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The evolution and biogeography of the Pleistocene giant deer
Megaloceros giganteus (Cervidae, Mammalia)

With 10 figs, 1 tab., 1 pl.

J. VAN DER MADE

Abstract

The giant deer Megaloceros giganteus is one of the emblematic Pleistocene mammals. Material from va-
rious Dutch localities and large samples from Germany and the North Sea were studied and compared with
data and results of studies by LisTER (1994) and STuART et al. (2004) and a hypothesis on the evolution and
biogeography of the species is proposed. The earliest representatives of this species had relatively long and
slender limb bones. During the Eemian, a sudden and important increase in robusticity occurred in the west
European populations, while in the east European populations, robusticity increased only a little. The robust
branch became extinct around 20 ka ago (uncalibrated radio carbon years). Between 10 to 13 ka, western
Europe was colonized from eastern Europe by Megaloceros with limb bones of an intermediate robusticity.
These changes in the robusticity of the limbbones are mainly caused by changes in length of the bones and
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seem to be related to locomotion, while body weight seems to have changed little.
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Introduction

The giant deer Megaloceros giganteus is an emblematic
Pleistocene species, which lived across a large area from
Europe to east of Lake Baikal (R.-D. Kanike 1999). As
many other species, it became extinct at the end of that ep-
och. This extinction turns out to have been a more complex
event than previously believed. STUART et al. (2004) have
shown that Megaloceros went extinct in western Europe
around 20 ka ago, but that it reappeared between about 13
to 10 ka (uncalibrated radiocarbon yr). The genus survived
in the intermediate period in the area north of the Black and
Caspian seas, from where it might have re-colonized west-
ern Europe. This scenario is contrasted here with earlier
observations by LISTER (1994) on Megaloceros giganteus,
who noted that: “The limb proportions in the earliest and
latest samples are ‘normal’, but in an intermediate episode
(Ipswichian and Early-Middle Devensian) the animals
generally had short distal elements”. He concluded that
no model clearly accounts for the differences in body size
and proportions, but thought it to be “the result of a com-
plex interaction between population division, adaptation,
ecophenotypic response and change factors”. Some aspects
of the metacarpals, dentition and antlers from samples from

the Rhine valley, the North Sea and the Netherlands will be
discussed and compared with samples described by LISTER
(1994). A hypothesis on the evolution and biogeography
of Megaloceros is proposed.

Material and methods

The specimens published by LiSTER (1994) are compared
with material from several Dutch and German localities
(see next section), which is largely unpublished. The
material is kept in institutes, which are indicated with the
following abbreviations:

FWUB Institut fiir Paldontologie der Rheinischen
Friedrich-Wilhelms Universitdt Bonn.

IGF Istituto di Geologia, now Museo di Storie
Naturale, sez. Geologia e Paleontologia,
Firenze.

QW Forschungsstation fiir Quartiarpaldontologie,
Weimar (Forschungsinstitut Senckenberg).

LVH Landesmuseum fiir Vorgeschichte, Halle.

MNCN Museo Nacional de Ciencias Naturales,

Madrid.
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NHM Natural History Museum, London.

NMM Naturhistorisches Museum, Mainz.

NNML  Nationaal Natuurhistorisch Museum, Leiden.

SMN Forschungsbereich Altsteinzeit Schloss Mon-
repos, Neuwied (Romisch-Germanisches
Zentralmuseum, Forschungsinstitut fiir Vor-und
Frithgeschichte).

SMNS  Staatliches Museum fiir Naturkunde, Stutt-
gart.

Although most of this material has not been published
in detail, detailed descriptions are available of material
from Steinheim (BERCKHEMER 1941), Mundesley (AzzaroLi
1953), Siissenborn (H.-D. Kanrke 1967), Ehringsdorf
(H.-D. Kanike 1968), Taubach (H.-D. KanLke 1977),
Cullar de Baza (Azanza & MoraLEs 1989) and Neumark
Nord (VAN DER MADE 2004).

The sizes and proportions of the metacarpals, antlers
and teeth are discussed here. The measurements were taken
as indicated by van DER MADE (1989, 1999a, 1999b). All
the measurements are given in mm and are indicated with
the following abbreviations:

DAPb = anteroposterior diameter of the antler, measured
just above the burr.
DAPm = minimal anteroposterior diameter of the shaft
of the cannon bone.
= proximal anteroposterior diameter of the can-
non bone.
DAPpf =anteroposterior diameter of the proximal
articular surface of the cannon bone.
DAP III = anteroposterior diameter of the distal articula-
tion of Mc III.

DAPp

DAP IV = anteroposterior diameter of the distal articula-

tion of Mc IV.

DTa = transverse diameter or width of the anterior
lobe of the M..

DTd = distal width of the cannon bone.

DTm = minimal width of the cannon bone.

DTp = width of the proximal articulation of Mc IV.

DTpf = width of the distal articulation of Mc I'V.

DT III = width of the distal articulation of Mc IV.

DT IV = width of the distal articulation of Mc IV.

Hext = distance from below the burr to the bifurcation
of the brow tine and main beam, measured on the
lateral (external) side.

L = length of the metacarpal.

L3 =an alternative measurement of the length,
measured as the “1” of the Mc III (vAN DER MADE
1996).

L4 =an alternative measurement of the length,
measured as the “I”” of the Mc IV (VAN DER MADE
1996).

Localities

Megaloceros giganteus was nearly absent from a major
study of fossil deer from the Netherlands (Kunst 1937)
and most remains were collected much later on and are
unpublished. Most of the localities where these fossils
come from have not been published either, and therefore a
small introduction is given here, as well as to the localities
of the Rhine valley in Germany.

Fig. 1: The geographical position
of the Dutch and German Mega-
loceros localities mentioned in
this study, but not mentioned by
Lister (1994): 1) Mastenbroeker
Polder; 2) Het Zwarte Water and
Hasselt; 3) Zwollerkerspel, 4)
Koehuizenbeek, 5) Olburgen; 6)
Rossum; 7) Gewande; 8) Andel;
9) Colijnsplaat, 10) Roompot,
11) Bruine Bank, 12) Cadzand
off-shore; 13) Nieuwesluis; 14)
Ellewoutsdijk; 15) Beegden; 16)
Schweinskopf, 17) Gimbsheim;
18) Eich; 19) Lampertsheim; 20)
Altrip; 21) Edingen; 22) Briihl,
23) Otterstadt; 24) Rheinhausen;
25) Neumark Nord.
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Bruine Bank (Brown Bank) (fig. 1). Huge collections
of fossils have been made from the bottom of the North
Sea by fishermen using beam trawls to catch flatfish. These
nets pass through the upper few centimetres of the sea
bottom dragging up fossils of large mammals in a large
area of the North Sea between the Netherlands and Eng-
land. The journal ‘Cranium’, published by the Werkgroep
Pleistocene Zoogdieren, regularly contains papers on these
fossils. General information on the North Sea fossils is
given by DrEeEes (1986), Bosscna ErpBrINK (1993a, b)
and vaN KoLrscHOTEN & LaBAN (1995). The condtitions
of collecting are fairly well known, and nowadays the
coordinates of the fossil finds tend to be known. There is
evidence that the North Sea material represents broadly
four different ages according to the areas where the fossils
were collected (fig. 2). The Bruine Bank Fm is generally
considered to be of late Eemian and early Weichselian age
(eg. van KoLrscHOTEN & LaBAN 1995), though a specimen
was radiocarbon dated around 28 ka (REUMER et al. 2003).
Both “glacial” and “interglacial” taxa are collected from
this formation. As we will see below, the Megaloceros
sample from the Bruine Bank has a large variation in ro-
busticity, which might be due to the collection consisting
of two subsamples of different robusticity and belonging to
two different faunal associations of different ages. If this is
the case, the variation in age of the remains still seems to
be small and the Bruine Bank Fm seems to cover exactly
the time-interval of morphological change in Megaloceros
metacarpals. The Eem Fm occurs largely in the same areas
as the Bruine Bank Fm, but is mainly of marine origin and
thus unlikely to yield extensive collections of remains of
land mammals.

Many of the Dutch localities are places where sand
and gravel are extracted by suction under water. The level
reached by the suction pipe determines the maximum age
of the fossils, but specimens from higher levels may be
admixed. Since the subsoil of most of the Netherlands
consists of flat lying sediments, the geological situation
tends to be relatively simple (bE MULDER et al. 2003) and
stratigraphic control is relatively good, given the way of
collecting. Most of the localities in east of the country
(fig. 1, nos. 1-8) are in an area, where the fluviatile
Kreftenye Fm is wide spread. This formation is said to
be of Late Saalian to Holocene age. In some places it is
overlain by the thin Echteld Fm of Holocene age. Of a
much more restricted distribution is the Drenthe Fm, which
should be of Saalian age. Most probably, the finds derive
from the Kreftenheye Fm. Ovibos and Mammuthus primi-
genius have been reported from Rossum (KORTENBOUT VAN
DER Stuns 1957) and Coelodonta antiquitatis and Bison
priscus from Gewande (GUERIN 1980; pers. obs.).

Another group of localities is in the area of the Scheldt
(fig. 1; nos. 9—10 and 12—-14). The sediments present are
assumed to be either of Eemian or younger age, or belong
to the Tegelen Formation and other Pliocene to Oligocene
formations (DRrees 1986). Fossil collecting in the East
Scheldt is much in the same fashion as from the North Sea

and remains are either of Late Pliocene-Early Pleistocene,
Eemian, Weichesian or Holocene age (KORTENBOUT VAN
DER Stuns 1985). At Ellewoutsdijk (or Ellewoudsdijk)
in the West Scheldt, remains were dredged up that were
assigned to Ovibos (BosscHA ERDBRINK 1983, KERKHOFF
& Mot 1991).

Beegden is in an area where the Beegden and Boxtel
Formations are wide spread. The fluviatile Beegden Fm is
Plio-Holocene and the overlying Boxtel Fm is late Middle
Pleistocene to Holocene in age.

The sediments of the Rhine in Germany (Rheinschotter)
or of the Rhine valley (Rheinebene) are exploited for sand
and gravel in the same way as described above for some
Dutch localities. These localities and fossils have been
studied much more extensively than the Dutch localities.
Here material is used that is kept in the Naturhistorisches
Museum in Mainz, which comes from the area of Gimbs-
heim and Eich and material from the Staatliches Museum
fiir Naturkunde in Stuttgart, which comes from localities
more upstream like Altrip, Briihl, Edingen, Lampertsheim,
Otterstadt and Rheinhausen. Other institutes, like the uni-
versity in Bonn, have material from still other localities.
General information is given by KoenigswaLp (1988) and
a faunal list is given by KoenGiswaLD & HEmrIcH (1999).
The exact stratigraphic provenance of the material is not
known, and the authors considered it a mixture of Eemian
and Weichselian elements, and were of the opinion that
Megaloceros might be of either age. KoEniGswaLp (1988)
believed that Megaloceros is not restricted to glacial, nor
to interglacial environments. FRENZEN & SpEYER (1928)
described Megaloceros from the Rhine sediments, focus-
ing on cranial material.

A specimen from Schweinskopf is included here,
which was described by Turner (1990, 1991), who also
gave an introduction to the locality.

Results

In a study of Megaloceros giganteus, LisTER (1994) noted
differences in robusticity in the limb bones, in particular in
the metacarpal, metatarsal and radius. Of these bones, the
metacarpal is the one that is best represented in the collec-
tions and which, in general, shows best the differences in
robusticity. Figure 3 includes nearly 60 metacarpals and
is based entirely on data provided by LisTer (1994), and
shows three groups of metacarpals: slender metacarpals
with ages indicated as Holsteinian/Hoxnian, Saalian/
Wolstonian or Stage 7 (Stage 7 is Oxygen Isotope Stage
or OIS 7, now Marine Isotope Stage or MIS 7); robust
metacarpals with ages indicated as Eemian/Ipswichian and
Early and Middle Devensian/Weichselian; metacarpals
with an intermediate degree of robusticity with an age
indicated as Late Devensian. LisTER (1994) noted already
that the changes in robusticity are not clearly related to
environmental temperature, nor that any other existing
model clearly explained these changes.
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Fig. 3: Bivariate diagram of the metacarpal (Mc) of Megaloceros
giganteus, distal width (DTd) against length (L): “Holstein +
Saale + MIS 7” includes Steinheim, Ehringsdorf and Chatillon-
St.-Jean; “Eemian” includes Hoe Grange and Kirkdale Cave;
“E-M Devensian” includes Roc Traucat, Kent’s Cavern, Bad
Cannstadt, Bereitenfiirther Hohle, Pin Hole, Picken’s Hole, Pair-
non-Pair and Solutré; L Devensian includes various localities
from Ireland. Data and ages according to LiSTER (1994).

The largest sample of metacarpals is the one from the
Late Devensian of Ireland and includes nearly 40 speci-
mens. The sizes are not evenly distributed: there is a large
cluster of large specimens and a small cluster of smaller
specimens. PrEIFFER (1999) indicated sexually bimodal
distributions in metacarpals and other bones of Dama. It
is not clear whether this apparent bimodal distribution in
the Irish Megaloceros metacarpals corresponds to a large
number of males and a small number of females. How-
ever, if an allometric relation is estimated on the basis of
this sample, this possible unequal distribution should be
taken into account.

The sample from the Rhine valley includes over 20
metacarpals mostly from Eich and Gimbsheim. Most of
them form a compact cluster (Rheinebene 1 in fig. 4),
with only one specimen being much wider and thus much
more robust (Rheinebene 2). The bulk of the sample
forms a cluster that is situated to the right of the group
of possible female metacarpals from Ireland, but are on
average more elongate, while the “Eemian ” specimens of
LisTER are situated to the left and are thus more robust and
cluster with the Early and Middle Devensian specimens
of LisTER (fig. 3).

The “Holstein + Saale + MIS 7” group plots to the
right of the possible male metacarpals from Ireland. This
group contains specimens from Steinheim, Ehringsdorf
and Chatillon-St.-Jean and clusters also with specimens
from Het Zwarte Water (fig. 5; pl. 1, fig. 3). The question
arises, whether the “Holstein + Saale + MIS 7" group could
consist mainly of males, and the Rhine Valley sample
mainly of females. Since most or all of these specimens
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Fig. 4: Bivariate diagram of the metacarpal (Mc) of Megaloceros
giganteus, distal width (DTd) against length (L): Bruine Bank
(n = 19; NNML), Ireland (n = 38; LisTer 1994), Rheinebene
(n=16; NMM), Het Zwarte Water (NNML).

were not found in anatomical connection with a skull
(which might reveal the sex by the presence or absence of
antlers), this question cannot be answered. Whatever the
answer, it should be noted that the variation in the Rhine
Valley sample (Rheinebene 1) is very low in comparison
to the other samples (“Ireland”, E-M Devensian, Bruine
Bank, etc.).

The specimens from the Eemian/Ipswichian of Hoe
Grange and Kirkdale Cave cluster with the Early and
Middle Devensian specimens (fig. 5). Specimens from
Ellewoutsdijk, Gewande (pl. 1, fig. 2) and Olburgen in
the Netherlands are robust like those from the Early and
Middle Devensian studied by LisTer (1994) (fig. 5).

A large sample of some 20 specimen from the Bruine
Bank (Brown Bank) is not homogenous in its proportions
(fig. 4; tab. 1). One specimen (no. 139583, informally
indicated as Bruine Bank 3) is long and relatively gracile
and is well separate from the other specimens from the
Bruine Bank, yet it plots in the middle of the sample from
the Rhine valley. It is also close to the metapodials of
Megaloceros solilhacus (not indicated in fig. 2), which is
known from the early Middle Pleistocene. There are three
possible explanations: 1) this specimen is the oldest one
from the Bruine Bank and is early or middle Eemian in age,
2) the specimen is not from the Bruine Bank but from the
Egmond Ground Formation and belongs to very early M.
giganteus, 3) the specimen is still older and comes from the
Yarmouth Roads Fm. and belongs to M. solilhacus. This
specimen is not further considered here. The remaining
specimens from the Bruine Bank form one cluster. How-
ever, most of the specimens (indicated as Bruine Bank 1)
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Fig. 5: Bivariate diagram of the metacarpal (Mc) of Megaloceros
giganteus, distal width (DTd) against length (L): Steinheim,
Ehringsdorf, Chatillon-St.-Jean, Hoe Grange, Kirkdale Cave
and various localities of Early and Middle Devensian age (Roc
Traucat, Kent’s Cavern, Bad Cannstadt, Breitenfiirther Hohle,
Pin Hole, Picken’s Hole, Pair-non-Pair, Solutré¢) (LisTER 1994),
Rheinebene (NMM), Het Zwarte Water (NNML) and Elle-
woutsdijk, Olburgen and Gewande (NNML).

plot to the left of the sample from Ireland, roughly where
ListER’s (1994) Early and Middle Devensian specimens do
(fig. 3), while some of the specimens (indicated as Bruine
Bank 2; pl. 1, fig. 1) fall within the ranges of this sample.
This might be explained in two ways: 1) the more slender
specimens are from the time interval when robusticity
increased, 2) they are not from the Bruine Bank Fm, but
from the Twente Fm (and thus be approximately co-eval
with the Irish sample). Of some specimens the provenance
is indicated in the collection as “Bruine Bank?” (see tab.
1), but both are robust. Therefore the first explanation
seems to be the most likely.

Figure 6, in which all metapodials are represented,
shows three distinct groups: slender, robust and intermedi-
ate. These groups include the material described by LISTER
(1994) and the newly described material, which increases
the sample size for the two earlier morphotypes from
some 20 to 60 specimens. The groups have the respective
tentative age ranges: Holstein to (Early?) Eemian, (Mid-
dle and Late ?) Eemian to Middle Weichselian and Late
Weichselian. The increased samples confirm the presence
of three types (gracile, robust and intermediate), which had
been observed already in fig. 3. The Eemian samples either
group with the robust (Kirkdale Cave, Hoe Grange) or with
the gracile morphotypes. Each of the three morphotypes
or groups seems to fall apart into a group of larger and a
group of smaller specimens (fig. 6). This reinforces the
possibility of a marked sexual bimodality in limb bone
size. However, as said before, this needs further study.

The length, distal width and a robusticity index of the
metacarpals are indicated in fig. 7. The localities or groups
of localities are arranged according to approximate age.
The Rhine Valley and Bruine Bank sample are treated
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Fig. 6: Bivariate diagram of the metacarpal (Mc) of Megaloceros
giganteus, distal width (DTd) against length (L). Provenance
of data: Zwarte Water, Bruine Bank, Ellewoutsdijk, Gewande
and Olburgen (NNML) and Rheinebene (NMM) and data from
ListeR (1994). The localities are grouped in three groups, slender,
robust and intermediate, corresponding to the following ages
(largely following LisTErR 1994): Holstein — (E?) Eemian/Ips-
wichian includes Steinheim, Ehringsdorf, Chatillon-St.-Jean,
Het Zwarte Water and Rheinebene; (M+L?) Eemian/Ipswichian
— E-M Weichselian/Devensian includes: Hoe Grange, Kirkdale
Cave, Roc Traucat, Kent’s Cavern, Bad Cannstadt, Breiten-
firther Hohle, Pin Hole, Picken’s Hole, Pair-non-Pair, Solutré,
Ellewoutsdijk, Gewande, Olburgen, and Bruine Bank; and L
Weichselian/Devensian includes Ireland.

here as single samples. It is apparent that in any level or
sample, there is a wide variation in distal width, save if
the sample is very small. Again, the relatively large Rhine
Valley sample is very compact with one outlier. The
length shows a clear decrease from Steinheim to Bruine
Bank and Solutré, after which there is a break and again
relatively great length in the sample from Ireland. If the
samples from Steinheim to Chatillon-St.-Jean represent
mainly males and the sample from the Rhine Valley
mainly females, this apparent gradual decrease in size in
these samples might not be real; the decrease from these
samples to Hoe Grange, Kirkdale and the Early and Middle
Devensian samples seems to be real. The robusticity index
shows relatively low values (implying relatively gracile
metapodials) in the samples from Steinheim to the Rhine
Valley. Hoe Grange and Kirkdale Cave and later samples
are more robust. Again there is a rupture, when robusticity
decreases in the sample from Ireland.

Some independent characters were studied to see
whether they give additional information. One of these is
the variation through time in the sizes of the cheek teeth.
Here the variation of the width of the third lower molar
(M,) is given, one of the most commonly found elements
(fig. 8). A comparison is also made with Megaloceros sa-
vini, a species that is closely related (R.-D. KAHLKE 1999,
VAN DER MADE 2001, 2004). Whereas Megaloceros gigan-
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Fig. 7: Distal width (DTd), Length (L) and robusticity (100 DTd / L) in the metacarpal of Megaloceros giganteus. The localities are
arranged in approximate order from old (bottom) to young (top). Provenance of material as indicated in figures 3—6.
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Fig. 8: Width of the anterior lobe (DTa) of the M, in Mega-
loceros. The localities are arranged in approximate order from
old (bottom) to young (top): Pakefield (NHM), Mundesley
(NHM), Cullar de Baza (MNCN), Steinheim (n = 8; SMNS),
Ehringsdorf (IQW), Het Zwarte Water (NNML), Schweins-
kopf (SMN), Taubach (FWUB), Rhein (Eich, Gimbsheim, etc.;
n="70; NMM), Netherlands (Ellewoutsdijk, Rossum, Beegden,
Zwollerkerspel, Hasselt, Mastenbroeker polder, Koehuizenbeek,
Andel, Roompot, Nieuwe Sluis — Wester Schelde —, Cadzand off
shore; n = 12; NMML), Bruine Bank (n = 8; NMML), Ireland
(n=12; NHM).

teus and Megaloceros savini differ clearly in size, there is
no evidence for important differences in size between the
different M. giganteus samples, at least as evidenced by the
size of the third lower molar. There seems to be a more or
less bimodal size distribution in the large sample from the
Rhine Valley. This is suggestive of a sexual bimodality,

which contrasts with the metapodials, which, save for one
specimen, form a compact cluster (fig. 4).

Megaloceros giganteus differs from the older and more
primitive Megaloceros savini in that the bifurcation of the
brow tine and main beam is situated closer to the burr.
There is, however, no evidence for further change in the
position of the bifurcation in the subsequent samples of
M. giganteus (fig. 9).

Bally =
Botro Maspino -
Rheinebene
Taubach =
Neumark Nord =
Steinheim = =l
Swanscombe =
Cullar de Baza o m
Mundesley o o
Siissenborn o

) T T T T 1

20 40 60 80 100 120

antler 100 Hext / DAPb

o Megaloceros savini
= Megaloceros giganteus

Fig. 9: Index 100 Hext / DAPD in the antler. (Hext = distance
from below the burr till the bifurcation between brow tine and
main beam, measured at the lateral side; DAPb = antero-posterior
diameter, measured just above the burr; measurements as indi-
cated by VAN DER MADE 1999a, b) The localities are arranged in
approximate order from old (bottom) to young (top): Siissenborn
(n = 10; IQW), Mundesley (NHM), Cullar de Baza (MNCN),
Swanscombe (NHM), Steinheim (n = 6; SMNS), Neumark
Nord (LVH), Taubach (IQW), Rhein (Altrip, Briihl, Otterstadt,
Lampertsheim, Rheinhausen, Edingen; n = 15; SMNS), Botro
Maspino (IGF), Bally (Ireland; NNML).
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Discussion

The new samples that are included here tend to confirm
the earlier observation by LisTErR (1994) that the earlier
Megaloceros have long and relatively elongate limb bones,
that later robusticity increased, while the youngest Mega-
loceros is again relatively slender (figs. 6 and 7). Though
classification of these samples is not the primary aim of
this paper, the theme has to be commented on.

The three different types are currently all included in
a single species Megaloceros giganteus (LISTER 1994),
though AzzaroLi (1953) preferred to raise M. antecedens
to species rank. Previous authors proposed a variety of spe-
cies or subspecies names, which are currently all included
in M. giganteus. RoGer (1887) listed the following forms:
Cervus (Dama) euryceros ALDROVANDI, Cervus megaceros
Hart, Cervus irlandicus BLUMENBACH, Cervus platycerus
altissimus MoLIGN., Cervus hibernus DESMAREST, and
Megaceros hibernicus OWEN. PoHLIG (1892) recognized
three species: Cervus (Euryceros) hibeniae OWEN (or
“hibernicus”), Cervus (Euryceros) germaniae POHLIG,
and Cervus (Euryceros) italiae POHLIG.

The publications that treat the taxonomy of Mega-
loceros giganteus do not indicate or discuss the type mate-
rial, type locality and its possible age, and frequently the
original publication of the species by BLUMENBACH is not
even cited. I myself have not been able to trace the original
publication and do not know the type material (whether it
includes limb bones or not), nor its age.

It will not be easy to retrace all type material, though it
seems likely that “irlandicus”, “hibernus” and “hiberni-
cus/hiberniae” are based on the Irish material of the Late
Devensian with metapodials of an intermediate degree of
robusticity.

Various names might apply to the form with the slen-
der metapodials. BERCKHEMER (1941) based Megaloceros
giganteus antecedens on material from Steinheim, and
considered the morphology of the brow tine, the width of
the antlers and the short length of the (upper) cheek teeth
important characters for the recognition of this taxon, as
well as some details of tooth morphology. There is no
indication that there are great differences in proportions
of the tooth row, and thus the size of the M, might be
taken as a general indication of size. Fig. 8 compares a
great number of cheek teeth and shows a general increase
in size. Indeed, the Steinheim teeth are small, but the dif-
ferences are not spectacular. The antlers are narrow; they
are curved backwards and upwards, and not outward as
in most Megaloceros, including another specimen from
Steinheim, which is supposed to be slightly younger
(geological age), and the Megaloceros in Bonn, which is
a type of M. germaniae. Though the extend of variation
of antler morphology in the earlier populations is not well
known, the differences in antler morphology indicated
by BERCKHEMER (1941) seem to make sense, since the
Steinheim antlers are intermediate between other, more
primitive forms of Megaloceros (such as M. savini) and the
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more “typical” or well known later forms of M. giganteus.
The Steinheim collection includes slender limb bones and
thus this name is available for the early slender morph,
though this metapodial morphotype might occur with dif-
ferent antler types. One of the specimens on which PoHLIG
based M. germaniae is kept in Bonn and is from the Rhine
Valley. It is a skull with wide antlers. It is however, not
clear what kind of metapodials it had, though, bearing its
provenance in mind, it is possible that they were of the
relatively slender type. H.-D. Kanike (1968) assigned
material from Ehringsdorf to Megaloceros giganteus
germaniae and described a long and slender metapodial.
This opinion is in line with an application of the name
“germaniae” to Megaloceros with slender limb bones.
The use of the younger name “antecedens” depends thus
on whether one accepts the existence of a different taxon,
mainly on the basis of antler morphology.

Even though this overview leaves us without know-
ing which names to apply to the different morphotypes,
it should be noted that the number of metacarpals assign-
able to the slender and robust forms has tripled and the
number of localities where they are known is increased.
Though some of the samples or localities have their prob-
lems, this increase in numbers, implies that the range of
morphological variation and the temporal distribution are
better known. In the future, the species might become more
interesting for biostratigraphy.

As mentioned in the introduction, the Rhine Valley
fossils are assumed to be of Eemian to Weichselian age.
The observation that the sample form the Rhine Valley
has very little metrical variation (save for one outlier)
suggests that the sample has very little temporal variation.
In addition, it is known that early and middle Weichselian
and some Eemian specimens are robust. This suggests that
the specimens from the Rhine Valley have more affinity
with the earlier slender Megaloceros. If the Rhine Valley
metacarpals are considered to represent smaller individu-
als (mainly females?), but otherwise comparable to those
of the “Holstein + Saale + MIS 7” group, Megaloceros
with relatively elongate or slender metapodials must have
occurred in western Europe from the Holsteinian till the
Eemian.

The Hoe Grange and Kirkdale Cave specimens are
Ipswichian/Eemian and are robust; the increase in robus-
ticity must have occurred within the Eemian. Probably
the relatively more gracile specimens in the Bruine Bank
sample (Bruine Bank 2 in fig. 4) are of Eemian age, and
probably close to those from Hoe Grange and Kirkdale
Cave. The present data suggest a relatively long period
when Megaloceros had elongate limb bones, a change from
gracile to robust in a short period during the Eemian, again
followed by a period of stasis. This might have occurred
in two ways: 1) by dispersal of a robust form from outside
the study area, 2) by local evolution. In a scenario with the
dispersal of a more robust form, no or few intermediate
specimens would be found. However, the sample from
the Bruine Bank includes several specimens with a degree
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of robusticity that is intermediate between the earliest
forms and the early and middle Devensian/Weichselian
forms (marked Bruine Bank 2 in fig. 4), suggesting local
evolution. Also the larger specimen from the Rhine Valley
(Rheinebene 2) is not only larger, but also more robust and
is close to these specimens from the Bruine Bank. It might
be close in age to these specimens and be younger in age
than the rest of the sample from the Rhine Valley.

The decrease in robusticity during the latest Pleistocene
seems to correspond to the local extinction of Megaloceros
in western Europe around 20 ka and the new immigration
around 13 ka described by STuarT et al. (2004). As noted
by LisTER (1994), a specimen from Solutré is relatively
gracile, but it is not beyond the limits of the increased late
Pleistocene robust sample.

Comparing the different diagrams (figs. 3-7), it ap-
pears that the variation in robusticity is mainly caused by
changes in length of the metapodials, whereas the distal
width is more constant. Distal width is more related to body
size and length of the metapodials is probably more related
to locomotion. This would imply that the observed changes
in the metapodials do not so much reflect changes in body
size, but rather changes in locomotion. This is supported by
the sizes of the cheek teeth, which do not show important
differences independently of the length and robusticity of
the metapodials in the same samples.

The following hypothesis explains the observations on
morphology by LisTER (1994), which are confirmed in the

present study, and the observations on the distribution of
Megaloceros by STUART et al. (2004). From the Holstein-
ian till the early Eemian, a Megaloceros with relatively
slender metapodials had a wide distribution over most
of Europe. During the Eemian, this population split up
into two subgroups, of which the western European one
acquired much more robust limb bones, while an eastern
European population became only slightly more robust.
This probably reflects different adaptations that affect
locomotion, which suggests that the separate populations
lived in different environments. Around 20 ka BP, the
robust western European population went extinct and
around 13 ka the more slender eastern European popula-
tion dispersed into western Europe. This hypothesis is
represented in fig. 10, using some of the available names,
though as stated above, more work on the taxonomy of
this group is needed.

This hypothesis is testable by studying the morphology
of samples from eastern Europe of Early and Middle De-
vensian/Weichselian ages, by the dating of more samples,
and by analysis of DNA of the fossils.
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VAN DER MADE: The evolution and biogeography of the Pleistocene giant deer Megaloceros giganteus
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Cour. Forsch.-Inst. Senckenberg, 256, 2006

Plate 1

Metacarpals of Megaloceros giganteus from: 1) the Bruine Bank (40 miles west of [Jmuiden; NNML 133282);
2) Gewande (NNML St 448990 = Gw106 = Gw 634); 3) Het Zwarte Water (NNML St 118296). Proximal (a), anterior (b), distal
(c) and posterior (d) views.






