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Abstract. We have recently reviewed the later Miocene (MN 6-13; ca 15-5 Ma ago)
primates, hipparions, rhinocerotids, suoids and carnivores of Europe and the eastern
Mediterranean. This work is still unpublished and analyses are underway, but a prelimi-
nary indication of some coarse patterns is given here for the sample consisting of the
groups listed above: 1) There is a clear-cut difference between western and Central
Europe on one hand and the eastern Mediterranean on the other. This is especially clear
for species richness, which shows a rising trend throughout the Vallesian and earlier
Turolian for the eastern regions and a falling trend for the western ones. 2) The major
drops in species richness occurred between MN 6 and MN 7, between MN 9 and MN
10, and between MN 12 and MN 13. Of these, the "mid-Vallesian crisis" (MN 9-10)
seems to have been entirely absent in the eastern Mediterranean, where species richness
rose sharply during this interval. Correspondingly, the drop in MN 12-13, associated with
the Messinian crisis, was predominantly an eastern phenomenon. 3) Taxon free analysis
of body size and ecomorphology strongly supports the view that a diachronous opening
up of the landscape from east to west took place in western Eurasia during the Astaracian
and Vallesian. We postulate that the difference seen in faunal dynamics between east and
west reflects habitat-related effects of this diachrony in response to the same global event
of rapid physical change. 4) The early Turolian (MN 11) was characterized by high
diversity and high faunal similarity, which both decreased during the later Turolian and
ended with the Messinian crisis. 5) Despite highly uniform diversity and turnover patterns
throughout the interval, western and Central Europe developed distinct ecological
differences from about MN 10 onwards. These differences may have been associated
with the persistence of closed habitats in Central Europe.
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I. INTRODUCTION

Quantitative analysis of change in Tertiary fossil land mammal faunas has so far been almost
entirely restricted to North America, South America, and the Siwaliks (recent reviews by BARRY
et al. 1990, MARSHALL & CIFELLI 1990, PASQUAL & ORTIZ 1990, STUCKY 1990, 1992, JANIS
1993). In particular, the European Neogene seems to have been practically ignored in this respect,
except for local areas such as Spain (e. g., MOYA-SOLA & AGUSTI [1990], CERDENO [1992], DE
BONIS et al. [1994]) or Greece (e. g., DE BONIS et al. [1992]). The main reasons are probably logistic
complexity and stratigraphic uncertainty: The material is scattered over many museums in many
countries, and the fossil localities are almost entirely isolated occurrences lacking lithostratigraphic
ties, so that the stratigraphic correlations are considerably more uncertain than for regions with
well-developed geochronologic frameworks based on superposition (LINDSAY 1990). Although
these basic facts are unlikely to change, recent years have nevertheless seen considerable impro-
vement in Eurasian Neogene correlations and chronology, especially in the progressive refinement
of the MN-system (MEIN 1975, 1990, see also FAHLBUSCH 1991, DE BRUIIN et al. 1993). A big
step forward was taken with the publication of the proceedings of the Schloss Reisensburg
symposium on European Neogene Mammal Chronology (LINDSAY et al. 1990). Building on this
basis, a second symposium, on the Evolution of Neogene continental biotopes in Central Europe
and the Eastern Mediterranean (15-5 Ma), was arranged at Schloss Reisensburg in 1992 (see
BERNOR et al. 1993). The present paper reports preliminary results obtained from a pooled sample
of material revised for that meeting (ANDREWS et al. in press, BERNOR et al. in press, FORTELIUS
et al. in press, HEISSIG in press, WERDELIN in press, WERDELIN & SOLOUNIAS in press).

We are well aware of the multitude of potential and actual biases that plague analyses of this
kind (e. g., VAN VALEN 1984, 1985a, b; VAN VALEN & MAIORANA 1985; STUCKY 1990;
MCKINNEY 1990a, b; VAN VALKENBURGH & JANIS 1993), and present our crude results without
any claims to finality. Instead, we hope that the surprisingly clear patterns which appear to emerge
will be critically examined and discussed, so that more satisfactory analyses can eventually be
performed, and, hopefully, more durable conclusions reached. We do not wish to appear overly
apologetic, however. Even crude quantitative estimates seem to us vastly superior to no quantitative
estimates at all.
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II. MATERIAL AND METHODS

The database for this study is almost entirely derived from manuscripts prepared for the 1992
Schloss Reisensburg symposium, as detailed in the Introduction. For the analysis of diversity,
turnover and faunal similarity, the sole source is the range charts provided in these manuscripts.
Taxon-free (ecomorphological) analyses and analyses of body mass patterns are based on the
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NOW-database in Helsinki, a local clone of the ETE-database (DAMUTH 1993). The contents of
the NOW database are mostly derived from the same manuscripts, augmented by locality infor-
mation from the published literature. Spanish suoids were taken from VAN DER MADE (1992) and
Spanish rhinoceroses from CERDENO (1989). The version of NOW used for this study included
329 localities and 381 taxa, with a total of 1215 species/locality occurrences.

The study area consists of Europe and Southwestern Asia, as far as the Caucasus and Iran. It
was divided into four regions, following instructions for the 1992 Reisensburg symposium:
Western Europe (France, Spain, Portugal), Central Europe (Germany, Switzerland, Austria,
Poland, the Czech and Slowak Republics, Hungary), Southeastern Europe (Romania, Bulgaria, the
former Yugoslavia, Greece, European Turkey), and Southwestern Asia (Anatolia, including islands
close to the coast [Samos!], the Caucasus, Iran). We have departed from the original instructions
by including northern Italy in Central Europe, and by placing the Caucasus in Southwestern Asia
rather than in Southeastern Europe. These regions clearly are not biogeographically defined
provinces, but the differences between them do have biogeographic meaning.

Locality ages follow STEININGER et al. (1990) and MEIN (1990) as far as possible, and otherwise
whatever information has been available to the individual authors. All ages were interpreted and
analyzed in terms of MN units. We have not incorporated any chronological updates resulting from
the second Reisensburg symposium in this paper. The ranges of taxa are taken as the interval from
the first appearance to the last. In case of endpoints of uncertain age, the age limit giving the smallest
range was used (see FORTELIUS et al. in press). Taxa were counted as present in an interval even
if not recorded, if present before and after it. In some cases this means that taxa are counted as
present in an area and interval for which no actual fossil localities are known (e. g., MN 7/8 of
Southeastern Europe).

Diversity was analyzed in the sense of species richness only, for the whole area and for each
of the four regions separately. Absolute turnover was calculated as the number of entries and exits
in one MN unit, relative turnover as this number divided by diversity of the same interval. No
attempt was made to distinguish between immigration and evolution of new taxa in situ. Probability
of extinction was calculated as the number of exits divided by diversity (a simplified version based
on VAN VALEN [1984]). Faunal similarity between the four regions defined above was analyzed
by means of the Simpson Index (SIMPSON 1947). For discussion and justification of these
procedures see FORTELIUS et al. (in press), WERDELIN (in press), WERDELIN & SOLOUNIAS (in
press).

The body mass estimates are derived from several sources: FLEAGLE (1988) for primates,
FORTELIUS et al. (in press) for suoids, and unpublished analyses by FORTELIUS, VIRANTA &
WERDELIN for horses, thinoceroses and carnivores. These analyses are based mainly on regression
equations given in LEGENDRE & ROTH (1988), DAMUTH & MACFADDEN (1990), ANYONGE (1993)
and FORTELIUS & KAPPELMAN (1993). Body masses were analyzed only in terms of group means,
with groups defined variously in terms of time, region, taxonomy and/or ecomorphology.

III. RESULTS

About 2/3 of the taxa included in this sample are carnivore species, and carnivores consequently
dominate the overall picture to some extent. Since carnivores and non-carnivores tend to show
somewhat different patterns they have been separated in many of the analyses that follow.

Species richnes s .Forthenon-carnivores, the species richness curves are
either ascending or descending, depending on region (Fig. 1a). The western regions (Western
Europe, WE, and Central Europe, CE) display high richness in the Astaracian, with a distinct drop
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through the Vallesian and low richness throughout the Turolian. The eastern regions (Southeastern
Europe, SEE and Southwestern Asia, SWA) show an almost exactly opposite trend, with richness
rising through the Vallesian to a peak in the early Turolian. There is no evidence in the west of the
marked drop in richness from MN 12 to MN 13 seen in the east. The low (later) Astaracian species
richness for SWA probably reflects the scarcity of localities, but this explanation is not applicable
to the late Miocene differences.

The carnivore pattern is less distinct but roughly similar (Fig. 1b). The diversity curves for WE
and SEE and SWA are quite similar to the corresponding curves for non-carnivores, with early and
late maxima, respectively. Central European carnivore diversity falls during the Astaracian, as in
the eastern regions, but unlike them does notrecover in the Turolian. An interesting though possibly
spurious detail is that both carnivore and non-carnivore patterns agree on a western European
diversity peak in MN 8 and a Central European one in MN 9.
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Fig. 1. Species richness by region of Middle and Late Miocene European and southwest Asian mammals. 1a:
Non-carnivores (primates, suoids, hipparions and rhinoceroses). 1b: Carnivores.

Turnover. Absolute turnover (the summed entries and exits for each interval and
region) largely reflect diversity, and roughly the same patterns are seen. The relative contributions
of entries and exits to absolute turnover are similar, but the exit pattern is more distinct (analyzed
separately only for non-carnivores -- for carnivores, see WERDELIN [in press]). The non-carnivore
entry pattern shows high values in MN 6 for all regions with good data, then low values in the later
Astaracian, rising through the Vallesian to a maximum in MN 10, then descending through the
Turolian (Fig. 2a). Central Europe shows a high value for MN 9 and zero for MN 10, but this may



Taxonomic diversity, turnover and provinciality of Eurasiatic Miocene mammals 171

be artificial, due to scarcity of MN 10 localities. As was the case for diversity, the eastern regions
show low values in the Astaracian and high values in the Turolian, while the opposite is true of the
western ones. This is even more clear for the extinctions (Fig. 2b). It is also clear that the
extinction-driven turnover event in MN 9 is a phenomenon restricted to the western regions.
Another interesting feature is that (except for the doubtful case of CE), the extinction peak occurs
in MN 9 and is followed by an entry peak in MN 10 (MN 11 for SWA).
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Fig. 2. Number of entries (2a) and extinctions (2b) by region of Middle and Late Miocene European and
southwest Asian non-carnivore mammals (primates, suoids, hipparions and rhinoceroses).

Relative turnover (absolute turnover divided by diversity for the same region and interval)
shows a distinct peak at MN 9 for most combinations of taxa and regions, but the details are not
easy to interpret. Western and Central European carnivores show very regular relative turnover
curves, low in the Astaracian, rising to a peak at MN 9, and then staying high until the end of the
Miocene (as far as the data allow calculation) (Fig. 3a). The general trend, for non-carnivores and
for all taxa combined, is a drop from MN 6 to MN 7/8, a rise to a peak in MN 9, and a subsequent
decline to a somewhat lower Turolian level (Fig. 3b).

The probability of extinction (relative turnover ignoring entries) shows a somewhat irregular
pattern for non-carnivores (Fig. 3c) and carnivores alike. For the non-carnivores there is a distinct
difference between east and west in that eastern levels are high in the Astaracian (MN 6 for SEE),
sink in the Vallesian and rise again through the Turolian. The western pattern is considerably less
dynamic, but largely the opposite, with relatively high values in the Vallesian. For both western
regions the values stay high from MN 9 to MN 10, but then the curves split. This Turolian departure
of CE from the western pattern is seen very clearly in the taxon-free analyses described below.



