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Abstract. Preliminary analyses of Lake El'gygytgyn sed- 1 Introduction

iment indicate a wide range of ecosystem responses to

warmer than present climates. While palynological work de-

scribing all interglacial vegetation is ongoing, sufficient data Marine and ice cores contain vital data that document fluctu-
exist to compare recent warm events (the postglacial ther@tions in past climate and provide insight into the possible
mal maximum, PGTM, and marine isotope stage, MIS5)causes of the observed paleoclimatic variability. However,
with “super” interglaciations (MIS11, MIS31). Palynologi- such records cannot provide information on the responses of
cal assemblages associated with these climatic optima sudiotic systems to those changes. Most paleo-biotic records
gest two types of vegetation responses: one dominated b90 not have the longevity, continuity, or temporal resolution
deciduous taxa (PGTM, MIS5) and the second by evergreel‘?f ocean and ice cores, which limits the comparison of long-
conifers (MIS11, MIS31). MIS11 forests show a similar- t€rm trends in biological and climatic data. Lake El'gygytgyn
ity to modernPicea—Larix—Betula—Alnuforests of Siberia.  (Lake E), whose basin was created following a meteor impact
While dark coniferous forest also characterizes MIS31, the3-58+0.04 Ma ago (Layer, 2000), presents a rare exception
pollen taxa show an affinity to the boreal forest of the lower having yielded a continuous sedimentary record dating back
Amur valley (southern Russian Far East). Despite vegeta~~ 2-8Ma (Melles et al., 2012). The location of the lake in
tion differences during these thermal maxima, all glacial—Arctic Chukotka (Fig. 1) provides a unique look into the re-
interglacial transitions are alike, being dominated by decid-SPonse of terrestrial ecosystems at northern high latitudes to
uous woody taxa. InitiallyBetulashrub tundra established @ broad range of warm and cold conditions.

and was replaced by tundra with tree-sized shrubs (PGTM), Several biological proxies have been examined in cores
Betulawoodland (MIS5), oBetula—Larix(MIS11, MIS31)  from Lake E (Brigham-Grette et al., 2007; Melles et al.,
forest. The consistent occurrence of deciduous forest and/of012); we present here interpretations of past vegetation
high shrub tundra before the incidence of maximum warmthbased on palynological data. Previous research has shown
underscores the importance of this biome for modeling ef-that cool, dry intervals are clearly marked in the Lake E
forts. The El'gygytgyn data also suggest a possible eliminaS€cord by a dominance of herb pollen (particularly Poaceae)

tion or massive reduction of Arctic plant communities under @nd usually higher values delaginella rupestrisspores
extreme warm-earth scenarios. (Lozhkin et al., 2007; Matrosova, 2009). These spectra con-

trast with interglacial assemblages where arboreal pollen is
at a maximum, herbaceous taxa are low, and spores are of-
ten dominated bgphagnumContinued research on a newly
raised core shows that interglacial assemblages display veg-
etation and climatic variability both within and between iso-
tope stages. For example, marine isotope stage (MIS) 11.3
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in percentages of major taxa. Although many palynologists
ust Sherion S (9 have differentiated tree and shrBetulabased on morphol-
Chukehi Sea ogy and/or size, blind tests in our laboratories of modern ref-
erence materials suggest that these criteria are inconsistent
and unreliable; thus we do not separate Betula pollen.
Picea obovatapollen is classified withinPicea sect. Eu-
picea, Picea ajanensiswithin Picea sect. OmoricaPinus
sylvestriswithin Pinussubg. Diploxylon, andPinus pumila
andPinus sibiricawithin Pinussubg. Haploxylon. Follow-
ing traditional palynological usag&uschekia fruticosas
referred to as shruBlnus All other plant taxonomy follows
Bering Sea Czerepanov (1995).
The age model for the EI'gygytgyn record is based on pa-
leomagnetic stratigraphy and tuning of additional proxy data
to the marine isotope stratigraphy and to variations in re-
Fig. 1. Map of northeast Siberia showing location of Lake gional insolation (see Melles et al., 2012). Because pollen
El'gygytgyn. zones do not always correspond to isotope substages, the
zones are identified by isotope stage (number) and as a pollen
assemblage (letter). Following palynological format the low-
and MIS31 have been described as “super interglaciationsest zone is indicated by “a” the next youngest by “b”, etc., in
with maximum summer temperatures4 to 5°C warmer contrast to the order of isotope Substages_
than either MIS5.5 or the postglacial thermal maximum  Modern analogs to the fossil samples were based on a
(PGTM; Melles et al., 2012). squared chord-distance measure (Overpeck et al., 1985) us-
These Warmer-than-present intervals are of particular in-ing pa|yno|ogica| surface Samp]es from Beringia (M|SSe and
terest for understanding possible responses and feedbacks Kgounger; Lozhkin et al., 2007) or a geographically unre-
lated to increasing global temperatures (e.g., Harrison et alstricted modern dataset (Melles et al., 2012; MIS1, MIS5,
1995; Kaplan et al., 2003). Both conceptual and quantitativeM|S11, MIS31). Modern climate values assigned to each
models have considered two types of vegetation responsesyrface sample were calculated based on interpolated values

at northern high latitudes: one suggests the expansion of eMrom a high-resolution surface-climate dataset (see supple-
ergreen conifer forest northward across North America andment in Melles et al., 2012, and Lozhkin et al., 2007, for

much of Eurasia (e.g., Claussen, 1996; Kaplan et al., 2003)more detail).
whereas the second postulates a dominance of broadleaf de-
ciduous forest in current areas of tundra (e.g., Bonan et al.,
1990; Chapin Ill and Starfield, 1997). Paleobotanical datag \odern setting
are one means by which these alternative scenarios may be
evaluated. Although analysis continues on Lake E, sufficieni_ake E (6730 N, 172’5 E; ~500 ma.s.l.) has a diameter of
palynological data are available to compare the vegetation 2 km and a maximum depth of 175 m (Melles et al., 2012).
responses during the “super interglaciations” and the morerhe local vegetation is a mix of discontinuous and contin-
moderate warming represented in MIS5.5 and the PGTM.  yous herb—lichen tundra (Kozhevnikov, 1993). Shrigssif
krylovii, S. alaxensis, Betula exi)iare not abundant and lim-
ited to protected sites in valleys and saddles within the crater
2 Methods walls and along the outlet valley. The vegetation in the Lake
E catchment is sparser than in the surrounding Chukchi Up-
One to two cm sediment samples were processed for pa-lands because of unusual soil qualities associated with the
lynological analysis following standard procedures used inmeteor impact crater. The uplands are dominated by shrub
preparing organic-poor samples (PALE, 1994). Samples fotundra that includeBetula exilis, Duschekia fruticogahrub
MIS1 and MIS2 and MIS4 to MIS6 are from core PG-1352 Alnug, Pinus pumila, Salixand EricalesLarix gmeliniitree
(Lozhkin et al., 2007), whereas core ICDP 5011 providedline is located~ 150 to the southwest of the lake, but the
samples from MIS11 and MIS12, and MIS31 (Melles et al., main body of the forest is found at 300 km distance. Mod-
2012). Pollen sums for interglacial spectra generally exceearn pollen studies indicate that the pollen rain in Lake E is
500 identified pollen grains. Percentages of individual taxamore indicative of regional than local vegetation with up to
are based on a sum of all arboreal, nonarboreal, and unideré0 % of the pollenAInus, Betula, Pinus pumijdeing blown
tified pollen grains. Subsumed percentages on the left of thén from the Chukchi Uplands (Lozhkin et al., 2001). The
diagrams (Figs. 2—4) are calculated from a total of pollen andover-representation of upland vegetation, which reflects re-
spores. Pollen zonation was done subjectively using changegional conditions, strengthens the use of the Lake E pollen
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Fig. 2. Percentage diagram of select taxa from MIS1 and MIS2 and MIS4 to MIS6. Results are from core PG-1352. Note that labels for
the pollen assemblages include both a number, indicating the isotope stage, and a letter, indicative of the pollen zone. Climatic optima are
represented by zones 1a and 5a.

record for paleoclimatic interpretations. Estimated mean cli-related climatic parameters reveal mean July temperatures

matic values are as follows: annual temperatuE3.5 to
—14°C; July temperature 8.8 to°€; January temperature
—31 to —32°C; annual precipitation 255 mm (Melles et al.,
2012).

4 Interglacial vegetation of Lake E and the

Chukchi Uplands

While interglaciations share similarities in boundary condi-

tions (e.g., high summer insolation, warm sea surface tem
peratures, minimal terrestrial ice cover), variations in the cli-
matic forcings and strengths of feedback mechanisms add A
uniqueness to each warm interval (see Melles et al., 2012)

The following sections describe the variability of vegeta-

tion responses to climates of the PGTM, MIS5, MIS11, and

MIS31.
4.1 PGTM

High percentages dBetulaand Alnus characterize the late

were perhaps 2-4C warmer than present betweer8600

and 10703“Cyr BP (Lozhkin et al., 2007). Analog analy-

sis also indicates warm January temperatures and increased
July precipitation as compared to modern. These conclusions
are based on “possible pollen analogs” to southern Beringia
shrub tundra (Ibid.). Macrofossil evidence from the Yana—
Indigirka—Kolyma lowlands (Fig. 1) and northern Chukotka
documents the occurrence of tree or tree-sized shrubalof
andAlnusbeyond present-day tree line (Lozhkin, 1993). Us-

ing both pollen and plant macrofossils to enhance under-
standing of plant functional types, Edwards et al. (2005)
concluded that an unusual biome of deciduous forest and
orest-tundra characterized Beringia during the PGTM. In
the Chukchi Uplands, vegetation was probably a mosaic of
forest and tundra communities including gallery forests of
treeBetulaand perhap$alix and possibly stands of decidu-
ous trees in protected sites within the interfluves. Other areas

likely supported high shrub tundra.

4.2 MIS5

glacial and early Holocene pollen assemblages at Lake E

(Fig. 2; pollen zone 1a), an assemblage that is commorBecause MIS5 vegetation has been described elsewhere
across northern sectors of the Russian Far East (LozhkirfLozhkin et al., 2007), we focus here on MIS5.5. Like the
et al., 1993). Statistical comparisons to modern pollen andPGTM, the MIS5 climatic optimum (Fig. 2; pollen zone 5a)
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is characterized by high percentagesBstula and Alnus  where forests oBetula ermaniiare common. In Alaska,

pollen. The dominance of these woody taxa suggests that theighestBetula percentages>40 %) also occur in interior

regional vegetation during MIS5.5 was also a mix of decidu-forests, wher8etula papyriferas found in valleys and lower

ous forest and high shrub tundra. The reduced herb percenthountain slopes (Anderson and Brubaker, 1993). Inasmuch

ages as compared to the PGTM indicate a more extensivas we can draw from modern analogs, these data suggest that

and/or denser population Betulg Alnus,and possiblysalix Betulashrub tundra probably was replacedBgtulawood-

in the regional vegetation. The spectra may also indicate dand. The presence bfrix pollen, even in only a single sam-

greater establishment of trees/high shrubs within the Lake Bple, further suggests the establishment of deciduous wood-

catchment as compared to the PGTM. land. The decreasing percentages of graminoids and Ericales
Plant macrofossils of last interglacial age have been foundind increases iBetulapollen likely indicate a greater pres-

throughout northern sectors of the Far East (Lozhkin andence of wooded landscapes by upper zone 11a.

Anderson, 1995). Although chronological control is insuf- Zone 11b, representing the climatic optimum and cor-

ficient to assign sites specifically to MIS5.5, current un-responding to MIS11.3, includes some variation within

derstanding of the valley stratigraphies suggests they aréhe pollen assemblage. The pollen spectra between 1855—

from MIS5. The reconstructions vary from opBetulafor- 1905cm (1) are dominated Hyicea sect. EupiceaAlnus

est (Anadyr basin; Fig. 1), tharix forest with treeBe- andBetulg (2) show a consistent appearancelafix; and

tula, treeAlnus andPinus pumilalnorthern Chukotka, upper (3) have decreased percentages of herb taxa, particularly

Kolyma and Indigirka basins, Yana—Indigirka—Kolyma low- PoaceaeRinussubg. Haploxylon pollen appears initially in

lands) toLarix forest with Picea (upper Kolyma and Indi- low amounts but increases in later spectra (1827-1855 cm).

girka basins, northern lowlands, northern Okhotsk sea coast)This pollen type may represent eitheinus pumilaor Pinus

Although Piceamay have extended almost to the coast of sibirica (see below). The increase Rinuspollen is associ-

the East Siberian Sea, the Lake E record raises the possibikted with a slight decline iBetulaandAlnuspollen.

ity that these sites may actually be from MIS11 (see below). The abrupt increase iRiceapollen at the zone 11a-11b

Nonetheless, the preponderance of woody remains and ndoundary suggests a rapid replacement of deciduous wood-

ture of the MIS5.5 pollen spectra at Lake E strongly indicateland by Picea obovatal arix—Betula-Alnusforest. The ex-

the extensive presence of forest in northern areas of the Rugpansion ofPicea obovatao Lake E represents a range ex-

sian Far East and likely establishment of deciduous forest irtension northeastward ef 2000 km (Kolosova, 1980 ho-

the Chukchi Uplands. Analog-based analyses of the pollersenia macrolepipossibly was present in this forest (see be-

data indicate the prevalence of warmer and wetter conditiongow), but its pollen can not be differentiated from shiGadix

as compared to modern (Lozhkin et al., 2007; Melles et al.,Herb pollen is virtually absent, which is characteristic of

2012). modern spectra from closed dark coniferous forest. Although
other coniferous taxa (e.@Riceasect. OmoricaPinussubg.
4.3 MIS11 Diploxylon) andCorylus appear, these grains likely repre-

sent long-distance transport, and the pollen is not indicative
Three vegetation types characterize MIS11 (Fig. 3), and albf a local presence. Shrub communitieBefula Alnus,and
types indicate greater summer warmth and annual precipitaSalix grew along streams and on moist sites near the lake
tion as compared to modern (Melles et al., 2012). Howevershore. Shrub tundra perhaps occupied higher elevations, but
the history of MIS11 diverges dramatically from the vegeta- the regional vegetation was dominated by dark coniferous
tion succession seen in MIS5 and MIS1 (iRetula—Alnus—  forest.

Pinus pumila. The inferred vegetation for early MIS11.3 (1855-
The earliest climatic amelioration in MIS11 is indicated 1905cm) is reminiscent of that found today in the middle
by high percentages ddetulaand decreasing percentages reaches of the Yama and Maimandzha rivers, which are lo-
of Poaceae pollen (pollen zone 11a). In contrast to thecated~ 150 km to the east of Magadan (Fig. 1) and thought
MIS6/MIS5 and MIS2/MIS1 transitionBetuladominated  to be a relict forest from a previous warm interval (Rheutt,
vegetation appears to persist for a longer time in MIS111970). Its plant communities contrast to the regional vegeta-

prior to the arrival ofAlnus Lower zone 11a, representing tion of light coniferous forest dominated tyarix gmelinii

the earliest effects of warming, was likely characterized byandPinus pumila In the Yama—Maimandzha lowlands, the
Betulashrub tundra wittSalixand Ericales. Possibly shrubs forest is a mix ofPicea obovata, Larixtree Alnus (Alnus
achieved large growth forms as occurred in the PGB hirsuta), and treeBetula (B. platyphylla, B. lanata Popu-
tula pollen increases to 45—-60% in the mid-to-upper lev- lus suaveolenandChosenia macrolepiare limited to flood-
els of zone 11a, percentages that generally exceed modempiains. Piceagrows to 20" m heights, and.arix and Alnus
values from shrub tundra environments in the northern Fahirsuta have diameters of 30—-50 cm (Lozhkin, personal ob-
East (Anderson et al., 2002; Lozhkin et al., 2002). Theseservation). The percentages Bfnhus pollen occurring be-
values more closely approximate modern surface samplesveen 1855 and 1905cm are sufficiently low to suggest
from Kamchatka (Lozhkin and Anderson, unpublished data)Pinus shrubs or trees were likely absent or at best minor
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Fig. 3. Percentage diagram of select taxa from MIS10 to MIS12. The climatic optimum is represented by zone 11b. Results are from core
ICDP 5011.

components of the ancient vegetation. This pattern is consisPinus shrubs in the understory and/or the shrubs formed a
tent with the modern Yama—MaimandzZR&eaforest, where  mid-elevation shrub zone beyond altitudinal tree line. As
Pinus sibiricais absent an&inus pumilas restricted to other compared to early MIS11, this vegetation change would per-
areas of the drainage. haps suggest a slight summer cooling (to open the forest
Dark coniferous forest continues to dominate the land-or lower tree line) and/or increased depth/duration of snow
scape during later MIS11.3 (1827-1855 cm). Pollen percentfall (required to protectPinus pumilafrom winter desic-
ages indicate thaicea obovata, Alnus hirsut@andBetula  cation; Khokhyrakov, 1985). However, the persistence of
remain important elements in the forest communities, al-low percentages of herb pollen does not suggest a signif-
though the abundance of the latter two species perhaps déecant opening of the forests or decreasePicea cover on
creased from earlier in the zone. The most significant shiffmountain slopes. If the pollen represeRtaus sibirica then
in the pollen assemblage of late MIS11.3 is the risPimus ~ the Lake E record marks a range extensionm~d500 km
subg. Haploxylon pollen. As mentioned above, this pollen(Kolosova, 1980) and an extensive forest cover across north-
type represents botRinus pumilaandPinus sibirica Mod- ern Chukotka. The addition dfinus sibiricawould not re-
ern range distributions d¢ficea obovatandPinus pumilado quire changes in summer conditions as it shares similar re-
not overlap in the northern Far EaBtiius pumilaonly) or to gquirements withPicea obovataraising questions as to why
the west of the Lena drainagei¢ea obovatanly; Kolosova,  Pinus sibiricawas absent in early MIS11.3. If bofhinus
1980). However, the two conifers do co-occur in the middle species are present, then the regional and/or local vegetation
and upper reaches of the Lena catchment, extending soutlprobably had a strong altitudinal component with increased
ward to the Amur drainage. Here mean July temperatures arsnow fall to aid establishment &inus pumila
usually < 12°C (Mock, 2002). In contrasRinus sibiricais Quantitative paleoclimatic reconstructions indicate little
found from southeastern Siberia to northern sectors of thesystematic change in summer temperatures (ranging from
Western Siberian Plain, a distribution it shares wiitcea  ~ 12-16°C) between early and late MIS11.3 (Melles et al.,
obovata In some of this region, mean July temperatures can2012). The absence &finus sibiricaduring early MIS11.3
be as high as 20C. The three species ranges overlap in theprobably was not caused by insufficient summer tempera-
area of Lake Baikal, where their distribution reflects altitudi- tures, especially given the establishmentPiea obovata
nal gradientsLarix—Picea—Pinudorest is found along large  at the time. Possibly delayed migration from an unknown
flat areas betweerr 1100-1900 m, an®inus pumilais part  but distant population may account for the tree’s absence.
of a subalpine tundra zone beyond 1900 m (Suslov, 1961). Mean annual precipitation is estimated to be at its high-
These modern distributions suggest three alternative paleest during late MIS11.3% 600 mm yr ! vs. ~ 350 mm yr 1
ovegetation interpretations. If the pollen is exclusively from during early MIS11.3). If this trend reflects greater seasonal
Pinus pumilaits increase suggests that theeeaforest be-  and/or annual snow fall, then this shift in climate would pro-
came sufficiently open to allow for the establishment of vide a reasonable mechanism for the expansioiPiotis
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pumila This conclusion, if correct, would indicate that early temperate deciduous taxa (e.gorylus, Carpinus, Acer,
MIS11.3 experienced drier cool seasons or seasonal transRuercug. Not surprisingly given the 1.1 Ma age, these as-
tions as compared to late MIS11.3. This interpretation wouldsemblages seem to lack exact analogs in the modern land-
also suggest thainus pumilawas the mairPinusspecies  scapes. Although the pollen diagram is somewhat skeletal,

present during late MIS11.3. the data are sufficient to determine general characteristics of
Pollen zone 11c represents the final stages of MIS11 and ithe MIS31 vegetation.
marked by the decrease Riceapollen, a more gradual de- The MIS32/MIS31 transition (pollen zone 31a) is similar

cline in Alnuspollen, and increases in herb pollen (primarily to that of MIS6/MIS5 (pollen zone 5a) with spectra domi-
from Cyperaceae and Poaceae). Areas of graminoid meadiated byBetulaandAlnuspollen and with very low numbers
ows or tundra were more common than previously suggestedf herb types. However, differences do exist between the two
by the higher percentages of herb pollen, slightly greatertransitions, including the minor presencelaifrix pollen and
amounts of Ericales an8alix pollen, and to a lesser extent occasional occurrence of the warm taRarylus, Carpinus
the occurrence of highephagnunvalues. Trees were lim- andMyrica in zone 31a. As during pollen zone 5a, the re-
ited on both local and regional landscapes. The logsadk gional vegetation during early MIS31 probably was domi-
pollen late in the zone suggests that tundra dominated in th@ated by deciduous trees possibly with tree-sized shrubs in-
latter part of MIS11. cluding Betula, Alnus and Salix Unlike MIS5, Larix was

The forest-tundra of zone 11c perhaps was similar to areasstablished in the Lake E watershed and likely across the
found today in eastern Siberia (e.g., lower Lena River valley),upland. The low percentages of herb pollen suggest that a
wherePiceaandLarix form latitudinal tree line with isolated relatively dense deciduous forest rather than open woodland
stands of_arix scattered northward across the tund?Baus  was established at this time. Although pollen from other de-
pumilamay have persisted from zone 11b, having a similarciduous trees is the result of long-distance wind transport,
role as seen in the contemporary vegetation. However, palecsccurrence of these taxa suggests that temperate forests were
climatic reconstructions show a sharp decline in mean annuah closer proximity to north-central Chukotka as compared
precipitation (Melles et al., 2012), a potentially adverse fac-with today.
tor in the survival ofPinus pumilaDecreased summer tem-  The zone 31b assemblage represents the thermal maxi-
peratures as indicated by the quantitative climate estimatemum within MIS31 and is characterized by sevelPatea
would have been sufficiently severe to eliminRiaus sibir- and Pinus species,Larix, Abies, Betula, Alnusand <5%

ica, if it was present on the zone 11b landscapes. herb pollen. Several partial analogs to this assemblage can
be found in Asiatic Russia. The northernmost is the dark
4.4 MIS 31 coniferous forest of the lower Yenisei valley (northern sec-

, . o tor of the Western Siberia Plain), where tod@icea obo-
Of all warm periods discussed in this paper, MIS31 presents 55 pinys sibiricaandPinus sylvestrigre found. A south-

the most unusual pollen spectra (Fig. 4). While dominatedy,, 4 jant of this forest occurs in the upper Yenisei drainage
by typical boreal taxaRicea, Larix, Abies, Betula, AInliS o1 yeen~ 51 to 54 N, an area that is transitional between
the MIS31 assemblages also contain small numbers of more
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the Siberian dark coniferous taiga and Mongolian steppes. Imlominant taxa with a consistent appearanckasfx pollen.
this region, taiga dominates in the mountains and forests bePeciduous forest probably became the most extensive veg-
tween~ 1000 and 2000 m and includkarix sibirica, Picea  etation type both locally and regionally. The increase in Er-
obovata, Abies sibirica, Pinus sibiricand occasionalPi- icales, Poaceae, and total herb pollen &pthagnunspores
nus sylvestrisA third possible analog is from the western indicates an opening of the forest and establishment of tundra
shores of the Sea of Okhotsk (from51° N southward to the  communities by late zone 31c and zone 31d.
lower Amur valley), where the taiga is a mixBfcea glehnii,
Abies nephrolepis, Larix gmelinéndBetula ermaniiPinus
pumilais limited to protected sites where it can grow in dense5 Discussion and conclusions
thickets achieving over 2 m height (Suslov, 1961). The more
temperate tax&orylus mandshurica, Quercus mongolica, The palynological data presented here and in previous pa-
Carpinus cordataandAcer mandshuricurare presentinthe pers (Lozhkin et al., 2007; Matrosova, 2009) are in many
Sikhote-Alin Mountains, which border the Amur drainage. senses a preview of the exciting paleoenvironmental infor-
Possibly the zone MIS31b vegetation represented a mix ofnation contained within the Lake E archive. For example,
plant communities from the Siberian dark coniferous foresta focus on only a small part of the vegetation history has
and the Okhotsk taiga, as no modern vegetation type totallyevealed interglaciations with an unexpected magnitude of
corresponds to taxa represented in the pollen assemblage. warming (Melles et al., 2012). The pollen data described
The combined percentages Betula and Alnus pollen, herein further indicate that there are at least two types of
as in zone 3la, dominate the MIS31b spectra and demonvegetation responses to interglacial conditions. The vegeta-
strate that deciduous forest remained an important landscap@n in the first type of thermal optimum is dominated by
component. The presence @brylusin two samples in mi-  deciduous tree and shrub species and corresponds to the two
nor but significant amounts (2—3 %) suggests that the plantmost recent warming events (PGTM, MIS5.5): the second
was probably present within the region. Today the nearestype, or “super” interglaciation (MIS11.3, MIS31), indicates
Corylus population Corylus mandshuricais found in the  climax vegetation dominated by evergreen conifers, partic-
lower reaches of the Amur drainage, and its establishmentlarly Picea These exceptional climatic events experienced
near Lake E would represent~-a2400 km range extension warmer summers4.5°C) and greater annual precipitation
(Kolosova, 1980). Inasmuch as we can draw on the Okhotsk~ 300 mm) as compared to the PGTM and MIS5.5 (Melles
taiga as analog, it is likely that during zone 31b the vegeta-etal., 2012), which themselves are characterized by summers
tion in the Lake E crater and neighboring uplands was charthat are warmer and wetter than present (increasessfC
acterized by a marked altitudinal zonatidBetula—Larix—  and up to 20 mm for mean July temperature and precipita-
Alnusforest likely dominated river valleys and lower slopes. tion, respectively; Lozhkin et al., 2007).
Possibly theSalix pollen represent€hosenia macrolepjsa Despite the classification into types, the interglaciations
common floodplain tree in modern landscapes. Transitionshare some commonalities. One characteristic of interglacial
ing to mountain slopes, deciduous forest was replaced byntervals at Lake E is that they show greater heterogeneity
conifer communities oPicea, PinusandAbies Betula er-  in vegetation types as compared to glaciations. These latter
manii is common today inPicea—Abiesforest, sometimes periods display a general uniformity in their pollen assem-
forming pure stands. ThiBetula species occupies rockier blages both through time as in the Lake E record (Lozhkin et
and steeper slope€oryluswas likely an understory shrub al., 2007) and also in space, at least in the cases of the latest
that grew on warmer, south-facing slopes. Other temperatglaciation when the most paleobotanical data are available
taxa (e.g.,Acer, Carpinuj, if present, would be restricted (Brigham-Grette et al., 2004). This observation implies that
to the warmest site?inus sylvestrisif the Pinus subg.  once a “threshold” of coolness and/or dryness was surpassed,
Diploxylon pollen is not the result of long-distance transport, the vegetation response during glaciations is limited to herb-
was not abundant. As in the case of MIS11, Bieussubg.  dominated tundra or steppe tundra. Of course, the establish-
Haploxylon pollen may be interpreted in two ways. If from ment of climatic “thresholds” affected interglacial as well as
Pinus pumilathe species likely grew in protected, open areasglacial vegetation. Although a level of summer warmth is re-
within the forest and possibly formed high shrub tundra be-quired for the expansion of boreal tree species, modeling by
yond altitudinal tree line. As in zone 11b, low percentages ofKaplan et al. (2003) illustrated the importance of relatively
herb taxa suggest closed forests that extended far up moumnild winters for the spread d?icea The Lake E data sug-
tain slopes, making the occurrence ¢tiaus pumilebeltless  gest that once temperature “thresholds” have been achieved,
likely. If the pollen representRBinus sibirica,then the taxon the importance of seasonal precipitation (particularly the du-
would be a member of the coniferous forest. ration and volume of snow cover) and/or effective moisture
Within pollen zones 31c and 31d, the pollen spectramay have been the greatest determinant of interglacial forest
indicate steady vegetation changes implying gradual cli-composition and distribution.
matic cooling and increasing aridity. Pollen from evergreen Another shared trait of the interglaciations is the rapid
conifers decreases, whereBstula and Alnus continue as  establishment of plant communities dominated by woody
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taxa during the glacial to interglacial transition. The earliestvegetation responses, the degree to which the distribution and
interglacial vegetation waBetulashrub tundra (note that this composition of arcto-boreal communities may alter, and the
is not evident in early MIS31, but we expect additional pollen scope of expansion or contraction of contemporary biomes
counts will show a parallel trend to the other interglacia- as means to further improve predictions of possible biotic
tions) that quickly was replaced by deciduous forest or wood-responses in Arctic regions to projected global warming.
land. For the PGTM and MIS5, the establishmenBefula  The palynological data from Lake E highlight the merits
woodland/high shrub tundra arBletula—Larix forest/high  of existing models that predict the northward expansion
shrub tundra during the PGTM and MIS5, respectively, rep-of either conifer or deciduous forests under warmer-than-
resents maximum summer warming. However, during thepresent climate scenarios. However, the Lake E record also
older warm periodBetula—Larix(MIS11) orBetula—Alnus—  demonstrates that idiosyncrasies of climatic forcings and as-
Larix (MIS31) forests were transitional as interglacial cli- sociated atmosphere—biosphere—cryosphere feedbacks may
mates continued to become warmer and wetter. Edwards etause more complex vegetation responses than anticipated
al. (2005) noted that the widespread establishment of decidby current modeling efforts.

uous forest in Beringia during the PGTM represented a novel

biome that differed structurally and functionally from ever-

green coniferous forest and tundra that dominate arctoboreacknowledgementsfunding  for  investigations at Lake
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likely biosphere—atmosphere feedbacks and possible impacfsoundation (NSF), the German Federal Ministry of Education
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