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Multivariate study of late Cenozoic mammalian faunal
compositions and paleoecology

L. de BONIS', G. BOUVRAIN?, D. GERAADS?® and G. KOUFOS*

SUMMARY

In order to get some informations on palecenvironment
of some fossils sites we compared these sites with recent
localities with respect to the taxonomic categories and the
body weights of the different species. We used the number
of species taxonomic categories and the repartition of bo-
dy weights in some recent or fossil localities for a muitiva-
riate study. The striking parallelism between recent forest
and savanna faunas plotting and the fossil localities allows
to get some important evidences on the palecenvironment.

The composition of a mammalian fauna is deter-
mined by several factors such as evolution, geo-
graphy or environment. Therefore, by comparison
with recent faunas, it would be possible to get some
indications or evidences on the paleoecology of fos-
sil localities by inferring from that which exists in
recent communities. But, when comparing recent
and fossil faunas, there is a major bias caused by the
presence of man and its drastic consequence on
animal wild life. African mammals seem less concer-
ned than others by recent extinctions and would
constitute the best model although several large
mammals have disappeared during the last two cen-
turies. Nevertheless, in order to use only African fau-
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nas we have taken for our comparisons some Plio-
Pleistocene faunas from Europe and Asia.

Some authors have used several variables to
look for a link between faunal composition and pa-
lececology such as locomotion, feeding habits, ta-
xonomy (ordinal level) and body size or body weight
(Andrews et al., 1979 ; Valverde 1964, 1967 ; Legen-
dre, 1988). The initial aim of this work being to study
late Miocene mammalian communities from Greece,
we used only the latter two which can be applied to
all our fossil sites. We did not take into account the
micro-mammals whose presence or absence is hig-
hly dependant on the type of deposits and hydraulic
sorting.

TAXONOMY

We decided to choose different taxonomic cate-
gories of different levels. For instance we conserved
one category for Carnivora or for Proboscidea but
several categories for Artiodactyla (Giraffidae, Hip-
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TaBLE 1a. Recent localities.

. Number of
Ne Locality Country Ecology species References
01 Transvaal 10 South Africa Tropical forest 39 Rautenbach, 1978.
02 Mont Kivu Za're Montane forest 40 Legendre, 1988.
03 Lamto lvory Coast Tropical forest and savanna 51 Bourliere et al., 1974.
04 Makokou Gabon Tropical forest 45 Legendre, 1988.
05 La Mabokeé Central Africa Tropical forest 42 Legendre, 1988.
06 Ta' lvory Coast Tropical forest 45 Legendre, 1988.
07 Malaisie Malaisia Tropical forest 35 Legendre, 1988.
08 Transvaal 7 South Africa Savanna woodland 31 Rautenbach, 1978.
09 Lokori Kenya Savanna woodland 23 Legendre, 1988.
10 Transvaal 2 South Africa Montane grassland 36 Rautenbach, 1978.
11 Kafue Zambia Flood plain grassland 53 Sheppe and Osborne, 1971.
12 Rukwa valley Tanzania Flood plain grassland and woodland 52 Andrews et al., 1979.
13 Transvaal 5 South Africa Arid bushland 55 Rautenbach, 1978.
14 Serengeti Tanzania Savana woodland 65 Legendre, 1988.
15 Transvaal 4 South Africa Savanna woodland 33 Rautenbach, 1978.
16 Transvaal 9 South Africa Savanna woodtand 62 Rautenbach, 1978.
17 Zinave Mozambica Savanna woodland 41 Legendre, 1988.
18 Gabiro Rwanda Wooded grassland 25 Andrews et al., 1979.
19 Rwindi-Rutschuru Rwanda Arid bushland 27 Legendre, 1988.
20 Amboseli Kenya Arid bushland 42 Legendre, 1988.
TaBLE 1b. Fossil localities.

Localities Country glfu?pb:cl;ies Age Bibliography
AFY Afyon (Gilyazi) Turkey 19 Pleistocene Becker-Platen et al., 1975
BUR Burgtonna Germany 17 Pleistocene Hunermann, 1978 ; Kahlke, 1978a, b ; Cohen, 1988.
CKT Zhou Kou Dian loc.1 China 52 Pleistocene Young, 1932
ETO Etouaires France 28 Pleistocene Heintz et al., 1974
MAL Malusteni Roumania 20 Pleistocene Simionescu, 1930
OUB OCubeidiyeh Israéi 32 Pleistocene Tchernov and Guérin, 1985.
SEN Sénéze France 27 Pleistocene Heintz et al., 1974
STS Stranska Skala Czechoslovakia 30 Plistocene Musil, 1972 ; Cohen, 1988.
SVA Saint Vallier France 27 Pleistocene Mein, 1990
TER Ternifine Algeria 26 Pleistocene Geraads et al., 1986.
VIA Vialette France 16 Pleistocene Heintz et al., 1974
VGS Voigstedt Germany 25 Pleistocene Wehrli, 1963 ; Cohen 1988.
VMI Venta Micena Spain 24 Pleistocene Agusti, 1987
LGM Langebaanweg QSM South Africa 37 Pliocene Hendey, 1981.
LGS Langebaanweg PPM 3aN  South Africa 33 Pliocene Hendey, 1981.
ARO Arguillo Spain 20 Late Miocene Golpe, 1974.
AZA Azambujeira Portugal 14 Late Miocene Antunes, Ginsburg and Mein, 1983.
CLL Can Llobateres Spain 41 Late Miocene Mein, 1990.
CPO Can Ponsic Spain 27 Late Miocene Golpe, 1974.
DHA Jebel Hamrin Irag 17 Late Miocene Thomas et al., 1980 ; Brunet and Heintz, 1983.
DIT Dytiko Greece 22 Late Miocene Bonis et al., 1988 ; Bonis et al. 1991.
EPP Eppelsheim Germany 26 Late Miocene Thenius, 1959,
HAL Halmyropotamos Greece 21 Late Miocene Melentis, 1967.
LUK Lukeino Kenya 18 Late Miocene Pickford 1978 ; Thomas, 1980.
LVF Los Valles de Fuentiduene Spain 28 Late Miocene Alberdi et al., 1981.
MRM Middle Maraghe Iran 25 Late Miocene Bernor, 1986.
MRS Upper Maraghe Iran 17 Late Miocene Bernor, 1986.
PIK  Pikermi Greece 48 Late Miocene Gaudry, 1862 ; Solounias, 1981.
PMX Prochoma Greece 13 Late Miocene Bonis et al., 1988 ; Bonis et al., 1990.
RPI  Ravin de la Pluie Greece 15 Late Miocene Bonis et al., 1988 ; Bonis et al., 1990.
RZO Ravin des Zouaves n°5 Greece 21 Late Miocene Bonis et al., 1988 ; Bonis et al., 1990.
SAM Samos Greece 47 Late Miocene Solounias, 1981.
SHB Sahabi Libya 29 Late Miocene Bernor and Pavlakis, 1987.
SOB Soblay France 19 Late Miocene Guérin and Mein, 1971.
VAT Vathylakkos Greece 23 Late Miocene Bonis et al., 1988 ; Bonis et al., 1990.
VDM Venta del Moro Spain 23 Late Miocene Aguirre and Robbles, 1973.
YAS Yassitren Turkey 23 Late Miocene Ozansoy, 1957 ; Sickenberg, 1975.
BUK Bukwa Kenya 13 Middle Miocene  Pickford, 1981.
CMA Can Mata Spain 18 Middle Mioccene  Agusti et al., 1985.

94



Localities Country L\)‘fu?pbee(r:ies Age Bibliography
DZE Jebel-Zelten Libya 22 Middle Miocene  Hamilton, 1973 ; Savage and Hamilton. 187z,
FTN Fort Ternan Kenya 26 Middle Miocene  Shipman et al., 1981.
GUM Gumba Kenya 23 Middle Miocene  Pickford, 1981.
KAR Karungu Kenya 23 Middie Miocene  Pickford, 1981.
LGR La Grive France 63" Middle Miocene  Guérin, Mein, 1971.
MAB Maboko Kenya 23 Middle Miocene  Andrews et al., 1981.
MOR Mormorot Kenya 18 Middle Miocene  Pickford, 1981.
NAP Napak Ouganda 27 Middle Miocene  Pickford, 1986.
PAS Pasalar Turkey 30 Middle Miocene  Sickenberg, 1975 ; Kdhler, 1987.
SAM Sant Mamet Spain 14 Middie Miocene  Agusti et al., 1985.
SAS Sansan France 36 Middle Miocene  Mein, 1990.

popotamidae, Bovidae...) insofar as we think they in-
dicate important ecological differences. We took 20

gormorpha (7,8 %) and Pholidota (7,7 %). The s=-
cond factors shows the differences between trres

taxonomic categories (tabl. 1) which were applied to
72 recent, Plio-Pleistocene or Miocene localities
(tabl. 2). We numbered the species corresponding to
our categories and compared all the localities to
each other by mean of multivariate correspondance
factor analysis (Benzecri, 1976).

a — Comparison of the recent faunas

We compared first the recent forest or more open
environment African faunas (fig. 1). The first factor
has clearly an ecological meaning. It separates the
forest localities which cluster together from the other
ones. The variables which have the most important
contribution on this factor are Primates (63 %), La-
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FiIGURE 1. Multivariate study (Correspondance Factor Analysis) of
the taxonomic compositions of recent African mammalian faunas.
Plotting of the localities and variables on the plan of the first and the
second factors. Stars : forest faunas, black circles : open environ-
ment faunas. For the taxonomic groups see table 2.

Transvaal faunas with several Lagomorpha contr.o..-
tion (56 %) and the other open countries faunas w -
hout, or with few rabbits but with Rhinoceroticas
(20 %) and Giraffidae (6,8 %). The allotment of tr=
other variables is more or less similar in all the c-
calities and they are less important in this analysis.
If we add in the analysis a locality of Malays:z
(fig. 2), the results are similar but a little less clezr

TaBLe 2. Taxonomic categories used in the differe~:
analysis

Trees
g
éEi
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Bovidae Rhinocerotidae

=

Cervidae ... Equidae ...

Tragulidae Tapiridae -oooeeereeeeeeeicen

Giraffidae Chalicotheridae.................n.!

Camelidae Primates .....cocvvveicceeie
SUIAE v CarniVora .oeeeeeeceeineenies s
% >
| iR -
Hippopotamidae...............o..... Creodonta ...,

Anthracotheridae .......00. £ Tubulidentata ....ccooeeevveee oo

Proboscidea ... Pholidota ..ol

9
| &

Hyracoidea .......cccoovviniiiiins Lagomorpha
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FIGURE 2. Multivariate study (C.F.A.) of the taxonomic composi-
tions of recent mammalian African and Malaysian faunas. Legend :
see fig. 1.

The originality of the Malaysian fauna gives a great
importance to some variables (Tapiridae and Cervi-
dae); it is near the African forest faunas on the first
factor but it is well separated by the second one. On
the other hand, while most of the total variance is ex-
pressed by the Malaysian fauna, the two groups of
African sites, forest and more open environments,
are less separated each other.

b — Comparison of the recent and late Miocene lo-
calities (fig. 3).

The two sets, recent and fossil, are separated by
the first factor. There is a good parallelism on the se-
cond factor which separates, between the recent
faunas, the open environment ones in the upper part
and the forest ones in the lower part of the graph. We
may note the peculiar position of the Malaysian fo-
rest fauna which is a little isolated from the African
ones. It means that the ecological differences can be
as important as the geographic’s. In the right half of
the graph, the fossil faunas are separated into two
groups and we can say that it is on the same basis as
for the recent sites. Forest faunas are in the lower
part (Spain, France or Germany) and the open envi-
ronment faunas are in the upper part (Greece, Tur-
key, Iran, Irak or Africa).

We can note that the spanish localities of Arquillo
and Venta del Moro plot very near the open environ-
ment localities of Greece.

The most important variables on the first factor
are Primates (26,6 %) in the left side of the graph and
Equidae (13,6 %), Rhinocerotidae (12,2 %) and Gi-
raffidae (10,3 %) in the right side. The second factor
can be considered as expressing ecological diffe-
rences and the most important contributions are Bo-
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vidae (19,2 %) for the open environment faunas ver-
sus Cervidae (18 %), Primates (16 %) and Tapiridae
(13,6 %) for the more forested areas.

¢ — Comparison of all the recent and fossil faunas
(fig. 4).

The first factor allows to distinguish the middle
Miocene African faunas from all the other ones. Very
important are some variables like Creodonta, Ant-
hracotheriidae, Hyracoids or Tragulids. Some of the-
se taxa are became extinct by the Middle Miocene in
Eurasia and the distance is amplified by their presen-
ce.The second factor separates the other fossil fau-
nas and the recent ones, the later’s being divided in
open environment and forested localities but we
cannot see any clear cut division into the former’s.

d — Comparison of all the fossil faunas (fig. 5).

The results are not very different from those of the
latter analysis for the first factor but the second fac-
tor separates more open environment from more fo-
rested fossil localities. In the first category there are
all the Greek late Miocene localities, Yassioren in
Turkey, the two levels of Maraghe in Iran, Jebel Ham-
rin in Irak, Sahabi and Langebaanweg in Africa or the
Pleistocene Turkish site of Afyon. In the second set
we find the European middle Miocene sites, the wes-
tern European Vallesian sites and most of the Pleis-
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FiGure 3. Multivariate study (C.F.A.} of the taxonomic composi-
tions of recent, late Miocene and Pliocene mammalian faunas. Le-
gend : see fig. 1 and tab. 1 and 2.
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FiGURE 4. Multivariate study (C.F.A.) of the taxonomic compositions of recent, Miocene and Plio-Pleistocene mammalian faunas. Legend :

see fig. 1 and tab. 1 and 2.

tocene ones. The late Miocene localities of Venta del
Moro and Arquillo in Spain and the Israelian Pleisto-
cene site of Oubeidiyeh are more or less intermedia-
te between the two groups.

The most important contributions for this fac-
tor are Cervidae (25,3 %) for one part and Bovidae
(25,3 %), Giraffidae (21,2 %) and, far behind, Equi-
dae (7 %) for the other part.

e — Comparison of the fossil localities except those
of the African middle Miocene (Fig. 6)

The first factor separates the localities of the late
Miocene of Greece, Turkey, Iran, Irak and African

vor/ s
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FIGURE 5. Multivariate study (C.F.A) of the taxonomic composi-
tions of Miocene and Plio-Pleistocene mammalian faunas. Legend
1 see tab. 1and 2.

with some Pleistocene sites of the same area (Afyon
and Ternifine) from the other ones from the middle or
late Miocene and Plio-Pleistocene. The localities of
Oubedyieh, Venta del Moro, Arquillo and Soblay are
more or less intermediate between the two sets.
Here again, Cervidae (24,3 %), Bovidae (21 %) and
Giraffidae (21,3 %) are the most important varia-
bles.
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FIGURE 6. Multivariate study (C.F.A.) of the taxonomic composi-

tions of European Middle Miocene, late Miocene and Plio-Pleisto-
cene mammalian faunas. Legend : see tab. 1 and 2.
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f— Comparison of the late Miocene localities (fig. 7).

They are very well separated in two sets by the
first factor (degree of wood cover), Spain, France
and Germany on one side, and Africa, Turkey, Iran
and Greece on the other side. Iran and Greece, ex-
cept Pikermi, are separated from Africa and Turkey
by the second factor.

BODY SIZE AND TAXONOMY

Body size or body weight variations among the
faunas give for recent mammalian localities more or
less the same results as the taxonomic analysis. The
different species of the studied faunas are put into
seven categories of body weight (A to G) from 6 to
more than 1,000 kg (tab. 3). The numbers of species
in each category for every fauna constitute the seven
variables acting in the analysis. These results are
less clear with the fossil faunas and it seems that the
distribution of the body size has largely been modi-
fied during the Holocene. If we use both taxonomy
and body size as variables, we obtain good result in
separating recent and fossil faunas as well as the dif-

TaBLE 3. Body weights categories.

06kg <A<149kg 110kg <D< 269,0kg
15kg < B<399kg 270kg < E< 539,0kg
40kg < C <109,0kg 540kg < F < 1000,0kg
G >10000kg
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FIGURE 7. Multivariate study (C.F.A)) of the taxonomic composi-
tions of late Miocene mammalian faunas. Legend : see tab. 1 and 2.
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ferent ecological types. We do not present the analy-
sis with the African middle Miocene sites which
retain the most important part of the total variance.

a — Body weights of recent faunas (fig. 8)

Body weights allow to separate, in the recent
communities, the forest faunas from the other ones.
The most important difference is the presence of re-
latively many small mammals in closed environment.
The most important contributions of the variables
are A, i.e.6to0 14,9 kg, (46,2 %)onnepart, D, i.e. 110
to 269 kg, (24,2 %) and F, i.e. 540 to 1,000 kg
(24,2 %) in the other part. In this way we may obser-
be the location of a Transvaal locality (Tr. 10) which
clusters near the forest localities. In fact Transvaal 10
is @ more or less deforested area, an open country
with relictual forests and with relatively few large
mammals because human predation. The catego-
ries D and F, which are very poor for this localities,
are big games, therefore they have been more or less
destroyed by hunting.

-
a9

BODY SIZE
RECENT

*
MALAYSIA

Ficure 8. Multivariate study (C.F.A.) of recent mammalian faunas
with respect to the body weights of the species. Legend : see fig. 1
and tab. 3.

b — Body weights and taxonomy for recent Miocene
and Plio-Pleistocene localities (fig. 9)

The first factor separates principally the recent
from the fossil faunas. On the second axis we can
see on the left side the differences between the fo-
rest faunas and the savannah faunas and on the right
side an homologous difference between the late
Miocene and Pleistocene localities of Eastern Euro-
pe, middie East and Africa and Pleistocene localities
of Western Europe. Some fossil sites like Arquillo,
Azambuijeira, Venta del Moro and Soblay cluster
near the south-eastern Europe ones. We can remark
also the place of most of the Pleistocene European
sites which cluster at the extreme right and indicate
probably an environment relatively forested.

In this analysis, the first factor corresponds to the
contributions of Primates (24,6 %) in the left part and
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FIGURE 9. Multivariate study (C.F.A) of recent, Miocene (without
the middle Miocene of Africa) and Plio-Pleistocene mammalian
faunas with respect to body weights of the species and the taxono-
mic categories. Legend : see fig. 1 and tab. 1, 2, 3.

Cervidae (15,4) in the right part of the graph, in other
words probably an opposition between African fau-
nas and European Pleistocene faunas. The ecologi-
cal characteristics appear on the second factor with
Cervidae (25,9 %) and Primates (10,6 %) in one side
and Giraffidae (17,3 %) and Bovidae (13,8 %) in the
other side.

¢ — Body weights and taxonomy for late Miocene
localities (fig. 10)

The first factor separates the Vallesian or Turolian
localities of Greece, Turkey, Iran, Irak or Africa from
the Vallesian or Turolian localities of western Europe.
In fact it separates the more open environment sites
from the other ones. Some localities from western
Europe are not so far from the other set, but they do
not cluster with any one. The meaning of the diffe-
rences along the second axis remains unclear ex-
cept that it separates some localities with numerous
relatively large mammals (F variable) and carnivores
from other ones in which these categories are less
abundant.
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FIGURE 10. Multivariate study (C.F.A.) of late Miocene and Pliocene
mammalian faunas with respect to body weights of the species
and the taxonomic categories. Legend : see tab. 1,2,3.

CONCLUSION

Generally, a few percent of the whole variance is ex-
pressed by the first and the second factors. The per-
cent is very lesser for the other factors. It means that
there are not a great difference between the number
of species for each category in the different locali-
ties. But this difference allows nevertheless to sepa-
rate clearly the types of environment. The most im-
portant difference is between the middle Miocene
African faunas and the other ones. In fact, the pre-
sence in Africa at that time of several archaic taxa
hides the other differences and the corresponding
factor is a biogeographic one. The second is bet-
ween the recent and other fossil localities. The third,
which is the most interesting for us, is between open
and more forested environment. When the Plio-
Pleistocene of Europe are acting in the analysis, they
cluster with the forested localities of the European
Vallesian sites. It does not mean of course that the
climate was the same but it means rather than the
county was more forested and housed more brow-
ser animals than grazer’s. The taxonomic analysis
seems to be a good tool to deal with paleoecology
but in the future it would be better to use only faunas
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coming from almost the same geological level. The
results are not very different if we add the body size
or body weight as other variables. If, within the
recent communities, the body weight variation bet-
ween the different species allows to recognize forest
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