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The presence of elk (Alces alces) in Austria since the upper Pleistocene
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Abstract

This study reports new data on the occurrence of elk remains in the western, mountainous part of Austria and also provides
a compilation of all currently known 107 elk finds of the upper Pleistocene to upper Holocene in this country. The altitudinal
distribution reveals two maxima for Austria: a lower one at about 400 m a.s.l., which comprises the alpine foreland, and a
second one at about 1600-1800 m a.s.l., reflecting the abundance of vertical caves in the Northern Calcareous Alps at this
elevation (animal traps). Vorderkarhohle in Tyrol is the highest known elk find in Austria (1860 m a.s.l.), interestingly located
above the tree line. Although only 11% of all elk sites in Austria have been radiocarbon-dated, stratigraphic and archaeo-
logical constraints allow to assign 90% of those sites that lack radiometric dating to either the upper Pleistocene (18%) or
the Holocene (72%). Among the latter, upper Holocene sites dominate (78%), followed by middle (16%) and lower Holocene
(6%) sites. The youngest radiocarbon-dated elk find in Austria is from Gaflein Valley (Tyrol, 1285-1359 cal BP), in agreement
with data from the Swiss Alps, showing that the elk survived beyond Roman times in the Alps and became extinct before the

onset of the Middle Ages.

1 Introduction

The elk (moose, Alces alces) is the largest living terrestri-
al mammal in Europe after the European bison, and the
largest cervid. It is an holarctic animal whose modern
distribution encompasses northern Eurasia from Scandi-
navia and Poland to Eastern Siberia, northern Mongolia
and northern China, Alaska, Canada and the northern
United States (Nygrén, 1986). Elks live in forests, prefer
wet and swampy environments, are cold-tolerant and
can cope with snow heights up to 0.6 m (Nygrén, 1986).
Compared to red deer (Cervus elaphus) elks are therefore
found in colder and more snow-rich regions (cf. Rosvold
et al., 2013).

The elk first appeared during the penultimate glacial
period (Nygrén, 1986) but remained a minor component
of the upper Pleistocene fauna (Serangeli, 2006). It be-
came rare during the Last Glacial Maximum (LGM) north
of the Alps and survived in a woodland or open park tun-
dra south of the margin of the Scandinavian ice sheet
(Aaris-Sgrensen, 1992). After the LGM elks were among
the first large mammals to re-colonise Central Europe
(Willms, 1987). Their abundance increased during the
following millennia and peaked during the lower Holo-
cene, when elks populated Europe from the Pyrenees to

Denmark and from the Alps to Great Britain (Schmolcke
and Zachos, 2005). During the Preboreal they started to
vanish from the (south)western part of Europe, includ-
ing France and Great Britain. During the Atlantic period,
elks died out in Denmark and their population thinned
in Central Europe. Only relict populations remained in
Central Europe during Roman times and they gradually
disappeared during early medieval times. Further east,
some stocks persisted until the late Middle Ages (Schmdl-
cke and Zachos, 2005).

The purpose of this study was to review the status of elk
finds in Austria, to compile a comprehensive database of
all finds in this country, and to present new data with a
focus on inner-Alpine elk occurrences in western Austria.

2The elk in Austria

Historically speaking, the first discovery of prehistoric
elk remains in Austria was made in 1856 at Wildes Loch,
a cave on Grebenzen, Styria (cave register no. 2743/1;
Schmidt (1859), Aichhorn and Plankensteiner (1875)).
This was followed by findings in the area north (Schus-
terloch, cave register no. 1564/11, Teller (1880)) and east
of the Dachstein massif (Mausbendlloch, cave register
no. 1548/2; Dimitz (1879)). Over the following decades
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elk remains were discovered in various parts of Austria,
but rarely presented in more detail. Exceptions are the
publications by Mutschlechner (1959) and Graf (2014) on
elk finds in the Karwendel Mountains of Tyrol and in the
Kammer Mountains in Styria, respectively. The compila-
tion by Doppes and Rabeder (1997) of the Pleistocene
fauna in Austria contains data on ten elk-bearing sites,
seven of which are caves.

Bauer and Spitzenberger (2001) gave a concise and
authorative overview of prehistoric and recent finds of
elk in Austria. They showed that the elk appeared in low
abundances in Austria during the upper Pleistocene, dis-
appeared during the LGM, re-appeared during the Late
Glacial and lower Holocene, and finally vanished during
the early Middle Ages. Bauer and Spitzenberger (2001)
provided a map of Holocene elk finds which shows a
rather uniform distribution across the country with a
density maximum in the Northern Calcareous Alps east
of Salzburg. Unfortunately, the locations on this map are
not identified and the data, on which this map is based,
are not provided in their publication (nor in the electron-
ic appendix). We located and studied the original doc-
uments of K. Bauer (deceased 2016) at the Museum of
Natural History in Vienna and managed to identify most
of the sites shown in Bauer and Spitzenberger (2001). In
addition, we compiled the scattered literature, in par-
ticular various cave-related and archaeological reports,
and added new sites. We focus here on the western part
of Austria and provide a set of new radiocarbon ages to
augment the very small database of radiometrically dat-
ed elk remains (Bauer and Spitzenberger (2001) listed
only two radiocarbon dates).

@ Upper Pleistocene
@ Holocene
© unknown age

Vorderkarhéhle
. Wiesing
Plansee HOtiNg
" Inzing Thaur Brixlegy

Gaflein Valley Achensee |

Virgen

/ Defereggen /
Spullersee

Figure 1 provides an overview map of elk finds in Austria
and a comprehensive list of all currently known 107 Aus-
trian localities is provided in Supplementary Table 1. The
map reveals the highest density of elk remains in the cen-
tral and eastern segment of the Northern Calcareous Alps
coinciding with the highest density of caves (primarily
vertical ones that act as traps) in this part of the Alps (Plan
and Oberender, 2016). 46 % of all elk sites in Austria are
caves, underscoring the importance of these animal traps
for preservation. Scattered elk finds, however, are known
from all other parts of the country, from the Alpine fore-
land to the valleys of the Central Alps.

Mostly isolated antlers were found, with the exception
of a few caves where complete skeletons were discov-
ered (e.g., Elchhohle near Altaussee, Vorderkarhdhle near
Scharnitz). Several finds were made during archaeolog-
ical excavations, but elk bones were never abundant in
these sites.

3 Inneralpine elk sites in western Austria

The following section focusses on elk finds from the
mountainous western part of Austria, primarily the state
of Tyrol. Most of these sites were either never published
before or reported in local journals only. Their locations
are shown in Figure 1. Radiocarbon values are reported
both as conventional ages and as calibrated ages (using
INTCAL13, 2 sigma range).

3.1 Spullersee

This lake is located at 1827 m a.s.l. in the eastern Lech-
quellen Mountains. Its sediments yielded the only known
elk remain from the state of Vorarlberg. When Spullersee
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Fig. 1: Digital elevation model of Austria showing the distribution of Holocene and upper Pleistocene elk finds. Sites in western Austria discussed in this

study are identified.
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was modified for hydroelectric purpose and its lake lev-
el was artificially lowered in 1921, antlers of elk together
with antlers of deer, bear bones and logs of conifer trees
were found in the deeper layers of the lake mud (Geil-
hofer, 1926). No further details about the site and its stra-
tigraphy were reported, and the elk antler was sold to
an unknown person in Switzerland (pers. comm. by H.
Konzett 2004, the son of A. Konzett, who found the spec-
imen in the lake mud).

3.2 Plansee

This lake is located in NW Tyrol at an elevation of 976 m
a.s.l. In 1954, elk antlers were found on the shore of the
northwestern branch of this lake, known as Kleiner Plan-
see (Mutschlechner, 1959: 78). Another report states that
an incomplete antler was found during dredging work in

a layer of loam in about 50 m water depth (Anonymous,
1954). Several attempts to locate this specimen were un-
successful.

3.3 Gaflein Valley

A fragment of an elk antler was discovered in 1999 in Ga-
flein Valley west of Nassereith at an elevation of about
1700 m a.s.l. (Jager, 2002; Fig. 2). A sample was radiocar-
bon-dated to 1410 +30 BP (1285-1359 cal BP).

3.4 Vorderkarhohle

This cave (cave register no. 1254/1) opens at 1860 m NE
of Scharnitz on the western end of the main ridge of the
Karwendel Mountains. In the entrance part of this cave,
which forms a 6 m-deep shaft open to the surface (Pie-
tersteiner and Spétl, 2011), a skeleton of an female elk

Fig. 2: Antler found in Gaflein Valley and dated to 1285-1359 cal BP. Cm-scale. Photo: S. Heim (TLM)
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Fig. 3: Reconstructed skeleton of the elk calf from Vorderkarhohle on display at the Infozentrum Scharnitz. Photo: H. Neuner

calf was found in 1951 (Mutschlechner, 1959; Fig. 3). The
frontal part of the skull was shattered, probably related to
the fall into the cave, and the skeleton was almost com-
plete. It is the highest-elevation find of an elk skeleton in
Austria. A sample was radiocarbon-dated to 2250 +35 BP
(2154-2272 (67.8%), 2294-2345 (32.2%) cal BP).

3.5Inzing

In this village on the southern side of the upper Inn Valley,
banded clay-rich silts crop out and were mined in a quar-
ry for brick manufacturing until the second half of the 20th
century. Paschinger (1950: 58) described the exposure in
the former quarry, showing that the silts are sharply over-
lain by a 2-3 m thick sliding mass which contained logs of
Scots pine up to 1 m in diameter and a fossil that was de-
scribed as a “strongly mineralised thighbone”. This unit was
overlain by 1.5 m of poorly stratified brown loam and gravel.

The lowermost banded silts are sterile and belong to the up-
per Pleistocene Baumkirchen Formation (Spotl et al.,, 2013),
while the other two units — because of their lack of (ice-in-
duced) overcompaction and the presence of tree logs - sug-
gest a Late Glacial or Holocene age (Preboreal according to
Paschinger, 1950). The thighbone was examined by H. Zapfe
(in: HeiBBel, 1954: 270) and determined as a right metacarpus
of Alces cf. alces. This specimen appears to be lost.

3.6 Thaur

A small elk bone was identified among many animal
bones in an archaeological excavation at Kiechlberg, a
small hill at 1024 m a.s.l.in Thaur some 10 km ENE of Inns-
bruck (Téchterle, 2015). The sample yielded a radiocar-
bon age of 4734 +45BP (5325-5409 (32.5%), 5445-5585
(67.5%) cal BP), which is consistent with the archaeolog-
ical context of this find (U. Tochterle, pers. comm. 2018).



Three more elk remains of upper Holocene age are
known from the Inn Valley, found during archaeologi-
cal excavations. These include Innsbruck (Ho6tting - e.g.,
Moser, 1970), Wiesing (Buchberg — Pucher, 1986), and
Brixlegg (Mariahilfbergl — Huijsmans and Krauf3, 2015).
See Supplementary Table 1 for more information.

3.7 Mils

A former gravel quarry at Mils near Hall in Tirol exposed
a succession of fluvioglacial gravel capped by lodge-
ment till of the LGM (Heilel, 1954; Mayr, 1968; Fliri,
1971). Femur fragments found in the middle part of the
gravel section were determined as Alces cf. alces (by H.
Zapfe, in: HeiBBel, 1954). Radiocarbon dates of two spec-
imens yielded 27538 +158 and 27805 +155 BP (Spotl
et al,, 2013; Supplementary Table 1). Here we report a
radiocarbon age of a third specimen, a clavicula bone
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from the same quarry, and presumably from the same
layer where the femur bones were recovered (it is not
clear whether this bone also belongs to Alces cf. alces).
The radiocarbon age overlaps with the published ages
(Supplementary Table 1) and confirms the previous age
assignment of the Alces cf. alces remains to 31-33 cal
ka BP.

3.8 Achensee

This largest lake in Tyrol is located between the Karwen-
del and Rofan Mountains and contains a Late Glacial to
Holocene sediment fill overlain by till. Mutschlechner
(1959: 78) mentioned that elk antlers were retrieved
(possibly fished) from this lake, without providing further
information (Fig. 4). One specimen was radiocarbon dat-
ed to 4185 +35 BP (4586-4596 (1.6%), 4612-4767 (74.4%),
4783-4839 (24.0%) cal BP).

Fig. 4: Antler found in Achensee. Cm-scale. Photo: S. Heim (TLM)
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3.9 Virgen

Mutschlechner (1959, S. 78) mentioned that a fragment
of an elk antler was found incorporated into the wall of a
building in Virgen, Eastern Tyrol. No further information
is available and it is unclear whether this specimen still
exists.

3.10 Defereggen

A similar situation was reported from Defereggen Valley
located south of Virgen Valley. There, a fragment of an
elk antler (Fig. 5) was found incorporated into the wall of
St Leonhard'’s church east of St Jakob in Defereggen. This
specimen was supposedly discovered during excavation
work in preparation for the construction of this church in
the 15th century (Kollreider, 1953:7-8; Velthuysen, 1961).
The church was built on a debris-flow fan which dammed
the main local river and resulted in the formation of an
episodic lake which later turned into a swampy area.
The specimen yielded a radiocarbon age of 5659 +32 BP
(6323-6338 (1.5%), 6341-6371 (4.3%), 6393-6503 (94.3%)
cal BP).

4 Discussion

4.1 Preservation bias

46% of all sites where elk remains were found in Austria
are caves, and the vast majority of them pits, underscor-
ing the importance of such traps for the subfossil mam-
mal record. “Hotspots” include the eastern extension of
the Dachstein plateau, known as Kammer Mountains
(northwestern part of Styria). Interestingly, its northern
part was previously known as “Elendgebirge”, whereby
“Elen” or “Elend” is an old and obsolete German name
for elk (Graf, 2014). A second area of a high density of elk
finds is the Tonion, a small and equally strongly karstified
massif SE of Mariazell (northeastern part of Styria).

In addition to vertical caves, elk remains were also found
in some lake sediments (e.g. in Tyrol), embedded in fluvial
gravel (several finds in Linz, Upper Austria) as well as in
archaeological excavations.

4.2 Areal distribution

As discussed above, the abundance of (vertical) caves in
the Northern Calcareous Alps is a major control of the ar-
eal distribution of elk finds in Austria. The density of elk
finds is significantly lower in the Alpine foreland as well
as in the Central Alps (see below).

It is interesting to compare this pattern to Switzerland,
for which Chaix and Desse (1981) provided a map of 64
fossil elk finds. The vast majority of the Swiss finds is con-
centrated on the Swiss Plateau and in the adjacent Jura
Mountains. Only a handful of finds are known from the
northern part of the Swiss Alps. Elk remains are conspic-
uously absent in the high Central Alps, including major
valleys such as the Rhone Valley. This pattern is consistent
with the data shown in Figure 1, although there are a few
scattered occurrences of elk finds also in the valleys of

the Central Alps of Austria, including the two finds from
Eastern Tyrol presented in this study.

4.1 Altitudinal distribution

Figure 6 provides an overview of the altitude at which
the 107 elk remains were found (and where these ani-
mals presumably lived at least seasonally). The bimodal
distribution is in contrast to the previous study by Bauer
and Spitzenberger (2001) who concluded that elk finds in
Austria are evenly distributed across the elevation gradi-
ent. Their database comprised 33 sites of Holocene finds
only.

The new distribution chart suggests a first maximum
at about 400 m a.s.l. and a second one at about 1600-
1800 m a.s.l. While the latter reflects the abundance of
elk finds in karst caves of the Northern Calcareous Alps,
which are commonly located at these elevations in the
state of Styria, the first maximum mostly comprises finds
in the foreland of the Alps, including the Salzburg Basin,
the Danube corridor and sites east and south of the Alps
(Fig. 1). This lower elevation maximum compares well to
Switzerland where the highest density of elk finds also
occurs on the Swiss Plateau at approximately 400-500 m
a.s.l. (Chaix and Desse, 1981).

The highest known occurrence of elk in Austria is the
nearly complete skeleton of a calf found in Vorderkarhoh-
le which opens at 1860 m a.s.l. in the Karwendel Moun-
tains. This find is remarkable, because the site is located
in a thicket of dwarf pine (Pinus mugo) above the timber
line, which lies around 1700 m a.s.l. in this area. There are
no data available for the elevation of the treeline in the
Karwendel Mountains some 2200 years before present.
Data from Kauner Valley indicate, however, that at that
time the treeline in the Central Alps of Tyrol was about
100 m lower than during the end of the 20th century
(Nicolussi et al., 2005). This suggests that the elk calf likely
went some 250 m above the local timberline and eventu-
ally died there.

The second highest find of elk remains in Austria is from
Spullersee at about 1827 m a.s.l. Currently the treeline
in this part of the Lechquellen Mountains straddles
between about 1700 and 1800 m a.s.l. Finds of elk just
above 1800 m a.s.l. were also reported from the Kam-
mer Mountains (NW Styria, Doppelschachthohle, 1805 m
a.s.l.) and the Grebenzen (SW Styria, Wildes Loch, 1800 m
a.s.l. - Supplementary Table 1).

These finds of elk at and above the treeline are slight-
ly higher than those reported from the Swiss Alps. While
elk remains in the Swiss Prealps were found up to 1630 m
a.s.l. at Schrattenfluh (Blant, 2004), a single find from In-
nerbergli north of Lake Thun was made at 1800 m a.s.l.
(Morel, 1998, M. Blant, written comm. 2019). Morel (1998)
attributed the presence of this forest-affine animal at
these elevations to the presence of nutrient-rich plants,
which are present well above 1000 m a.s.l. during late
summer and early autumn. Elks probably spent late au-
tumn to early summer down in the valleys.
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Fig. 5: Antler found in the inner Defereggen valley. Width of antler 47 cm. Photo: C. Spétl

4.4 Age distribution

Unfortunately, radiocarbon dates of elk remains are avail-
able only for a small number (11%) of the 107 sites in
Austria. Still, their context - either archaeological finds or
stratigraphic data — provide broad age constraints for 90%
of these sites. Only 10% of the sites are of unknown age
(Fig. 1). Among those sites with reasonably good age con-
straints there is a clear dominance of Holocene (72%) over
Pleistocene finds (18%). We also made an attempt to subdi-
vide Holocene finds into lower, middle and upper Holocene
following Walker et al. (2019; Fig. 7). This was possible only
for 48% of the Holocene sites given the lack of sufficient
age constraints for slightly more than about half of these
finds. Upper Holocene sites dominate (78%), followed
by middle (16%) and lower Holocene (6%). Although not
statistically significant, this pattern is also seen in the few
Holocene sites where radiocarbon analyses performed on
elk remains are available: upper (7 samples), middle (3 sam-
ples), lower Holocene (no samples).

To summarise, the record of elk remains in Austria is
strongly biased towards young finds. 72% are Holocene
in age and among those 78% are younger than 4200 cal
BP (the boundary between middle and upper Holocene
- Walker et al., 2019). These data are in good agreement
with other studies, which show that elk remains are gen-
erally rare in the upper Pleistocene of Central Europe
(Schmolcke and Zachos, 2005; Serangeli, 2006). Elks were
certainly around in the Alps and their foreland prior to
the onset of the Holocene, but their findings are much
less abundant than e.g. those of Ursus spelaeus, Rangifer
or Crocuta (Doppes and Rabeder, 1997). It is also inter-
esting that none of the 107 sites dates from the Late Gla-
cial, when elks were known e.g. in Central Europe (e.g.,

Serangeli, 2006; Schmolcke and Zachos, 2005; Fahlke,
2009), including southern Germany (Jochim et al., 2015:
113). We suppose that this reflects the small percentage
of dated sites in Austria. The low density of elk remains
of Lower Holocene age in Austria, however, is consistent
with other studies, showing a conspicuous lack of elk fos-
sils from Southern Germany for this time interval despite
the presence of numerous karst pits e.g. on the Swabian
Alb, which acted as animal traps (Fahlke, 2009: 117). The
increasing density of elk remains in both southern Germa-
ny and Austria from the middle Holocene onward reflects
a southward expansion of this animal possibly due to a
successive opening of the initially dense forests as a result
of clearing and farming (Schmélcke and Zachos, 2005).

The youngest radiocarbon-dated elk find in Austria is an
antler from Gaflein Valley in central Tyrol (1285-1359 cal
BP or 665-591 AD; Fig. 2). This age interval is similar to the
youngest elk finds in the Swiss Alps: 1325-1538 cal BP or
625-412 AD (1535 + 55 BP) at Innerbergli, Hohgant (Morel,
1998), 1401-1689 cal BP or 549-261 AD (1630 + 50 BP) at
Elchldchli, Schrattenfluh (Blant, 2004) and 1574-1713 cal BP
or 376-237 AD (1748 + 20 BP) at Chromatte, Habkern (Blant
et al,, 2019). It was concluded that the elk disappeared in
Switzerland between the 5th and the 7th century AD, prob-
ably because of the shrinking of its habitat, possibly due
to increased pressure from humans (Morel, 1998). The only
exception are three elk remains from an archaeological site
at Frohburg/Trimbach which were indirectly dated to the
13th and 14th century AD (Markert, 1989).

The data from Austria confirm that the elk survived be-
yond Roman times in the Alps and became extinct in most
regions before the onset of the Middle Ages. The young-
est isolated elk finds in Austria were reported from an
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Fig. 6: Elevation distribution of Austrian elk finds.

excavated castle near Raabs an der Thaya (Pucher and
Schmitzberger, 1999) and a burial ground in Thunau am
Kamp (Kanelutti, 1990), both indirectly dated to the 10th
century AD (Supplementary Table 1).

5 Conclusions

Based on a comprehensive effort to identify all elk re-
mains ever found in Austria, which are spread over
many museums and collections, we established a da-
tabase of 107 sites, which allows to draw the following
conclusions:

- Theelkrecord is biased towards finds in the North-
ern Calcareous Alps where abundant caves acted
as animal traps.

- Elkremains from the last glacial period are present
locally but are not abundant.

- The apparent lack of elk remains from the Late
Glacial may reflect the low number of available ra-
diocarbon dates of this animal.

- 72% of all finds are Holocene in age, whereby up-
per Holocene finds dominate over those of middle
and lower Holocene age.

- Our compilation, augmented by new radiocarbon
dates from western Austria, show that elks were
present up to and even above the treeline in the
Austrian Alps and survived in diminishing popu-
lations almost until the onset of the Middle Ages.
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Appendix: The return of elks to Austria
For about a millennium no elks were seen in Austria.
Thanks to protection measures implemented in Russia
in 1919, the shrinking elk populations stabilised in Russia
and later also in Poland. Subsequently, a renewed south-
westward migration towards Central and Western Europe
started, with Germany being the western distribution lim-
it. In recent decades the population size of elks in North-
ern and Eastern Europe reached values probably higher
than ever before in the Holocene (Steiner, 1995). The
margins of the recent distribution areas are characterised
by oscillating migration into subarctic deciduous forests
and forest steppes and by fluctuating biogeographical
boundaries in the south and southwest (Nygrén 1986).
Starting from 1964 (Niederkapplim Muhlviertel) individ-
ual elks from two Czech populations reached also Austria
again (Steiner, 1995). Published data (e.g., Steiner, 1995)
and a database updated by T. Engleder (which records
data of migrating animals, direct observations, dead ani-
mals, tracks, track droppings, bitten shrubs as well as film
and photographic documents) reveal a strongly fluctu-
ating presence of elks between 1964 and 2016 (Fig. 8),
confined to the north(eastern) part of Austria. The elk
statistics could be slightly influenced by potentially dou-
ble-counting of migrating individuals between the Czech
Republic and Austria as well as between the Mihlviertel
and the Waldviertel.
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Fig. 7: Maps showing the distribution of lower, middle and upper Holocene elk remains in Austria. Yellow dots refer to Holocene sites where no sub-
division is possible.
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Increased sightings of elks were made after the opening
of the former“Iron Curtain”. Starting with these migration
waves, several attempts of younger elk individuals were
registered to establish themselves as resident species in
the north of the Austrian distribution area. Between 1964
and 2016, 20 adults with juveniles, respectively females
with calves, were recorded, among them two females
with two calves (June 1999 and December 2010). In 1999
it was observed how elks were attacked by a lynx. The elks
in northern Austria are cross-border commuters, where-
by the majority of them were born close to the border in
the Czech Republic.

There is a relationship between the decline of the recent
Austrian elk population and climate change, because fre-
quent hot and dry summers reduce the quality of food.
Long-term studies in Sweden have shown that the birth
weight of the calves consequently decreases consid-
erably and that numerous elks only have one calf, and
many others have none at all.

The loss of three female elks in the Czech Republic due
to accidents in recent years also had a major irreparable
impact on this small population near the border. The
outbreak of the bark beetle in 2015 and subsequent per-
sistent disruptions caused by forestry also exert a nega-
tive influence on the small Austrian elk population (T. En-
gleder, pers. comm. 2020).
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