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A Holocene fossil coleopteran (beetle) assemblage from the Central

Swiss Alps: Climate and ecology

MONIKA JOST-STAUFFER

Kev words: Fossil beetles. fen peat, palacoenvironment, timberline, Central Swiss Alps. Holocene

ABSTRACT

I'he beetle fauna of a fen peat melted out in pieces from below the retreating
Unteraar Glacier was examined. The sediment (12 kg of peat) yielded more
than 5000 insect fragments. Identification of the fossils provided a detailed pic-
ture about palacoenvironment in the Gletschervorfeld 3600-3800 yr BP ago.
Coleopterans living in marshy alpine arcas near lakes and running water asso-
ciated with reeds and moss dominate the assemblage. Species indicating per-
sisting snow patches even during summer months are Helophorus glacialis and
Nebria castanea. Many of the specimens reported live in flowering meadows
and shrubs (often Rhododendron, Alnus, Salix). There are several species in
the assemblage which are not known to live in the alpine zone (e.g. Stenus bi-
foveolatus. Gymnusa brevicollis). These observations and the total absence of
tree-dependent species suggest that the ancient Cyperaceae fen peat was grow-
ing in the subalpine dwarf-shrub heath - above the forest limit but below the
treeline. From the finding of wood fragments in the same deposits, the pres-
ence of isolated trees can be inferred, probably on the slopes where the condi-
tions were locally more favourable. Reconstructed July temperatures based
on the beetle assemblage yielded a mean value similar to today’s temperature
measured 5.5 km east from the site at Grimsel Hospiz.

ZUSAMMENFASSUNG

Im Zusammenhang mit dem aktuellen Gletscherriickzug wurde die Kaferfau-
na eines Flachmoores untersucht. das in Stiicken aus dem Unteraargletscher
geschmolzen wurde. Die Untersuchung von 12 kg Torf lieferte mehr als 5000
Insektenreste. Anhand der Fossilien war es moglich, ein detailliertes Bild der
Umgebung des Gletschervorfeldes vor 3600-3800 yr BP zu crhalten. Die
Fauna wird dominiert von Arten, die sumpfiges Habitat bevorzugen. in der
Nihe von Seen und fliessenden Gewissern leben und mit Seggen und Moos
assoziiert sind. Zwei Spezies (Helophorus glacialis und Nebria castanea) wei-
sen auf die Anwesenheit von Schneeflecken, auch wihrend der Sommermona-
te, hin. Viele der bestimmten Arten leben auf blithenden Wiesen und Biischen
(bevorzugt Rhododendron, Alnus und Salix). Es gibt mehrere nicht-alpine
Arten in der Faunenvergesellschaftung (z.B. Stenus bifoveolatus, Gymnusa
brevicollis). Diese Beobachtungen sowie die vollstandige Abwesenheit von
Coleopterenarten, die von Baumen abhingig sind. fiihren zum Schluss, dass
das Cyperaceen-Flachmoor zur Zeit seiner Entstehung in der subalpinen
Zwergstrauchstufe lag — oberhalb der Wald-. aber unterhalb der Baumgrenze.
Einzelne Holzfragmente in den torfigen Ablagerungen lassen auf die Existenz
cinzelner Baume in der Nihe schliessen. Wahrscheinlich wuchsen diese an den
Hingen, dhnlich der heutigen Situation, wo das Klima lokal vorteilhafter ist.
Die Kiiferfauna wurde zur Rekonstruktion einer mittleren Julitemperatur ver-
wendet. Sie ergab einen dhnlichen Wert dem heutigen, wie er 5.5 km weiter
ostlich am Talausgang beim Grimsel Hospiz gemessen wird.

Introduction

In the summer of 1995, tree stems and pieces of a Cyperaceae
fen peat were found in the Vorfeld of the Unteraar Glacier
(Central Alps of Switzerland) (Fig.1). Due to the actual re-
treat, they were eroded from the glacier’s bed. transported by
meltwater outburst and deposited just in front of the glacier at
an altitude of 1920 m a.s.l. It could be seen with the naked eye
that the cake-shaped organic sediment clasts were full of insect
fragments.

The analysis of coleopteran assemblages to reconstruct
palacoclimate and paleoenvironments is well established
(Atkinson et al. 1986, 1987; Coope et al. 1998). In the region of
the Alps, only a few investigations about fossil beetles have
been made so far. Ponel (1992, in: Tessier et al. 1993) used the

method to reconstruct timberline fluctuations in the French
Alps. A study of a high altitude site in the Pyrénées has re-
cently been carried out by the same author (Ponel et al. 1999).

During the last decades, different records have been in-
cluded to register Holocene climatic oscillations in the Alps.
Gamper & Suter (1982) made a compilation of data from dif-
ferent authors. <25 000 Jahre Gletschergeschichte™ is the title
of a publication where Furrer (1990) summarised twenty years
of research of Swiss glaciers at the University in Zurich. Sever-
al articles about treeline fluctuations in the Swiss Alps during
the Holocene are included in “Oscillations of the Alpine and
Polar Tree Limits in the Holocene™ (Frenzel, ed. 1993). Be-
side dendrochronology, glacial morphology. fossil soils, pollen
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and plant macrofossils. insect analysis is able to furnish impor-
tant data to complete the picture about Holocene palacoenvi-
ronment.

Locality and History

The Unteraar Glacier is situated north of the Grimsel Pass in
the Bernese Oberland. It is the fourth largest ice-stream of
the Alps. Zumbiihl (in: Zumbiihl & Holzhauser 1988) de-
scribes the Unteraar Glacier as the cradle of glacial field re-
search: the first cartographic depiction dates back to the begin-
ning of the eighteenth century. Famous naturalists like
Scheuchzer. Escher. Agassiz and others visited and described
the impressive glacier. which is 6 km long today. Since 1876,
the Unteraar Glacier has been retreating at an average of 16.9
m per year (*Data from World Glacier Monitoring Service).
Investigations did not stop in this century. Frey (1921, 1922)
made detailed descriptions about the vegetation before inun-
dation. In 1931 the Vorfeld Aarboden was dammed to gain hy-
droelectric power. Glaciological studies were carried out by
Haefeli (1970), Gudmunsson (1994) and others. The area of
the Grimsel Pass attracted entomologists too (C. Huber. per-
sonal communication 1999). As far as the author knows, how-
ever, there is no literature which deals specifically with the Un-
teraar region. The finds made by different collectors were
recorded in general overviews of distribution of beetle species
in Switzerland (e.g. Marggi 1992, Puthz 1981, Comellini 1974).

Radiocarbon dating

To date the peat. six radiocarbon measurements were carried
out by Hormes et al. (1998). Five twigs of Salix sp. extracted
from the peat and one bulk sample were dated. The measure-
ments were made at the underground laboratory of Climate
and Environmental Physics at the University of Bern using the
conventional B-counting method. The samples yielded ages be-
tween 3789 + 25 and 3622 + 31 conventional radiocarbon years
before present. According to the small range of *C-dated sam-
ples, we conclude that they belong to the same fen peat unit.

Material and Methods

Thirteen peat samples of 1 kg to 5 kg were processed. They
were sawed into two halves. One half was used for insect
analysis, the second half put aside for '*C and other investiga-
tions. The compressed and hard peat was composed of sedges.
brown moss. flattened twigs and silty layers. Twelve kilograms
of sediment yielded more than 5000 insect fragments.

> World Glacier Monitoring Service. Swiss Federal Institute of Technolo-
gy. Laboratory of Hydraulics. Hydrology. and Glaciology. Gloriastrasse 37/39.
CH-8092 Zurich. Switzerland
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To extract the insects. the standard process described by
Coope (1986) and Elias (1994) was applied. In a first step, the
sediment was put in a plastic bowl and soaked in water, then
gently split by hand along the lavers. Due to its solid consisten-
cy. the material had to be soaked in a weak sodium carbonate
(Na>COs) solution for several days and heated at low tempera-
ture for a few hours. The sediment was dispersed again by
hand. To remove mineral particles such as silt and fine sand,
the slurry was washed several times through a sieve of 300 mi-
cron mesh diameter. Once the detritus had been screenced. a
handful of the residue was placed in a bowl and thoroughly
mixed with paraffin. This treatment makes the smooth imper-
meable insect sclerites adhere to the oil. When cold water is
added to the mixture, the oil and insects float on the surface.
The floating fraction was carefully decanted. This process had
to be repeated until no insect remains were floating on the sur-
face anymore. To remove the paraffin. the concentrate was
first washed with detergent and then with ethanol. Since some
plant debris was inevitable decanted together with the insect
remains, the decanted fraction had to be sorted under a binoc-
ular microscope. Heavily scleroticised fragments of Coleopter-
ans were mounted on cards used in micropalacontology with a
water-soluble glue. Frail and small elements were put in vials
and stored in ethanol.

Insect analysis

Identification of fossil insects requires a modern reference col-
lection. Keys of present-day Coleoptera are based on ex-
oskeletal criteria and therefore useful to distinguish fossil
species. However, as they are always based on whole speci-
mens, they are helpful only to certain extent. An exception is
Goecke (1943) who provides a key to the elytra of european
Donaciinae (leaf beetles). In general. we worked with the se-
ries of Freude et al. (1964-83) and the supplementary volumes
of Lohse & Lucht (1992). The illustrations in Reitter (1908-16)
were useful in cases where the assignment to a family was diffi-
cult. Special literature was needed for Helophorus sp. (Angus
1992), the Omaliines (Zanetti 1987), Olophrum sp. (Campell
1983) and Aphodius sp. (Dellacasa 1983). In many cases. direct
comparison with modern material combined with taxonomic
instruction led to successful identification.

However there are groups of beetles that cannot be identi-
fied to species level if only preserved in fragments. One exam-
ple is the subfamily Aleocharinae. Individuals that could not
be unambiguously assigned to a species (indicated by “cf.”)
were not included in ecological and climatic interpretation of
the fauna. Specimens identified by the author were checked by
different specialists.

In some cases, male genitalia found in the sediment could
be assigned to a genus. The aedeagus (male genitalia) is diag-
nostic for many coleopteran species and the most certain crite-
rion for identification. Several abdomens of the staphilinid
beetle Stenus bifoveolatus were preserved together with the
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Plate 1.

Fragments of fossil Coleoptera photographed with different techniques

I'he scale baris I mm in a. and 0.25 mm in b-i Figs. d-i scanning electron micrographs
d head of male Anthophagus alpinus (F.)
Fig. a photographed with digital camera € head of Eucnecosum brachypterum (Grav.) / tenue (LeConte)
left elytron of Nebria castanea Bon. f pronotum of Qlophrum consimile (Gyll.)
g left elytron of Helophorus glacialis Villa
Fig.b and ¢ conventional photographs on microscope h right elytron of Gymnusa brevicollis (Payk.)
b modern (left) and fossil (right) aedeagus of Agabus congener (Thunb.) 1 head and pronotum of Stenus bifoveolatus Gyll

¢ pronotum of Agabus congener (Thunb.)
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aedeagus. After the provisional identification of a pronotum as
Agabus congener (Dytiscidae) (Plate 1, Fig. ¢), we recognised
an isolated male genitalia of this species in the same sample
(Plate 1, Fig. b), which confirmed the identification.

Faunal assemblage

The most abundant sclerites found in the peat are derived
from beetles. Remains from spiders, ants, caddisflies, mites.
Chalcidoidea, Tipulidae and Diptera were picked out and
stored but not yet further identified. In the discussion of the
beetle assemblage. the fossil content of the thirteen samples
will be considered as a single unit since they are very similar to
one another and the radiocarbon dates suggest that they all be-
long to the same fen peat unit.

For each species in the faunal list (Table 1), the minimum
number of individuals is calculated from the maximum number
of any identifiable skeletal element. An example: Four left ely-
tra, two right elytra, three pronota and one head of a certain
species gives a minimum number of four individuals.

The abundance of staphilinids (rove beetles) in species and
number of individuals is remarkable. Eucnecosum brachypte-
rum/tenue, Olophrum consimile and Stenus bifoveolatus (Plate
1, Fig. e, f, i) are represented by hundreds of fragments. All
three species are hygrophilous and require a similar habitat. It
has to be mentioned that Stenus bifoveolatus and Gymnusa
brevicollis (Plate 1, Fig. h) are not occurring in the alpine zone
(Koch 1989).

Olophrum consimile (Gyll.) associated with Cyperaceae. Graminae
formerly Olophrum alpinum (Heer) and moss along running water in alpine
habitats (pers. comm. Zanetti 1999)
associated with Cyperaceae in alpine
lakes and marshes (pers. comm. Zanetti
1999)

typical marsh inhabitant, occurring
from the plain up to 1800 m a.s.l. (pers.
comm. Puthz 1998)

mires, marshy surroundings, tyr-
phophilous, often in Sphagnum. not
alpine (Koch 1989)

Eucnecosum tenue (LeConte)

Stenus bifoveolatus Gyll.

Gymnusa brevicollis (Payk.)

Aquatic species such as the dytiscid beetles Agabus congener,
Hydroporus memnonius and Hydroporus nigrita are found in
marshy waters. Focarile (1981) reports H. memnonius as typi-
cal for small lakes with vegetation at altitudes of 1900-2000 m
in Kanton Tessin.

Hydroporus nigrita (F.) cold-stenothermal. acidophilous. shady
springs. fen pools and mountain
streams, forest streams rich with leaves
(Koch 1989)

stenotopic, acidophilous, marshy wa-
ters, pools in wood rich with leaves
(Koch 1989)

stenotopic, marshy waters (Koch, 1989).
Recorded as high as 2200 m as.l
(Freude, Harde & Lohse 1971)

Hydroprous memnonius Nic.

Agabus congener (Thunb.)
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There are several cold-stenothermic species belonging to dif-
ferent families. Among the Carabidae (ground beetles) there is
Nebria castanea (Plate 1. Fig. a). a wingless species, which is
often found near melting snow. The dung beetle Aphodius ab-
dominalis is mainly reported from the dwarf-shrub heath and
along snowfields. Focarile (1985) mentions the staphilinid
Quedius punctatellus as a species living in alpine meadows and
accidentally occurring in the Alnetum. According to Koch
(1989) it is also found in snow depressions. Horion (1965) re-
ports that it is frequently occurring in subalpine forests.
Among the cold tolerant taxa the water beetle Helophorus
glacialis (Plate 1. Fig. g) needs the most severe climatic condi-
tions. It lives on the edges of snow patches and in meltwater
ponds. The presence of this hydrophilid “suggests the persis-
tence of snow-patches in summer™ (Ponel 1997).

Nebria castanea Bon. everywhere in mountain areas, damp
and wet sites, mostly close to melting
snow (Marggi 1992)

Helophorus glacialis Villa “a northern and mountain species ... It

is typically found in areas just uncov-
ered by melting snow™ (Angus 1992)
numerous in moss. at high altitudes
(Comellini 1997). Forests. zone of larch
and green alder. alpine meadows, snow
depressions (Koch 1989)

Quedius punctatellus Heer

Aphodius abdominalis (Bon.) mainly in the dwarf-shrub heath. also in
Loiseleurieuan and on the cedges of

snow patches (Koch 1989)

Beside the already mentioned species living in moss and reeds,
the surrounding vegetation is indicated by some Omaliines, a
subfamily of staphilinids. They indicate flowering meadows
and brushwood (Zanetti 1987). The aquatic leaf beetles Dona-
cia and Plateumaris feed on different sedges. As its name im-
plies, the small weevil (Curculinoidae) called Rhynchaenus
salicis depends on the willow (Salix sp.).

Eusphalerum alpinum (Heer) flowering meadows in subalpine and
alpine regions (Zanetti 1987)

flowering shrubs. especially Alnus and
Rhododendron (Zanetti 1987)

on shrubs, mountainous and subalpine
regions (Zanetti 1987)

on shrubs, especially Rhododendron
subalpine regions (Zanetti 1987)

on shrubs. mountainous and subalpin¢
regions (Zanetti 1987)

oligophagous on Carex sp. (Koch 1992)
oligophagous on Salix sp. (Koch 1992)

Amphichroum hirtellum (Heer)
Anthophagus bicornis (Block)
Anthophagus alpinus (F.)
Anthophagus omalinus (Zett.)

Plateumaris sericea (L.)
Rhynchaenus salicis (L.)

Before drawing any conclusions about paleoecology. we have
to ask whether the fauna in this present case is autochthonous,
(Ponel & Richoux 1997). Many beetles are good fliers or can
be transported by wind. Further, streams could have brought
in some of the insects. Ponel (1997) examined a high altitude
site in the Northern Apennines and reported an influx of wind-
blown elements. Kenward (1975, 1976) investigated death as-
semblages from a drain and from roof gullies. He emphasises



that the background fauna (i. e. the transported component)
may be predominant where the local fauna is sparse. For Ken-
ward. reliable evidence that fossils lived close to the point of
deposition is the abundance of a group of species with similar
requirements, as long as the total fauna is large. If a certain
'species is represented by numerous individuals, it could be an
indication that it was attracted to the site of the deposit or its
surroundings or maybe even that it did breed there. These con-
ditions recommended for the reconstruction of past environ-
ments at the Unteraar site are fulfilled: The fauna is large.
some species are represented by a large number of individuals.
The fossil assemblage contains many species of different fami-
lics with very similar ecological requirements. Even very frail
sclerites are in a good state of preservation, which indicates
that they have not been transported over long distances after
death. Fossils of insects and their host plants when found to-
gether in the same samples confirm that the assemblage is
largely in situ.

The ecology depicted by the beetle fauna is very consistent
in itself. An overwhelming abundance of hygrophilous
Coleoptera suggests a marshy habitat with a pond but also run-
ning water nearby. Species exclusively dependent on trees are
absent. There are some species in the assemblage though that
are not known to occur in alpine areas. The information fur-
nished by different specimens about the vegetation indicates a
position in the dwarf-shrub heath. We locate the ancient fen
peat in the upper subalpine zone, above the forest limit but
below treeline.

Climatic reconstruction

Quantitative estimates of paleotemperatures based on
colecopteran assemblages can be made by using the Mutual Cli-
matic Range method (MCR). This method, developed by
Atkinson et al. (1986) uses the correlation between the mod-
ern distribution of a particular beetle species and thermal cli-
matic factors, which are measured by meteorological stations.
Each species can be plotted on a climatic envelope defined by
Tmax (the mean temperature of the warmest month) and Trange
(the difference between the mean temperature of the warmest
month and the mean temperature of the coldest month). Tnin
(the mean temperature of the coldest month) can be calculated
from these two co-ordinates. The area of overlap of the climat-
ic envelopes of the species comprising the fossil community is
called the mutual climatic range and defines the paleoclimatic
conditions. Tests of this method on modern beetle faunas
showed slight systematic deviations which can be avoided
using correction equations (Atkinson et al. 1987). In the fol-
lowing case we applied the slightly revised version of the re-
gression equations as published in Coope et al. (1998).

To reconstruct Tmax and Tmin from the Unteraar fen peat,
twelve species with established climatic envelopes were used:

Nebria rufescens
Pterostichus diligens/strenuus

Hydroporus memnonius

Agabus congener

Helophorus glacialis

Omalium excavatum
Eucnecosum brachypterum/tenue
Acidota crenata

Anthophagus bicornis

Tachinus elongatus

Gymnusa brevicollis

Aegialia sabuleti

Calculation of temperature for this assemblage provided the
following results:

Unteraar, 1920 m a.s.l.. 3789 + 25 to 3622 + 31 yr BP (*C age)
Tmax median (calibrated) = 9.0°C
Tmin median (calibrated) -7.7°C

1l

These temperatures may be compared with the actual ones,
measured at the Grimsel Hospiz, 5.5 km east of the Unteraar
site (Fig. 1):

Grimsel Hospiz, 1950 m a.s.l., 1964-1998
average temperature of July =
average temperature of January = -

Nel
'v.)':j)
a0

‘N

It is conspicuous how similar Tmay, inferred from the fossil bee-
tle assemblage. is to the average of the measured July temper-
atures of the last 35 years at Grimsel Hospiz. According to
these values it was slightly cooler during the warmest month
(0.5°C) between 3800 and 3600 yr BP than today. But this
small difference is probably within the experimental limits of
the MCR method. The value calculated by the MCR method
for the coldest month (Tmin) suggests a temperature in January
that was about 2.5°C lower.

Comparing temperatures from Unteraar and the Hospiz
however we have to bear in mind that in spite of the short dis-
tance microclimate can be different. Frey (1921, p.107) reports
that temperatures measured in summer 1918 at the bottom of
the valley near the glacier were 2° C higher than further along
the valley. Further on it is likely that the water sheet of the
dammed Unteraar Lake influences (buffers) the temperatures
at Grimsel Hospiz today.

Discussion and Conclusions

During the growth of the fen peat, the Unteraar Glacier was
smaller than today. The fossil beetle assemblage contains no
tree-dependent species suggesting that trees may not have
been growing in the immediate vicinity of the peat at that
time. Among the dated wood fragments however (Hormes et
al. 1998), there were three samples within the range of peat
growth. One sample was Pinus cembra, another Picea sp. and
a third either Picea or Larix. In the peat we found a male in-
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Table 1. List of Coleoptera arranged in the systematic order proposed by Freude, Harde and Lohse (1965-83). The numbers indicate the minimum number of
individuals per sample.

Species Sample number

Total
| 2 3 4 S 6 7 8 9 10 11 12 13 numberof

individuals

CARABIDAE
Cicindela hyvbrida transversalis Dej. 1 - - - - - . - - - - - -

Nebria rufescens Strom ] E - 2 - 5 5 < 5 3 = s s

[ J S ey

Nebria castanea Bon. - = | ” = w - - - | - - ]
Pterostichus strenuus (Panz.) /
diligens (Sturm)

DYTISCIDAE

Hydroporus nigrita (F.) - 2

O 9
'
'
'
'
'
'
'

Hydroporus memnonius Nic. 1 -

N
'
4+
'
'
~

Hydroporus spp. ] -
Agabus biguttatus (Ol.) 1 z 5 = s . s 2 . " s = e

1
Agabus congener (Thunb.) = = | - = » = - - 1 - ] - 3
Agabus cf. congener - - - - - - - - - . - - | |

1

Agabus sp. = | & & - o = = - o - - -

HYDROPHILIDAE
Helophorus glacialis Villa - 1 - | -4 - | 119 3 - 1 31
Enochrus ochropterus (Marsh.) - - - - - - = = = ] = = = |

Enochrus ochropterus (Marsh.) /
quadripunctatus (Hrbst)

STAPHILINIDAE

cf. Proteinus - - - - - - - 1 - - - - -
Eusphalerum alpinum (Heer) 2 - | - - = - = | 3 2 = &
Eusphalerum ct. alpinum - - . - - = s - - 2

Eusphalerum anale (Er.) - - - - - 1 - - s 5 s : -
Eusphalerum cf. limbatum (Er.) - - = = = = . = « ] = = R
Eusphalerum spp. 2 2 - - 1 - 2 - 2 6 2 1 - 18
Omalium caesum Grav. - 1

Omalium excavatum Steph. | - ]

Omalium sp. - - 1 - 1 1 - 1 - - - - 2 6
Olophrum consimile (Gyll.), 7
jun. syn. O. alpinum (Heer)

Olophrum sp. 31 2 2 11 2 2 - 6 1 1 12 1 23 94

FEucnecosum brachypterum (Grav.) / 68 122 13 53 23 10 8 26 8 117 95 122 59 724
tenue (LeConte)

Acidota crenata (F.) - = 5 = % = & 5 1 = s = s 1
Amphichroum canaliculatum (Er.) /

16 12 9 10 5 7 6 3 51 24 5 2 175

hirtellum (Heer) r 6 - 1 6 - 1 1 3 1 - - - 20
Amphichroum hirtellum (Heer) 6 2 - 4 1 - - - 30 111 5 71
Lesteva cf. monticola Kiesw. - - 5 - - - S s ] = z = ]
Anthophagus bicornis (Block) - - - = - ] - = - - ] - . o)
Anthophagus cf. bicornis 1 - 2 - - - - - - ] - - - 4
Anthophagus alpinus (F.) ) 1 - - 2 5 - - -9 4 - - 26
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Anthophagus alpinus (F.) / fallax Kiesw.
Anthophagus omalinus Zett.
Anthophagus cf. omalinus
Anthophagus cf. alpestris Heer
Anthophagus spp.

Stenus ct. gallicus Fauv.
Stenus cf. pusillus Steph.
Stenus cf. oscillator Rye
Stenus bifoveolatus Gyll.
Stenus sp.

Philonthus spp.

Gabrius spp.

Quediini indet

Quedius punctatellus Heer
Quedius spp.

Mycetoporus s.1.

Tachinus elongatus Gyll.
Aleocharinae indet

Gymnusa brevicollis (Payk.)

SCARABAEIDAE
Aegialia sabuleti (Panz.)
cf. Aegialia sabuleti

Aphodius abdominalis (Bon.)

SCIRTIDAE
Cyphon sp.

BYRRHIDAE

Chvtilus sericeus (Forst.)
Chvtilus sericeus (Forst.) /
auricomus (Duft.)
Bvrrhus sp.

CHRYSOMELIDAE
Donacia impressa Payk.
Donacia impressa Payk. /aquatica (L.)
Donacia cf. brevitarsis Thoms.
Donacia obscura Gyll.
Donacia cf. obscura

Donacia cf. thalassina Germ.
Donacia vulgaris Zsch.
Donacia spp.

Plateumaris sericea (L.)
Phratora sp.

Altica ct. Iythri Aubé

Altica sp.

CURCULIONIDAE
Curculinidae indet
Rhynchaenus salicis (L.)

Rhynchaenus sp.
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Fig. 1. Map of Switzerland and the Grimsel arca with the location of the site

florescence of Pinus (not P. cembra, pers. comm. M. Winter
1999). We do not consider these facts to be contradictory. It
has to be taken into account that the fen peat was located in
the Vorfeld of the former glacier where the conditions for tree
growth are not favourable due to the unstable geological
regime (braided river system). On the vegetation map by Frey
(1921), where the situation before inundation is depicted, we
find no trees in the Aarboden (Vorfeld / bottom of the valley).
He reports that Pinus cembra, Larix decidua, Betula alba pre-
fer to grow on the slopes where they are spread as far as the
terminus of the glacier. Pinus cembra occurs up to 2100 m
a.s.l. on the southerly exposed slope, called “Sonnige Aar™
(Fig. 1), and up to an elevation of 2080 m a.s.l. on the norther-
ly exposed slope. A similar situation for the period of 3800
3600 yr BP is conceivable but further upvalley. The fact that
the Gletschervorfeld was not forested, indicated by the ab-
sence of tree-dependent Coleoptera and the abundance of
species living on flowering shrubs and herbs, rules out a tim-
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berline much higher than today. This conclusion is supported
by other authors who have tried to locate the elevation of tim-
berline in the Swiss Central Alps for this period. Welten
(1982), who has made extensive investigations about vegeta-
tion history in the Western Swiss Alps. has shown that the era
of good alpine forests and high elevation of the timberline
lasted until 5000-4000 yr BP. Use by Neolithic man and cattle
brought about an end to this period. The event coincides with
the mass expansion of Alnus viridis. Palacobotanical data of
Tinner et al. (1996) show that Alpe Essertse in the Valais was
covered with a forest of Pinus cembra and Larix decidua up to
at least 2343 m a.s.l. from 9500 to 3600 yr BP. After 4700 yr
BP the forest became more open and timberline moved down
either due to climatic changes or human impact. Wick (in:
Wick & Tinner 1997) reports mass expansion of Alnus viridis
and a continuous downward movement of the timberline at
Lago Basso (2250 m a.s.l.) in the Italian Central Alps between
4500 and 3000 yr BP.



Although fluctuation of timberline can indicate climatic
changes. estimations of paleotemperatures are difficult to
make (Markgraf 1974). A rough approximation is the coinci-
dence of the timberline with the 10°C July isotherm (Eggen-
berg 1995). Investigations of fossil coleopteran assemblages
render a helpful contribution to the question of paleotempera-
tures (Coope et al. 1998: Ponel et al. 1999).

The period between 4400 and 3600 yr BP is known as the
Postglacial Climatic Optimum in the Swiss Alps. Dendroclima-
tology indicates the longest time span with temperatures above
the average between 3760 and 3600 yr BP (Gamper & Suter
1982). For the Eastern Alps. Patzelt suggested mean summer
temperatures had been the same as today between 4100 and
3500 yr BP (in: Slupetzky et al. 1998). He postulated (Patzelt
1977) that summer temperatures during the last 9500 years did
not fluctuate more than 1.5°C over a longer time span. The
study of the fossil beetle assemblage suggests a similar July
temperature (9.0°C) at Unteraar between 3800 and 3600 yr BP
as today (9.5°C). Calculated mean temperature for the coldest
month is =7.7° C compared to the average of the last 35 years
at Grimsel Hospiz with —=5.3° C in January.

Acknowledgements

In particular I would like to thank Professor Ch. Schliichter (Bern) who initi-
ated the project and provided the financing. In the Quaternary Entomology
Laboratory of Fargo. North Dakota State University. I was introduced to the
technique of extracting fossil beetles and collecting living ones in the field. The
weeks Ispent with Professor A. Ashworth and his team were very stimulating!
I am indebted to Professor R. Coope who has always had time to teach me
identification during his visits to Switzerland. His valuable comments greatly
improved the content of this paper. Many questions were answered by Dr. P.
Ponel (Marseille) and Dr. S. Elias (Boulder) and I thank them for their sup-
port. I am grateful for the help of several specialists who made or checked the
identifications of my beetles: R. Angus. M. Brancucci. M. Doberl. J. Gebert. E.
Geiser. C. Huber. B. Klausnitzer. W. Marggi. M. Miler. V. Puthz. Special
thanks are due to Dr. A. Zanetti in Verona whose comments on the subfamily
of Omaliines improved the accuracy of the faunal list. At the Museum of Nat-
ural History in Bern I always felt welcome. I had access to the collection and
was given assistance by the members of the Invertebrates Department. With
Anne Hormes I had inspiring discussions about the Unteraar peat. It was nice
to have someone working on the same site. Many thanks go to Emma Jane
Sayer and Dr. W. Shotyk for proof-reading.

REFERENCES

ANGUs, R. 1992: Insecta: Coleoptera: Hydrophilidae: Helophorinae. In:
Schwoerbel. J. & Zwick. P.. editors, Siisswasserfauna von Mitteleuropa
20/10-2. Stuttgart: Gustav Fischer Verlag, 1-144.

ATKINSON, T. C.. BRIFFA, K. R.. COOPE. G. R., JOACHIM. M. J. & PERRY. D. W.
1986: Climatic calibration of coleopteran data. In: Berglund. B. E.. editor.
Handbook of Holocene Palacoecology and Palacohydrology. London:
John Wiley. 851-858.

ATKINSON, T. C.. BRIFFA. K. R. & Coort. G. R. 1987: Seasonal temperatures
in Britain during the past 22.000 years. reconstructed using bectle re-
mains. Nature 325, 587-592.

CAMPELL, J. M. 1983: A revision of the North American Omaliinae (Coleop-
tera Staphilinidac): The genus Olophrum Erichson. Canadian Entomolo-
gist 115.577-622.

COMELLINI. A. 1974: Notes sur les Coléopteres Staphylinides de haute altitude.
Revue suisse de zoologie 81/2, 511-539.

CoopE, G. R. 1986: Coloeptera analysis. In: Berglund. B. E.. editor, Hand-
book of Holocene Palacoecology and Palacohydrology. London: John
Wiley. 703-713.

Coore, G. R.. LEMDAHL, G.. LOWE. J. J. & WALKING, A. 1998: Temperature
gradients in northern Europe during the last glacial-Holocene transition
(14-9 14C kyr BP) interpreted from coleopteran assemblages. Journal of
Quaternary Science 13/5. 419-433.

DELLACASA, G. 1983: Monografie, I - Sistematica ¢ nomenclatura degli Apho-
diini italiani (Coleoptera Scarabacida: Aphodiinac). Torino: Museo regio-
nale di Scienze Naturali. 463 p.

EGGENBERG. S. 1995: Ein biogeographischer Vergleich von Waldgrenzen der
nordlichen, inneren und stdlichen Schweizeralpen. Mitteilungen der Na-
turforschenden Gesellschaft in Bern, N.F. 52, 97-120.

ELias, S. AL 1994: Quaternary Insects and Their Environments. Washington:
Smithsonian Institution Press. 284 p.

FocARILE. A. 1981: Connaissance actuclles sur les Coléopteres de haute altitu-
de du Tessin. Bollettino della Societa Ticinese di Scienze Naturali 69/2.
21-51.

- 1985: Le cenosi fitosaprobie di Coleotteri in lettiera di Ontano Verde
(Alnus viridis Chaix) nelle Alpi occidentali. Bollettino del Museo regiona-
le di scienze naturali. Torino 3/1. 79-126.

FRENZEL. B. (editor). 1993: Oscillations of the Alpine and Polar Tree Limits in
the Holocene. Palacoclimate Rescarch 9. Stuttgart: Gustav Fischer Ver-

lag. 234 p.

FrREUDE, H., HARDE. K. W. & LoHSE, G. A. (editors) 1964-83: Dic Kifer Mit-
teleuropas 1-11. Krefeld: Goecke & Evers Verlag.

FREY, E. 1921: Die Vegetationsverhiltnisse der Grimselgegend im Gebiet der
zukiinftigen Stauseen. Mitteilungen der Naturforschenden Gesellschaft in
Bern. Heft VI, 85-281.

1922: Die Arven- und Lirchenbestinde im Unteraartal. Schweizerische
Zeitschrift fur Forstwesen 73/1 + 2. 10.

FURRER. G. 1990: 25 000 Jahre Gletschergeschichte dargestellt an einigen Bei-
spiclen aus den Schweizer Alpen. Veroffentlichung der Naturforschenden
Gesellschaft in Ziirich im Anschluss an den Jahrgang 135 der Viertel-
jahrsschrift, Heft 5.

GAMPER, M. & SUTER, J. 1982: Postglaziale Klimageschichte der Schweizer
Alpen. Geographica Helvetica 37/2, 105-114.

GOECKE, H. 1943: Monographie der Schilfkifer. II. Die fossilen Funde und
ihre Bestimmung. In: Aberhalden. E.. editor. Nova Acta Leopoldina,
Neue Folge. Band 12, Nummer 86, 339-380.

GUDMUNSSON, G. H. 1994: Convergent glacier flow - a case study: The Unter-
aarglacier. Mitteilungen der Versuchsanstalt fiir Wasserbau, Hydrologie
und Glaziologie der Eidgenossischen Technischen Hochschule Ziirich
131. 120 p.

HAEFELL, R. 1970: Changes in the behaviour of the Unteraargletscher in the
last 125 years. Journal of Glaciology 9/56. 195-212.

HORION. A. 1965: Faunistik der mitteleuropiischen Kifer, Band 10. Uberlin-
gen-Bodensee: Kommissionsverlag Buchdruckerei Aug. Feyel.

HORMES. A.. SCHLUCHTER, C. & STOCKER, T. F. 1998: Minimal extension pha-
ses of Unteraarglacier (Swiss Alps) during the Holocene based on C
analysis of wood. Radiocarbon 40/2. 809-817.

KENWARD, H. K. 1975: Pitfalls in the Environmental Interpretation of Insect
Death Assemblages. Journal of Archaeological Science 2. 85-94.

- 1976: Reconstructing ancient ecological conditions from insect remains:
some problems and an experimental approach. Ecological Entomology 1.
7-17.

Koch, K. 1989-92: Die Kifer Mitteleuropas. Okologie 1-3. Krefeld: Goecke
& Evers Verlag.

Lonse. G. A. & LucHT, W. H. 1992: Die Kafer Mitteleuropas. 2. Supplement-
band mit Katalogteil, Krefeld: Goecke & Evers Verlag.

- 1994: Die Kifer Mitteleuropas. 3. Supplementband mit Katalogteil. Kre-
feld: Goecke & Evers Verlag.

MARGGI, W. A. 1992: Faunistik der Sandlaufkéfer und Laufkifer der Schweiz
(Cicindelidae & Carabidae) Coleoptera. Documenta Faunistica Helvetiae
13. Teil 1/Text, Teil 2/Verbreitungskarten, 477 p. and 243 p.

MARKGRAF, V. 1974: Palacoclimatic evidence derived from timberline fluctua-
tions, Colloques Internationaux du C.N.R.S N° 219, 67-77.

A Holocene fossil beetle assemblage from the Swiss Alps 489



PaTzELT, G. 1977: Der zeitliche Ablauf und das Ausmass postglazialer Klima-
schwankungen in den Alpen. In: Frenzel, B.. editor. Dendrochronologie
und postglaziale Klimaschwankungen in Europa. Erdwissenschaftliche
Forschung, 13. Wiesbaden: Steiner, 248-259.

PoneL, P.. pE BeEauLiEu, J.-L. & ToBorski, K. 1992: Holocene palacoenvi-
ronments at the timberline in the Taillefer Massif. French Alps: a study of
pollen, plant macrofossils and fossil insects. The Holocene 2/2. 117-130.

PONEL, P. 1997: Late Pleistocene Coleopteran Fossil Assemblages in High Al-
titude Sites: a Case Study from Prato Spilla (Northern Italy). Quaternary
Proceedings 5. Chichester: John Wiley, 207-218.

PoNEL, P. & RicHoux, P. 1997: Difficultés d'interprétation des assemblages de
Coléopteres fossiles quaternaires en milieu d'altitude. GEOBIOS. M¢-
moire spécial n” 21, 213-219.

PoNkeL, P.. Coore, G. R.. ANDRIEU-PONEL, V. & REILLE. M. 1999: Colcop-
teran evidence for a mosaic of environments at high altitude in the eastern
Pyrénées. France. during the climatic transition between the Allerpd and
Younger Dryas. Journal of Quaternary Science 14/2, 169-174.

PuTHZ, V. 1981: Beitrag zur Faunistik der Staphiliniden der Schweiz (Coleop-
tera, Staphilinidac). Mitteilungen der Schweizerischen Entomologischen
Gesellschaft 54, 165-170.

REITTER, E. 1908-16: Die Kifer des Deutschen Reiches I-V, Fauna Germani-
ca. Stuttgart: K.G. Lutz Verlag.

490 M. Jost-Stauffer

SLupeTsKY, H.. Krisal, R. & Lies, K. 1998: Hinweise auf kleinere Gletscher-
stande der Pasterze (Nationalpark Hohe Tauern, Karnten) im Postglazial
- Ergebnisse von *C-Daticrungen und Pollenanalysen. Wissenschaftliche
Mitteilungen aus dem Nationalpark Hohe Tauern Band 4. 225-240.

TessiER, L., DE BEaULIEU, J.-L.. COUTEAUX. M., EDOUARD. J.-L.. PONEL, P.
ROLANDO. C.. THINON. M., THOMAS, A. & ToBotskl, K.. 1993: Holocene
palacoenvironments at the timberline in the French Alps — a multidiscipli-
nary approach. Boreas 22, 244-254.

TINNER, W.. AMMANN B. & GERMANN P. 1996: Treeline Fluctuations Recor-
ded for 12,500 Years by Soil Profiles, Pollen. and Plant Macrofossils in the
Central Swiss Alps. Arctic and Alpine Rescarch 28/2. 131-147.

WELTEN, M. 1982: Vegetationsgeschichtliche Untersuchungen in den westli-
chen Schweizer Alpen: Bern — Wallis. Denkschriften der Schweizerischen
Naturforschenden Gesellschaft 95, 104p.

WicK. L. & TINNER, W. 1997: Vegetation Changes and Timberline Fluctuati-
ons in the Central Alps as Indicators of Holocene Climatic Oscillations.
Arctic and Alpine Research 29/4, 445-458.

ZANETTI, A. 1987: Coleoptera Staphilinidac Omaliinae. Fauna d'Ttalia 25. Bo-
logna: Calderini. 472 p.

ZUMBUHL, H. J. & HoLzHAUSER. H. 1988: Alpengletscher in der Kleinen Eis-
zeit. Die Alpen 64/3. Sonderheft. Bern: Schweizer Alpen-Club. 322 p.

Manuscript received October 28, 1999
Revision accpted May 25, 2000



	A Holocene fossil coleopteran (beetle) assemblage from the Central Swiss Alps : climate and ecology

