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Abstract. A study of Arvicola (Mammalia, Rodentia) populations of France (Gaudry,
Vaufrey, Suard, I’Eglise, Artenac, Moula-Guercy, Lazaret and Gigny) and Liguria (Arma
delle Manie and Ripario Mochi) has permitted the systematic and evolution specifications
of this genus at the end of the Middle Pleistocene and the Upper Pleistocene. The enamel
thickness shows temporal and geographic variations which allow precise statement of the
biochronological framework. The migration of Arvicola from Northern Europe, during a
cold stage dating back to the end of the Middle Pleistocene, and the persistence of the
primitive Arvicola population, isolated in Liguria during the Upper Pleistocene, should
explain the wide variation observed in the relative thickness of the enamel band.
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I. INTRODUCTION

The evolutionary trend in the Arvicola lineage has been established after years of research.

HINTON (1926) described late Mimomys (M. intermedius and M. bactonensis = M. savini) and
early Arvicola (Arvicola cantianus). This author proposed that Arvicola evolved from Mimomys.
He was also the first to note that the check teeth of Arvicola species displayed a peculiar enamel dif-
ferenciation during the Quaternary. In 1955, HEIM DE BALZAC and GUISLAIN showed the existence
of three species in Western Europe: Arvicola sapidus both in the North and the South, sympatric
with Arvicola sherman the small Central European species and Arvicola terrestris the Eastern and
Northern watervole.
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Primitive representatives of Arvicola (A. bactonensis, A. greenii, A. praeceptor, and A. mos-
bachensis) were defined in different Middle Pleistocene sites in Central and Western Europe by
KRETZOI (1956), FEIFAR (1961, 1965), JANOSSY (1965), and CHALINE (1972). SUTCLIFFE &
KOWALSKI (1976) demonstrated that those species could in fact be included, in Arvicola cantianus
described by HINTON (op. cit.).

KOENIGSWALD (1973, 1980) distinguished three microstructural types in the enamel of Arvicola
and proposed the following stratigraphical division:

- Middle Pleistocene: Arvicola cantianus
- Middle and Upper Pleistocene transition: Arvicola cantianus/terrestris

- Upper Pleistocene: Arvicola terrestris

HEINRICH (1978) proposed calculation of the “enamel quotient” (SDQ = Schmezband-
Differenzierungs-Quotient) in order to quantify the differences observed in the enamel thickness
and to trace the evolutionary trend in the Arvicola lineage (Fig. 1). This author demonstrated that
enamel quotients, calculated for individuals and populations, can be used for biostratigraphical
framework based on Arvicola (HEINRICH 1982, 1987 and 1990). A continuous decrease in SDQ val-
ues during the Middle and Upper Pleistocene could be noted in central Europe and in the Pannonian

basin.
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Fig. 1.— ArvicolaM, nomenclature with position of various measurements points and enamel thickness. With T : salient an-
gles, A :re-entrant angles, Ba :anterior loop, Bp : posterior loop, eba : measuring point of anterior wall, ebp : measuring
point of posterior wall.



Evolution of Arvicola

109

Fig. 2. - Location of Studied sites. With : Suard, 2 : Gaudry, 3 : Vaufrey, 4 : Eglise, 5 : G1gny,6 Moula-Guercy, 7 : Lazaret,
8: Arma delle Manie, 9 : Artenac, 10 : Pié Lombard and 11 : Ripario Mochi.

This evolution of enamel quotient permitted the following morphological division to be pro-
posed:

- Arvicola cantianus (SDQ 100)
- Arvicola terrestris (SDQ 100)

According to this author, the transition between A. cantianus and A. terrestris coincides ap-
proximately with the Eemian/Weichselian boundary.

However, studies of the modern species Arvicola terrestris and Arvicola sapidus have shown
that, in fact, SDQ value interpretations are more complex and related to a chronomorphocline and to
a geographical and climatological cline :

ROTTGER (1986, 1987) established that there is a great variation in the enamel quotient related to
the area of Arvicola species in Europe and the Middle East area. Western European populations
show Arvicola enamel differenciation (72.5 SDQy; 120.8). Turkish (SDQy;= 124.6) and Iranian
(SDQwmi=134.4) populations have a Mimomys enamel quotient.

KRATOCHVIL (1980, 1981) demonstrated that the enamel quotient of living water vole popula-
tions generally increases with geographical altitude. That is the reason why Arvicola populations
from Switzerland (Vaud Canton, for example, 1160 m above sea level) show an Arvicola cantianus
SDQ value. According to HEINRICH (1990), the reasons for “altitude-polymorphism” are far from
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clear and need further investigations. KRATOCHVIL (1980) also noted that the enamel quotient gen-
erally decreases with the age of the animals concerned. However, young specimens excepted, there
are no essential differences in the SDQw values between adults and old specimens.

The observed SDQ variations thus have chronological and ecological significance and we must
to estimate each component. For instance, it should be noted that geographic and altitudinal varia-
tions may explain the anomalous enamel quotient obtained for the “recent” Upper Pleistocene
(Weichselian) Arvicola population from Zafarraya sequence (N=7, SDQy;=113.3), which is lo-
cated in south-east Spain, at an altitude of 1100 m (BARROSO et al., in press).

VAN KOLFSCHOTEN (1990) and VON KO'ENIGSWALD & VAN KOLFSCHOTEN (1996) calculated
the SDQ values of Arvicola populations Qat}ng back to the late Middle Pleistocene in the Nether-
Jands and the Middle Rhine area. Three distinct taxa were distinguished for the period:

- Arvicola terrestris cantianus (SDQ 120)
- Arvicola terrestris ssp. A (120.SDQ 95)
- Arvicola terrestris ssp. B (SDQ 95)

This author noted that the subdivision established by FEIFAR & HEINRICH (1990) in central
Europe was not valid for northwestern Europe. Therefore, he proposed a new biozonation of the late
Middle Pleistocene, based on the succession of those three Arvicola taxa in the studied area. He ob-
served a migration of more primitive 4. terrestris, from the south, into northwestern Europe during
the Eemian (VAN KOLFSCHOTEN 1992).

ABBASSI & DESCLAUX (1996) studied the enamel thickness of some Middle and Upper Pleisto-
cene Arvicola populations in south east France and Liguria. They distinguished different taxa :

— Arvicola morphotype cantianus/terrestris and Arvicola morphotype cantianus/sapidus (late
Middle Pleistocene), of which SDQ values range from 85 and 110.

— Arvicola sapidus, which appears at the beginning of the Upper Pleistocene and shows SDQ
below 100.

In the present work, Arvicola popul.ations from 11 Middle and Upper Pleistocene sites from the
South of France and Liguria (Italy) will be studied for a better understanding of systematic, stra-
tigraphical succession and evolution of watervoles in this area (Fig. 2).

Because of the geographical and chronological origin of diachronic variations of Arvicola
enamel quotient, chronological and palacontological data (excepted Arvicola) have been taken into
account in order to establish the biochronological framework of studied localities.

II. SYSTEMATICS

The great diversity of fossil species described in the past decade prompted the present authors to
take into account enamel thickness, morphology, and dimensions (length) of 4rvicola M, in order to
make a specific determination (Figs 3 & 4).

The two species of Arvicola (4. sapidus and 4. terrestris), which occur today in western Europe,
were recognized by MARQUET (1989) and ABBASSI & DESCLAUX (1996) in Middle and Upper
Pleistocene faunas from the South of France. M of specimens assigned to A. sapidus are character-
ized by great dimensions and T4-T5 alternate prisms. M; of 4. terrestris have smaller dimensions
and T4-T5 confluent prisms. Generally, the morphology of the anterior loop of fossil Arvicola
populations shows great variation. Thus, some M, show a triangular and symmetrical anterior loop,
with an important constriction (morphotype greenii defined by HINTON 1926). Other specimens
have a rather wide and dissymetrical anterior loop with variable constriction (morphotype praecep-
tor according to HINTON 1926). In fact, most of the M have an intermediate morphology.
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Fig. 3. — Arvicola M, length frequency diagram (Middle Pleistocene).
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Fig. 4. — Arvicola M, length frequency diagram (Upper Pleistocene).



