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Fig. 2. Concentration (valvesd') of planktonic species, total periphyton, total diatoms, and plankton diversity (Shannon index) from 0 to
1.2 Ma. Exceptional events are indicated by colored intervals. Diatom concentrations, except total diatoms, are plotted on a log scale. For
comparison, the marine isotope stack (Lisiecki and Raymo, 2005) &nd 86ne insolation (Laskar et al., 2004) are also plotted.
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Fig. 3. Concentration (valves_gl) of planktonic species, total periphyton, total diatoms, and plankton diversity (Shannon index) from 0—
34 ka. For comparison, other EI'gygytgyn climate proxies including Si/ Ti measured by XRF core scanning and MTWM (mean temperature
warmest month) derived from pollen data (best modern analog approach) (Melles et al., 2012). Other pollen data (Lozhkin et al., 2007)
suggest continuation of a cold assemblage through the 20—34 ka interval (not shown).

oestrupii (Cleve-Euler) Round et Bukhtiyarova peaks from peak abundance corresponds to numerically abundant but
19 to 24 ka. Diatoms with valves greater than 75 um lengthsmall-diameteCyclotellaand Stephanodiscug-rom 411 to
vary more irregularly. HoweverFrustulia rhomboidesrar. 400 ka,Cyclotellaoccurs in lower abundance but increased
amphipleuroidegGrunow) DeToni is almost exclusively ob- size. Diversity also increases significantly in this interval,
served 15-25ka, anBunotia pseudopectinalislustedt is  especially 401-403 ka, wheréragilaria and Asterionella
more characteristic of the interval since 15ka. peak.

3.3 MIS 5e (111-135ka) 3.5 MIS 31 (1057-1113ka)

The genusCyclotellaalso dominates the 111-135ka core Thg interval corresponding to MIS 31 peak vv_armth contains
interval (Fig. 4). Spars@liocaenicusand planktonid-rag- a diatom abundance second only to MIS 11 in the 0-1.2 Ma
ilaria occur in a few samples. The inferred peak warmth of fecord (Fig. 6).Aulacoseirais the most consistent and nu-
MIS 5e corresponds to an approximate doubling of the di_merically abunc!ant member of the p_lankton assemblage. The
atom concentration driven mostly If§yclotella Calculated ~ robustPliocaenicus although numerically less abundant, is
genus-level plankton diversity does not significantly increase2!SO @ significant and consistent part of the assemblage. Sim-
in this interval. This index may underestimate the true plank-ilar to MIS 11, additional genera occur in the more recent
ton diversity in this interval because the domin@gtlotella portion; in this case&Stephanodiscuand Asterionellaoccur
contains at least two morphotypes with significantly different 1065-1076 ka. Above this interval there is a low plankton
diameter. The peak in diatoms seen at 135 ka corresponds @Pundance zone<(10’ valves g*) corresponding to the ex-

the preceding cold productive mode (Fig. 2). tirpation of Pliocaenicusand return ofCyclotellato dom-
inance in the lake. This low-abundance zone is missed in
3.4 MIS 11 (360-430ka) the 0-1.2 Ma record because of the lower sample resolution,

although it is suggested by the observed shift in dominant
The interval corresponding to MIS 11 exhibits the greatestgenus.
peak in diatom concentration driven mostly Byclotella
(Fig. 5). During the first part of this interval (411-416 ka)
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Fig. 4. Concentration (valves}) of planktonic species, total periphyton, total diatoms, and plankton diversity (Shannon index) from 111
to 135 ka. Other EI'gygytgyn climate proxies from Melles et al. (2012) are included for comparison (see Fig. 3).

4 Discusssion 9-10ka, and subsequent decline through the Holocene with
the pollen-derived summer temperature (Fig. 3) (Melles et
4.1 Peak warmth intervals al., 2012).

Although not yet quantified in detail, the observed size in-

Observing the Holocene and other identified interglacial in-crease irPliocaenicusor Cyclotella par"cu'?‘T'y n MI.S 1
and 31, may also be a response to conditions during these

tervals from the composite core record, a clear pattern in di-. . ; _ -
es. Diatom size control may vary with conditions of a spe-

atom response is apparent. Concentration increases in both_. . . L
periphyton and plankton. Genus-level diversity increases inC|f|c lake (e.g., Finkel et al., 2009). In a nutrient-limited lake

the plankton. Valves are generally well preserved with onIySyStem’ higher nutrients (including silica) may favor Ia_lrger
minor dissolution noted. The occurrence of certain periphyticplankton' Further, larger plankton could be an adaptation to

taxa also characterizes each of these intervals, especial eater mixing/turbulence due to more open water, allowing

A. kriegeriand C. placentula These taxa also occur in the . ger diatoms to remain in the photic zone without sink-

deeper record, even as the dominant plankton varies. In ger{[]g‘ On longer timescales, individual species may adapt to

eral, the diatom response is consistent with a relatively fa_competmon introduced during intervals favorable for phyto-

vorable environment for diatom growth that might be an- plankton productign. The El’gygytgyn sediment record may
ticipated from enhanced nutrient delivery, prolonged open-prOVIde an exceptional opportunity to explore these phenom-

: : L : . ena on glacial-interglacial timescales.
water growing season, and expanded diversity in habitats i . . s
the lake and its catchment. Observed interglacials within the 0-1.2 Ma record are

The emergence dliocaenicussince 15 ka may be a re- highly variable in the magnitude of their diatom response.

sponse to warming and enhance open-water conditions. Lit[vIIS 11 aqd 31 are exceptional events .bOth in diatoms and
tle is known about the ecological tolerance of this taxon._Other proxies (Melles etal., 2012). Both intervals have peaks

Flower et al. (1998) speculate the simiRiiocaenicus costa- in species usually associated with enhanced nutrient status.

tusvar. sibiricus (Skabitch.) Round et &kansson responded The tocli:urrencce of thessl elllssen:bllaggg 1020rrer?pon<;ls .to jebd"
favorably to 20th-century warming in Lake Bolshoe, Siberia. et Facies &, sensu Viefles et al. (2012), characterized by

The appearance &fliocaenicusn EI'gygytgyn at 15 ka may (rjed?lls.?—pm\;\r/]n, fmely laminated silt dexplalpe(; b&/ high ptro-
also partially reflect the elimination of a competitive exclu- uctivity In tneé growing season and anoxic bottom waters

sion from larger members of th@yclotella ocellatacom- during winter. The unique diatom response may result from

plex. These forms disappear from the record during an in.enhanced nutrient delivery from the catchment or a threshold

ferred cold, diatom-poor interval at ca. 70ka. Thus favor-1N lake-water oxygenation and circulation, altering the nature
able conditions for this large, heavily silicifid®liocaenicus igg;"né'_r_]gh()f nutrlegthycImg n ih(;(l)zalze (_?r']g" Rlppet)_/ et ?lc'j"
may first recur after 15ka, allowing expansion into this va- » buchman and Negendan', ). This exceptional di-

cated niche in the phytoplankton. The linkage betweko- e;tor: proiyctloptﬁ_nd aggumutI?tlc?n plays an lrl?pt(\)l\:tant ;%Ie |r:j
caenicusabundance and climate is further strengthened byt Oe(yo[)ma lon o i IS Ze _|metnh acies, rlimglng etween sLan
the correspondence with its emergence 13-15ka, peak o biogenic silica during these peaks.
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Fig. 5. Concentration (valvest}) of planktonic species, total periphyton, total diatoms, and plankton diversity (Shannon index) from 360
to 430 ka. Other EI'gygytgyn climate proxies from Melles et al. (2012) are included for comparison (see Fig. 3).

Correlation between the plankton assemblages and othevllS 31, initial warming ca. 1085-1090ka corresponds to
proxy records during MIS 11 and 31 (Figs. 5 and 6) af- the emergence dfulacoseiraas the dominant planktonic di-
firms their climate sensitivity. Initial warming at 427 ka (MIS atom.Stephanodiscuand Asterionellasimilarly rise during
11) is mainly expressed as an increaseCiclotella Fol- the peak in pollen-indicated summer temperature (1076 ka)
lowing modest declines in Si/Ti and pollen-derived summerand abruptly decline at near-modern conditions (1065 ka).
temperatureStephanodiscusccurs at levels comparable to This lag further supports the hypothesis of a threshold in
Cyclotella400-417 kaAsterionellaalso occurs sporadically climate-driven nutrient conditions in the lake during extreme
in this interval. This event corresponds to the peak of MISinterglacials.

11, inferred from pollen and biomarker temperature recon- The distribution ofA. subarcticaa widespread diatom pre-

structions (Melles et al., 2012; D’'Anjou et al., 2013). These ferring intermediate nutrient conditions (Gibson et al., 2003),
species abruptly decline as reconstructed summer temperdiustrates some of the complexity of comparing particular
tures first approach near-modern values at ca. 400 ka. Duringterglacials. This diatom, occurring almost exclusively in

www.clim-past.net/9/1309/2013/ Clim. Past, 9, 1302319 2013
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Fig. 6. Concentration (valvest}) of planktonic species, total periphyton, total diatoms, and plankton diversity (Shannon index) from 1057
to 1103 ka. Other El'gygytgyn climate proxies from Melles et al. (2012) are included for comparison (see Fig. 3). The green bar indicates a
sparse plankton event (compare Fig. 2) not observed in lower-resolution sampling.
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identified interglacial intervals, is a minor component sinceet al., 2012), and in other cold stages this diatom response is
550ka but dominates in some intervals between 830 andcbsent.

1150ka. This species is also abundant in Lake Baikal dur- Periodic circulation of a mostly ice-covered lake is one hy-
ing approximately this same time, peaking ca. 850, 1150, angbothesis to generate such production and diversity. Periodic
1190 ka (Grachev et al., 1998), suggesting a broader biogeaxpansion in plankton diversity may reflect adaptation of the

graphic influence on its occurrence and distribution. dominant species to a more limited range of conditions or pe-
riodic changes in nutrient resource distribution (e.g., Kilham

o et al., 1996). The general dominance®@jclotellaor Plio-
4.2 Cold productive intervals caenicusmay represent a competitive exclusion of other taxa
during the typical range of conditions (e.g., Stoermer and

The occurrence of h|gh biogenic silica (20_35 %) and diatomEd'Und, 1999) The particular occurrence of these nutrient-
production during MIS 2 may help to decipher the environ- favoring phytoplankton species during MIS 2 may indicate
ment of the lake during this interval and to understand theconditions providing seasonal to extra-seasonal pulses of nu-
dynamics of the lake system and its response to changing clitrients to the plankton, allowing for a temporary increase in
mate. The substantially different overall assemblage, includthe population of these widespread taxa. Circulation-induced
ing blooms of delicate planktonic taxa, generally favoring S€asonal nutrient input timed to persistent transparent ice
higher nutrient status and not observed in substantial quanticover may also promote the expansion of these otherwise
ties in the Holocene, suggests that this trend is more than &poradically occurring taxa. Such a scenario may also be con-
preservation effect or lack of dilution from other inputs. More sistent with the lack of significarRliocaenicus perhaps re-
likely, the environment in the lake was similarly favorable quiring more extensive open-water conditions.

for diatom production compared to the recent lake. Yet other Other observations from the MIS 2 sediment record pro-

proxies, such as pollen, sediment facies, and diatom isotopegde additional perspective on the lake's response to this
suggest at leastA colder summer air temperatures com- event. Melles et al. (2012) suggest that the sediment facies in-

pared to modern conditions (Melles et al., 2012; Chapligindicates more extensive ice cover leading to oxygen-depleted

Clim. Past, 9, 13094319 2013 www.clim-past.net/9/1309/2013/
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bottom waters, but sufficient melting of the lake’s margins to diatom observations. The persistence of well-preserved near-
allow some fluvial input. However, this sediment Facies A typical periphyton concentration across some of these in-
does not always correspond to the diatom response observedrvals suggests some shallow-water habitats are maintained
in MIS 2. Melles et al. (2007) attribute high total organic car- during these times.
bon in MIS 2 to some combination of increased productivity The low-plankton events are not evenly distributed
and preservation due to anoxia. Investigations of biomarkershrough the lake record. None has yet been observed from
and organic mattef'3C indicate limited connection to atmo- 225 to 550 ka in the low-resolution sampling completed, and
spheric CQ and limited oxygen depletion in the water col- none is anticipated based on the apparent stability of the
umn (Holland et al., 2013) and, although not indicating en-dominaniCyclotella The interval 680—920 ka also lacks low-
hanced aquatic production or nutrients, imply that enhanceglankton zones with a consistent dominancePtibcaeni-
production would need to be sustained by internal biogeocus These intervals both correspond to a time of lower-
chemical cycles. amplitude summer insolation variability (e.g., Laskar et al.,

The periphyton assemblage also changes during this sam&004), suggesting that these events may be triggered by con-
interval, suggesting environmental changes across all diatorditions unique to summer insolation lows. This observation
habitats. Their abundance suggests at least periodic meltinig similar to the interval of sustained high diatom concen-
sufficient in the lake margins to promote the diversity andtration in the Lake Baikal record 370-580 ka (Prokopenko et
abundance of the lake’s periphyton community. The periphy-al., 2002). The lake system and the regional climate are sensi-
ton may respond directly to climate-induced shallow-watertive to intervals of extreme insolation lows, perhaps inducing
habitat changes, or indirectly to suggested nutrient condi-extended periods of light limitation in planktonic habitats.
tions and lowered lake level during MIS 2 (Juschus et al.,Careful observations of diatom assemblages provide clues to
2011). However, the uncertain tolerance ranges of the domthe nature of exceptional cold events only subtlety expressed
inant EI'gygytgyn periphyton make a specific interpretation in other proxies.
of these changes difficult.

Additional short productive intervals (sensu MIS 2) lack-
ing the characteristic interglacial periphyton suggest the po5 Conclusions and future work
tential recurrence of conditions favorable to diatoms during
some cold events. Similar to MIS 2, several of these interval&=rom 0 to 1.2Ma, sediments recovered from Lake
correspond to low insolation and heavy marine oxygen iso-EI'gygytgyn record dramatic variations in diatom species
topes in the tuned chronology. Thus, interpretations of bio-assemblage and abundance. During warm interglacial inter-
genic silica and diatom concentration in the deeper recordrals, both plankton and periphyton abundance increases and
may be complicated by additional such events, requiring conplankton diversity expands. Extreme warm events (MIS 11

firmation with other proxy records. and MIS 31) have the highest diatom concentrations ob-
served, and abrupt plankton assemblage changes within these
4.3 Sparse plankton events intervals suggest a threshold in climate-driven nutrient con-

ditions in the lake. Exceptional cold events where plankton
Events in which plankton dramatically decreases in abun-abundance and diversity exceed some interglacials suggest
dance and subsequently re-emerges with a different charadhe possibility of enhanced sub-ice production promoted by
ter may help to constrain the nature of these intervals of theperiodic lake circulation and transparent ice. During some
lake’s history. These observations imply that phytoplanktoncold events, short intervals occur with extremely low plank-
in the lake is stressed such that competitive exclusion is elimton abundance and accumulation rates, sometimes corre-
inated for some time. However, the recurrence of species eisponding to a shift in the dominant planktonic genus. These
ther unique to El'gygytgyn or only narrowly distributed over events are absent from intervals of lower magnitude sum-
the long history of the lake suggests that minimal popula-mer insolation variation, especially 225-550 ka, suggesting
tions are sustained in the lake, and that they survive thesa similar response seen in the Lake Baikal record.
events. Given the correlation of these events to relatively Additional diatom studies from this interval and the com-
cold intervals, these extreme declines in the lake’s plank-plete sediment record extending to 3.6 Ma provide humerous
ton are most easily explained by a prolonged light limita- opportunities to further test the interpretation of preliminary
tion from extended summer ice and snow cover on the lakeresults presented here. Systematic observations of plankton
However, the sparse plankton event at 1060 ka correspondsize and preservation, and periphyton assemblages across
to a zone of near-modern pollen-derived summer temperaturthese events, may help to distinguish open water from sub-
and mean annual precipitation (Melles et al., 2012). Thus,ce production. The patterns of diatom response may also
any climate-related mechanism to drive these events is eithezhange during earlier intervals of anticipated extreme and
consistent with such conditions or is short lived and unre-continuous warmth. The El'gygytgyn diatom record further
solvable in the available pollen record. The role of changingprovides a unique setting to observe diatom evolution linked
lake level in these events cannot be excluded based on th® changing climate in this relatively isolated environment.
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