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Response times in bio- and isotope-stratigraphies to
Late-Glacial climatic shifts — an example from lake deposits

By Bricitta AMMANN')

ABSTRACT

Changes in vegetation, insect assemblages and oxygen-isotope ratios between 14,000 BP and 9,000 BP and
their climatic interpretation are summarized for Lobsigensee, a site in the Swiss lowland. A Juniperus peak, the first
occurrence of Typha latifolia, a first find of Donacia cinerea and a shift in 8'*O all point to rapidly increasing tem-
peratures at around 12,600 BP. A second rise in temperature is recorded by vegetation and oxygen isotopes at
around 10,000 BP.

8'%0, beetles and waterplants seem to reflect the climatic change with no or very short response-times. Corylus,
however, arrives after a long lag, which may partly be due to slow dispersal, partly to high seasonality (very cold win-
ters) during the Younger Dryas (11,000 to 10,000 BP).

In order to understand the biotic response to a changing climate, it is necessary to study not only closely tracing
species, but a variety of taxa with different life-cycle characteristics.

ZUSAMMENFASSUNG

Vom Lobsigensee im Berner Mittelland werden Veranderungen der Vegetation, der Insekten-Fauna und der
Sauerstoffisotopen-Verhaltnisse sowie deren klimageschichtliche Interpretation fiir den Zeitraum 14 000-9 000 BP
zusammengefasst. Um 12 600 BP fallen eine rasche Ausbreitung des Wacholders (Juniperus communis), erstes Auf-
treten von Breitblattrigem Rohrkolben (Typha latifolia) und erste Funde des Schilfkafers (Donacia cinerea) mit einem
Sprung in der Kurve des 8'%0 der Seekreide zusammen; alle diese Beobachtungen deuten auf einen raschen Tempe-
ratur-Anstieg. Ein zweiter solcher Anstieg wird aus den Verdnderungen der Vegetation und des 8'*0 um 10 000 BP
gefolgert.

8'80 im prazipitierten Karbonat, Kifer und Wasserpflanzen scheinen Klimaverinderungen ohne oder mit sehr
kurzer Verspitung zu registrieren. Die Hasel Corylus avellana dagegen wandert mit einer Verzégerung von tber
3500 Jahren ein, nachdem die Sommertemperaturen bereits hoch genug waren. Diese Verspatung kann z.T. durch
langsame Wanderung (langsame Samenverbreitung), z.T. durch hohe Kontinentalitit (sehr kalte Winter) wihrend
der Jingeren Dryas (11 000-10 000 BP bedingt sein.

Um die biologischen Antworten auf Klimaverdnderungen zu verstehen, ist es notwendig, nicht nur die rasch
reagierenden Arten, sondern Arten mit méoglichst verschiedener Lebenszyklus-Charakteristik zu untersuchen.

Introduction

Rapidity and amplitude of past climatic changes are often inferred from changes in
biotic assemblages or oxygen-isotope ratios. The latter are of great relevance because
they can be studied and compared in stratigraphical archives as different as ice cores,
ocean cores and lacustrine cores. Biotic changes may or may not be induced by cli-

1) Systematisch-Geobotanisches Institut der Universitat, Altenbergrain 21, CH-3013 Bern.
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matic changes and may follow them with or without time lag. These differences have
been discussed since the early days of pollen analysis and are of great ecological as well
as climatological interest (IvErseNn 1944, 1954, 1960, 1964).

Birks (1981) reviewed the possibilities and limitations of both the floristic or “indi-
cator-species” approach and of the vegetational or “multivariate” approach in order to
extract climatic information from pollen stratigraphical data. For the latter especially a
classical question is crucial: Is vegetation in equilibrium with climate? (Wesp &
Bryson 1972, Birks 1981, Davis 1984, Rircuie 1986, WeBB 1986, PRENTICE 1986).
RitcHIE (1986) distinguishes and illustrates four categories of climatic variation with
different time scales and vegetational response. He also emphasizes the relevance of
the spatial and temporal scales. Moreover he discusses four response modifiers: topo-
graphic diversity and soils, life-cycle characteristics, hysteresis and anthropogenic fac-
tors. WriGHT (1984) reviewed biotic and isotopic responses to climatic changes in a
broader context.

In the following, an example from the Late-Glacial and its transition to the Ho-
locene is presented where several groups of organisms and oxygen isotopes were stu-
died in the same cores of lake sediment.

Site and methods

The Swiss contribution to the IGCP 158 B on “Paleohydrology of the temperate
zone in the last 15,000 years: lake and mire environments” (BErGLUND 1986) consists
of a transect from the Jura mountains to the Plateau and across the Alps (LanG 1985).
In this transect the pond of Lobsigensee was chosen as a reference site for the Swiss
Plateau. Lobsigensee is a kettle-hole lake on the gently folded Molasse 15 km NW of
Bern. It has no surface inlet and a small outlet that only functions as an overflow. Today
its surface is 2 ha and its maximum depth 2.7 m. In the early Late-Glacial it had at least
10 ha surface and 17 m maximum depth. Twelve cores along two transects through the
basin were taken by Livingstone corers modified according to MerkT & StreIr (1970).
All cores were analysed for pollen (AMMANN 1985, 1989). The littoral cores were stu-
died for beetles, caddis flies (ELias & WiLkiNnsoN 1983, 1985), chironomids (Hor-
MANN 1983, 1985), molluscs (CHarx 1983, 1985) and 8'®0 of carbonates, whereas
profundal cores were analysed for chironomids (Hormann 1983, 1985), ostracods
(LorrLER 1986) and fossil pigments (ZiLLic 1985, 1986). While stratigraphies based
on the two last-mentioned remains generally reflect the history of nutrients and of

Fig. 1. Selected biostratigraphies compared to oxygen-isotope ratios and radiocarbon age. The rapid shift of the AP/
NAP curve in the pollen diagram reflects the reforestation at the beginning of the Bolling biozone, which is charac-
terized by a dominance of tree-birches. The distinction between dwarf birch and tree-birches is based on both pollen
size statistics (GaiLLarp 1983) and macrofossils (ToBoLski in AMMANN & TosoLskr 1983). The finds of the caddis
flies Chilostigmini spp. and of the beetle Donacia cinerea and their climatic interpretation are discussed by ELias &
WiLkinson 1983. Oxygen isotopes are studied by EicHER & S1EGENTHALER 1983, ErcHER 1987. The chronostrati-
graphy follows OescHGER et al. 1985 and ANDREE et al. 1986.

The line in the column of lithology indicates the volcanic ash from Laach. Biozones: BO = Boreal, PB = Preboreal,
DR 3 = Younger Dryas, AL = Alleréd, BO = Bolling, DR 1 = Oldest Dryas.
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Response times to Late-Glacial climatic shifts
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oxygen supply in the water body, the insect groups mentioned can be useful for at-
tempts to reconstruct the local and regional climate. The methods of sampling and
analysis are described in the original papers.

Results

Fig.1 summarizes results from pollen-, insect- and oxygen isotope-analysis relevant
for the climatic interpretation of the period from before 13,300 to after 10,000 BP.

The lithologic change from clay to fine-detritus gyttja at a depth of 945 cm coin-
cides with the reforestation which is reflected by the jump in the AP/NAP-curve and
the juniper peak (Local pollen assemblage zone PAZ 4). Before the reforestation the
Oldest Dryas biozone (DR1) is poor in trees and rich in heliophilous taxa growing in a
mosaic of steppe and tundra. At the transition from the local PAZ 2 to 3 the dwarf
birch Betula nana expands and forms, together with willows, a shrub tundra. It is dur-
ing this Oldest Dryas biozone that Chilostigmini spp. (including the most frequent Chi-
lostigma siebaldi) and other caddisflies and beetles occurred which ELias & WILKIN-
soN (1983, 1985) describe as boreal to boreo-montane in their modern distribution.
Fig.2 shows how similar the present distributions of Betula nana and Chilostigma sie-
baldi are. The two species co-occurred during the younger part of the Oldest Dryas.
From the assemblage of Coleoptera and Trichoptera found in these deposits ELias &
WiLkINsoN 1983, 1985 can estimate a mean July temperature of 10-12 °C. In the early
Bolling biozone (Ibc) pollen and macrofossils of Berula nana decrease (GAILLARD
1983, TooLskr in AMMANN & ToBoLskr 1983) and Chilostigmini disappear (ELias &
WiLkinsoN 1983). At the same level the first pollen grains of Typha latifolia (local
PAZ 4 to 7, AMMaNN 1989) and a first shift in the oxygen-isotope ratio is found (local
PAZ 4, EicHER & SIEGENTHALER 1983, SIEGENTHALER & EicHer 1985). In local
PAZ 6 the temperate beetle Donacia cinerea was recorded by ErLias & WILKINSON
1983, 1985. They conclude from the assemblage starting in PAZ 6 that the mean July
temperature was 14-16 °C (see band a in Fig. 2). Temperature requirements of Typha
latifolia (cat-tail or great reedmace) are discussed by IVERSEN (1954), Vasarr (1962)
and Korstrup (1980): it may grow at a mean July of 12-13°C but is more common
with at least 15 °C mean July temperature.

The climatic cooling of the Younger Dryas biozone (III) is visible in the NAP curve
of the pollen diagram and in the decrease of the 'O curve but not in the Coleoptera
and Trichoptera assemblages. ELias & WiLkinsoN (1983, 1985) compare this result
with data from Britain where the temperature depression at the beginning of the
Younger Dryas, inferred from beetle remains, is marked (see curve § in Fig. 2). This

Fig. 2. Comparison of biogeographical ranges of four species with the dated temperature curve and the isotopic
shifts. (A) Map of modern range of the caddis fly Chilostigma siebaidi (ELias & WiLkiNsoN 1983). (B) Map of mod-
ern range of the dwarf birch Betula nana (after TraLau in WaLTER & StrRAKA 1970). (C) Map of modern range of the
beetle Donacia cinerea (after ELias & WiLkinson 1983). (D) Map of modern range of the hazel Corylus avellana
(after MEeuskL et al. 1965). (E) Dates of occurrence or immigration of the four species mentioned and of the water
plant Typha latifolia. The band labelled a represents the estimated mean July temperature for Lobsigensee, the curve
B for Britain after Coope 1977. (F) The three shifts in the oxygen-isotope ratio on the time scale of (E), after EicHERr
& SIEGENTHALER 1983.
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contrast can be taken as an illustration of the fact that the climatic cooling of the
Younger Dryas was primarily due to a shift of the North-Atlantic polar front (Rupbi-
MAN & McIntyre 1981) and therefore strongest in North-West Europe, becoming
weaker eastwards on the continent (Warts 1980).

The transition from Younger Dryas biozone (III) to the Preboreal biozone (IV) is
clearly visible in the pollen diagram (decrease of NAP) and in the ratio of the oxygen
isotopes; both changes indicate rising temperatures at the beginning of the Holocene.
During the Preboreal biozone the hazel Corylus avellana expands rapidly, a species
with a modern distribution somewhat similar to that of Donacia cinerea (Fig. 2).

Two plateaux of constant *C-age are found in the age-depth relationship which
coincide with the periods of greatest biotic and isotopic changes as discussed by An-
DREE et al. (1986), AmmanN (1988) and LoTTER & ZBINDEN (1989).

Discussion

Fig. 2 illustrates that a species of insect and a species of shrub with similar modern
distribution, map (A) and (B), occurred together before the rapid warming of the early
Bolling biozone. During this biozone then, which is also characterized at its beginning
by the shift in 8'%0, the first temperate beetles arrived, a finding very similar to results
from many British sites (Coope 1977, AtkinsoN et al. 1987). The oxygen-isotope ra-
tios are thought to track temperature changes without time lag. The plant-independent
beetles may have a short lag which is close to the stratigraphic resolution of our samp-
ling. The shortness of the lag is due to life-cycle characteristics such as fast reproduc-
tive rate (Coopre 1977). The response of the water-plant Typha latifolia seems just as
rapid as the response of the beetle. IvErsen (1954, 1964) gave three possible reasons
for the short lag of water-plants: life-cycle (every year a generation), efficient dispersal
(by waterfowl) and independence from pedogenesis. This corresponds to the two first
mentioned modifiers discussed by Rirchie (1986).

It is surprising that a shrub with a modern range similar to that of the temperate
beetle [see maps (C) and (D)] arrives and expands more than 3,500 years later. Thus
we can conclude that hazel arrived with a very long lag. In the Late-Glacial situation
this was most probably a migrational lag. Slow migration may partly be due to poor
dispersal of its heavy fruits and late flowering (after about 10 years), i.e. life-cycle char-
acteriscs in the four modifiers discussed by Ritcuie (1986). The requirements of Cory-
lus concerning soils are not very narrow; its modern occurrences on rock-fall slopes
points to a tolerance of immature soils. Thus the conceivable lack of deep, ripe soils
cannot explain the late immigration. Apart from slow dispersal of the fruits the frost-
sensitivity of Corylus discussed by Birks (1973) may have caused a delay in migration:
if the seasonality and continentality of the Younger Dryas was as great as suggested by
ATKINsON et al. 1987, very cold winters and late frosts may have inhibited a rapid ex-
pansion of Corylus. Possibly its extremely rapid expansion in the early Holocene re-
flects the onset of milder winters. These considerations point to the possibility of using
organisms for estimation of both summer and winter temperatures as IVErsen (1944)
and ATkinsoN et al. (1987) did, whereas 8'*O measured in carbonates reflect summer
temperature because carbonate precipitation ceases in autumn and winter.
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If the main goal is to extract climatic signals from the biostratigraphies one would
best concentrate on closely tracking species such as plant-independent beetles or
water-plants. But if we are interested in understanding community ecology under a
changing climate, including equilibrium or disequilibrium between communities and
climate, we need to analyze as many different groups of organisms as possible. For this,
lake sediments are the most promising archive.

Acknowledgments

My cordial thanks to John Birks, Scott A. Elias, Gerhard Lang and André Lotter for discussions, to John Birks
and Heather Murray for correcting the manuscript, to Eveline Venanzoni for the drawings and the Swiss NSF for
support.

REFERENCES

Ammann, B. 1985: Introduction and palynology: vegetational history and core correlation at Lobsigensee (Swiss
Plateau). Diss. Bot. 87, 127-135.

—  1988: Periods of rapid environmental change around 12.5ka and 10ka recorded in Swiss lake deposits. Journal
of Paleolimnology (in press).

— 1989: Late-Quaternary Palynology at Lobsigensee. Regional vegetation history and local lake development.
Diss. Bot. (in press).

AmManN, B, Cuaix, L., Eicuer, U., Erias, S.A., GaiLrarp, M.-J., Hormann, W., TosoLski, K., & WILKINSON, B.
1983: Vegetation, insects, molluscs and stable isotopes from Late-Wiirm deposits at Lobsigensee (Swiss
Plateau). Studies in the Late-Quaternary of Lobsigensee 7. Rev. Paléobiol. 2, 221-227.

AmMann, B, & Tosorski, K. 1983: Vegetational development during the Late-Wiirm at Lobsigensee (Swiss
Plateau). Studies in the Late-Quaternary of Lobsigensee 1. Rev. Paléobiol. 2, 163-180.

ANDREE, M., OescHGER, H., SIEGENTHALER, U., Riesen, T., MokLL, M., Ammann, B., & Tosorski, K. 1986: '*C
Dating of plant macrofossils in lake sediment. Radiocarbon 28, 411-416.

Atkinson, T.C., Brirra, K.R., & Coore, G.R. 1987: Seasonal temperatures in Britain during the past 22,000 years,
reconstructed using beetle remains. Nature 325, 587-592.

BergLunp, B.E. ed., 1986: Handbook of Holocene Palaeoecology and Palaeohydrology. John Wiley & Sons, Chi-
chester.

Birks, H.J.B. 1973: Past and Present Vegetation of the Isle of Skye. A Palaeoecological Study. Cambridge Univ.
Press.

— 1981: The use of pollen analysis in the reconstruction of past climates: a review. In: WicLey, TM.L., INGrRAM,
M.J. & FARMER, G. (eds.): Cimate and History. Cambridge Univ. Press, 111-138.

Coore, G.R. 1977: Fossil coleopteran assemblages as sensitive indicators of climatic change during the Devensian
(Last) cold stage. Phil. Trans. R. Soc. Lond. B. 280, 313-340.

Cuarx, L. 1983: Malacofauna from the Lateglacial deposits of Lobsigensee (Swiss Plateau). Studies in the Late-
Quaternary of Lobsigensee no 5. Rev. Paléobiol. 2, 211-216.

— 1985: Malacofauna at Lobsigensee. Diss. Bot. 87, 148-150.

Davis, M.B. 1984: Climatic Instability, Time Lags, and Community Disequilibrium. In: Diamonp, J. & Case T.J.
(Eds.): Community Ecology. Harper & Row, New York, 269-284.

Evrias, S.A., & WiLkinson, B. 1983: Lateglacial insect fossil assemblages from Lobsigensee (Swiss Plateau). Studies
in the Late-Quaternary of Lobsigensee 3. Rev. Paléobiol. 2, 189-204.

— 1985: Fossil assemblages of Coleoptera and Trichoptera at Lobsigensee. Diss. Bot. 87, 157-182.

EicHer, U. 1987: Die spitglazialen sowie die frithpostglazialen Klimaverhiltnisse im Bereich der Alpen: Sauerstoff-
isotopenkurven kalkhaltiger Sedimente. Geogr. Helv. 42, 99-104.

EicHer, U, & SieGenTHaLER, U. 1983: Stable isotopes in lake marl and mollusc shells from Lobsigensee (Swiss
Plateau). Studies in the Late-Quaternary of Lobsigensee 6. Rev. Paléobiol. 2, 217-220.

GAILLARD, M.-J. 1983: On the occurrence of Betula nana. L. pollen grains in the Late-glacial deposits of Lobsigen-
see (Switzerland). Studies of the Late-Quaternary of Lobsigensee no 2. Rev. Paléobiol. 2, 181-188.



190 B. Ammann

Hormann, W. 1983: Stratigraphy of subfossil Chironomidae and Ceratopogonidae (Insecta: Diptera) in lateglacial
littoral sediments from Lobsigensee (Swiss Plateau). Studies in the Late-Quaternary of Lobsigensee no 4. Rev.
Paléobiol. 2, 205-209.

— 1985: Developmental history of Lobsigensee: subfossil Chironomidae (Diptera). Diss. Bot. 87, 154-156.

Iversen, J. 1944: Viscum, Hedera and Ilex as climate indicators. Geol. Foren. Stockh. Forh. 66, 463-483.

— 1954: The Late-Glacial Flora of Denmark and its Relation to Climate and Soil. Danm. Geol. Unders. 11/80,
87-119.

— 1960: Problems of the early postglacial forest development in Denmark. Danm. Geol. Unders. IV/4, 1-32.

— 1964: Plant indicators of climate, soil, and other factors during the Quaternary. INQUA Report Warsaw 1961,
2,421-428.

Kotstrup, E. 1980: Climate and stratigraphy in Northwestern Europe between 30,000 BP and 13,000 BP, with spe-
cial reference to the Netherlands. Mededel. Rijks Geol. Dienst 32, 181-253.

Lang, G. 1985: Palynologic and stratigraphic investigations of Swiss lake and mire deposits. A general view over a
research program. Diss. Bot. 87, 107-114.

LoFrFLER, H. 1986: An early meromictic stage in Lobsigensee (Switzerland) as evidenced by ostracods and Chaobo-
rus. Studies of the Late-Quaternary of Lobsigensee no 12. Hydrobiologia 143, 309-314.

LotTer, A., & ZsiNDEN, H. 1989: Late-Glacial palyno- '*O- and '“C-stratigraphy at Rotsee (Lucerne), Central
Swiss Plateau. Eclogae geol. Helv. 82/1.

MERrkT, J., & StrEIF, H. 1979: Stechrohr-Bohrgerite fiir limnische und marine Lockersedimente. Geol. Jb. 88, 137-
148.

MEeuseL, H., Jacer, E., & WEeINErT, E. 1965: Vergleichende Chorologie der zentraleuropidischen Flora. Fischer
Jena, vol. of maps, 258 pp.

OescHGER, H., ANDREE, M., MoELL, M., RieseN, T., SiecentHALER, U., AmManN, B, Tosorski, K., Bonani, B,
Hormann, H.J., Morenzoni, E., Nessi, M., Suter, M., & WoLrFLi, W. 1985: Radiocarbon chronology at Lob-
sigensee. Comparison of materials and methods. Diss. Bot. 87, 135-139.

PenniNGgTON, W. 1986: Lags and adjustment of vegetation to climate caused by the pace of soil development: Evi-
dence from Britain. Vegetatio 67, 105-118.

PrenTICE, .C. 1986: Vegetation responses to past climatic variation. Vegetatio 67, 131-141.

Rircuig, J.C. 1986: Climatic change and vegetation response. Vegetatio 67, 65-67.

Ruppiman, WF, & McIntyre A. 1981: The North Atlantic Ocean during the last deglaciation. Palaegeo. Palaeo-
clim. Palaeocol. 35, 145-214.

SIEGENTHALER, U., & EicHER, U. 1985: Stable isotopes of carbon and oxygen in carbonate sediments of Lobsigen-
see. Diss. Bot. 87, 162-164.

Vasari, Y. 1962: A study of the vegetational history of the Kuusamo district (North East Finland) during the Late-
Quaternary period. Ann. Bot. Soc. 33, 1-140.

WaLTER, H., & StrAKA, H. 1970: Arealkunde. Floristisch-historische Geobotanik. Ulmer Stuttgart.

Warts, W.A. 1980: Regional Variation in the Response of Vegetation to Lateglacial Climatic Events in Europe. In:
Lowe, J.J., Gray, J M., & Rosinson, J.E.: Studies in the Lateglacial of North-West Europe. Pergamon Press,
Oxford, 1-21.

WEess III, T. 1986: Is vegetation in equilibrium with climate? How to interpret late-Quaternary pollen data. Vegeta-
tio 67, 75-91.

Wess III, T., & Bryson, R.A. 1972: Late- and postglacial climatic change in the northern midwest, USA: quantita-
tive estimates derived from fossil pollen spectra by multivariate statistical analysis. Quat. Res. 2, 70-115.

Wricnt, H.E., Jr. 1984: Sensitivity and response time of natural systems to climatic change in the Late Quaternary.
Quat. Sci. Rev. 3,91-131.

ZuLuie, H. 1985: Carotenoids from plankton and phototrophic bacteria in sediments as indicators of trophic
changes: evidence from the late-glacial and early Holocene of Lobsigensee. Diss. Bot. 87, 143-147.

— 1986: Carotenoids from plankton and photosynthetic bacteria in sediments as indicators of trophic changes in
Lake Lobsigen during the last 14,000 years. Hydrobiologia 143, 315-319.

Manuscript received 29 June 1988
Revision accepted 25 August 1988



	Response times in bio- and isotope-stratigraphies to Late-Glacial climatic shifts : an example from lake deposits

