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Abstract. The abundant material of leporids from the karst infills near Deutsch-Altenburg,
lower Austria, dating from the Middle Pliocege to the Early Pleistocene allowed us to
study the variability of the first premolars (P~, P3) of Hypolagus beremendensis. The
morphological variation shown by means of morphotypes, morphogenetic schemes and
frequency diagrams is interpreted as the result of microevolutionary change. Biostrati-
graphic applicability is demonstrated by comparison with leporid remains from Polish,
Czech, Slovakian and Hungarian sites. Some other morphological features of the cranial
and postcranial skeleton also document the transition from the older H. beremendensis
beremendensis (MN14 — lower part of MN 17) to the younger H. beremendensis
brachygnathus (MN 17 — early Middle Pleistocene).
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I. INTRODUCTION

Remains of the archaeolagine leporid genus Hypolagus DICE, 1917 of Plio-Pleistocene age are
fairly well-known in Central Europe. Pioneer work on this taxon has been carried out on the rich
material from the Carpathian basin by KORMOS (1934), closely followed by SCHREUDER (1937),
who concentrated on the finds from the Tegelen clay in Western Europe. The first evidence in
Central Europe comes from Lower Pliocene layers. Right up until its extinction in the lowermost
Middle Pleistocene, remains of Hypolagus are regarded as belonging to H. beremendensis
(PETENYI, 1864). The synonym H. brachygnathus KORMOS, 1934 is often used but is considered
invalid (KRETZOI 1962; JANOSSY 1963).

The most detailed studies were carried out by Polish authors. Special attention was paid to the
abundant remains of leporids from Weze 1, Rebielice Krélewskie 1, Kadzielnia 1 and Kamyk,
dating from the Middle Pliocene to Early Pleistocene (KOWALSKI 1958a, 1960; SULIMSKI 1964).
SYCH’s (1965) survey of fossil Leporidae from the Pliocene and Pleistocene of Poland is regarded
as an extraordinarily detailed monographic work on Hypolagus beremendensis. On the basis of a
critical revision of remains assigned to the genus Pliolagus (KORMOS 1934; KRETZOI 1941,
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KOWALSKI 1958a) it is stated that they are juvenile stages of individual development of this
Hypolagus species (SYCH 1965). It is recognized as the only leporid species besides Lepus and
Pliopentalagus in the Plio-Pleistocene of Central Europe (The Middle Pliocene Pliopentalagus
dietrichi [FEIFAR, 1961] from Ivanovce is the westernmost and northernmost evidence of a second
archaeolagine species [DAXNER & FEJFAR 1967]). SYCH’s monograph was followed by continuing
investigations on morphologic features of H. beremendensis (SYCH 1966, 1967a, 1967b; CZYZE-
WSKA 1985). Overviews of the fossil Lagomorpha of Poland are given by SYcH (1980) and
WOLSAN (1989). Further treatment of Central European finds of Hypolagus from Germany
(KOENIGSWALD 1974), Czechia and Slovakia (e. g., FEJFAR 1961; MUSIL 1966; TOBIEN 1972),
Hungary (JANOSSY 1986) and Dalmatia (KOWALSKI 1958b; MALEZ 1961) preceded the first
investigations of Austrian material. A first contribution (FLADERER 1984) emphasized the forelimb
morphology of H. beremendensis and of contemporaneous Lepus sp. and supplemented the results
obtained by SYCH (1965).
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II. MATERIAL

The fissure fillings and cave deposits from Deutsch-Altenburg ranging between MN 15 and
Early Pleistocene (MAIS & RABEDER 1984, RABEDER 1981) have yielded rich material of H.
beremendensis on which to define the morphotypes of the species. As a second step, it was
compared with material from the Carpathian Basin (FLADERER 1987). The supplementing and
corresponding results of the study of the postcranial skeleton characters of H. beremendensis from
Poland (SYCH 1965) reinforced the results of the comparison of dental features from the same sites.

The following institutions provided us with material: Institute of Palaeontology, Universit:t
Wien, Austria (PIUW); Geological and Paleontological Department of the Natural History Muse-
um, Budapest (NHMB) and Hungarian Geological Institute, Budapest (HGIB), Hungary; Geolo-
gical Institute, Praha (UUGP), Department of Quarternary, Czech Academy of Sciences, Institute
of Geology and Geotechnics, Praha (UGAP) and Moravské muzeum, Geological and Paleonto-
logical Department, Brno (MMGB), all Czech Republic; Institute of Systematics and Evolution of
Animals, Polish Academy of Sciences, Krakéw, Poland (ISEK).

The number of examined teeth and the localities from which they were obtained are listed in
Table I: The taphocoenoses from which H. beremendensis remains were derived are fairly well
studied. For comparison we use the biochronological interpretions summarized for most sites in
HORACEK & LOZEK (1988). Differences that exist between the interpetations of these and other
authors (e. g., RABEDER 1981) result mainly from different dating concepts. The problems of the
assemblage zone concept emerging from the difficulties in defining the zone boundaries are well
known but not a topic of this paper.

III. METHODS

Morphotype dentition analysis as introduced into arvicolid phylogenetics (see NADACHOWSKI
1991; RABEDER 1981) has been applied to H. beremendensis in a previous paper (FLADERER 1987).
ERBAJEVA & ANGERMANN (1983) took a similar approach to Serengetilagus praecapensis DIETRICH,
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Table I

Hypolagus beremendensis material studied in this paper, P2 und P3-indices of
some samples. Zones — biozones after HORACEK & LOZEK 1988. For further
information see text

Hypolagus pL P
Site Zones References Collection | beremendensis 3
APl Index | Index
fg :\f/‘;;‘d skla2 CZ| Q3 |HorAcek & Lozex 1988 MMGB 0:1
Milade¢ 3 CZ HorACEK & Lozek 1988 UGAP 0:1
Kovesvirad H | Q2 |Jinossy 1963, FLaDERER 1987 | NHMB 0:1
Stranské skala 1 CZ ToBIEN 1972 MMGB 2:3
Mladec¢ 1 CZ| Q1 |HorACEK & LoZek 1984, 1988 UGAP 1:2
Holstejn CZ MusiL 1966 MMGB 6:16 383 282
Chlum 6 CZ FEIFAR & HORACEK 1983 UUGP 0:10 255
Deutsch-Altenburg Mais & RABEDER 1984, i
4B . FLADERER 1984, 1987 A 2o s 22
Deutsch-Altenburg Mais & RABEDER 1984, :
2C1 G FLADERER 1984, 1987 el 2 o s
Deutsch-Altenb. 22 A RABEDER 1981 PIUW 5:4
Mais & RABEDER 1984, ;
Deutsch-Altenb. 30A | A FLADERER 1984 PIUW 5:4
Vielare 4 SK HORACEK 1985 UGAP 2:9
Kamyk P KowaLski 1960, SycH 1965 ISEK 99:197 223621,
Mokri 1 (674 Fejrar & HORACEK 1983 UGAP 0:1
Villdny 3 i | My Eonedl L ererioid M nes 0:1
Kadzielnia 1 P KowaLski 1958a, SycH 1965 ISEK 45:70 196 120
Véelare 5 SK HorACEK 1985 UGAP 2
Velare 7 SK HorACEK 1985 UGAP 1:0
Véelare 3 SK HORACEK 1985 UGAP 1:2,
Kolifiany 1 SK FEIFAR & HORACEK 1983 UGAP 0:1
geutsch-Altenburg | 5 | MN 16 | Fraperer 1987, Raseper 1977 | PIUW 8.7
Rebielice 1 P KowaALsk1 1960, SycH 1965 ISEK 20:19 130 121
Hajnécka 1 SK FEIFAR 1961, 1964 UUGP 1:2
Comonsboin P | MNI5 | Syci 1980, Worsan 1989 ISEK 0:3
Weie 1 P | MN 15 |SuLmmskr 1964, Sycu 1965 ISEK 37:56 105 102
Ivanovce 1 SK FEIFAR 1961 UUGP 2:
1
s e e e

1941 from the Upper Pliocene of East Africa. The variability observed in the material is grouped
into morphological classes (Figs. 1, 2). The morphotypes are arranged in a scheme which
corresponds to the functional aspect of the character. To quantify the classes the steps are evaluated:
the more advanced the class character the higher the multiplicatory factor. The frequencies of the
classes are multiplied by the factor to obtain the morphodynamic index (Table II). Transitional
forms are included in the higher class with the exception of the transition between trigonid classes
land II. The morphodynamic indices of the first upper and first lower premolar of one sample are
plotted on a diagram that reflects the evolutionary change between the samples. It is very probable
that the morphotype scheme has to be supplemented or even modified in the light of further research
on the genus.

The drawings in the paper as well as the identifications were made using a binocular microsco-
pe. The orientation of the examined tooth must be strictly normal to the axis at the point of the
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Fig. 1. Hypolagus beremendensis, Plio-Pleistocene of Central Europe, morphodynamic scheme of the P3. The
morphotypes are arranged in classes according to the two characteristic features: (1) the shape of the trigonid
(Trig-types I-V), (2) the major buccal reentrant angle (MBR-types A-E). The steps are marked by arrows.
Arabic numerals indicate the evaluation of the evolutionary step. It is used as a multiplicatory factor to
compute the morphodynamic index. The mesial and mesiolingual concavities are counted as equivalent
(factor 3). The variation in the buccal talonid wall is grouped into 5 classes (Tal-types a - €) (after FLADERER
1987, modified). I (from below): DA 21/5/4, We-6, DA 20/9/6, DA 9/3/4, Kad-46; I/Il: We 61, DA 30/12/9,
Reb-10,DA 21/5/3,DA2C1/68/227;11: DA 2C1/68/36,DA 2C1/68/87, DA2C1/68/168; I11: DA2C1/68/48,
DA2C1/68/28, DA2C1/68/173, DA2C1/68/226; IV: DA2C1/68/129, DA4B/69/47, DA2C1/68/176; V:
DA30A/12/7, DA2C1/68/194, DA2C1/68/213, DA2C1/68/188.

Table II
H. beremendensis, Plio-Pleistocene, Poland and Austria. Frequencies of P3
morphotypes
p Rebielice Deutsch- Deutsch-
: . Weze Krélewskie |Kadzielnia 1| Kamyk Altenburg | Altenburg
ey 1 2C1 4B
I 96.4 68.4 68.6 0.5 = =
/11 3.6 21 22.6 122 5.2 9.3
11 - 10.6 8.6 73.6 31.9 372
I - - - 4.1 18.1 11.6
v - - - 9.1 22 18.6
A% - - - 0.5 22.8 233
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plane of observation. Measurements (length, width) have been taken on every tooth using an
electronic caliper square. In isolated teeth two pairs of measurements were taken near the grinding
surface as well in the root area.

Attention has been paid to nondental and postcranial distinctive characters to corroborate the
results. For mandible measurements see Table I'V.

Variation in the P3 pattern (after FLADERER 1987, slightly modified)
Trigonid types (differentiation of the trigonid):

I — short, triangular trigonid; the mesio-distal length of the trigonid is approximately the same
as its width

I/II - transitional type - same as type I, but the length of the talonid is greater than its width
II — enlargement of the mesial margin

III - same as type I, but a concavity is developed on the mesial margin

IV — same as type II, but an anterior lingual groove is developed

V —same as type III, but an anterior groove is also developed.

MBR-types (differentiation of the major buccal reentrant angle):

A — simple MBR with uncrenulated enamel

B - the distal side of the MBR is undulated or crenulated

C — the thick mesial side of the MBR slightly bent into a thin continuation
D — the thick mesial side of the MBR slightly bent into a thick continuation
E — the lingual portion of the MBR is crenulated and islets are possible.
Talonid-types (differentiation of the buccal talonid margin):

a— beremendensis-edge: the bucco-distal part of the MBR forms an edge
b — bilobate talonid: a groove is developed

¢ —concave talonid: the mesio-buccal margin of the talonid is concave

d — great length of the buccal margin; no concavity or groove is developed

e — same as type d, but the length of the buccal margin is smaller. Therefore the MBR shows
a broad gap.

Viariation inithe B° pattern

LL-types (differentiation of the mesial margin of the lingual lobe; depth of the lingual mesial
reentrant angle):

I - well rounded lingual lobe

II - lingual lobe with flattened or straight margin

III - slightly concave margin

IV — shallow but distinct LMR

V — short u-shaped LMR

VI - deep LMR (this is the also the primitive stage of Lepus!).

BMR-types (differentiation of the mesial margin of the buccal rhomboid; depth of the buccal
mesial reentrant angle):

0 -no BMR
A — shallow BMR
B — distinct BMR.



