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Abstract
Thermokarst lake deposits are useful archives of climatic and environmental changes in the past, and can contain
palaeo-bioindicators such as pollen, plant macro-fossils, diatoms, chironomids, and ostracods. Nevertheless, such
VWXGLHVIURPSHUPDIURVWUHJLRQVLQFOXGLQJWKHUPRNDUVWODNHGHSRVLWVDUHVWLOOUDUH:HVWXGLHGODWH+RORFHQHRVWUDFRGV
from an excavation of deposits of the Alas Myuryu in Central Yakutia. In order to apply modern data to fossil records,
we also studied the present-day relationships between the environmental setting and the geochemical properties of
RVWUDFRGVLQVL[WKHUPRNDUVWODNHVRIWKHVDPHUHJLRQ7KHIRVVLORVWUDFRGUHFRUGUHÀHFWVODNHOHYHOÀXFWXDWLRQVLQWKH
FRPSRVLWLRQDQGVWDEOHLVRWRSHGDWD į182į13C) of both species. The modern ostracod communities of thermokarst
lakes in Central Yakutia are broadly similar to those of Holocene age. Geochemical stable isotopes studies in both
modern host water and ostracod calcite are a prerequisite for further interpretation of the fossil records.
Keywords: Central Yakutia; Holocene; ostracods; thermokarst lakes.

Introduction
Thermokarst is a common phenomenon of the cryolithozone generally caused by extensive melting processes
RI JURXQG LFH LQ WKH XQGHUO\LQJ SHUPDIURVW :LGHVSUHDG
thermokarst processes have been climatically driven and
LQWHQVL¿HG GXULQJ ZDUP SHULRGV LQ WKH 4XDWHUQDU\ HVSHFLDOO\VLQFHWKH+RORFHQH HJ.DWDVRQRY 7KH\DUH
responsible for the formation of numerous depressions in
the landscape surface (alases), which are often occupied
by thermokarst lakes. These landscape forms are typical
for Central Yakutia (e.g., Soloviev 1973). The deposits of
thermokarst lakes frequently contain fossil remains of bioindicators, e.g., freshwater ostracods, which can be used for
palaeoenvironmental reconstructions. Cyclic water level
changes in the lakes are related to regional climatic variations (e.g., Nemchinov 1958).
Freshwater ostracods are crustaceans, usually less
than 3 mm long, with a bi-valved carapace made of lowmagnesium calcite. Changes in climatic and hydrological
SDUDPHWHUV LQÀXHQFH WKH GLYHUVLW\ RI IUHVKZDWHU RVWUDFRGV
as well as the geochemical composition of ostracod calcite.
In general, several geochemical properties of the calcareous
shells of ostracods contain environmental information about
the water chemistry and stable isotope composition of the
KRVW ZDWHU DW WKH WLPH RI VKHOO IRUPDWLRQ HJ *ULI¿WKV
 +ROPHV   ,Q SDUWLFXODU į182 DQG į13C records of
ostracod calcite provide a highly localized and temporally
UHVWULFWHG UHÀHFWLRQ RI WKH LVRWRSLF FRPSRVLWLRQ RI ZDWHU
PDNLQJ WKHP XVHIXO WRROV LQ SDODHROLPQRORJ\ *ULI¿WKV 

+ROPHV 7KHį18O of carbonates serves as proxy for
temperature of the water, the isotopic composition of which
LVDOVRLQÀXHQFHGE\SUHFLSLWDWLRQGUDLQDJHEDVLQK\GURORJ\
DQG WKH SUHFLSLWDWLRQHYDSRUDWLRQ UDWLR 3(  .HOWV 
7DOERW 7KHį13&RIFDUERQDWHVUHÀHFWVFKDQJHVLQWKH
isotopic ratio of the total dissolved inorganic carbon (TDIC)
*ULI¿WKV +ROPHV &KDQJHVLQį13C are attributed to
changes in aquatic productivity within a lake, CO2 exchange
rates between atmosphere and water TDIC, as well as to the
photosynthesis/respiration ratio within the lake (Leng &
Marshall 2004).
,QWKLVUHVSHFWZHSUHVHQWKHUHWKH¿UVWFRPELQHGVWXG\
of modern and late Holocene ostracod assemblages from
&HQWUDO <DNXWLD 7KH ¿UVW GHVFULSWLRQ RI RVWUDFRGV IURP
this area was given by Pietrzeniuk (1977). Further regional
studies were carried out on freshwater ostracods of the North
<DNXWLDQ /HQD 5LYHU 'HOWD /DSWHY 6HD :HWWHULFK  
In addition, Arctic freshwater ostracod associations were
palaeoecologically analyzed in late Quaternary permafrost
VHTXHQFHVIURP%\NRYVN\3HQLQVXOD/DSWHY6HD :HWWHULFK
et al. 2005).

Study Area
The studied lakes are situated on the Lena-Amga
LQWHUÀXYH DQG DURXQG <DNXWVN LQ &HQWUDO <DNXWLD LQ (DVW
Siberia (Fig. 1). The region belongs to the southern foreland
RI WKH 9HUNKR\DQVN 0RXQWDLQ 5DQJH 7KH ¿HOGZRUN RQ
an excavation of the late Holocene deposits of the Alas
0\XU\X ƍ1 ƍ(  ZDV SHUIRUPHG LQ VXPPHU
1945
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Figure 1. Schematic map of Russia showing the study site on
WKH/HQD$PJDLQWHUÀXYHLQ&HQWUDO<DNXWLD (DVW6LEHULD 0DS
compiled by G. Grosse (UAF) using data from GLOBE Task
Team (1999).

6L[PRGHUQWKHUPRNDUVWODNHV EHWZHHQƍ1DQG
ƍ1ƍ(DQGƍ( ZHUHVDPSOHGLQVXPPHU
2005 under the auspices of the Russian-German expedition
³&HQWUDO<DNXWLD´ :HWWHULFKHWDO 
Central Yakutia is characterized by a strong continental
climate with low annual precipitation (222 mm) and a high
temperature gradient over the year (mean temperature in
January -37.6°C and in July 19.3°C) and a mean annual
air temperature of -8.7°C (Meteorological station Yakutsk;
5,+0,:RUOG'DWD&HQWUHKWWSZZZPHWHRUX 

Materials and Methods
The late Holocene ostracod assemblages of the Alas
Myuryu were recovered from a 1.4-m-deep excavation
of lake deposits at the desiccated margin of the lake. The
sediment samples were freeze-dried, wet sieved through a
0.250 mm mesh size, and then air-dried. About 200 g of each
sediment sample was sieved for further ostracod analysis.
Living ostracods were caught at the lake bottoms in the
littoral zone of six thermokarst lakes using a plankton net
and an exhaustor (Viehberg 2002) in July and August 2005.
The ostracods were preserved in 70% alcohol and afterwards
FRXQWHGDQGLGHQWL¿HGXQGHUDELQRFXODUPLFURVFRSHE\VRIW
body and valve characteristics.
7KHVWDEOHLVRWRSHDQDO\VHVRIR[\JHQ į18O) and carbon
13
į C) were performed at the isotope laboratories of the
$OIUHG:HJHQHU,QVWLWXWH $:,3RWVGDPDQG%UHPHUKDYHQ
Germany) and the GeoForschungsZentrum (GFZ, Research
Centre for Geosciences, Potsdam, Germany).
)RU į182 DQG į13C analyses on fossil and modern valves
of adult ostracods we used mass spectrometers (Finnigan
0$7  DW$:, DQG 0$7  DW *)=  GLUHFWO\ FRXSOHG
WRDXWRPDWHGFDUERQDWHSUHSDUDWLRQGHYLFHV .LHO,,DQG,9
respectively). Only clean valves of adult specimens were
XVHG3DUWLFOHVDGKHUHGWRYDOYHVZHUHUHPRYHGZLWKD¿QH

brush under microscope. To ensure enough material for
isotope analysis (50–100 mg CaCO3), multi-valve samples
of single species have been created. The reproducibility as
determined by standard measurements is better than ±0.08%
ı IRUį182DQG ı IRUį13C.
7KH UDLQ DQG ODNH ZDWHU VDPSOHV IRU į182 DQG į' ZHUH
analyzed by equilibration technique (Meyer et al. 2000)
XVLQJDPDVVVSHFWURPHWHU )LQQLJDQ0$7'HOWD6DW$:, 
7KHZDWHUVDPSOHVIRUį13C analysis on TDIC were preserved
by adding HgCl until analysis using a mass spectrometer
)LQQLJDQ 0$7  DW$:,  7KH UHSURGXFLELOLW\ RI WKHVH
data derived from standard measurements is better than
Å ı 
7KH YDOXHV DUH H[SUHVVHG LQ GHOWD SHU PLOOH QRWDWLRQ į
Å  UHODWLYH WR WKH 9LHQQD 6WDQGDUG 0HDQ 2FHDQ :DWHU
9602: IRUZDWHULVRWRSHV į182į' DQGUHODWLYHWRWKH
9LHQQD 3HH 'HH %HOHPQLWH VWDQGDUG 93'%  IRU į13C on
TDIC and carbonate isotopes.
The dating of organic matter and calcareous valves from
seven samples (Table 1) was undertaken at the Leibniz
Laboratory for Radiometric Dating and Stable Isotope
5HVHDUFK8QLYHUVLW\RI.LHO *HUPDQ\ XVLQJUDGLRFDUERQ
Accelerator Mass Spectrometry (AMS).

Results and Interpretation
Fossil ostracods
The late Holocene ostracod assemblage consists of 22
species (Fig. 2). The most abundant species during the
periods recovered are Candona candida, Fabaeformiscandona rawsoni, Ilyocypris lacustris, and Limnocythere
inopinata. According to the modern ecological requirements
of these species, some facts can be concluded for the living
conditions of the fossil assemblage. Most of the species
show a great adaptation to changes in both temperature and
salinity regime, and are mostly typical for shallow water.
The tolerance to temperature ranges from cold stenotherm
to warm stenotherm with a great part of thermoeuryplastic
(temperature tolerant) species. Furthermore, concerning
changes in salinity, most of the species have oligo- to
mesohaline ranges; i.e., 0.5 to 18‰ total salt content in the
host waters (Meisch 2000). In general, the habitat of the fossil
RVWUDFRGVZDVDVKDOORZZDWHUHQYLURQPHQWZLWKVLJQL¿FDQW
changes in temperature and salinity, which are linked to lakelevel changes. Three periods of different lake conditions are
distinguishable (Fig. 2). However, the geochronology of the
fossil record from the excavation at the lake margin of the
Alas Myuryu does not yield age relations for periods B and
&:KHUHDVSHULRG$LVZHOOGH¿QHGE\WKUHHGDWHVEHWZHHQ
about 4300 to 1500 yr BP, period B lacks direct dates, and
period A was only dated in its upper part with about 300 yr
BP. Furthermore, the lower part of period A is complicated
E\ WZR UHMHFWHG DJHV ZKLFK DUH PRVW OLNHO\ FDXVHG E\ UH
deposition during lake-level changes after sedimentation.
Therefore, geochronological interpretation of the fossil data
is weak and needs further dates. Nevertheless, late Holocene
YDULDWLRQVRIWKHODNHVWDJHVDUHUHÀHFWHGLQWD[RQRPLFDODQG
geochemical data of the periods A to C (Fig. 2).

WETTERICH ET AL.
Period A (about 4300 to 1500 yr BP) is characterized by
PRGHUDWHZDWHUOHYHOÀXFWXDWLRQVZKLFKDUHDOVRUHÀHFWHGLQ
WKHFKDQJHVLQRVWUDFRGDEXQGDQFHDQGGLYHUVLW\7KHį18O
data of F. rawsoni with relative 18O-depleted values between
about -11 to -8‰ are most likely a sign of a higher P/E due to
lower evaporation that caused a generally higher lake level.
7KHVKLIWLQJį13C values of F. rawsoni between about -2 to
1.5‰ indicate variable aquatic productivity during period
A.
The following period B (after about 1500 yr BP) shows
a short-time distinct decrease (at a depth of 58–63 cm) in
the abundance of all species which appeared before. That
was apparently caused by drying up of the water body. The
appearance of Plesiocypridopsis newtoni shortly before
and during period B (Fig. 2) points to higher salinity, since
this species tolerates and even prefers brackish conditions
0HLVFK  7KH į18O data of F. rawsoni UHÀHFW GUDVWLF
changes in the isotopic composition of the lake with shifts
between about -12 and -9‰ in a very short time. Afterwards,
GXULQJDJUDGXDOÀRRGLQJWKHVSHFLHVFRPSRVLWLRQFKDQJHG
again.
In period C (about 300 yr BP) the species F. acuminata,
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F. hyaline, and F. lepnevae became common, and moderate
ODNHOHYHO ÀXFWXDWLRQV WRRN SODFH ,Q DFFRUGDQFH ZLWK
WKH į18O data of F. rawsoni, with relative 18O-enriched
values between about -9 to -6‰, the P/E ratio was lower
(E>P) and that generally suggests higher evaporation and/
or lower precipitation, resulting in a generally lower lakeOHYHOFRPSDUHGWRSHULRG$7KHį13C values of F. rawsoni
between about -4 to -1‰ are relatively 13C-depleted and can
imply a general lowering in aquatic productivity compared
to period A.
Modern ostracods
In six thermokarst lakes of Central Yakutia we observed
15 ostracod species (Fig. 3). In total, up to 250 adult
specimens per lake were caught. The highest diversity per
lake includes six species. The most abundant species from
the fossil assemblages were found, but they are rare in the
modern dataset. The dominant modern species are Candona
weltneri in combination with C. muelleri jakutica and/or F.
rawsoni (Fig. 3).
The studied lakes are shallow, without visible in- or
RXWÀRZVDQGPDLQO\IHGE\SUHFLSLWDWLRQDQGPHOWZDWHUIURP

7DEOH$06GDWHVRIGHSRVLWVRIWKH$ODV0\XU\X5HMHFWHGDJHVLQEUDFNHWV
Lab No.
Sample No.
Depth
Material
uncal. Ages
[cm]
[yr BP]
.,$
J-97-6/161
10-15
Ostracods
275 ± 25
.,$
J-97-6/164
19-21
Reed leafs
285 ± 30
.,$
J-97-6/156
35-40
Grass and moss
(1935 ± 30)
.,$
J-97-6/156
35-40
Ostracods
(2100 ± 30)
.,$
J-97-6/147
75-80
Gastropods
1505 ± 30
.,$
J-97-6/141
105-110
Plant detritus
1945 ± 30
.,$
J-97-6/138
120-125
Gastropods
4280 ± 30

cal. Ages*
[yr BP] Max
285
349
(1820)
(1995)
1329
1823
4822

cal. Ages*
[yr BP] Min
330
456
(1949)
(2146)
1417
1950
4880

* Calibrated ages were calculated using the software “CALIB 5.0.” Calibration data set: intcal04.14c (Stuiver & Reimer 1993, Reimer et al. 2004).

Figure 2. Ostracod assemblages and isotopic composition of ostracod valves from late Holocene lake deposits of the Alas Myuryu: A 3HULRGRIPRGHUDWHODNHOHYHOÀXFWXDWLRQV%3HULRGRIGUDVWLFODNHOHYHOÀXFWXDWLRQV&3HULRGRIPRGHUDWHODNHOHYHOÀXFWXDWLRQV
5HMHFWHG$06GDWHVIURPGHSRVLWHGPDWHULDODUHPDUNHGLQEUDFNHWV:LGWKRIEDUVLQGLFDWHVRVWUDFRGQXPEHU VHHNH\ 
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)LJXUH  0RGHUQ RVWUDFRG DVVHPEODJHV IURP VL[ WKHUPRNDUVW ODNHV RQ WKH /HQD$PJD LQWHUÀXYH:LGWK RI EDUV LQGLFDWHV RVWUDFRG
number (see key).

Figure 4. Isotopic composition of rain water (open circles) from
<DNXWVNLQ$XJXVWDQGWKHVWXGLHGODNHV ¿OOHGFLUFOHV RQWKH
/HQD$PJDLQWHUÀXYH

)LJXUH6WDEOHLVRWRSHFRPSRVLWLRQRIį18O in ostracod calcite and
host waters for female and male specimen of adult C. weltneri and
C. muelleri jakutica.

the underlying permafrost. The high temperature variation
LQWKHVXUIDFHODNHZDWHUVGXULQJWKH¿HOGZRUNUDQJHGIURP
12°C up to 26°C, and the ionic content expressed as electrical
conductivity reached from 0.36 to 0.92 mS/cm.
The results of oxygen and hydrogen isotope analyses
RI WKH ODNH ZDWHUV DUH VKRZQ LQ D į182  į' SORW )LJ  
ZLWK UHVSHFW WR WKH*OREDO0HWHRULF:DWHU/LQH *0:/ 
which correlates fresh surface waters on a global scale
(Craig 1961). Furthermore, in Figure 4 the stable isotope
data of seven rainwater samples from August 2005 taken in
Yakutsk are presented. Lake water samples are shifted below
WKH *0:/ DQG WKLV GHYLDWLRQ UHÀHFWV HYDSRUDWLRQ LQ WKH
studied water bodies, as indicated by a slope of 4.54 (R2 =
0.98; shown in Fig. 4).

7KHJHRFKHPLFDODQDO\VHVRIRVWUDFRGFDOFLWH į182į13C)
were performed on valves of the most common species, C.
weltneri and C. muelleri jakutica7KHį18O of host waters
YDULHV EHWZHHQ DERXW  WR Å ZKHUHDV WKH į18O of
ostracod calcite is generally shifted to 18O-enriched values
and ranges between about -12 to -5‰ (Fig. 5). The shift
EHWZHHQ į18O in host waters and ostracod calcite includes
metabolic (vital) and temperature effects. Vital offsets on
the isotopic composition of several species of Candoninae
of up to 3‰ were already proposed by other studies, (Xia et
DOYRQ*UDIHQVWHLQHWDO.HDWLQJVHWDO
:HWWHULFKHWDO 7KHWHPSHUDWXUHGHSHQGHQFHRIį18O
IUDFWLRQDWLRQLVUHÀHFWHGE\WKHYDULDWLRQRIWKHVKLIWZLWKLQD
species, where increased temperatures correspond to smaller
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)LJXUH6WDEOHLVRWRSHFRPSRVLWLRQRIį13C in ostracod calcite and
ambient waters for female and male specimen of adult C. weltneri
and C. muelleri jakutica.

shifts (e.g., Leng & Marshall 2004). The observed variation
in the shift can be explained by different temperatures of the
KRVWZDWHUDWWKHWLPHRIFDOFL¿FDWLRQ
7KHį13C of the studied host waters TDIC shows two different ranges at about -5.5‰ and between 1 to 2.5‰. The
FRUUHVSRQGLQJį13C data on ostracod calcite show considerable scatter from about -8 to -4‰ and -2 to 5‰, respectively.
7KHVFDWWHULQį13&LQGLFDWHVWKHLQÀXHQFHRIFRPSOH[DELRWLF
DQGELRWLFHIIHFWVDWGLIIHUHQWWLPHVRIVKHOOVHFUHWLRQRQį13C
fractionation, as is expected in natural waters.

Discussion
)RU WKH ODWH +RORFHQH :ROIH HW DO   GHWHFWHG D
VLPLODU SDWWHUQ RI FHOOXORVHLQIHUUHG ODNH ZDWHU į18O in a
North Yakutian lake sediment record. They found most 18Odepleted values between 2000 and 500 yr BP due to probably
FRROHUFRQGLWLRQVDQGOHVVLQÀXHQFHRIHYDSRUDWLRQ$IWHU
yr BP, the data change to relative 18O-enriched values, as it is
DOVRUHFRUGHGLQWKHį18O record of ostracod calcite in period
C, indicating a warming trend with higher evaporation.
The observed modern ostracod assemblages from Central
Yakutian thermokarst lakes are characterized by species with
preferences for lower water temperatures and lower salinities
(e.g., C. candida, C. muelleri jakutica, C. welterni, F.
hyalina, F. rawsoni). The most common species, C. weltneri,
is described as cold stenothermal to oligothermophilic and
oligohalophilic (Meisch 2000). Other species are tolerant
to changes in temperature and salinity. In comparison to
$UFWLF RVWUDFRG DVVHPEODJHV :HWWHULFK HW DO   IURP
North Yakutia (Lena River Delta, Laptev Sea), the Central
Yakutian fauna generally lacks strictly cold-adapted species
such as F. harmsworthi, F. pedata, and Tonnacypris glacialis.

1949

Nevertheless, other species, such as C. candida, C. muelleri
jakutica, and F. hyaline, are common in both regions. The
į18O record of ostracods from North and Central Yakutia
VKRZV GLIIHUHQFHV 7KH į18O in valves of Arctic ostracods
is relatively more 18O-depleted and ranges between about
WRÅ :HWWHULFKHWDO ZKHUHDVWKHį18O of the
Central Yakutian ostracods ranges between about -12 to -5‰.
7KLVJHQHUDOWHQGHQF\LQWKHį182UHFRUGVUHÀHFWVWKHJHQHUDO
lower temperatures and lower evaporation in the north with
higher P/E rations as compared to Central Yakutia.
&RPSDULQJWKH&HQWUDO<DNXWLDQį13C records of modern
and late Holocene ostracods, we observe a reversed pattern,
in which the fossil data are relatively more 13C-depleted
(mostly lighter than 0‰) than the modern ones (mostly
heavier than 0‰). That may imply generally higher aquatic
productivity today as compared to the late Holocene, since
SODQWVSUHIHUHQWLDOO\¿[12CO2 during photosynthesis thereby
leaving TDIC enriched in 13& *ULI¿WKV +ROPHV 7KH
JHQHUDOO\ORZHUUDQJHLQRVWUDFRGį13C between -2 to -11‰
IURP PRGHUQ 1RUWK<DNXWLDQ SRQGV :HWWHULFK HW DO  
as compared to Central Yakutia may point to dominance
of organic matter decay in the northern waters, since these
microbiological processes release 13C-depleted CO2 and
lower 13C/12&UDWLRVLQ7',& *ULI¿WKV +ROPHV 

Conclusions
Periodic short- and mid-term climate variability leads
WR VLJQL¿FDQW FKDQJHV LQ K\GURORJLFDO FRQGLWLRQV HJ WR
drastic water-level changes in thermokarst lakes of Central
<DNXWLD DV LW ZDV ¿UVW GHVFULEHG E\ 1HPLFKRY   $
drying-up period of the thermokarst lake within Alas Myuryu
in the late Holocene was observed in both taxonomical and
geochemical properties of fossil freshwater ostracods. The
uncertain geochronology of the record presented here renders
XQFOHDU WKH UHODWLRQVKLS EHWZHHQ ODNH FKDQJHV DV UHÀHFWHG
by ostracod data and the Holocene environmental history.
Nevertheless, freshwater ostracods are useful indicators for
reconstruction of aquatic conditions in the past.
7KH PRGHUQ RVWUDFRG DVVHPEODJH UHÀHFWV WRGD\¶V
environmental conditions that are characterized by moderate
lake-level variations due to evaporative effects during the
VXPPHUVHDVRQ7KHKLJKYDULDELOLW\LQWKHPRGHUQį18O and
į13C data of ostracod calcite underscores the need for further
studies in this context.
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