British late glacial and Holocene climatic history
reconstructed from land snail assemblages
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ABSTRACT

We present a high-resolution record from a late glacial-Holocene land-snail succession from
southeast England. Temperature estimates, derived from the best analogue technique, indicate a
cooling trend, between 14 500 and 12 600 calendar years before present (cal yr B.P.) of 4 °C in
summer and 8 °C in winter preceding the Younger Dryas event. The intense warming following
the Younger Dryas stadial corresponds to increasing values of the same magnitude in 600 yr.
Acooling event, weaker than the Younger Dryas, of 1 °C in both seasons is recorded between 8000
and 8500 cal yr B.P. These reconstructions from a European Holocene continental sequence are
in agreement with fluctuations already described in North Atlantic and Mediterranean cores, ice
cores, and African and Tibetan lake records.

INTRODUCTION gations have enabled refinement of the stratior this succession is provided by a series of
Late glacial marine records indicate a two-stegraphic scheme, as shells of land snails occur iadiocarbon dates, many measured by accelerator
deglaciation punctuated by the cold Youngeguantity throughout the sequence (Preece, 199&)ass spectrometry (AMS), obtained from char-
Dryas event (~10 000-11 006C yr B.P. or They provide a detailed mollusk succession fromoal and wood remains from key layers (Fig. 2).
11 500-12 500 cal yr B.P.) culminating in thethe beginning of the late glacial until the present Among the main limiting factors constraining
present-day climate (Bard and Broecker, 1992fay. The late-glacial assemblages are dominattite growth of the terrestrial snails, temperature is
Duplessy et al., 1981; Fairbanks, 1989; Ruddimawy species of open country and marsh, but shadeost important (Goodfriend, 1986; Rousseau,
and Mcintyre, 1981). However, high-resolutionintolerant species are replaced by a successionl®89). Eggs and embryos can endure less extreme
continental studies indicate the occurrence afoodland species during the early part of theemperature than can adults. Most of the identi-
significant climatic changes in the early and latélolocene. Following forest clearances during thiied species at Holywell Coombe exhibit biennial
Holocene (Alley et al., 1997; Chappellaz et al.Neolithic and Bronze Age (5000-3000 yr B.P.)growth. A prolonged duration of extreme low
1993; Dalfes et al., 1997; Gasse and Van Campbese closed forest communities show a reversibemperature would considerably limit the devel-
1994; Johnsen et al., 1992). to grassland assemblages, with only minor indepment of specialized populations. Thermal sen-
The results of the Greenland ice core studiesations of scrub (Fig. 2). A detailed chronologysitivity is determined for decreasing temperatures
lead many to interpret these events as global phe-
nomena. The cooling event recorded in the ear
Holocene is indicated in Greenland by a stron
decrease in the methane signal and by other inc
pendent climate indices (Alley et al., 1997). In :
survey of different published proxy data tha
could be related to this particular event, Alley
etal. (1997) presented worldwide records exce
for temperate western Europe. Here we prese
temperature estimates reconstructed from tt
analysis of a British Holocene mollusk sequenct

Holywell

60 Coombe

MATERIALAND METHODS
Holywell Coombe is a dry valley cut into 50 °N
chalk escarpment near Folkestone, Kent, i
southeast England (lat 51.15°N, long 0.13°E
50 m above sea level) (Fig. 1). This is the typ
locality for a mollusk zonation of the late glacial
and Holocene (Kerney, 1977) A series of 18I
boreholes were cored near the British terminal ¢
the tunnel connecting southeastern England ai _
northern France. The data from the new invest’ Figure 1. Location of several records mentioned in text.
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Figure 2. Summary diagram of the molluscan succession at Holywell Coombe. The correlation of mollusk and pollen zones is shown on the right
and the radiocarbon chronology appears on the left. For the sake of simplicity, several terrestrial species have been grouped into ecological
categories A and B. Those in group A are essentially catholic species of wide tolerance, living in open ground, marshes, and woodland. Those in
group B are more critical in their requirements, being most common in deciduous woods and similar well-shaded places. Swamp species include

the obligatory hygrophiles (from Preece, 1998).

by the onset of the freezing of tissues, and faampled on a transect from northern Scandinaviructions indicate four main climate intervals
increasing temperatures by the initiation of celio southern France, and they therefore encompd8dg. 3). The first interval corresponds to a cool-
coagulation, although the relative importance od wide range of vegetation. For the fossil succesig trend following the Bolling interstadial, the
these factors varies from one species to anothsion, temperature estimates, using the analogfiest step of the last deglaciation (Duplessy et al.,
Furthermore, when the cold season arrives, terrggocedure, were calculated for 49 successivi981). For both months, the temperature esti-
trial snails retract into their shells and hibernatassemblages and 58 different species, as all thites indicate a cooling trend: 8 °C in winter and
from four to six months. Their respiratory sys-dentified species still live in Europe (Kerney andt.5 °C in summer. This trend is not linear and
tems, cardiac rhythms, and oxygen consumptidbameron, 1979). The procedure uses corresporgfiows several oscillations. The second interval
decrease during hibernation, but do not cease. Taece analyses to select the species and the statistiFresponds to the Younger Dryas stadial, for
total water loss can reach 20%, and the oxygemal factors which explain the general variance afhich the temperature estimates vary between
content is minimum in February when growththe data set, and multiple stepwise regressions ai@ °C and -5 °C in winter and 15.5 °C and
stops (Chevalier, 1982; Rousseau et al., 1994)sed to calculate the estimates (Rousseau, 19986.5 °C in summer. This trend is similar to
The temperature values reconstructed correspoRdusseau et al., 1994). estimates calculated from beetle assemblages
to February and August, which are two particu- sampled in parallel (Coope in Preece and
larly sensitive periods for snail development. ThR&RESULTS AND DISCUSSION Bridgland, 1998). This cold interval is followed
modern assemblages, which provide the basis for The error estimates are of 2.94 and 2.8 °C fdyy a strong and rapid warming that lasted for no
the analogue comparisons, came from samplése coldest and warmest months, respectivelgyore than 600 yr, according to th&C dates

of top soil/leaf litter from which snails were somewhat lower than those obtained from beetivailable. The temperature estimates return to
identified and counted. These assemblages waassemblages (Atkinson et al., 1987). The recomalues that existed in the early Bolling. The
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; 14
fourth interval corresponds to the Boreal to Su Depth February Temperature (°C) C Dates Cal. Dates
atlantic chronozones. It shows different trends (m) —t
-6

the reconstructions; a cooling of 1 °C betwes -4 -2 0 2 4
8630 + 120 and 7650 + 80 yr B.P. After this shc 0 T T
interval, the low sampling resolution indicate ]
that the summer temperature increased slightly r 55

remain stable at around 19 °C. On the contra
the winter temperature remains at the low val 1
obtained during the mid-Holocene cold ever )

These reconstructions for the 13000—7500 Estimates ofTemp.
B.P. interval are similar to other reconstructior Beetles (°C)
derived from beetle studies (Atkinson et al coldest warmest 2

— 3515+ 80 3780
e— 5620+ 90 6460

TTTTETITT

T=— 7650 £ 80 8430

T— 8630+120 9660
1987) in Britain. However, the temperature es | _g,6 | 15/24 ;
mates also indicate a cooling event after tl 1521 e g%ggf;g 10 200
_Young?r Dryas at around 8000 yr B.P. Conve _‘2‘;2 1?/“ 8 le— 0m50:00 icl) ggg
ing thel“C dates into calendar years (Stuiver ai 61 lios13 3
Reimer, 1993), this cooling of 1 °C appearsto| |.25/0 5/13 F=—}0160 +110 11720
contemporaneous with the eventidentified intl | _;3,; |13/14 +=—11370 +150 13310
methane record in the Greenland GRIP ice co |-13/3 | 13/14 712150 £110 14200
which is a global signal (Blumer et a_l., 199t < = R e 13160 £400 15 600
Chappellaz et al., 1993), and in other indeper H ]
ent signals from the United States Greenland | (s 16 17 13 19 20
Sheet Project (GISP2) ice core (Alley et al
1997) and in the oxygen signal of four Greenlai August Temperature (°C)
ice cores (Johnsen et al., 1992). —

The comparison of the mollusk reconstructions . .
. _Figure 3. Estimates of February and August temperatures from mollusk assemblages at Holy-
with methane and oxygen records of the Europe:

. ’ well Coombe. Indication of estimates for warmest and coldest month from beetle assemblages
Greenland Ice Core Project (GRIP) (Fig. 4) Show ysing mutual climatic range procedure sampled in parallel. Beetle samples are represented by
that between 14 500 and 11 500 cal yr B.P., t gray boxes. Dates are expressed in ~ *4C yr B.P. and in calendar age. Present mean temperatures
temperature estimates follow the oxygen varie for February and August are 4.5 and 16 °C, respectively. Apparent cooling after 5000 yr B.P.
tions. They clearly indicate a cooling, whereas th results from forest clearance, which produces an increase in grassland snails, as already

. . ._observed in France by Rousseau et al. (1994).

methane signal shows a warming trend endir
with the sudden and strong decrease in metha
content. Although the warming following the
Younger Dryas is well expressed in the fouboth winter and summer associated with drgnd in the Tibetan plateau (Gasse and Van
curves, the temperature estimates show a releenditions, as at Holywell Coombe (RousseaCampo, 1994). Complementary to the methane,
tively stable interval, as does the methane. In cost al., 1993; Rousseau et al., 1994). In the wesEO, shows a sharp variation at that time (Neftel
trast, the oxygen corresponds to an increase énn Mediterranean, pollen analyses of marinet al., 1988) in the Antarctic Byrd ice core that
wetland extent that may be associated with @ores also indicate the occurrence of a cold ansl possibly related to changes of circulation in
warming trend. The 8200 cal yr B.P. cold everdry climatic event, indicated by a strong reducthe high-latitude ocean. Closer to Europe, the
corresponds to a 1 °C cooling in the temperatuteon in the oak pollen and an increase irLaurentide ice sheet, and more precisely the tim-
estimates, and around 1%. in the oxygen or arouridtemisia(Parra, 1994). At another scale, otheing of its collapse, provides some key informa-
200 parts per billion by volume (ppbv) in theproxies indicate the record of this event in Africdion. It is assumed that between 8400 yr B.P. and
methane records. The species that are characteris-
tic of swamp conditions indicate a strong redu
tion of the moisture supply during that cold inte A% Tomperature February  Temperature August 3% CHy
val in Holywell Coombe (Preece, 1998). Thi KaBF) Q) 0 (%) {parts per billion by volume)
agrees with the classic interpretation of tt
decreasing Clvalues being related to a reductio
in its production by wetlands due to a strong wee ¢
ening of the African and Asian monsoons, leadi 7
to drier conditions (Alley et al., 1997; Chappella
etal., 1993; Gasse and Van Campo, 1994).

In other Northern Hemisphere records, there
a similar climatic event (Fig. 1). The oxygei'®
record and the salinity estimates in North Atlant 11
cores SU81-18 and NA 87-22 indicate significal , ,
minimum values at around 8000 cal yr B.I
(Duplessy et al., 1992). In the Labrador Sea
minimum in the CQ production in the basin is **
recorded at around the same time (Hillaire-Marc 1 s

etal., 1994). Another mollusk sequence in F"a”.qfigure 4. Comparison of mollusk estimates with 880 (Johnsen et al., 1992) and methane (Blunier
shows a contemporaneous cooling of 1 °C iet al., 1995; Chappellaz et al., 1993) records in the Greenland Ice Core Project (GRIP) ice core.
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7900 yr B.P., the Cochrane lobe surged into Lakehappellaz, J., Blunier, T., Raynaud, D., Barnola, J. MNeftel, A., Oeschger, H., Staffelbach, T., and Stauffer,
Ojibway and the Hudson Bay ice dome collapsed Schwander, J., and Stauffer, B., 1993, Synchro-  B., 1988, CQrecord in the Byrd ice core 50,000

: nous changes in atmospheric iid Greenland 5,000 years BP: Nature, v. 331, p. 609-611.
(Ha_rdy, 1977), accomganled by a northward climate between 40 and 8 kyr BP: Nature, v. 366Rarra, |., 1994, Quantification des précipitations a partir
drainage of 1.2 x Ekm® of fresh water from p. 443-445. des spectres polliniques actuels et fossiles: Du

the southern glacial lakes Agassiz and Ojibwaghevalier, H., 1982, Facteurs de croissance chez des Tardiglaciaire a I'Holocéne Supérieur de la Cote

(de Vernal et al., 1997). Such input of cold fresh ~ gastéropodes pulmonés terrestres paléarctiques ~Méditerranéenne Espagnole [Ph.D. thesis]:
: L en élevage: Haliotis, v. 12, p. 29-46. Montpellier, France, Ecole Pratique des Hautes

water into the North Atlantic is thus detected lO)balfes, H. N., Kukla, G., and Weiss, H., 1997, Third Etudes—Sciences de la Vie et de la Terre, 217 p.

reduced salinity and low sea-surface tempera-" " jiennium B.C. climate change and old worldPreece, R. C., 1998, The biostratigraphy and palaeo-

tures (SST) down to the latitude of Portugal  collapsejn Series, N. A., ed., Series I: Global ecology. 3. Molluscan Preece, R. C., and Bridg-
(Duplessy et al., 1992 his seems to have shut environmental change, Volume 49: Heidelberg, land, D. R., eds., Late Quaternary environmental
down or weakened the thermohaline Circulatior(] Spr:nger—VﬁrIag, p. 725|§. . changte) and prhehistory: Elxc3vatiorés at Hrtl)lywell
- L L ._de Vernal, A., Hillaire-Marcel, C., von Grafenstein, U., Coombe, south-east England: London, Chapman
ina Way'SImIIar to when maSSIve- Icebc_erg dis- and Barber, D., 1997, Researchers look for links & Hall (in press).

charges invaded the North Atlantic during full  among paleoclimate events: Eos (Transaction®reece, R. C., and Bridgland, D. R., 1998, Late Quater-
glacial conditions (Bond and Lotti, 1995; American Geophysical Union), v. 78, p. 247—-249. nary environmental change and prehistory: Exca-
Broecker, 1994). Duplessy, J. C., Delibrias, G., Turon, J. L., Pujol, C., vations at Holywell Coombe, south-east England,

; and Duprat, J., 1981, Deglacial warming of the London, Chapman & Hall (in press).
. Ashgtdown or slowdown of the thgrmohallne northeastern Atlantic Ocean: Correlation withRousseau, D. D., 1989, Réponses des malacofaunes
circulation at 8200 cal yr B.P., reducing the heat the paleoclimatic evolution of the European terrestres Quaternaires aux contraintes clima-
transport to the high latitudes and leading to cold  continent: Palacogeography, Palaeoclimatology,  tiques en Europe septentrionale: Palaeogeog-
conditions over both the North Atlantic and the Palaeoecology, v. 35, p. 121-144. raphy, Palaeoclimatology, Palaeoecology, v. 69,
neighboring European continent, seems to be t'%lpleDslSJ)[;’reJl.t Cj’ L:r?gy\r/izhL\)i/:é?iﬂg ’ [\I'/I-’CPaItEemfégﬂz.j?ousgé;lljgj_DlleL 1991, Climatic transfer function from
best possible explanation for the 8200 cz_al )_/r B.P. Changes in surface salinity of the North Atlantic Quaternary molluscs in European loess deposits:
event recorded at Holywell Coombe. This inter-  ocean during the last deglaciation: Nature,  Quaternary Research, v. 36, p. 195-209.
pretation is in agreement with the results of the  v. 358, p. 485-488. Rousseau, D. D., Limondin, N., and Puisségur, J. J.,
Ammersee deep lake study by von Grafensteirgirbanks, R. G., 1989, A 17,000-year glacio-eustatic 1993, Holocene environmental signals from mol-
etal. (1998). Such a hypothesis was already pro- sea level record: Influence of glacial melting rates lusk assemblages in Burgundy (France): Quater-
L on the Younger Dryas event and deep-ocean cir-  nary Research, v. 40, p. 237-253.
posed by Alley et al. (1997), Keigwin and Jones culation: Nature, v. 342, p. 637—642. Rousseau, D. D., Limondin, N., Magnin, F., and
(1995), and Street-Perrot and Perrot (1990) i@asse, F., and Van Campo, E., 1994, Abrupt postglacial  Puisségur, J. J., 1994, Oscillating temperature
explain climate events apparently contemporane- ~ climate events in West Asia and North Africa  estimates for the last 10,000 years B.P., in West-

ous with the cooling at 8 ka in Holywell Coombe. monsoon domains: Earth and Planetary Science  ern Europe from mollusc assemblages: Boreas,
Letters, v. 126, p. 435-456. V. 23, p. 66-73.
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