965), and the high
adaptative value of teeth. »

As the temporal scale is of major importance for the interpretation of the data, we have
chosen the calibrated biochronological zonation proposed by Aguilar (1982), which appeared
more detailed and more accurate than the classical land-mammal age zonation of Mein
(1975). Also, as the biochronological unit is the marker level, its power of resolution is more
accurate 'than -the traditional land-mammal ages (Jaeger & Hartenberger 1975). The
correlation between the continental timescale and the marine timescale is discussed by Aguilar
& Michaux (1987). The recent timescale proposed by Vai (1988), which has improved the
proposal of Berggren et al. (1985), has also been used. Taxonomic information has been
collected in numerous recent works. We used mainly the papers of Aguilar (1981), Daams &
Freudenthal (1981), Daams e al. (1987), Cuenca Bescos (1988) and Freudenthal (1988).
Recent taxonomic publications of additional Spanish and French authors have also been used.

3. GENUS DURATION

The histogram of the distribution of genus durations (figure 1a) has been constructed from
extinct genera only. It is roughly similar to that obtained by Gingerich (1977) on several
hundred genera of rodents with data collected from Romer (1966). Following a main peak of
rather short survival time, there are several accessory peaks, situated respectively around 67,
10 and 21 Ma duration. Corresponding peaks are also observable on Gingerich’s data. The
genera corresponding to the 21 Ma peak belong to panchronic taxa, the living fossils of that
period. The two other peaks characterize some genera that have an increased number of
species, as shown on figure 3. The study of the distribution of species number relative to genus
frequency illustrates a significative difference. There is no correlation between the genus
duration and the number of species. The genera with short survival times have, in general, only
a few species and their species number shows a logarithmic decrease. The genera with survival
times longer than 5 Ma show a very different distribution, with a mode situated around three
or four species. In that case, this pattern corresponds to a strategy, suggested by Raup (1987),
in which the genera that speciate increase their:chance of survival. But this cannot be
considered as a general rule, as the longest-surviving genera of our study have only a few
species, mainly chronospecies. .

20 - (8)

o 8

(5]
g £ 15
g) an
3 s 10
5 &
2

o 5
-

(o}

duration/Ma

Ficure 1. Generic duration of southwest European Neogene rodents. Only extinct genera have been plotted. (a)
Histogram of longevities of genera of the interval. () Histogram of longevities of genera of an instant in time,
following the method proposed by Stanley (1979, p. 110).
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TABLE 1. RANGE CHART OF GENERA OF RODENTS IN THE NEOGENE OF SOUTHWESTERN EUROPE

(Correlation between marker levels, land-mammal ages and radiometric dating is made following information given
in Berggren ¢t al. (1985), Aguilar & Michaux (1987) and Vai (1988).)
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TABLE 1 (cont.)
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The commonest life history corresponds to an immigrant genus that becomes rapidly extinct
after some unique speciation event. '

Several methods allow us to evaluate the duration time of these genera. The arithmetic mean
gives a value close to 7 Ma. The Lyellian curve (figure 2) indicates a half-life of 4 Ma, which
would give a duration of 8 Ma with a coefficient of two as evaluated by Stanley (1979, p. 119)
or a value of 11.5 Ma with a coefficient of 2.89 as demonstrated by Kurtén (1960) and
Levinton & Farris (1987). On the other hand, the graphic method suggested by Stanley (1979)
of constructing the histogram of genus duration for an instant of time, indicates two different
modal values, one around 7 Ma, the other around 21 Ma (figure 15). The last value
characterizes the panchronic taxa, or living fossils. Gingerich (1977) has found an arithmetic
mean of 5.85 Ma for all rodents.
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Ficure 2. Partial (1 to 1 Ma) survivorship curve of genera of rodents of the southwest European Neogene.
Only extinct genera have been plotted. Arithmetic mean 7.25; Lyellian mean 8.02 (L).
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Ficure 3. Histograms of species number (a) for genera with, a duration of 0-5 Ma; (b) for genera with a
duration of 5-10 Ma; and (c) for genera with a duration of 10~15 Ma.

Compared with histograms of genus duration for other taxa (Stanley 1979), the Neogene
rodents of southwestern Europe show a logarithmic decrease of the genus number relative to
their longevity. A similar pattern can also be observed when the duration of species is plotted
(figure 4a). This shape may have some palaeobiological Ameaning, indicating that the
palacontological genus concept is close to the biological genus concept. These biological
categories therefore behave in a similar way, but at different rates.

4. SPECIES DURATION

The histogram of species duration (figure 44) indicates a distribution between 0.5 and 9 Ma;
with a high proportion of species having a short survival time (64 %, survive less than 1 Ma).
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Ficurke 4. Species duration of southwest European neogene rodents. () Histogram of longevities of species of the
interval; (b) histogram of longevities of species at an instant in time. (¢) Survivorship curve of rodent species
during the Neogene in southwestern Europe. Half of the species survived 1.25 Ma, corresponding to a Lyellian
average of 2.5-3.60 Ma.

The general pattern appears to be quite similar to the histogram for graptolite species duration
(figures 9 and 10-in Stanley 1979). The histogram of species duration for an instant of time
(figure 45) (Stanley 1979) indicates a modal duration of species of 2 Ma. On the Lyellian
curve, a value of 1.25 Ma corresponds to the 50%, ordinate (figure 4¢). From different
estimates, as for the genus, the mean species duration would have a value of 2.5 Ma as an
underestimate or 3.6 Ma. Stanley (1979) indicates values of about 1.6 and 1.4 Ma for
Pleistocene mammals, the last value becoming 2 Ma if the quotient of 2.89 is used (Kurtén
1960;.Levinton & Farris 1987). For the Miocene rhizomyid rodents of southwest Asia, Flynn
(1986) has recently observed an average value of 1.2 Ma. However, this author also gives an
estimate of about 2.9 Ma for the smaller-sized species of rhizomyid.

To estimate more precisely the mean duration of species, we used a third method. For each
polycohort (figure 8), we have constructed the survivorship curve for the rodent fauna of each
zone through time. We measured mean species duration for each ‘stratum’ from the linear
regression of each curve. As indicated by Raup (1987%), if the value of the extinction rate is
constant through time and from species to species in the cohort, the mean taxon duration must
be the reciprocal of the extinction rate. We obtained a series of values between 2.4 and
0.16 Ma. When plotted against the absolute timescale (figure 5) the results suggest a decrease
of the species duration during the Neogene.
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FIGURE 5. Mean average polycohort species duration through time (24-3 Ma BP). A decrease of polycohort
species duration through time is observed.

5. ORIGINATION AND EXTINGTION RATES
(a) Origination rates

We have studied the origination rate at the generic level and at the specific level (figures 6
and 7) to appreciate the relative importance of phyletic evolution versus true immigration.
Despite the possible origination of new genera through phyletic evolution, this event is much
less frequent than the immigration of a new genus or the pseudo-origination of new species
through gradual evolution. It should also be remembered that, as this work concerns only one
faunal province, most of the immigration and extinction events may be local. Nevertheless, all
modes of representation show a similar pattern. The global diversity follows a regular increase
from the beginning of the Miocene up to the middle Miocene, followed by a regular decrease.
Three major immigration events correspond respectively to the late Burdigalian (C1, 17.5 Ma
BP), to the middle/late Miocene boundary (D1, 12 Ma BP) and to the early Pliocene. These
immigration events have been recognized for a long time as basic chronostratigraphic events.
Additional minor peaks can be observed, their amplitude depending on the mode of
representation. Some are the result of immigrations: for example, the lower Vallesian (D1,
12 Ma BP) characterized by the appearance of Hipparion and of the earliest murid Progonomys
(Schaub 1938) and the early Messinian (E1, 6.5 Ma BP) with a limited faunal exchange
occurring between northwestern Africa and Spain. Other small peaks may be attributed to
minor phases of faunal turnover.

(b) Extinction rate

Some important extinctions follow immediately after the main immigration phases. They
can be explained as a simple return to faunal equilibrium following a strong increase of
diversity as suggested by Gingerich (1977, 1984) for Pleistocene extinctions. The late
Burdigalian extinction event (C1, 17.5 Ma BP) and the one that occurs during the late early
Pliocene belong to this category.
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FIGURE 6. Variations of extinction (solid lines) and origination rates (dashed lines) of rodent genera through the
Neogene of southwestern Europe. The timescale corresponds to the marker levels () and to the absolute
timescale in Ma (b).
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Ficurke 7. Variations of extinction (solid lines) and origination rates (dashed lines) of rodent species through the
Neogene of southwestern Europe. (a) Percentage of the number of species represented in each zone. (b)
Percentage of the number of species represented in each zone per million years.

The most important extinction event occurs during the early Vallesian (D1, 12-11.5 Ma Bp).
During this time interval, which most probably includes the middle/late Miocene boundary,
the extinction rate reaches much larger values than the origination rate (figures 6 and 7). This
period has been already recognized as a period of drastic changes in the composition of
southwestern European mammal faunas (Crusafont Pairo 1954). Ecological scenarios have
even been suggested for these changes (Weerd & Daams 1978; Daams & Van der Meulen
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1984 ; Agusti et al. 1984) but the extinctions occurring during this timespan (around 0.5 Ma
long) had not been suspected to be as important as that. As several large mammals disappear
simultaneously (Moya-Sola 1983), it can now be recognized as the major extinction event in
the history of mammals during the Neogene of southwestern Europe. Its amplitude and
taxonomic extent makes it very similar to the ‘Grande Coupure’ event occurring at the
Eocene-Oligocene boundary (Hartenberger 1987, 1988) in the same area. Unfortunately, the
calibration of this event is not yet very accurate. It follows the i immigration of Hipparion and
of Progonomys into that area. On the basis of numerous observations, the immigration of
Hipparion in the perimediterranean domain had been dated as 12.5 Ma sp by Berggren et al.
(1985). However, recent data based on new K/Ar absolute ages and on magnetostratigraphic
investigations (Sen 1986) suggest an earlier age of 11.5 or even 11 Ma Bp. The Vallesian
extinction event can therefore be estimated to date from 114+0.5 Ma Bp rather than
12-11.5 Ma BP, as in the timescale that we have used. This more accurate dating indicates that
the middle/late Miocene boundary is probably included in the duration of that event. A similar
major extinction has been reported among planktonic foraminifera at 12 Ma Bp by Hoffman
& Kitchell (1984). It has again been discussed by Raup (1987). Whether or not these two
events, one occurring in the surface waters of the oceans and the other on land, are slightly
diachronous or synchronous, cannot be decided yet as the timescale for the marine middle-late
Miocene does not seem to be very accurately calibrated.

6. POLYCOHORT AND COHORT SURVIVORSHIP CURVES

To analyse in greater detail the nature of these extinctions events, we have constructed
polycohort (figure 8) and cohort (figure 9) species-survivorship curves similar to those
constructed by Hoffman & Kitchell (1984) for Tertiary planktonic foraminifera, by Raup
(1978, 1987) for Phanerozoic families of marine organisms and by Hartenberger (1987, 1988)
for Palaecogene mammals of western Europe. These curves provide more precise information on
the extinction patterns, because of the separate analysis of each faunal stratum. One of the most
striking results is the similarity between the polycohort curves, showing all species occurring
together at each successive level, and the cohort curves, which describe the extinctions
occurring through time in each faunal stratum, each faunal stratum being restricted to the
newly appearing species. This may indicate that the new species have an important weight in
the determination of the shape of the polycohort curves.

The two strongest extinction events are those occurring during the early Vallesian
(11+£0.5 Ma BP) and at the end of the early Pliocene (4.2-3.8 Ma BP) respectively. During
these two crises, all curves are equally affected and show strong slopes. Other minor extinction
events affect only the oldest faunal strata. This is so for the events that occur during
C2 (16.5-15.7 Ma Bp), the late Miocene (D3, 9 Ma Bp) and immediately after the

‘Miocene/Pliocene boundary (figures 5 and 6).

The general structure of these curves warrants some comments. In three zones
(B, 19.5-17.5 Ma Bp; C4, 15.3-13.8 Ma Bp and E3, 6.5-5.2 Ma BP), the slopes of most of the
polycohorts are nearly horizontal. The meaning of these patterns of slopes is not yet clear, as
two interpretations can be proposed. First, they may correspond to a calibration error with the
absolute timescale, the length of each of these zones having been overestimated. In that case,
such errors would induce a kind of stepwise pattern indicative of a pseudo-stationary model
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(Stenseth & Maynard Smith 1984; Hoffman & Kitchell 1984). On the other hand, if the
calibration can be demonstrated to be accurate for these periods, a stationary model, at least
for some time intervals, will have to be accepted. However, the general shape of these curves
is rather linear, supporting the Red Queen model (Van Valen 1973).

7. RELATION WITH LOCAL AND GLOBAL CHANGES

Despite some minor inadequacy in the calibration of our record, the correlations between the
extinctions, the originations and the global changes can be discussed. The oceanic oxygen-
isotope curve shows continuous increase of mean oceanic temperature from the early Miocene
up to 15 Ma BP when a major and rapid decrease occurred. As for planktonic foraminifera
(Hoffman & Kitchell 1984), our data do not show any kind of major change in the extinction
rate during this drastic temperature drop. The only concomitant trend corresponds to an
increase of diversity of rodent communities between 19 and 16 Ma Bp followed by a sharp
decrease between 16 and 12 Ma Bp, which may be related to the temperature decrease
indicated by the oceanic oxygen-isotope curve. Pickford (1987%), on the basis of the East African
mammalian fossil record, tentatively concluded that major shifts had occurred in biogeographic
boundaries, inducing faunal exchanges between adjacent provinces, relating to the thermal
optimum near 18 Ma Bp (NDP1 in Thomas (1985)) and to the temperature decrease that
occurs near 15 Ma 8P (NDP2 in Thomas (1985)). The first of these changes is also represented
in our record and corresponds to a main immigration phase (C1, 17.5 Ma Bp) but we have
found no indication relative to the second one in terms of origination and extinction rates, the
main crisis in our record occurring around 11 Ma BP. Major faunal turnovers among the south
Asiatic mammalian communities have been recognized between 20 and 16 Ma Bp, at 9.5 Ma Bp
and at 7.4 Ma BP (Barry ef al. 1985). The first of them, related to the closure of Tethys,
corresponds to a major land-mammals exchange between Africa and Eurasia, reported all over
the Old World. :

In a recent oxygen-isotope synthesis, Miller ez al. (1987) came to the conclusion that possible
ice growth occurred near the middle/late Miocene boundary, for which they suggest an
imprecise age of approximately 10-8 Ma Bp. They explain the weaknesses of the chronological
data as a consequence of the sparse North Atlantic record at these times and of a hiatus or lack
of benthic data across this interval in the Indian Ocean record. Also, they relate their
hypothesis to the occurrence of a major chronostratigraphic break and offlap events near the
middle/late Miocene boundary, which have been suggested by Vail et al. (1977) and Haq
et al. (1987), and with the occurrence of canyons incised into continental margins at this time
(Farre 1985). Surprisingly however, Miller ef al. (1987) indicate that no erosional event has
been detected in the middle Miocene when a severe drop in temperature, deduced from
oxygen-isotopic composition, occurs.

Some kind of global change seems therefore to be the cause of that main event affecting
southwestern European mammalian faunas between 12 and 11 Ma Bp, but its precise nature
is not yet fully understood, most probably because of an imprecise marine chronological
timescale that requires improvement. '

The end of the Miocene and the beginning of the Pliocene appear to correspond, following
our data, to a period of increased rate of faunal turnover long before the beginning of glacial
ages in the North Atlantic region (Shackleton et al. 1984). Several immigrations are rapidly
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followed by extinctions. The mean species duration among the corresponding polycohorts is
therefore especially short. We cannot yet relate these biological events to any other occurrences.

8. FAUNAL TURNOVER IN THE ADJACENT AREAS

In adjacent areas, the fossil record of rodents is much less well documented than in
southwestern Europe. In northwest Africa, the record begins only with the upper part of the
middle Miocene (Lavocat 1961; Jaeger 1977). The number of taxa is always fewer than it is
at corresponding time levels in southwestern Europe and large gaps still occur in the fossil
record (Jaeger 1977). A high level of endemicity is shown if one compares these faunas with
those of the adjacent geographic areas. During most of the documented timespan, only one or
two genera of rodents, usually represented by different species, are shared with southwestern
Europe, with the eastern Mediterranean province or with eastern Africa. This situation, and
the low diversity, has led us to consider this faunal province as being isolated from adjacent
areas. There is, however, one exception during the late Miocene, when a faunal exchange with
southwestern Europe occurred (Brandy & Jaeger 1980; Thomas et al. 1982; Coiffait et al.
1985; Jaeger ¢t al. 1987). Eight taxa, previously considered as endemic to an ‘Ibero-Occitan’
province, immigrated to North Africa where they became extinct through time (Jaeger et al.
1987).

Several occurrences of North African endemic taxa have also been reported from late
Miocene Spanish localities (de Bruijn 1974 ; Jaeger ef al. 1975; Aguilar et al. 1983 ; Moya-Sola
et al. 1984 ; Agusti & Galobart 1986; Aguilar & Thaler 1987). The resulting pattern of that
faunal exchange is symmetrical to that observed in North Africa, with a progressive extinction
of the African taxa. This kind of limited faunal exchange, not as yet clearly recognized on the
basis of large mammals (Azzaroli & Guazzone 1980), occurred several times and at several
places at the edge of the two different faunal provinces. The most important occurred during
the late Miocene between Spain and northwest Africa, but it cannot be considered as being
directly attributable to the desiccation of the western Mediterranean sea because it occurs a
little earlier. A tectonic cause therefore seems more probable (Jaeger et al. 1987).

Several fossil islands have been identified during the Neogene, through the discovery of more
or less endemic fossii mammals, and these relate .to the complex tectonic story of the
Mediterranean sea. From the early Middle Miocene of Sardinia, de Bruijn & Riimke (1974)
have reported a peculiar micromammalian fauna \)\gith a mixture of African and European
taxa. During the late Tortonian high sea-level stand, several islands occurred in the area that
has since become Italy. The best-known is the one from Baccinello (Grosseto) in Tuscany,
from which the hominoid Oreopithecus bambolii Gervais has been described. Extensive studies
have led to an improved calibration of these deposits (Hiirzeler 1975; Hiirzeler & Engesser
1976) and to a better understanding of the biogeographic affinities of their faunas, which show
strong African affinities (Hiirzeler 1983; Thomas 1984). Faunas from successive levels have
been discovered, indicating a very reduced number of species, an increasing endemicity and a
fast rate of phyletic evolution. In the early Pliocene, the isolation ended, as testified by the
arrival of a new fauna identical to the other western European early Pliocene faunas (Hiirzeler
& Engesser 1976). The dating of a volcanic-ash level, located above fossil endemic mammal
localities, indicates an age of about 8 Ma Bp (Hiirzeler & Engesser 1976). The age of the
beginning of the isolation, and its duration, are not yet established. From a palaeontological
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Ficure 10. Relative position of the Gargano localities, using the increasing complexity of the molar structures
and size of the murid Microtia as biochronological indexes (from Bastianelli 1989).

¢

point of view, the beginning of the isolation must nos have been before 10 Ma BP but a more
recent age (8.5-9 Ma Bp) cannot be excluded.

An even more spectacular example of island evolution occurring in the Mediterranean
domain during the Neogene has been reported by Freudenthal (1971) from the Gargano area,
in the province of Foggia, Italy. Numerous fossil mammal remains have been discovered in the
‘terra rossa’ of a large number of karstic fissure fillings. The comparison of related taxa indicates
that these fissure fillings were deposited during a notable timespan, especially when the amount
of morphological changes occurring in various lineages is taken into account. From the
available geological and palaeontological evidence, a late Miocene age has been proposed to
include the whole sequence of localities (Freudenthal 1985), but an extension into the early
Pliocene also cannot be excluded (De Giuli & Torre 1984). The fauna consists of numerous
endemic taxa whose phylogenetic relationships are obscured because of their morphologically
derived condition, a consequence of a rapid phyletic evolution following the beginning of their
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Ficure 11. Morphological evolution of the largest species of Microtia, M. maiuscula, from the Gargano. At the level

of Chiro 6 (Ch. 6), a second lineage appears, through sympatric speciation or through immigration from an
adjacent island. After this event, there is a rapid increase of the morphological complexity in one lineage,

whereas the size difference remains stable (from Bastianelli 1989).

isolation. Among them figure a cervid with five horncore-like cranial appendages (Leinders
1984), a giant erinaceid insectivore (Freudenthal 1972 ; Butler 1980), an unusually large owl
(Ballmann 1973, 1976) and numerous endemic rodents (Daams & Freudenthal 1985), which
deserve special attention. Until now, despite the fact that all material has not yet been fully
investigated, nine rodent genera, distributed among three families (murids, cricetids and
glirids), have already been identified with numerous species and chronospecies. Among them
is the genus Microtia, a murid, members of which show an unusually large size associated with
a peculiar molar morphology: the first lower molar shows an increased number of additional
lobes in front of the tooth and the third upper molar also shows additional lobes in its distal
part. These structures show a marked increasing complexity when the populations
from different fissure fillings are compared. As there is no stratigraphic background, the relative
age of each locality has been tentatively established by Freudenthal (1976) on the base of the
supposed molar-size increase through time among several lineages of murids and cricetids. The
alternative hypothesis of an increasing complexity of the molar structure through time as
another measure of phyletic evolution, which can be combined with size, suggests a slightly
different arrangement in the relative timescale (figure 10) (De Giuli & Torre 1984 ; Bastianelli
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Ficure 12. Palaeogeographical reconstruction of the Mediterranean during the Late Miocene (Tortonian), with
indication of the main localities with endemic faunas. 1, Balearic Islands: 2, Sardinia; 3, Baccinello; 4,
Gargano. Arrows indicate the main dispersal routes followed by terrestrial vertebrates.

1989) and allows the identification of several new lineages evolving simultaneously. As shown
by Bastianelli (1989) (figure 11), the resulting pattern for the largest species of Microtia lineages
indicates evidence of either sympatric speciation or immigration from an adjacent island. When
compared with the limited number of fossil rodent species in the Pleistocene Mediterranean
islands, the number of rodent taxa coevolving in these islands is rather high, suggesting that
the area of these islands must have been very large (Diamond 1984). Unfortunately, their exact
number and precise extension is largely unknown. Their area may have included a part of the
area covered today by the Adriatic sea.

Other insular rodent faunas have also been discovered in the late Miocene of Ibiza (Balearic
Islands) (Moya-Sola et al. 1984) and in the early Pliocene of Sardinia (Pecorini et al. 1974).

In conclusion, the geography of the southern part of western Europe during Neogene time
corresponded to a kind of archipelago, with many islands colonized by taxa originating from
Europe or from northern Africa, related to the numerous tectonic, eustatic and climatic
changes. In all these insular areas, the faunas underwent a rapid turnover and showed a high
extinction rate, as can be expected among insular faunas. None of these numerous endemic
taxa survived after the breakdown of the isolation, and the diversity, at least diversity that can
be estimated on the base of the fossil record, seems to have been well related to the area of these
islands (Diamond 1984). As more data are becoming available, the study of these insular
faunas presents a stimulating subject with which to increase our knowledge of the driving forces
that control the evolution of these communities. However, most if not all evolutionary novelties
seem to have originated in larger faunal provinces where the driving forces seem to be more
related to global events.
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