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structuration des grands systémes récifaux lors des demicrs stades glaciaires du Qu exemple
de la Nouvelle-Calédonic. Collogue ECLIPSE, 21-22 octobre, Pans. Environnement et chimat du passé -
histoire et évolution. CNRS. Poster

JAFFRE T, MORAT P ET VEILLON J.-M., 1993. Etude flonstigue et phytogéographique de 1a forét sciérophylie
de N lie-Caléd Ad fa n* 1-4, p. 107-146.

Vegetation Dynamics of the Rainforests of Vava'u, Kingdom of Tonga
Fall, P. L.
Department of Geography. Arizona State University. Tempe, Anizona 85287 (USA)

The objectives of this study are to document the history of the rainforests of the Kingdom of Tonga and
o understand the role that prehistoric people have played in the development of Tonga's modern vegetation.
Tropical islands are ideal places to study and isolate the effects of human impacts because their ecological systems
are particularly vulncmhk and the effects are often ireversible. Paleoecological records from Tonga document:
(1) ch inl fi over the past 7000 years; (2) a mid- Holoc:ne sea level highstand from 4600 to
2600 ycan ago; and (3) the extensive burning of the rainfi of Vava'u b ing about 3000 years ago.

Lowland rainforest surrounded Ngol'c Marsh on the island of Uta Vava'u, Vava'u, Tonga between 7000
and 3000 years ago. Thc most abundant pollen taxa rep m this period are rainforest trees and shrubs,
including Manil paceae, Alphitonia, Mel, M and Papillionaceae. In

ddition, small of A di (Pleiogynium and Rlnu) Dysoxylum, and Garuga pollen are found.
Several of these rainforest taxa abundant in the record between 7000 and 3500 years ago, including Maniltoa,
Si Myntaceae, El and Papillionaceae, are much less frequent after 2000 years ago. In
uddsuon herbaceous pollen becomes mare common after 3500 years ago, suggesting that the forest was more open
then, Two coastal forest taxa become more abundant after 3500 (Cocos) and 1100 (Pandanus) years ago. These
changes in the vegetation are most likely related to Polynesian influences.

The coastal wetland of Avai' 0 'Vuna on Pangaimotu Island, Vava'u documents a higher sea level
between 4600 and 2600 years ago when marine bivavles were deposited between terrestrial sediments. This
interpretation is in agreement with the timing for a mid-Holocene sea level highstand between 6000 and 3000
years ago documented for the Ha'api Group, Tonga.

Changes in tropical rainforest \cgcumon on the (ropu.al lslands of Vava'u, Kingdom of Tonga reflect
human alterations following the arrival of Pol in microscopic charcoal pamcles
appear in sediments deposited after 3000 years ago, su;,gn:slmg the rainforests of Vava'u were not burned prior to
that time.

Vegetation Changes for the last 14 centuries in Western Equatorial Africa deduced
from high-resolution pollen record of Lake Kamalété, Central Gabon

Ngomanda, A.'; Maley, J.'; Chepstow-Lusty, A.; Makaya, M.?; Fontugne, M.* & Jolly, D.'

"Institut des Sciences de I'Evolution de Montpellier, University of Montpellier 2. 34095 Montpellier (France).
* Laboratoire d'Etude de Géo-Environnements Marins, University of Perpignan. 66000 Perpignan (France).
* Laboratoire des Sciences du Climat et de I'Environnement. 91198 Gif sur Yvette (France).

The past 1410 “C yrs vegetation changes in western equatorial Africa are reconstructed using a high
resolution pollen record collected in the Lake Kamalété located in the mosaic of forest-savanna of Lopé Reserve
(0"43'S, 11°46'E), centre of Gabon. Our pollen data indicate that, over the past 14 centuries, the floristic
composition of the rainforest has significantly varied, whereas savanna areas show low and uniform fluctuations.
Three distinct successive stages of the forest dynamics have been identified. At 1410 yr B.P. the establishment of
the mature moist semi-evergreen rainforest, related to forest colonization of savanna areas around the lake is
evidenced by high pollen percentages of the mature forest trees. From ca. 1360 to 500 yr B.P., a sharp decrease of
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pollen percentages of these mature forest trees and a noticeable increase of the shade intolerant plant species
Mmmng&fmmmmdwmuummsnfmm
Musanga for several © in the rai ts explained by recumnng disturbances in the comp of the
caopymuwdwpmmumsdwmbudgaMb‘&ukvg;ulmngzsmvbewmmm-nd
babl ling a dner and/or 2 longer dry scason than today. as evsdenced by the
noubkptcscnccnf(‘rlmmd" q i both inds of semi-decid forests. At SO0 y B P, the
mature forest increased. Thuhstfars(twsmgunspauhngmm savanna colonization and correlated with
lithological evidence of an increase of the water lake-kevel, ind the beginning of the modemn humud peniod.

Pollen analysis of dung deposits in a desert and Late Quaternary
vegetation and climate in Namibia
Scott, L."; Brook, G. A* & Marais, E.*

! Department of Plant Sciences, University of the Free State, Bloemfontein (South Africa)

= mesu) of Georgia. Athens. Georgia (USA)
‘Windhoek (Namibia).

Due to the scarcity of lakes and wetlands in the arid south-west African region palacoclimatic

reconstructions are difficult because conventional pollen analysis is g ly not possible. However, shelters in
rocky outcrops in the region yielded hyrax and other dung deposits rich in pollcn gmns ranging as far back as 30
000 yr BP. While several radiocarbon dates are available pollen analyses of these deposits are in progress. At this
stage the results promise to provide some p ally high re lution pollen from the Hol as well
as clues about longer-term vegetation changes and chi ditions in the desert during the Late Pleistocene
Preliminary results indicate that cool shrubby elements spread to the northem Namib during the Last Glacial
Maximum. Questions can provisionally be add d about 1) ditions in the Namib during the last Glacial
period, 2) the source and mature of “fynbos” elements recorded previously in offshore sediments along the
Northern Namibian coast during this period (Shi et al., 1998), and 3) Holocene climate conditions and human
presence in the light of observed settlement history (Kinahan, J., 2000).

SHI, N, DUPONT, LM. BEUG, H.-J. SCHNEIDER, R. 1998, Vegetation and climate changes during the last

"lOOOyea.rsmSWAfncabasadunamannepollcnrcconl Vi ion History and Archacob y 7: 127-140
KINAHAN J. 2000. Diures, the buming mountain — issues of research and conservation in the Bnndhcrg of
Nansitiba, Clibebasta Memotr 9:1-16.
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LONG CONTINENTAL RECORDS: THE DEVELOPMENT OF “GROUND
TRUTH” FOR THE MARINE OXYGEN ISOTOPE CHRONOLOGY

Long pollen records from northern California and southern Oregon, U.S.A.
Adam, D. P.

18522 Sentinel Court, Middletown, California 95461, U.S.A.

Long sedi y seq are in northern California and southern Oregon as a result of
regional tectonic ion of the nortk n Great Basin over the past several million years, and in response to
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the tectonic development of the northern Coast Ranges driven by the evolving San Andreas Fault System. Long
pollen records (>10° yr) have been recovered from tectonic depressions in the northern Coast Range, the upper
Kilamath basin, and the northern Sicrva Nevada.

In the northern Coast Range, the pollen record from Clear Lake spans the last full glacial cycle, and
shows changes in oak pollen percentages that comelate well with the deep-sca 50 record and with the post-
Eemian pollen record of northern Europe; abrupt changes in pollen assemblages occur during Oxygen Isotope
Stage 5 (Adam, 1988)

Long records in the upper Klamath basin include 2 nearly continuous record from Tulelake (Siskiyou
County, Calif.) from the present back to about 3.2 Ma, a ~3 m.y. record from Butte Valley, about 30 km west of
the Tulelake site, a record from Buck Lake in southern Oregon that appear 1o span isotopic Stages 9-12, a record
from Wocus Marsh that extends back about 1 m.y., a 40,000-yr record from Caledonia Marsh in Upper Klamath
Lake, and an 80,000-year record from Grass Lake. The upper Klamath Basin cores were collected by the author
for the U.S.GS; pollen work for the Wocus Marsh core has been done by Cathy Whitlock, and the pollen work
for the Grass Lake core has been done by Kathryn Hakala (Adam et al,, 1995).

An additional core from Round Lake, also in the Upper Klamath Basin, appears to be broadly coeval
with the Wocus Marsh core, but the pollen from that section has not yet been studied.

The remaining long section in the study area is a cliff exposure along the Feather River in the northern
Sierra Nevada. Informally known as the “Mohawk Lake Beds”, the deposits actually formed in a shallow, marshy
basin. The present exp appears (o rep an interval from near the base of the Brunhes Normal to the onset
of the penultimate glaciation, based on paleomagnetics, tephra, and glacial outwash deposits.

Correlations between records are based on both paleomagnetics and on extensive tephra work by A.
Sarma-Wojcicki. Over two dozen identifiable tephra layers, mostly from eruptions in the Cascade Range, provide
firm links between cores.

The potential for recovering other long records in the region is excellent, and the likelihood of
establishing links between sites using tephra and paleomagnetics is already well established. Transects of sites are
possible both to study latitudinal variations along the Sierra Nevada/Cascades axis and across the northern Sierra
Nevada to study elevational and rain shadow effects. Many of the basins are likely to contain records extending
back a million years or more.

ADAM, D.P. 1988. Palynology of two upper Quaternary cores from Clear Lake, Lake County, California. U.S.
Geological Survey Professional Paper 1363, 88p.

ADAM, D.P., BRADBURY, 1.P.,, DEAN, W.E., GARDNER, 1.V., & SARNA-WOICICKI, A.M. 1995. Report of
1994 Workshop on the Correlation of Marine and Terrestrial Records of Climate Changes in the Western
United States. U.S. Geological Survey Open-File Report No. 95-34, 92p.

A 60 ka high-resolution record of paleoecological change at Laguna de las Trancas,
California’s central coast region, USA

Anderson, R. S.'; Boyle, J. F.” & Plater, A. J.*

'Center for Environmental Sciences & Education, & Quaternary Sciences Program, Northern Arizona University,
Box 5694, Flagstaff, Arizona 86001 (USA).
chpamm:nt of Geography, University of Liverpool, P.O. Box 147, Liverpool, L69 7ZT (United Kingdom).

Laguna de las Trancas is a small wetland presently located within the coast redwood (Sequoia
sempervirens) — Douglas-fir (Pseudotsuga menziesii) forest on an uplifted terrace ca. 170 m above and | km
inland of the Pacific Ocean in central California. Previous research (ADAM ET AL. 1981) detailed pollen data
that spanned the period S ka to ca. 30 ka yr BP, making it an unusual site for coastal California. We report here on
a new 10m core that spans all of the last ca. 60 ka, based upon a series of AMS dates and the occurrence near the
core bottom of the Olema Tephra. These new analyses include high resolution pollen, geochemical and magnetic
data, and document a terrestrial record that shows striking parallels to the marine isotope record from the Santa
Barbara Basin.

The pollen data closely parallel the geochemical data, which in turn parallel the oxygen isotope records
not only from the nearby Santa Barbara Basin but also the GRIP2 sites. The bottom portion of the core (MIS-4;
prior to ca. 55 ka yr BP) is dominated by Pinus (at least two species), with Cupressaceae and small amounts of
Pseudotsuga, Alnus, Quercus and other shrubs. Shallow water conditions are indicated by occurrence of
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Botryococeus and Equisetum. Polltu spectra from MIS-3 (10 ca. 265 yr BP) is also domnated by Pinks, with
greater of C g and coastal ch 1 ek a SSkatoddkaand 33 katw 2635 ka,
andmch:gjnstd:plox)lm}’mm pollen percentages ca -l:hmlah The pond was probably deepest during
carly MIS-3, as shown by the abundance of Brasenia, a floating-leaved aguatic. Spectra from MIS-2 (ca. 265 0
10.1 ka yr BP) are again dominated by at least two species of Pinus. The oce of minor of Picea
(probably P. sitchensis), maximem Pinus and mi policn suggest that the Last Gilacial
Maximum was centered around ca. 18 ka. Abies (perhaps A. grandis) becomes important fromca. 1S kato 101 ka
With the opening of MIS-1 at ca. 10.1 ka, Sequoia, Psendotsuga, Alnus, Lithocarpus and Quercus dominate the
arboreal pollen assemblages, suggesting the development of the modem forest there

Variations in the geochemical and magnetic data document cyclical variations on the millennial
timescale, inferred 1o be similar to D-O cycles verified from the Santa Barbara Basin (BEHL & KENNETT 1996)
Pollen data show considerable milleanial-scale bility as well, including increases in Seguoia and Pseudotsuga
pollen that may be linked to interstadial periods. The high-resolution Laguna de las Trancas data are important in
connecting periods of terrestrial biotic change with events documented in other high-resolution marine and ice
core records, providing additional direct evidence for land — sea coupling and global climatic connections

ADAM, D.P,, BYRNE, R. & LUTHER. E. 1981. A Late Plcistocene and Holocene pollen record from Laguna de
las Trancas,Northern coastal Santa Cruz County, California. Madrofio 28: 255-272.

BEHL, R.J. & KENNETT, J.P. 1996. Brief interstadial events in the Santa Barbara basin, NE Pacific, during the
past 60 kyr. Nature 379: 243-246.

Palynological records of Neogene climate and vegetation from interior
western North American sites: an historical overview

Davis, 0. K.
Department of Geosciences, University of Arizona, Tucson, Arizona 85721, USA.

The analysis of long sedimentary records of Quaternary and older sediments began in the North
America in 1956, with the publication of Kathryn Clisby's and Paul Sears’ (1956) analysis of a series of cores
(610 m [2000 ft] 200 samples) taken in the San Agustin playa of western New Mexico, U.S.A. The palynological
analysis upon which the publication was based overlapped with the marine isotopic studies of Cesare Emiliani
(1955). Clisby compared the minor changes recorded in her analyses with the large isotopic excursion in
Emiliani’s curves, in her 1962 presentation at the First IPC (Clisby, 1962). Clisby's work was followed by Paul
Martin’s analysis of Safford Basin, Arizona (Martin & Gray, 1962), Lake Cochise, Arizona (Martin, 1963) and the
Great Salt Lake, Utah (Martin & Mehringer, 1965: Davis, 2002). These early studies, taken from dry lake beds,
were plagued by sedimentation gaps and poor dating. but they demonstrated the potential for very long, detailed
records in western North American tectonic basins.

It was not until Thomas Van der Hammen's (1974) and Genevieve Woillard’s (Woillard and Mook,
1982) detailed analyses demc 1 a correlation between terrestrial and marine records that North American
palynologists once again focused on long records. David Adam initiated coring projects in standing water rather
than on dry lake beds: Walker Lake, Arizona (Berry et al., 1983) Clear Lake. California (Adam and West,1983)
and Tulare Lake California (Adam et al,, 1989). These investigations demonstrated the potential for millions of
years of uninterrupted palynological record. More recent investigations have d d ever more detailed and
ancient records of vegetation and climatic change (Bader, 2000; Dean et al., 2002; Woolenden, 2003).

ADAM, D.P. et al., 1989. Tulelake, California: The ]asl3mxlhon years. Palaeo. Palaco. Palaco. 72: 89-103.

ADAM, D.P. & WEST, G.J. 1983. Temp and presipi i through the last glacial cycle from
Clear Lake, California, Pollen Data. Science 219 166 170.

BADER, N.E. 2000. Pollen analysis of Death Valley sedients deposited between 166 and 114 Ka. Palynology 24:
49-62.

BERRY, R.W., MCCORMICK, C.W. AND ADAM, D.P. 1982. Pollen data from a 5-m upper Pleistocene
lacustrine section, Walker Lake, Coconino Co., Az USGS Open-File Report §2-383.

CLISBY, K.H. 1962. An inperceptible Plio-Pleistocene boundary. Abstracts, Internat. Conf. Palynol., Tucson,
Arizona., April 23-27, 1962 (pages not numbered).
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DAVIS. O.K. 2002. Late Neogene Eavironmental History of the Great Salt Lake. In R. Hershler, D.B. Madsen,
and DR Currey (eds.) Great Basin Aquatic Systems History. pp. 295-307 Smithsonian Contribs. to the
Earth Sciences 33

DEAN, W., et al. 2002, Progress in giobal lake drilling holds potential for global change research. EOS 83: 85,
90-91

EMILIANL C. 1955 Pleistocene temperatures. Journal of Geology 63:538-578.

MARTIN, P.S. 1963. The last 10,000 years. University of Arizona Press. Tucson, Az

MARTIN, P.S. & GRAY, J. 1962. Pollen analysis and the Cenozoic. Science 137: 103-111.

MARTIN, P.S. & MEHRINGER, P1. Jr. 19635, Pleistocene pollen analysis and biogeography of the Southwest. In:
H.E. Wnght & D.G. Frey, Quaternary of the United States. pp. 433-451. Princeton Univ. Press, Princton,

NJ
VAN DER HAMMEN, T. 1974. The Pleistocene changes of vegetation and climate in tropical South America. J.
Biogeography 1:3-26.

WOILLARD, GM. & MOOK, W.G. 1982, Carbon-14 dates at Grande Pile: comrelation of land and sea
chronologics. Science 215:159-161.

WOOLFENDEN, W.B. 2003. A 180,000 year pollen record from Owens Lake, CA: Terrestrial vegetation change
on orbital scales. Quaternary Research 59: 430-444.

High-resolution terrestrial vegetation record during marine isotope
stages 1-6 from Owens Lake, California

Woolfenden, W. B.
USDA Forest Service, Lee Vining, California 93541 (United States).

An 180,300-year pollen sequence (core OL-92) from Owens Lake, California (1067 m) indicates that
desert vegetation had tracked part of the last two glacial and interglacial cycles, which were driven by orbital
changes. The now dry Owens Lake is in a closed lake basin at the southern end of Owens Valley flanked by the
Sierra Nevada and White-Inyo Mountains. It lies on an ecotone between the cold sagebrush desert of the Great
Basin and mixed shrub hot desert of the Mojave Desert and so its sediments contain a historic vegetation archive
sensitive to climatic change. The pollen sequence indicates shifts in the plant associations representing warm and
cold desert shrub, pinyon-juniper woodland, and pine-fir forest during MIS 1-6. High percentages of Juniperus
(51-71% maximum) and Artemisia pollen along with low percentages of warm desertscrub pollen (Ambrosia,
Chenopodiaceae-Ama hus, Cercocarpus/Purshia) during the intervals of about 180-130.2 ka and 80.1-17.7 ka
alternate with low percentages of Juniperus and Artemisia pollen, and relatively high percentages of desertscrub
pollen during the intervals of about 130-126.5 ka and 17.7-10.2 ka. Pinus and Abies pollen varies inversely with
Juniperus over the long term. The interval of about 126.5-80.1 ka is characterized by the highest abundances of
Pinus and Abies for the period of record, while abundances of Juniperus and Artemisia and warm desert taxa
alternate between two shorter intervals.

As the pollen sequence is interpreted, during glacial and stadial climates, pinyon-juniper and big

gebrush woodland  domil d the southern Owens Valley, apparently having expanded to the south and
downslope to replace warm desert shrubs. At the same time upper montane and subalpine forests in the arid Inyo
Mountains expanded, and much of the forest in the Sierra Nevada was apparently displaced by the ice cap and
periglacial conditions. Conversely, during interglacial and interstadial climates warm desert plants expanded their
range in the lowlands, juniper, pinyon and sagebrush retreated upslope, and montane and subalpine forests
expanded in the Sierra Nevada. Variations in Chenopodiaceae-Amaranthus pollen between glacial and stadial
periods may partly reflect the changing extent of valley habitat due to lake level fluctuations.

The time interval from 132.1 o 122.4 ka spans the transition from the pleniglacial (MIS 6) into the last
interglacial (MIS 5). According to the pollen sequence, as surface temperature increased juniper decreased over a
thousand-year period until 130 ka when taxa representing warm desert vegetation surged within 200 years, as if a

hreshold was hed. These taxa dif ially de ed about 4000 years later as surface temperature declined.

The early interglacial (MIS 5e) appears to have been shghtly warmer and wetter than the Holocene because of the
greater abundance of Ambrosia and Quercus pollen. This is possibly due to low-pressure anomalies over the
eastern Pacific and more frequent summer and fall rainfall from humid air masses brought in by southerly flow.
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A pond Iy that besides the larger amplitude changes there were Jower
freg ¥ i in the d 2 types of upper Mojave Desert grassiand, Great Basin desert
grassland, Great Basin steppe. and Rocky Mountains xenc forest (pinyon-juniper woodland). No moder analogue
for full glacial vegetation has yet been found.

The rec d vegetation history d a regional chimatic response, and the congr of
the pollen sequence with marine and ice cap oxygen isotope stratigraphies suggests a link between regional
vegetation and global climate change at orbital scales.

Since the last interglacial is similar to the Holocene the pollen data set can be used for a comparative
study of past and modem vegetation and climate dy ics of the deserts of south-castern California. Such a study
is important toward und ding climate/vegetation interactions for future projections of the conscquences of
human-induced global change.

A 60,000-year record of climate change from Lake Tulane, Florida, USA

Grimm, E. C."; Watts, W. A%; Jacobson, G. L.(Jr.)’; Hansen, B. C. S.%
Aimquist, H.* & Dieffenbacher-Krall, A. C.°

'Illinois State Museum, Research and Collections Center, 1011 East Ash Street, Springfield, IL 62703 (USA).
*Department of Botany, Trinity College, Dublin 2 (Ireland).
*Climate Change Institute, University of Maine, Bryand Global Sciences Center, Orono, ME 04469 (USA)
“Limnological Research Center. University of Minnesota, 220 Pilisbury Hall, 310 Pillsbury Drive, SE.,
Minneapolis, MN 55455 (USA).

In an earlier paper (GRIMM ez al. 1993) we identified peaks in pine pollen from Lake Tulane, Florida
that were coeval with the Heinrich events. In that paper we suggested that pine peaks corresponded with five of the
Heinrich events (H1-HS) and that an extra pine peak perhaps comrelated with minor peaks in the lithic grains from
DSDP 609 between H3 and H4. We also suggested that the pollen data indicated wetter and cooler climate in
Florida during the Heinrich events.

Detailed analyses of a new core from Lake Tulane with 55 AMS radiocarbon dates indicate that the six
Lake Tulane pine phases were, in fact, coeval with the six Heinrich events. The new core spans the past 60,000
years. Conventional radiocarbon dating of our original core did not reveal sudden jumps in age that occur at bases
Tulane pine phases 3 and 4, which resulted in errors in our original age model. Although these jumps may indicate
hiatuses in sedimentation, their coevality with the Laschamp and Mono Lake geomagnetic excursions suggests
that they were owing to major variations in atmospheric '*C concentration.

During the Pleistocene, oak-scrub and prairie phases at Lake Tulane were coeval with long, intense

gaard-Oeschger i dials (warm periods) that initiated Bond cycles. Pine phases were coeval with the
North Atlantic long stadials (cold periods) that ended Bond cycles and were terminated by Heinrich events.
Analysis of aquatic and wetland macrofossils indicate that lake levels were higher during pine phases, confirming
our earlier interpretation that climale was wetter. However, numerical analyses of the pollen data suggest that
climatic conditions during the Heinrich events were similar to the late Holocene, which was wet and warm.
Climate was cooler during the scrub oak-prairie phases. Therefore, climate at Lake Tulane showed a strong
antiphase relationship with the North Atlantic region. Perhaps diminution of thermohaline circulation before and
dxfuing Heinrich events reduced northward heat transport and retained warmth in the subtropical Atlantic and Gulf
of Mexico.

GRIMM, E. C.; JACOBSON, G. L., JR.; WATTS, W. A; HANSEN, B. C. §. & MAASCH, K. A. 1993. A
50,000-year record of climate oscillations from Florida and its temporal correlation with the Heinrich
events. Science 261: 198-200.
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Dancing to different beats: vegetation community responses to orbital-scale climate
forcing in the Australian Quaternary

Kershaw, P.'; Van der Kaars, S.'; Sniderman, K.'; Wagstaff, B.'; Moss, P. T.%;
Harle, K. & D'Costa, D. *

'Centre for Palynology and Palacoecology, School of Geography and Envir | Science.
Monash University, Vic. 3800 (Australia).
*Depanment of Geography, University of Wisconsin-Madison, Madison WI 53706 (U.S.A.)
'CSIRO Sustainable Ecosystems, GPO Box 284, Canberra, ACT 2601 (Australia).
*School of Geography and Envi | Science, University of Auckland, Auckland (New Zealand).

Detailed palynological records, predominantly from marine and volcanic crater sediments, cover a
substantial part of the Quaternary of northern and southeastern Australia and extend from humid to arid
environments. Comparisons are made with the marine oxygen isotope stratigraphy, indirectly with terrestrial
records and directly with marine records.

Predictably, the 100,000 year eccentricity cycle is very evident, and frequently dominant, in Middle to
Late Pleistocene sequences, reflecting ice volume forcing operating largely through sea level variation in the north
of Australia and a combination of sea level and global temperature variation in the southeast of the continent.
Glacial periods were substantially drier than interglacials.

However, in the northeast of the continent, a 30,000 year frequency predominates in tropical conifer
and charcoal components over the last 300,000 years, that is attributed to a strong Pacific Ocean ENSO signal.
Conversely, over this same period, savanna vegetation in northeastern Australia exhibits clear southern
hemisphere precessional forcing, attributed to monsoon influences from the Indian Ocean, but then alters to global
ice volume forcing back to at least 500,000 years BP. It is possible that this ‘mid-Brunhes’ event is the result of a

bination of vaniation in the amplitude of p ional cycles related to the 400,000 year eccentricity frequency
and alteration of atmospheric and oceanic circulation patterns with the development or expansion of the West
Pacific Warm Pool. Increased climatic variability within the last 300,000 years has led to major changes in fire
regimes and resulted in a more open vegetation. This trend has been exacerbated by Aboriginal burning within at
least the last 50,000 years.

In Southeastern Australia, there is evidence for southern hemisphere precessional forcing of both
diverse rainforest, now virtually extinct in the region, and sclerophyll vegetation from the beginning of the
Quaternary until about 1.1 million years ago. There is little relationship shown to the marine isotope record.
Throughout this period, the major climate variation was in precipitation and there is little evidence of major

hanges in p . The p of annual laminations, a rare feature in Australian Quaternary records
generally, suggests that the climate was very seasonal. It is hypothesized that, with little variation in global ice
volume and reduced Pacific ENSO activity, the Indian Ocean monsoon may have exercised dominant control over
the climate of this mid-latitude region. After a transition period, lasting until about 0.9 Ma, global ice volume
forcing became the dominant influence on the vegetation in the Middle and Late Pleistocene with marked variation
between cool, dry glacial and warm wet interglacial periods. Interglacials witness some expansion of depauperate
and areally restricted rainforest patches.

An environmental history of the humid tropics of Northeastern Australia for the last
500,000 years (oxygen isotope stages 1 to 13) based on the ODP 820 marine core

Moss, P. T." & Kershaw, A. P.?

'Department of Geography, University of Wisconsin, Madison, 550 North Park Street, Madison, WI 53706, USA.
*School of Geography and Environmental Science, Monash University, VIC 3800, Australia.

A continuous, though generalized record of vegetation, burning and climate changes for the humid
tropics of northeastern Australia over the last 1.5 million years has been produced from the ODP 820 marine core
(Kershaw et al. 1993). A more detailed pollen and charcoal analysis has been undertaken for the last 500,000 years
(oxygen isotope stages 13 to 1) and compared with an equally detailed oxygen isotope record from the core
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(Peerdeman et al. 1993). The palynological records provides evidence of cyclical environmental change limked ©

Milankovitch periodicities, as well as three profound aly in Ve and burning hinked to noa-cychical

alterations for the last 250,000 years (oxygen isotope stages 7 to 1) at 170,000 years BP, 135,000 — 130,000 years

BP and 45,000 years BP (Moss, 1999. Moss and Kershaw, 2000). This refined analysis of the ODP $20 record has

been extended from 250,000 to 500,000 years BP (oxygen isotope stages 8 1o 13) in order to provide a firmer basis

for explanation of the lale Quaternary cvents in relation 1o regional tectonics and possibly assoctated changes m

atmospheric and oceanic circulation patterns in the west Pacific that occurred during the mid Quaternary. In

addition, the role of Milankovitch orbital forcing on environmental change in the humid tropics of northeastem

Australia for the mid Quaternary periad will be examined

KERSHAW, AP, McKENZIE, GM. & McMINN, A, 1993 A Quatemary vegetation history of north-castem
Queensland from polien analysis of ODP site $20. Proceedings of the Ocean Drilling Program Scientific
Results 133, 107 - 114.

MOSS. P.T. 1999 Late Quaternary Environments of the Humid Tropics of Northeastern Australia.
Unpublished PhD thesis, Monash University, Australia MOSS, P.T. & KERSHAW, A P, 2000. The last
glacial cycle from the humid tropics of north A lia: comp ofa I record and marine
record. phy, Palacoclimatology, Palaeoecology 155, 155 - 176.

PEERDEMANN, FM., DAVIES, PJ. & CHIVAS, AR., 1993. The stable oxygen isotope signal in shallow-
water, upper-slope sediments off the Great Barrier Reef (Hole 820A). Proceedings of the Ocean Drilling
Program Scientific Results 133, 163 - 173

A continuous Southern Ocean terrestrial pollen record providing opportunity for
inter-hemispheric comparison of mid-late Quaternary climatic change

Newnham, R. M.'; Vandergoes, M. J.? & Preusser, F.®

. 'School of Geography, University of Plymouth (UK).
“Climate Change Institute, University of Maine (USA).
“Institute of Geological Sciences, Bern (Switzerland).

The assumption that the major Quaternary climate transitions occurred synchronously between northern
(NH) and southern hemispheres (SH) is an important corollary to the Milankovitch orbital forcing hypothesis.
Testing the ption is probl ic, however, b of a paucity of SH records where dating is not reliant
upon ‘tuning’ to presumed NH or global signals. A new independently dated pollen record of climate change from
Okarito, southwestern New Zealand, spanning much of the last two glacial-interglacial cycles (Fig. 1), provides a
SH benchmark for comparison both with the marine isotopic record and with equivalent long continuous pollen
records from the NH. In this paper, we focus on comparison with classic pollen records from western Europe. The
correspondence between these records provides strong evidence for a closely coupled ocean-atmosphere-terrestrial
system in the mid-latitudes of the SH with vegetation developments that occurred broadly in synchrony with those
in the NH. Nevertheless there are some significant differences between the Okarito record and NH counterparts,
including an carlier onset and longer duration to cooling during the Last Glacial Maximum and the lack of a
pronounced thermal maximum during the Last Interglacial. These unexpected findings require explanations and
have important implications for understanding how climate change is propagated around the globe. Here we
consider the role of local insolation in modulating the northern insolation ‘driver’.
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Fig 1. Mid-Late Quaternary climate proxy tecords, from left to right DSDP Site 594 pollen, 80 (planktic) and calcium
carbonate records (Nelson et &l 1993: Heusser and van der Geer, 1994); Okarito summary pollen diagram showing (left to right)
curves for forest trees, shrubs, and dryland herbs; Vostok temperature (Petit et al., 1999); Marine core MD 900963 80 record
(Bassinot et al., 1994); Summer insolation values for 40°S and 65°N (M-F Loutre pers comm.). Marine isotope stages in column on
far right. Note compression of Holocene section of Okarito Pakihi record 1o aid comparison.

BASSINOT, F.C. et al. 1994. The astronomical theory of climate and the age of the Brunhes-Matuyama magnetic
reversal. Earth and Planetary Science Letters 126: 91-108.

HEUSSER, L.E. & VAN DER GEER, G. 1994, Direct correlation of terrestrial and marine palacoclimatic records
from four glacial-interglacial cycles — DSDP site 594 southwest Pacific. Quat. Sci. Rev. 13: 273-282
NELSON, C.S. et al. 1985. Near-synchroneity of New Zealand alpine glaciations and northern hemisphere

continental glaciations during the past 750 ka. Nature 318: 361-363
PETIT J.R. et al. 1999. Climate and Atmospheric History of the Past 420,000 years from the Vostok Ice Core,
Antarctica. Nature 399: 429-436.

Vegetation history of the last 300,000 years for Kamiyoshi, Kyoto, Japan,
based on pollen from a long peat core dated by tephra layers

Takahara, H.'; Tanida, K.'; Danhara, T.? & Uemura, Y.*

'Kyoto Prefectural University, Kyoto 606-8522, Japan.
*Kyoto Fission Track Co., Ltd., Kyoto 603-8832, Japan.
*Dukkyo University, Kyoto 603-8301, Japan.

We have taken a long core over 350,000 yr BP from Kamiyoshi Basin near Kyoto City in western
Japan. This core will provide a continuous vegetation history of the glacial-interglacial circles from the Marine
Isotope Stage (MIS) 3 to MIS 9. The chronology was based on widespread tephra (AT: 25,000 , Asod: 84,000, K-
Tz 91,000, ASO-1: 260,000 and Kkt: 330,000 yrsBP, age of the tephra after Machida and Arai (2003) ) and
several AMS "C dates. In this paper, we refer to the vegetation history since the MIS Se. During the MIS Se,
forests were characterized by dominance of Cryptomeria japonica and evergreen oaks with fir, hemlock, and
beech. Also, several percentages for pollen of Lagerstroemia were detected during the MIS Se. Modern
distribution of this genus is the subtropical zone from China to the southeastern islands of Japan. So, during the
MIS Se, both subtropical and cool-temperate genera were coexisted around the Kamiyoshi basin. In the boundary
between the MIS Se to 5d, evergreen oaks and temperate conifer forests were abruptly changed to temperate
forests composed of Sciadopitys verticillata (umbrella pine) and Cryptomeria japonica associated mainly with
Cupressaceae, spruce trees and deciduous oaks. Temperate conifer forests were composed primarily of
Cryptomeria japonica with Sciadopitys verticillata and Cupressaceae trees the period from the MIS Sc to Sa.
Pinaceous conifer vegetation dominated by Tsuga, Picea, and Pinus subgenus Haploxylon was dominant during
the MIS 4. Around 60 kyr BP, this was followed by cool-temperate deciduous broad-leaved forests composed
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rrmnh of Fagus crenata, Quercus subgenus Lepidobalanus and Ostrya/Carpinus. Temperate conifer forests

i d by Cup cae trees with Tsuga, Pimus, Sciadopitys verticillata, Crypiomeria japomica and
L:p:dvbalanus (demdnms oaks) occurred in the interstade (MIS 3). Especially, between 45 10 30 kyr BP,
Cupressaceae trees were mast domunant in forests. The comrelation between this record and oo from Kurota
Lowland (Takahara and Kitagawa, 2000) reveals diff; n veg b the mnland area and the coastal
area of the Japan Sea during the MIS 3. In the inland Kamiyoshi Basin, Cupressaceae trees were dominant,
associated with Sciadopitys verticillata and deciduous oaks. Meanwhile in Kurota Lowland, adjacent 10 the Japan
Sea, Cryptomeria japonica was dominant, associated with cool- !tmpu-uc deciduous broad-icaved trees such as
Fagus crenata and deciduous oaks. The diff in v bably indicates a slightly dner climate in the

&

inland area and a wet and heavy snow climate in the coastal Japan Qca area during the MIS 3

MACHIDA, H. and ARAL F. (2003) Atras of tephra in and around Japan (revised edition), University of Tokyo
Press, Tokyo.

TAKAHARA, H. and KITAGAWA, H. (2000) Vegetation and climate history since the last interglacial in Kurota
Lowland, western Japan. Palacogeography, Palacoclimatology, Palacoecology, 1550123-134.

A high resolution multi-proxy lacustrine record (pollen, diatoms, 5"0,) of climate,
vegetation and lake level changes in the Massif Central (France) from the rissian late
glacial to the end of the Eemian

de Beaulieu, J. L."; Andrieu-Ponel, v.'; Rioual, P Rietti-Shati, M3 Battarbee, R W.5;
Cheddadl RY Remo,M Svobodova, E.* & Shemesh A.*

'Imep, UMR 6116 CNRS, Europdle de I'Arbois, Pavillon Villemin, BP 80,
13545 Aix-en-Provence Cedex 04, France.
*Environmental Change Research Centre, University College London,
26 BedfordWay, London WC1 0AP, UK.
*Department of Environmental Sciences and Energy Rescarch,
The Weizmann Institute of Science, Rehovot 76100, Isragl.
*Isem, Institut des Sciences de I'Evolution (UMR CNRS 5554), Université Montpellier 11 -
Place E. Bataillon, C.P. 61, F-34095 Montpellier Cedex, France.
*Botanical Institute, CZ-25243 Pruhonice, Prague, Czech Republic.

The companison of a new high resolution pollen dxagmm of Ribains with biological and geochemlcal
data delivered by the same core, allow us to obtain detailled p logical and palaeoclimatical infor
for the last ca 140 000 years.

At the end of the penultimate glaciation, the landscape was characterized by a dominating open
vegetation with steppics and some sparse mesophilous trees that could develop at lower altitude. Climate
reconstruction indicate low annual precipitations and a high annual temperature amplitude. Lacustrine waters of
the palaeolac of Ribains were very cold as it is proved by the domination of Cyclotella rossii among diatom
assemblages.

Polle data and §'0, values indicate that the beginning of the Eemian correspond to a warm period
caracterized by high precipitation and a low annual temperature.

During the Carpinus phase, the climate become more continental (low annual precipitation, low annual
temperature mean, high annual temperature ampliludc)

When Picea populations :xpand a serious decline in ly during . and
the climate grow wetter. This trend is demonstrated by the drop of the 8"0.l curve. Al the cnd of the interglacial,
as the vegetation is dominated by a boreal coniferous forest, a si and transitory rise of organic matter
and Picea percentages is observed. This event, not recorded by the 80, of the Ribains diatoms but present in
other European pollen and isotope profiles, could be related to a short warming of the climate.
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Correlation of the climate changes over the last 200 ka recorded in long
loess-palacosol pollen profiles and ESR-dated marine deposits of Northern Eurasia

Bolikhovskaya, N. S." & Molodkov, A. N.*

' Department of Geography, Moscow State University, 119234 Moscow, Russia
* Institute of Geology, Tallinn Technical University, 10143 Tallina, Estonia.

The time span of the past 200 ka has been marked by many large-scale global and regional climate
changes, between warmer and cooler conditions. At the same time, long and continuous terrestrial proxy climate
records through this tiune interval are rare. A few most plete loess-palk I are d in the glacial
and extraglacial zones of the East European Plain. At present, these are among the longest and palynologically
best studied sections (BOLIKHOVSKAYA 1995). Peculiarities of phytocoenotic and climatic successions and

p of ch istic taxa over the last 200 ka are considered in this study on the example of two most
typical stratoregions of the central part of the Russian Plain — the Northem Central Russian glacial loess region
and the Middle Desna glacial loess region

The palynostratigraphical record derived from long continuous loess-palacosol  sequences was
calibrated for age by ! to the mollusc-based ESR-chronostratigraphical record in which warm-climate-
related events were dated by ESR on more than 170 subfossil mollusc shell samples taken directly from the

gressive marine sedi We have pted to link marine mollusc-based age analysis from the two last
glacial intervals and an interglacial between them with the palacoclimatic data derived from the pollen-based
vegetation signals of terrestrial environment from the East European loess province. The linkage of these two
independent climatic records has provided better insight into palacocnvi I changes during the last two
glacial periods where radiometrically dateable materials typically are scarce both in terrestrial and marine
sediments.

Using pollen and mollusc-based ESR data, we have identified palacoenvironmental events that we
believe o comrelate with a number of large-scale late Middle and Late Pleistocene climatic features in Northern
Eurasia, including the penultimate glacial period (Dnieper/Saale, OIS 6) with three warmings within it, last
interglacial (Mikulinian/Eemian, OIS 5), and subsequent glacial/periglacial period (Valdaian/Weichselian, OIS 4-
OIS 3), interrupted by at least six relatively warm episodes of interstadial rank.

The pollen response in the sections examined in this paper documents a strong climatic signals bottom-
up, covering an interval from OIS 6 to OIS 2. The Doieper glacial rhythm is divided by an intermediate
interstadial into two (Dnieper and Moscow) stages with the Early Dnieper and Late Moscow interstadials within
them. During interstadials pine, pine-birch and birch light periglacial forests dominated in the glacial-periglacial
zone of the Russian Plain, In the loess areas in the south of the Russian Plain the periglacial woods, forest-steppes,
steppes and extraglacial light forests were spread during these warm intervals. Cold (glacial) phases are
characterised by the spread of tundra-steppes, tundra-forest-steppes, periglacial forest-steppes, periglacial steppes
and periglacial semi-deserts. The time of the Valdai glacial pessimum is characterised by development of
periglacial tundras, periglacial forest-tundras, tundra-steppes, tundra-forest-steppes and periglacial steppes. Warm
(interglacial) phases are characterised by successions of interglacial forests, forest-steppes and steppes.

The data obtained demonstrate also that the last interglacial event in Northern Eurasia may have been
long lasting, correlating most likely with the whole of isotope stage 5 and the final phase of stage 6 rather than
substage 5S¢ only. During most of the period the vegetation cover has evidently been of interglacial character in
Eastern Europe. At the same time, pollen and ESR records suggest that this interglacial was variable rather than
stable in nature. During this interglacial period the warm climate was repeatedly interrupted by cold phases.

Coolings during the last interglacial may have been quite deep although of relatively short duration and
appear 1o be less dramatic in Northern Eurasia than suggested by the oxygen isotope variability in the deep-sea
isotopic records. Our ESR studies show that during these intra-interglacial cold periods of isotope stage 5 coastal
arcas of Eurasian North were partly occupied by transgressive basins. Time-dependent frequency distribution of
all the ESR-dates obtained for the last interglacial also displays several intervals that can likely be correlated with
the coolings and phases of sea regression.

BOLIKHOVSKAYA, N.S. 1995. The Evolution of Loess-Paleosol Formation of Northern Eurasia. Moscow
University Press, Moscow. 270 pp.
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A 400.000-yrs pollen record from Azzano Decimo (northern ltaly)
Donegana, M."; Ravazzi, C.'; Pini, R.%; Avigliano, R.* & Pacifico, P.".

'CNR - Istituto Dinamica Processi Ambicatali, Sez. Mitano ()
? Dip. Scienze Geologiche ¢ Geotecnologie, Univ. of Milano - Bicocca (1.
Sp : -~ .
Dipar eT

Univ of Udine (1).

A few long pollen records covening the Late Pleistocene ~ Late Middie Plesstocene are available for
northern laly (MULLENDERS ET AL 1996: AMOROSI ET AL. 1999), despite its palacoccological importance.
Indeed, the vegetation record of the southern side of the Alps allows for detecting survival arcas, where plants
could sheiter dunng dry and cold periods of the Quaternary.

In the framework of the CARG Project (update of the official geological map of ltaly), a gmuuuousiy
cored borehole was carried out in 2003 hy!heUniv.ofUdi.ncinlheﬁiulimalhvialphin(NEj\)'th)' A?ﬂ!m

long core was realized at Azzano Decimo: 100% of sedi was retrieved. The graphi stiga on
this core involves the Univ. of Udine, Padova, Trieste, Roma and the CNR-IDPA, the last Institute being charged
for pollen analysis.

The stratigraphic sequence shows (WO major lransgressive-regressive chcs. The sodmmury
environments include: silty clay marine settings, transitional-coastal and littoral facics with sandy sedimentation,
and laminated silts of fluvial origin with peat levels testifying to local marshes.

Seven conventional '‘C datings wmdewmined&mnpwhyminmcupp:ymmdﬁtm.w

span from 27,160 uncal. yrs BP to > 46,000 yrs BP. Other AMS datings are curren! y in progress.
i 150 pollen samples were analysed. More than 100 pollen types were idcnl:ﬁtd Wc nwkgd
pollen grains of Early Pleistocene age (Tsuga, Carya, Pierocarya, Liqui dambar) can be 2 on the basis

of their different degree of preservation, Several types of mic belonging to K i dinocysts, fresh-
water algae (Pediastrum, Spirogyra, Mougeotia) were counted. .
The igraphic distribution of polien blages and the sea level record suggest that the main

palynologic changcsaan; climatically-driven and related to MIS 2 to 11. A previous record from the Po plain
(AMOROSI ET AL. 1999) also confirms this picture. : : '

At the base of the pollen diagram a phase of mixed conifer-broad leaved trees forests wnl.\ Pinus, Pu'f(_l.
Abies, Fagus, Alnus, Quercus deciduous, Ulmus and Tilia is related to MIS 11. It's followed by a Pinus, Artemisia
and Grami domi d pollen blage suggesting a cold and dry phase related to MIS 10. . ‘

A new phase of expansion of mixed forests is related to MIS 9: cool-temperate forests with Picea,
Fagus and Carpinus are followed by mixed conifer-broad leaved forests with Abies, Querf'ns dec., Corylus Ulmus
and Tilia. Then a short interval with Pinus and Artemisia is related to MIS 8. The following 65 meters, related to
MIS 7, include a sequence of three phases of expansion of broad-leaved trees and two cold phases marked by the
abundance of Pinus, Picea, Abies and Betula. An interval with complete absence of md-lgnwd trees and
dominance of Pinus and xerophytes , related to MIS 6, is followed by a cler polien succssjon typical of MIS 5._A
detailed pollen stratigraphy during MIS 5 in N-ltaly is obtained for the first time, enabling to show subsuqual
differences with the northern side of the Alps. Conti | deposits spanning the upper 32 m of the core yield
mainly higher pollen % of conifers and xerophytes and can be related to the last glacial period. :

The Azzano Decimo core offers a detailed palynostratigraphic record for the Late Pleistocene — Late
Middle Pleistocene which can be used as a reference in northeastern Italy.

AMOROSI, A., COLALONGO, M.L., FUSCO, F., PASINI, G. & FLORINI, F. 1999. Glacio-eustatic control of
continental-shallow marine cyclicity from late Quaternary deposits of the Southeastern Po Plain, Northern
Italy. Quat. Res. 52: 1-13, s

MULLENDERS, W., FAVERO, V., COREMANS, M. & DIRICKX, M. 1996. Analyses polliniques de sondages
A Venise. In: Gullentops, F. (Ed.), Pleistocene Palynostratigraphy. Aardk. Meded. 7: 87-117.
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Different responses of African climate to the intensification of the Northern
Hemisphere glaciation around 2.6 Ma

Dupont, L. M.
Geosciences, University of Bremen. D-28334 Bremen

The present-day condition of bipolar glaciation cham.lmscd by m.pld and large climate fluctuations,
began at the end of the Pliocene with the fi of the North 'S o | glaciations. The
glnbul cooling steps of the Pliocene have been documented in numerous studies of ODP sites from the northern

phere. This study p new pollen data from ODP Site 1082 (21°S 12°E) providing a Pliocene record of
vegamon change in Southem Africa. | compare the pollen records of ODP Sites 658 (18°W 21°N) and 1082 10
investigate the responses of African climate north and south of the equator, which turn out 1o be remarkably
different in timing Between 325 and 2.6 Ma North African climate became progressively drier and arid
coudmuus cuhmnated at Stage l(M (2.6 Ma). From then on the pollen diagram of ODP Site 658 displays time-
d as repetitive southward shifts of the Saharan-Sahelian boundary. In southern
Mm.l the runvd of ODP Snc 1082 suggests northward shifts of the savanna during the cold stages. However, the
most prominent change toward drier conditions occurred at 2.1 Ma contemporaneously with a drop in sea surface
temperatures marking the start of the modern Benguela upwelling system.

Vegetation response to lower Pleistocene climatic cyclicity in the
Lamone River Valley (northern Apennines, Italy).

Fusco, F.

Department of Earth and Geological-Envi | Sciences. University of Bologna. 40127 Bologna (ltaly).

The results of a palynological study carried out on marine deposits of the Lamone River Valley are here
reported. The Lamone succession consists of marine grey-blue clays of the Argille Azzurre Formation,
outcropping on the foothills of the northern Apennines. On the basis of foraminiferal content (VAIANI &
VENEZIA 1999), the studied deposits are n‘fcrrcd to lower Pleistocene.

Pollen dau a cyclic veg dy ics in which four different pollen assemblages in tum
spread and retreat, indi ¢ parallel h A ion cycle starts with the expansion of mixed
deciduous forest, dominated by Qunrm. followed by an cxpansnon of Juglandaceae and Tsuga, indicating at first
an increase of temperature, and then of humidity. Successively, a mountain coniferous forest dominated by Picea
spreads, testifying a drop in temperature towards cool/cold climate conditions. The Picea-forest phase is followed
by the diffusion of shrubby-herbaceous vegetation with Artemisia and Ephedra, indicating a drop in humidity. The
lowest pollen concentration values are recorded during this latter vegetation phase, suggesting a forest retreat,

This cyclic vegetation dynamics reflects the cyclic climatic oscillations, and fluctuations from forest to
open-vegetation reveal interglacial/glacial cycles. In the Lamone succession, two complete cycles are documented,
in | of the apy of the benthic foraminifer Hyalinea baltica (VAIANI & VENEZIA 1999),
marker for the Santernian\Emilian boundary (~1,5 Ma) (PASINI & COLALONGO 1994).

Comparison with other lower Pleistocene long-pollen series from Italian sites shows wider spread of
Picea and minor expansion of open vegetation in northern Italy with respect to southern Italy, suggesting the
hypothesis of more humid climate condition.

Taxodi (mostly Taxodium-type) are continuously represented from the base to the top of the
Lamone succession, exhibiting values of ~4% on avcmge and maximum exceeding >11%. The presence of
Taxodi in the lower Plei is also d d in other Italian sites, and their disappearance in Italian
records can not be 1d as a chronostratigraphical event for the Plio\Pleistocene boundary.

PASINIL, G. & COLALONGO, M.L. 1994, Propusal for the erection of the Santernian\Emilian boundary-
stratotype. Boll. Soc. Paleont. It. 33: 101-120.

VAIANL S. & VENEZIA, P. 1999. La sezione pleistocenica del Lamone (Appennino Romagnolo): associazioni a
foraminiferi ed evoluzione paleoambientale. Boll. Soc. Paleont. It. 38: 39-57,
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Cyclic changes in the late Neogene vegetation of the

Ptolemais Basin (northern Greece)
Kloosterboer-Van Hoeve, M. L."; Steenbrink, J.%; Tuenter, E.* & Visscher, H.'
' Depar Palacoecology, Laboratory of Palacobotany asd Palynology.

University of Utrecht, (The Netherlands).
* Nederlandse Aardolie Maatschappij B.V.. PO Box 28000, 9400 HH Assen, The Netherlands
? Royal Netherlands Meteorological Institute (KNMI), PO. Box 201, 3730 AE, De Bilt, The Netherlands.

The late Neogene (late Miocene, carly Phocene) sed 10n of the 1 Prol
Basin in northern Greece displays a distinctive altanaunu of hgulm md lacustrine mns ulholupcal cyvklty i
controlled by orbital precession and can be lated with the h

for the late Neogene (van Vugt et al. 1998 and Steenbrink et al, 1999). Th:pllynohgxalmadﬁmxm
consecutive cycles, covering the time interval between 544 and 523 Ma, reveals significant responses of
mountainside vegetation to orbital forcing, mainly p lysis from a pollen record from ten

consecutive cycles more upward in the © lhcpmodfmm-l.‘xbm#lea.showsnpunfmmlhe
strong impact of precession, eccentricity as well as weak obhqullv signals.
The observed cyclic trends in the relative abund of | cl are idered 1o exp
iodi 1ations in soil moi availability, resulting from chmgcs in orograph i ipitation. At

prcsenl. variations in rainfall during the winter in the East Mediterrancan badahndsmuhudm I)mmdtmal
shifts of the trajectories of prectpnauon-hdcn cyclones that are associated with the North Atlantic Oscillation and
2) the formation of cyclones or from the Medi Sca. We propose that both the th Atlantic
teleconnection and the forming of Mediterrancan cyclones are resp ibi for the ed long-term
precipitation vanations in southern Europe.

VAN VUGT, N. ET AL, 1998. Magr hy-based ical tuning of the early Pliocene lacustrine
sediments of Polemais (NW Greece) and bcdlcrbed correlation with the manne record. Earth and
Planetary Science Letters 164: 353-551.

STEENBRINK, J. ET AL. 1999, Sedimentary cycles and volcanic ash beds in the lower Pliocene lacustrine
succession of Pwolemais (NW Greece): Discrepancy between “Ar/“Ar and astronomical ages.
Palaeogeography, Palacoclimatology, Pal logy 152: 283-303.

The Pianengo core (Po plain, northern Italy): a record of vegetation
and climate changes during the Early Pleistocene and preliminary
comparison with MIS chronology

Pini, R."?; Ravazzi, C.'

YC.N.R ~Istituto per la Dinamica dei Processi Ambientali, Milano (Italy).
* Department of Geological Sciences and Geotechnologies, University of Milano ~ Bicocea (ltaly).

Within the project for the updating of the geological map of ltaly. long cores were recently drilled in
the Po plain, to describe the Quatemary stratigraphy of the Po basm Multidisciplinary investigations are curmuly
gomg on, namely sedimentology, petrography, bio- and mag graphy, pollcn i ‘,,‘ .M graphy
is used to build up a chronological frame and to set unconformities recognized by seismic proﬁles

Several investigations were carried out on a 200m-long core from Pianengo (Lombardian plain). A
m:nn changc in vcgemuon structure, dcposmonal environments and river palacogeography occurs across a

g Yy, fep d by a seismic surface (named “R surface”). The age of the sequence
dary was igraphically ined between the Brunhes/Matuyama boundary and the Jaramillo

top, to about 0, 87 Ma. The base of the Jaramillo subchron was also identified in the same core. This major
environmental change is related to MIS 22, the first prominent Pleistocene event of glacio-eustatic lowstand.
Indeed, MIS 22 records the end of the ‘Mid-Pleistocene revolution' (BERGER ET AL. 1993), the transition from
climate cycles forced by a 100,000 years periodicity to cycles of 40.000 years. Geological and biostratigraphical
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data from Pianengo are interpreted as triggered by a major clhimate change possibly associated with a major
expansion of the nearby Alpine valicy glaciers (MUTTONI ET AL. 2003).

Six vegetation cycles can be observed in the pollen diagram from the base of the core up to the R
surface. The beginning of a cycle is characterized by the expansion of mixed oak wood forests, dominated by
Quercus deciduous, Ulmus, Tilia, Carpinus betulus, Fraxinus. This phase is foll d by the develop of
Juglandaceac forests, with Carya, Prerocarya, and Juglans. Subsequently, conmifer forests with Pinus
:ylmvm/mugo I‘uua Haploxylon type, Picea, and Abies take the place of former Juglandaceae stands. The

P (Artemisia, Chenopodiaceae, Hippophde, Ephedraceac) marks the end of a cycle. Climate
dunne.s mduce changes in the structure of vegetation. Every cycle represents the transition from warm-dry
temperate conditions to warm-very wet ones, from cold temperate to very cold-dry conditions. Only two of the
cycles observed in the Pianengo core are complete, c.g. the four steps of the cycle are all represented. The other
cycles partially miss in coarse sediments bearing no pollen.

A preliminary correlation can be proposed between the pollen diagram and MIS chronology.
Vegetation and climatic phases observed in the pollen diagram of Pianengo may relate to MIS 22 to 26 and MIS
31. A wet-temperate phase oocumng between 15" 146 m depth may be related 1o important sea-level highstands
of MIS 31. This interp is supported by logical evidence. Expansion of conifer forests at 105 m
and 93 m depth can be related to MIS 26 and 24 respectively. The devel of Jugland; forests under
warm-very moist temperate conditions, occurring at 103-99 m depth and at 89-84 m dcpth may relate to MIS 25
and MIS 23, The strongest forest withdrawal described in the pollen diagram occurs just below the R surface,
which is magnetostratigraphically dated to MIS 22.

The Pianengo record suggests that the first Quaternary major glacial advance on the Italian Alps
occurred during the late Early Pleistocene. This picture agrees with investigations carried out in the last years in
nearby prealpine sites of N-Ttaly (Leffe: RAVAZZI & MOSCARIELLO 1998), where, apart from a possible
Pliocene glaciation, only climate changes of mod plitude are do d during the first half of the
Quaternary.

BERGER, W.H., BICKERT, T., SCHMIDT, H. & WEFER, G. 1993. Quaternary oxygen isotope record of pelagic
foraminifers: Site 806, Ontong Java Plateau. In (Berger, Kroenke, Mayer et al., eds): Proceedings of the
Ocean Drilling Program, Scientific Results. College Station, Texas, Ocean Drilling Program, vol. 130: 381-
395.

MUTTONI, G., CARCANO, C., GARZANTI, E., GHIELMI, M., PICCIN, A, PINI, R,, ROGLED], S. &
SCIUNNACH, D. 2003. Onset of major Pleistocene glaciations in the Alps. Geology 31(11): 989-992.

RAVAZZI, C. & MOSCARIELLO, A. 1998. Sedi ion, palacoenvirc 1 evolution and time duration of
carliest Pleistocene climatic cycles in the 24 - 56 m FM-core interval (Leffe Basin, northern Italy).
Mededelingen Nederlands Insti voor Toegepaste Geo happen 60: 467-490.

Pollen analysis of the Pleistocene lacustrine succession of Pianico-Sellere
(northern Italy)

Rossi, S.'; de Beaulieu, J. L. % Brauer, A.%; Ravazzi, C.* & Reille, M. ?

' Dip. di Scienze CC.FF.MM. Universita degli Studi dell’Insubria. 22100 Como (ltaly).
?IMEP (CNRS 6116). Faculté des Sciences St. Jérome. 13397 Marseille (France).
* GeoForschungsZentrum. 14473 Potsdam (Germany).
*CNR IDPA. 24044 Dalmine BG (ltaly).

The Pianico-Sellére Basin near Bergamo (calcareous Pre-Alps, northern Italy) represents a unique
environmental record, covering an entire interglacial predating the Holocene with an annual resolution. This site is
known since the middle of 19th century, mainly for the exceptionally well preserved fossil content (flora and
fauna). The lacustrine deposits were considered “the best ple of the Riss-Wiirm interglacial south of the
Alps” (LONA & VENZO 1957). In 1998, an international working group (Pianico-Séllere Working Group) was
created. For the first time the site was investigated with a multidisciplinary approach, including pollen analyses
(ROSSI 2003). Our research led us to define the biostratigraphical and climatostratigraphical units (ROSSI 2003).
The sedimentary sequence outcrops along the Borlezza River and includes lacustrine deposits, defined “Pianico
Formation” (MOSCARIELLO er al. 2000). The Pianico Formation consists of 4 lithostratigraphical units, which
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indicate a transition fmmxpavpmghsul mamhumntamml The BVC uail represents 3 9.6 m
thick interval of iy & dogenic caicite varves, BRAUER 1999). At the wp of the varved
unit a tephra layer is present, dated by K-Arat779= 13 ka (PINT1 ez al. 2001).

A high-resolution pollen analysis of 20 m of the lacustrine succession (ROSSI 2003) shows the
regional vegetation history. In the lower pant of the sequence (BVC unit) the vegetation is dominated by dense
meso-thermophiious woodlands (mixed-oak and hombeam woods). with Abies forests at higher altitades. High
percentages of Buxus indicate the presence of wide-distributed Buxus it ans. This long phase is interpreted as
an interglacial period (Pianico-Sellere interglacial), whose length is estimated of 15.700 £ 650 oa the base of varve
camuug The interglacial is mu:rmpeed by an abrupt and short cold interval. On the top, the pollen diagram shows

g phases domi m!mh\vaJB(mlnPwmfmuuumsm!hswppegnsshndsmdtwhmd
leaved forests. Varve counting provided the time span rep! d by each b and allowed to define the
duration of the vegetation changes. The transitions between different vegetation assemblages occutred over 200-
300 years.

The interglacial represeated by the varved scqumcc has been t:nuu\tly mm:hlcd with the marine
oxygen isotopic stage MIS 19 and with the C of the y- Our data
an xmponam contribution to the knowledge of this poorly known geological period and mghhshl the possxh:hn i
detect minor climatic fluctuations in the Pidnico-Sellére succession.

BRAUER, A. 1999. Rapid environmental fluctuations and their relation to climate vanability — an investigation of
varved lake sediment records. Unpublished habilitation thesis. University of Potsdam, Institute of
Geosciences. 196 pp.

LONA, F. & VENZO, S. 1957. La station interglaciaire de Pianico-Sellere. Sédiments lacustres 3 microvarves
avec phyllues et pnllcns de Pmmco en province de Bergamo, In: AAVV. Guide de la 118me Excursion
Phy Inter le. Alpes Orientales. pp. 39-46. Istituto Botanico, Firenze.

MOSCAR[ELLO A et al. 2000. A long lacustrine record from the Pidnico-Sellere Basin (Middle-Late
Pleistocene, Northern Italy). Quatern. Int. 73/74: 47-68.

PINTI, D.L. er al. 2001. K-Ar dating of an carly Middle Pleistocene age distal tephra in the interglacial varved
succession of Pianico (Southern Alps, ltaly). Earth Planet. Sci. Lett. 5819: 1.7,

ROSSI, S. 2003. Analisi pollinica della sequenza lacustre pleistocenica di Pidnico-Séllere (Italia). Italian-French
unpublished PhD thesis. Univ. degli Studi di Milano. 293 pp.

Timing of vegetation changes during the penultimate warm stage
(mis 7) in Southern Europe

Roucoux, K. H.'; Tzedakis, P. C.'; Shackleton, N. J.? & de Abreu, L.

'School of Geography, University of Leeds, Leeds, LS2 9JT, UK.
*Department of Earth Sciences, Godwin Laboratory, University of Cambridge,
New Museums Site, Cambridge, CB2 35A, UK.

A new deep acean sediment core from the Portuguese margin (MDO01-2443) has enabled us to generate
the first pollen record of vegetation development in southern Portugal during the penultimate warm stage, Marine
Isotope Stage (MIS) 7. In situ correlation with the marine proxy records of sea surface temperature and ice
volume, generated within the same core, permit the direct of phase relationships between climate
changes and the vegetation response. In this way we bypass the chronological uncertainties inherent in correlations
that must rely on absolute age models, since the temporal relationship between the records is unproblematic and
limited only by the resolution of the sequence. We use the land-ocean relationship established here 1o place
another, this time terrestrial, record of the penultimate warm stage into the marine stratigraphic context, the marine
pollen record acting as a stepping stone. A new core, I-284, from the loannina basin in northwest Greece has
provided the opportunity to develop a complete, high resolution pollen record of MIS 7. Continuous and rapid
sediment accumulation at this site has led to the accumulation of a detailed archive of regional vegetation
development during the glacial-interglacial cycles of at least the last half-million years; work on the upper 100 m
of this core has already produced detailed records of the last 135 kyr (Frogley et al. 1999; Tzedakis er al. 2003;
Lawson et al. in press). The work presented here forms part of a project which aims to extend this record to
encompass MIS 6 and 7 and, crucially, to correlate this with the high resolution marine pollen sequence from the
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Portuguese margin. Pollen analysis of the MIS 7 sequence of 1-284 will enable us to characterise the pattern and
nature of the vegetation response (o the specific combinations of global climatic parameters (atmospheric carbon
dioxide, insolation, ice volume) in cach of the MIS 7 substages, and clanify the relative vegetational and climatic
status of each one.

FROGLEY, MR, TZEDAKIS, P.C., HEATON, T.H.E. (1999) Climate vanability in northwest Greece during the
Last Interglacial. Science, 285: 1886-1889.

LAWSON, L, FROGLEY, M, BRYANT, C,, PREECE, R., and TZEDAKIS, C. The Lateglacial and Holocene
environmental history of the loannina basin, north-west Greece. Quaternary Science Reviews. In press.

TZEDAKIS, P.C., FROGLEY, MR., HEATON, THE. (2003) Last Interglacial conditions in southern Europe:
evidence from loannina, northwest Greece. Global and Planetary Change, 758: 1-14.

Rates, causes and mechanisms governing long-term patterns in plant species richness:
evidence from the 320,000 year pollen record of Pula Maar, Hungary

Willis, K. J."; Kleczkowskl, A.%; New, M. & Whittaker, R. J.!

' School of Geography and the Envi University of Oxford, Oxford, OX1 3TB, (U.K.).
*Dep of Plant Sci University of Cambridge, Cambridge, CB2 3EA, (U.K.).

For 100 long there has been a major gulf between models used to identify and understand the processes
and mechanisms governing spatial patterns of plant species richness and those governing temporal patterns. In
many spatial models, the temporal scale is at worst i d, at best the ption is made that the data is too
coarse in scale to provide any ingful ecologi rmul(s In temporal models, there are far too many examples
where modelling of the long-term fossil records have focused entirely upon their use in climatic reconstruction
with little or no attention paid the overall patterns in species richness observable through time.

In this paper, new modelling of the long-term palaecological data from Pula maar, a 3 million-year-old
crater lake in northeastern Hungary (WILLIS ez al 1999a; 1999b), will be presented. The sediments in this crater

are exceptional in that yearly lation is recognisable in the and provide a 320,000 year fossil
record deposited between 3-2.67 Ma with an ‘in-built’ timescale of annual resolution. This dataset therefore
P multiple temporal changes in taxonomic richness through time.

Using models developed to primarily understand the spatial relationship of species richness to energy
and water, we have compared variations in taxonomic richness in the 320,000 year fossil sequence to calculated
orbital insolation (as a proxy for energy), and paleo-proxies for water. Results from this study indicate that such an
approach can provide important information on the relative roles of water and energy in accounting for species
richness through time. Interestingly, however, results also indicate that it is not only the amount of
energy/precipitation that affects richness but also the amplitude of thc variation.

These results have important impli for und g both the relationship of present day species
richness to climatic variables and also for prcdlcung future trends with i increasing variability of climate.

WILLIS, KJ.,, KLECZKOWSKI, A & CROWHURST, S.J. 1999a. 124,000-year periodicity in terrestrial
vegetation change during the late Pliocene epoch. Nature, 397: 685-688. 1999b.

WILLIS, K.J., KLECZKOWSKI, A, BRIGGS, KM. & GILLIGAN, C.A. 1999b. The role of sub-Milankovitch
climatic forcing in the initiation of the Northern Hemisphere Glaciation. Science, 285: 568-571.
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Secrets of the Bilge: Piecing together the Microbotanical Remains
of a 3,300-year-old Shipwreck

DeBono, N. G.
Department of Anthropology, Texas A&M University, College Station, TX, 77843 (USA)

The Uluburun shipwreck was found off the Mediterrancan coast of Turkey, near the modern town of
Kas. Excavations conducted from 1984 o 1994 uncovered a wealth of artifacts that provide extensive insight into
the sca-borne trade of the Late Bronze Age. Among the various artifacts comprising the cargo were 354
rectangular-shaped, ‘oxhide’ mgouofpumcoppu wh:chmallmvand Over the course of the ten-year
excavation campaign, more xhan 100 microb al iples were collected from the wreck site by the
excavators for later palynological analysis, using the technigues outlined by Weinstein (1996) and Gorbam and
Bryant (2001). Of these, lhmy were assocmed with copper oxhide i mgo(s These thirty sediment samples rq)meut
material found mainly sandwiched between the ingots, including d ge, or plant ial used for | ging
and cushioning the ingots and other artifacts. The oxhide ingots also served as ballast for the ship, so (he sediment
samples are thought to have been in direct contact with water and dcmms faund n ltu.' ship’s bilge. Due to the
anoxic environment created by the presence of copper in such large g | organic ins such as
murex opercula were found among the ingots (Pulak, 2001:32). thmmary analysis bas confirmed that the
sediment samples from the oxhide ingots also contain well-preserved botanical materials, including pollen. Once
all the ingot samples have been analyzed, pollen types and concentrations will be plotted across the wreck site to
determine :f any com:lanons with other artifacts may be generated. Since the ingot samples come from a
d env which is also anoxic, a complete analysis of this group of samples
should provide a subsmnual background portrait of pollen taxa to which the spectrum of taxa from more securely-
contained samplcs could be compared. Such a comparison also will allow issues of contamination or low
preservation in certain cargo containers to be more accurately addressed.

GORHAM, L. D. AND V. M. BRYANT 2001. Pollen, Phytoliths, and other Microscopic Plant Remains in
Underwater Archaeology. International Journal of Nautical Archaeology 30(2):282-298.

PULAK, C. 2001. Cargo of the Uluburun Shipwreck and Evidence for Trade with the Acgean and Beyond. In Jraly
and Cyprus in Antiquity 1500-450 BC, edited by L. Bonfante and V. Karageorghis, pp. 13-60, Nicosia.
WEINSTEIN, E. 1996. Pollen Analysis of Underwater Sites. In Palynology: Principles and Applications, edited
by J. Jansonius and D. C. McGregor, pp. 919-925. vol. 3. American Association of Stratigraphic

Palynologists Foundation.

Archaeological plant resins in the Mediterranean: Pollen extraction and analysis
Marshall, D. M.
Department of Anthropology, Texas A&M University, 77843, College Station, Texas (U.S.A.).

Shipwreck sites are known to be a wealth of information, nevertheless, more avenues are available for
closer examination. Found on some shipwrecks are amphora filled with various types of resins used for trade, used
as a sealant lining the inside the amphora, or resins used as an additive to flavour some foods, such as wine. Resins
are plant based and due to their composition are highly preservable. Pollen trapped in resins can identify the type
and origin of the resin sample. However, recovering fossil pollen from resins have presented a myriad of
problems. Resins are distinguished from tar and pitch by the purity of the sample and the plant source from which
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