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Sea level rise during the Pleistocene-Holocene transition period caused the formation of lagoon 
lakes along the western and eastern coasts of the Kuril Islands. These lakes include Lake 
Serebryanoye, located in the northern part of the South Kuril Isthmus near the Pacific coast of 
Kunashir Island (44°03'21'' N; 145°49'46'' E). The total thickness of sediments in the lake was 367 
cm. They are characterized by diatom flora (334 species), representing various ecological groups: 
freshwater, brackish water, marine, marsh, lacustrine, rheophilic, planktonic, benthic. The analysis of 
diatoms made it possible to distinguish two complexes. As shown by radiocarbon dating, in the Middle 
Holocene (100.5–367 cm interval) the sediments corresponded to the lagoon stage, which changed in 
the Late Holocene (100.5–0 cm interval) to the freshwater lake stage. Palynological analysis showed 
a successive change of biocenoses, reflecting the development in the Middle Holocene of birch-
broadleaved forests with the participation of Pinus koraiensis, Picea sp. The most abrupt change in 
biocenoses is observed at the boundary of the Middle and Late Holocene. This change of biocenoses 
is expressed by the dominance of conifers in the vegetation cover, represented by various species of 
Picea, Pinus, Abies, Larix. It also shows the relative cooling of the climate in the Late Holocene.
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The Kuril Archipelago is an intriguing part of the 
territory that spans key climatic and biogeographic 
links between the arctic, subarctic, temperate, and 
subtropical zones within the Russian Far East. In 
addition to the Kuril Islands, the broader region 
includes Northeastern Siberia (Western Beringia), 
the basin of the lower reaches of the Amur River, Far 
Eastern Primorye, and Sakhalin Island. Atmospheric 
general circulation models (AGCM) and/or 
paleobotanical data depict key climatic events that 
occurred over the past 21,000 years in Northeast Asia 
(Kutzbach et al., 1998; Binney et al., 2017). These 
events include: the increased impact of the East Asian 
monsoon system following the summer insolation 
maximum in the early and middle Holocene; the 
post-glacial thermal maximum, which occurred in 
the northern region (i. e., Northeastern Siberia) 2,000 
years earlier than in southern areas of the Far East; 
and a stronger manifestation of short-term climatic 
events in southern as compared to northern sectors 
of the region. While most paleoenvironmental 
investigations occurred at mainland sites, the 
expansion of the research area to include offshore 
island systems certainly will contribute to a better 
understanding of the mechanisms responsible for the 
paleoclimatic patterns described for Northeast Asia 
during the Late Quaternary.

Studies of Holocene deposits preserved in ma-
rine, river, and lake terraces and in peat bogs on Ku-
nashir Island have been the primary focus of pa-
leoenvironmental studies in the southern Kuril 
archipelago (Korotky et al., 2000; Anderson, Lo-
zhkin, 2002; Razjigaeva et al., 2022). Detailed lith-
ological, palynological, diatom, and radiocarbon 
analyses have documented the complex changes in 
climate and vegetation in this area during the mid-
dle and late Holocene. Based on section data from 
Kunashir Island and from nearby mainland areas, 
Korotky et al. (1995, 1996, 2000) proposed that 
the regional climate was controlled primarily by 
a combination of changes in sea level (warm cli-
mates indicated by marine transgressions and cool 
climates by regressions and formation of coast-
al dunes) and shifts in marine currents (particu-
larly the Soya warm current). They concluded that 
the Middle and Late Holocene included three in-
tervals of cool climates (c. 5400 to 5200 cal. BP,  
c. 1600 to 1200 cal. BP, Little Ice Age), a major 
warm, transgressive period marking the Holocene 
thermal maximum (c. 7400 to 6800 cal. BP; +2.5 to 
3.0 m sea level rise), a second transgression that is only 
slightly cooler than during the Holocene maximum  
(c. 4500 to 3500 cal. BP; +1.25 to 2.5 m sea lev-
el rise), and two times of more modest warming/
transgressions (c. 3100 to 2700 and c. 1200 to 700 
cal. BP). However, the development of accurate age 
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Fig. 1. Maps of the study area. A – Location of the Kuril Islands. Arrows indicate location and direction of marine 
currents (Gorbarenko et al., 2014). Islands mentioned in the text: 1 – Kunashir Island, 2 – Iturup Island, 3 – Urup Island, 
4 – Paramushir Island. B – Kunashir Island showing locations for: 1 – Tyatya Volcano (1819 m a. s. l.); 2 – Ruruy Vol-
cano (1485 m a. s. l.); 3 – Mendeleev Volcano (887 m a. s. l.); 4 – Golovin Volcano (541 m a. s. l.). The arrow shows the 
position of Lake Serebryanoye in the Yuzhno-Kurilsk region. C – Satellite view of Lake Serebryanoye; the white circle 
in the western part of the lake indicates the coring locale where 367 cm of lacustrine sediments were recovered

Рис. 1. Карты района исследования. А – расположение Курильских островов. Стрелки указывают место-
положение и направление морских течений (��������������������������������������������������������������          Gorbarenko et al.���������������������������������������������        , 2014). Упомянутые в тексте острова: 1 – Ку-
нашир, 2 – Итуруп, 3 – Уруп, 4 – Парамушир. B – о. Кунашир с указанием местонахождения: 1 – влк. Тятя 
(1819 м н. у. м.); 2 – влк. Руруй (1485 м н. у. м.); 3 – влк. Менделеева (887 м н. у. м.); 4 – влк. Головина (541 м 
н. у. м.). Стрелка показывает положение оз. Серебряное в районе Южно-Курильска. C – вид со спутника на  
оз. Серебряное; белый кружок в западной части озера указывает на место отбора керна, где было извлечено  
367 см озерных отложений

models for sites with a variety of depositional con-
ditions, as is the case for the terraces, can be a sig-
nificant obstacle for obtaining an accurate documen-
tation of the vegetation and climate histories of the 
archipelago. To better understand the timing and na-
ture of environmental changes during the Holocene, 
a suite of lake cores was recovered from the Kuril ar-
chipelago as part of the Kuril Islands Biocomplexity 
Project, a joint study involving scientists from Rus-
sia, the United States, and Japan. In this paper, we 
discuss the results from Lake Serebryanoye), located 
in the east-central part of Kunashir Island (Fig. 1).

Research methods
The research at Lake Serebryanoye is a multidis- 

ciplinary study involving diatom, palynological, and 
lithological analyzes and radiocarbon dating (Figs. 
2, 3, 4). A 367-cm-long core was retrieved from the 
western part of the lake with a modified Livingstone 
piston sampler (Wright et al., 1984). Sampling was 
done continuously along the length of the core in the 
laboratory at NEISRI. Chemical processing of 1 or  
2 cm3 sediment samples for palynological analysis fol-
lowed standard procedures used in the study of arctic 
lake sediments (Anderson et al., 1994). At least 300 
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pollen grains from terrestrial plants were counted in 
each sample. The calculation of pollen and spore per-
centages and the construction of the palynological dia-
grams were carried out using “Tilia” and “Tilia-graph” 
(http://www.tiliait.com). In addition to the individu-
al taxa, the palynological diagrams show the ratios of 
three vegetation groups, i. e., pollen of trees and shrubs, 
herb pollen, and spores. The percentage of each pollen 
and spore taxon is based on the sum of all identified and 
unidentified terrestrial pollen grains. Four pollen zones 
(SE1, SE2, SE3, SE4; Fig. 3) were delimited based on 
the variations in the percentages of the main pollen and 
spore taxa. Radiocarbon dating was done at the Center 
for Mass Spectrometry at the Lawrence Livermore Na-
tional Laboratory. Radiocarbon dates were converted 
to calibrated ages using the IntCal13 calibration curve 
in CALIB 7.1 (Stuiver et al., 2020). 

Processing of samples for diatom analysis fol-
lowed standard methods (Диатомовые..., 1974). Dia-
tom counts were done with an Axioplan 40 light mi-
croscope (SM) using an immersion liquid at ×1000 
magnification. More than 300 valves were counted in 
most samples. Diatom classification is based on Algae-
Base (http://www.algaebase.org), and the ecological 
and geographical characteristics of the taxa are taken 
from Barinova et al. (2006). For a comparative analy-
sis of fossil and modern diatom communities, we also 
studied four modern samples from surface bottom sedi-
ments collected by V. S. Pushkar in the southern part of 
Lake Serebryanoye during the expedition of the Pacif-
ic Institute of Geography of the Far East Branch of the 
Russian Academy of Sciences in August 1996. 

Research area and objectives

The rise in sea level during the Pleistocene to Ho-
locene transition resulted in the formation of coastal 
basins along both western and eastern shores of the 
Kuril Islands. These basins, known as lagoon lakes, 
were created as seawater flooded the valleys of small 
streams, which flowed into the Okhotsk Sea or Pacific 
Ocean (Korsunskaya, 1958; Klyuchareva, 1967). Wa-
ter depth and composition during the early history of 
lagoon lakes were strongly affected by tidal currents. 
These influences eventually decreased when the con-
nection of the lagoons to the sea became restricted, 
either as sea level decreased during the Holocene or 
barrier bars were formed. The isolation of the basin 
from the sea reflects the interaction of various pro-
cesses, such as the increased in wash of sediments to 
the lakes from nearby slopes and wave action parallel 
to the coastline, which caused the formation of coastal 
dunes. The lakes were gradually desalinated as fresh-
water input from inflowing streams became greater 
than the contribution of marine waters. 

The first continuous lacustrine pollen record of 
Holocene climate and vegetation changes in the 
Kuril Islands was obtained from Lake Pernatoye on 
Paramushir Island in the northern Kuril Archipelago 
(Lozhkin et al., 2010). Subsequent investigations of 

lake sediment cores from Urup, Iturup, and Kunashir 
Islands further documented sea level fluctuations, as 
well as the changing environmental conditions dur-
ing the Holocene (Lozhkin et al., 2017).

The last site to be investigated as part of the Kuril 
Islands Biocomplexity Project was Lake Serebry-
anoye (��������������������������������������������44°03'21'' N; 145°49'46'' ������������������E, 8 m above pres-
ent sea level; Fig. 1 - B, C). The lake is in the north-
ern part of the South Kuril Isthmus of Kunashir Is-
land, ~ 3 km northwest of Yuzhno-Kurilsk, and is on 
the Pacific side of the island. Serebryanoye originated 
as a lagoon lake. Today the lake is elongated along 
an east-west axis, is ~ 2250 m long, and has a maxi-
mum width of ~ 780 m. It consists of two basins with 
a maximum water depth of 2 m, although depths in 
most of the lake vary between 1.2 and 1.4 m (Sokov, 
1998). The basins are separated by a shallower area 
(0.5–0.6 m) that is found between two peninsulas in 
the central part of the lake (Fig. 1C). A small inlet en-
ters the western part of the basin with two additional 
inflowing streams to the north. Lake Serebryanoye is 
connected to the Pacific Ocean (South Kuril Strait) 
by a ~ 4-m-long channel. Aquatic plants are common. 
Nymphaea is found in most areas of the lake, whereas 
Potamegeton, Lemnaceae, Equisetum, Menyanthes, 
and Juncaceae are restricted to near shore areas.

The vegetation surrounding Lake Serebryanoye 
is a mosaic of Abies-Picea forest (Abies sachalinen-
sis, Picea glehnii), Betula-broadleaf-coniferous for-
ests, and meadows. Taxus cuspidata also is present, 
but the conifer is rare. The most common deciduous 
tree is Betula ermanii, with Betula maximowicziana 
being less common. Kalopanax and Acer mayrii are 
present in the forest, but they are not common. Al-
nus hirsuta and Duschekia shrubs, which grow up 
to 2 m in height, are numerous near the lake shore. 
A mix of Alnus trees and tall Salix shrubs are typ-
ical of the shoreline communities, but in some of 
these areas Picea dominates. Sorbus commixta can 
be common in the deciduous forest, and it is found 
in shorter growth forms near the lake. Actinidia also 
is found in the shoreline communities, but the shrub 
is not common. We noted only a single Pinus pumila 
on a ridge top near the lake. However, Pinus pumila 
probably occurs in greater densities on higher eleva-
tion slopes found in this part of the island. Lianas are 
found sporadically wrapped around trees. The mo-
saic nature of the forest partially reflects slope and 
aspect (e. g., Picea and Betula seem to be more com-
mon on north facing slopes) and perhaps soils (e. g., 
Betula dominates on the rocky slopes of the “penin-
sulas” that jut out in the central part of the lake).

Meadows typify the boggy to slightly more mesic, 
low-lying areas that border the lake. Poaceae spp. in-
cluding Sasa kurilensis are the most common meadow 
taxa. However, a variety of flowering forbs (e. g., Ar-
uncus dioicus, Iris setosa, Lysichiton camtschatcense, 
Lillium dahuricum, Asteraceae, Artemisia), Apiace-
ae, Rosaceae spp. including Rosa rugosa, Rumex and 
other Polygonaceae) also characterize the microhabi-
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tats within the meadow communities. Sphagnum and 
other green mosses are present but are relatively rare. 
Low growth forms of shrub Salix (~ 25–35 cm high) 
are found occasionally in these meadows.

Lithological characteristics  
and dates of lake sediments

The upper 100.5 cm оf sediments in the Serebry-
anoye core are organic-rich, dark gray silt. Between 
100.5 and 367 cm, the sediments change to dark 
gray, sandy silt mixed with gravel. The volume of the 
coarsest sediment varies in this part of the core, but 
it noticeably increases in the lowest 3–4 cm of the 
sediment column. Two radiocarbon dates were ob-
tained from bulk sediment samples at depths of 140–
141 and 300–301 cm. The upper sample yielded a ra-
diocarbon date of 5380 ± 40 BP (median calibrated 
date of 6190 cal. BP; (CAMS-143087) and a date of  
7640 ± 70 BP (medium calibrated date of 8440 cal. 
BP; (CAMS-143088) for the lower sample.

Modern and fossil diatom results
The modern diatom flora is characterized by a rel-

atively high species richness (72 taxa), although one 
species, Melosira lineata, is dominant. This species 
is usually the main component of aufwuchs commu-
nities found in coastal brackish waters (Krammer 
and Lange-Bertalot, 1991), tolerating water salinity 
of up to 9.0 ‰ (van Dam et al., 1994). Its dominance 
at Serebryanoye is primarily the result of the shallow 
depth of the lake, which determines the homogeneity 
of the water column. The freshwater-brackish water 
epiphytes Rhopalodia gibba and Epithemia adna-
ta and tychoplanktonic Fragilaria vaucheriae have 
high percentages in the modern samples. These spe-
cies live in salinities of up to 0.9 ‰ The sublittoral 
marine taxa Paralia sulcata and Diploneis smithii oc-
cur rarely in the planktonic component of the modern 
samples. The composition of the present-day diatom 
community reflects the absence of a direct sea influ-
ence on the lake. The dominance of species tolerant of 
increased water salinity is most likely due to the rela-
tively high mineralization of the lake, which is in an 
area of active volcanism. Additionally, onshore winds 
and spray from breaking waves may also have con-
tributed to the salinization of the lake. 

The fossil diatom flora of Lake Serebryanoye 
is rich and varied (Fig. 2). It consists of 334 taxa, 
which include species, varieties, and forms and rep-
resents different ecological groups (e. g., freshwater, 
brackish, marine, bog, lacustrine, rheophilic, plank-
tonic, benthic). The ecological diversity of diatoms 
found in the Serebryanoye core reflects the varia-
tions in paleoenvironmental conditions under which 
the fossil diatom assemblages formed. The changes 
in the percentage of taxa with different tolerances in 
salinity, as well as the variations in the percentages 
of marine, sublittoral, and lacustrine species, were 
the basis for the identification of two main complex-
es within the Serebryanoye core. 

The lagoon complex (385–112 cm, zone DZ1) is 
characterized by the dominance and high species di-
versity of marine and brackish-water taxa. Tychoplank-
tonic species (i. e., diatoms whose life cycle includes 
stages as bottom dwellers and as part of the plankton-
ic community), such as Paralia sulcata, Melosira dis-
cigera, and Odontella aurita, and sublittoral benthic 
taxa (e. g., Diploneis smithii, Giffenia cocconeiformis, 
Tabularia fasciculata, and Tryblionella granulate) are 
dominant in this complex. Freshwater diatoms (e. g., 
planktonic Aulacoseira italica, tychoplanktonic Stau-
rosira venter, and S. pinnata) also are present, but in 
lower percentages as compared to the marine-brackish 
water group. The composition of the DZ1 complex in-
dicates the presence of a brackish lagoon.

The warm-water Terpsinoë americana is present 
consistently in the paleoassemblages of zone DZ1. 
The species occurs as single valves in the Serebry-
anoye sediments. T. americana is a tropical epi-
phyte living in saline waters from 45°N and south-
ward (Alhonen et al., 1984). The species is not found 
in the modern algal communities in the study area. 
Alhonen et al. (1984) noted that a rise in T. ameri-
cana indicated an increase in salinity and tempera-
ture of surface waters in lacustrine deposits on the 
coast of the North Sea between 9500 and 4500 cal. 
BP during the Littorina transgression. T. americana 
has also been found in high percentage (> 60 %) in 
paleoassemblages from the Tamatsu section located 
on the coast of Osaka Bay, western Japan (Sato et 
al., 1983). This latter assemblage formed during a 
regression c. 5700–4500 cal. BP, which followed the 
maximum Holocene transgression.

Three diatom subzones (DZ) have been identi-
fied in the lagoon sediment based on changes in the 
concentration of diatom valves, the composition of 
the prevalent ecological group, and the percentage 
of taxa within the different groups.

DZ 1.1 (365–258 cm) is dominated by P. sulcata 
and has relatively high percentages of sublittoral ben-
thic D. smithii and G. cocconeiformis, which inhabit 
tidal shallows (Gomes et al., 2017). The lowest con-
centration of diatom valves and the abundance of large 
valve fragments are other features of this subzone. 

DZ 1.2 (258–172 cm) is characterized by an in-
crease in the percentages of brackish water taxa, 
such as Cocconeis scutellum, M. discigera, O. au-
rita, Tabularia fasciculata, and Tryblionella granu-
lata, and of freshwater types, particularly S. venter. 
The disappearance of G. cocconeiformis from the 
dominant group and a slight increase in the concen-
tration of valves also occurred. The concentration 
of diatom valves increases slightly from DZ 1.1. 

The highest percentages of C. scutellum and M. dis-
cigera and a decrease in the percentages of O. aurita 
and T. granulata are recorded in DZ 1.3 (172–112 cm). 
Freshwater-brackish water Thalassiosira bramapu-
trae, Melosira lineata, and Rhopalodia gibba appear 
in the subzone. The rising trend in valve concentra-
tion continues.
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although the chronological limitations of the Serebry-
anoye record make this a tentative conclusion. Ac-
cording to Razjigaeva et al. (2004) the elevation of 
the Kunashir coastline was 2–2.5 m higher than pres-
ent between 7400 and 6800 cal. BP. The three diatom 
subzones at Serebryanoye suggest an unstable posi-
tion of the coastline during the Middle Holocene. 

The shift from a lagoon to a freshwater lake ap-
parently occurred relatively quickly (< 10 cm along 
the core) at some time after 6190 cal. BP. The lack 
of any transitional diatom complexes further sug-
gests that the lagoon-lake transition was rapid. A simi-
lar shift from a lagoon to a lake at c. 4000 cal. BP was 
also observed in a core from Lake Glukhoye, southern 
Kunashir Island (Lozhkin et al., 2020). The change in 
depositional environment perhaps was caused by a de-
crease in sea level, which the Korotky et al. model sug-
gests occurred c. 5400 to 5200 cal. BP. Alternatively, 
the change to the Serebryanoye basin may have been 
due to the formation of a sandbar, which blocked in-
flowing streams from the Pacific Ocean. Such a mech-
anism has been suggested for several other Kuril Island 
lakes that originated as lagoons (Lozhkin et al., 2020). 

A relatively shallow lake was present by DZ 2.1. 
This freshwater basin had a rich aquatic macrovegeta-
tion on which diatom epiphytes attached. The presence 
of Iconella species may indicate a warming of the ba-
sin’s waters caused by shallowing lake levels. Changes 
occurred in the lake ecosystem (DZ 2.2) probably at 
some time during the Late Holocene. The appearance 
of relatively cold-water taxa (e. g., A. subarctica) pos-
sibly was associated with a decrease in air temperature 
or effective moisture. The percentages of diatom epi-
phytes with large valves decrease, whereas the abun-
dance of species with small valves increases. These fea-
tures may reflect calm hydrological conditions, which 
in turn suggest a decrease in storminess and/or a bet-
ter sheltering of the lake by the surrounding forest. The 
disappearance during DZ 2.2 of M. lineata, which is 
dominant in the modern lake, suggest that environmen-
tal conditions differed from those of the present day.

Palynological results
The pollen diagram has been divided into four 

zones based on changes in percentages of major pol-
len and spore taxa (Fig. 3). Zones SE1 through SE3 are 
dominated by Quercus and Betula pollen. These zones 
contain the greatest number of temperate broadleaf 
trees (e. g., Ulmus, Juglans, Fagus). Conifer pollen is <  
1 % with the lowest values occurring in zone SE2. 
Herb pollen is dominated by Poaceae and Cyperaceae, 
and these zones show the most diversity of minor taxa. 

Polypodiaceae and Osmundaceae represent the 
main spore taxa, with percentages decreasing from 
zones SE1 to SE3. 

Zone SE4 is marked by a sharp change in the pol-
len assemblage. Conifer pollen dominates, particu-
larly that of Picea, and percentages of broadleaf tree 
pollen are reduced. In the case of Quercus, this taxon 
decreases from maximum percentages in zone SE3 
to < 5 % at core top. 

The lake complex (112–35 cm, zone DZ 2) is char-
acterized by a marked increase in freshwater taxa and 
species tolerant of low salinity (Michelutti et al., 2001; 
Weckström et al., 2003). A specific feature of this as-
semblage is the dominance of the tychoplanktonic S. 
venter, which lives in small, shallow lakes in forest-
ed temperate and subarctic regions Species with small 
valves such as Navicula minima, Sellaphora seminu-
lum, and S. submuralis, also have high percentages.

Two diatom subzones are present in the lake 
complex: DZ 2.1 (112–71 cm) and DZ 2.2 (72– 
35 cm). High percentages of epiphytic Epithemia ad-
nata and Cocconeis placentula var. euglypta as well 
as benthic Iconella splendida and I. tenera charac-
terize DZ 2.1. Relatively high percentages of M. lin-
eata, which dominates the modern diatom commu-
nities of the lake, is also present. A high concentra-
tion of diatom valves is a feature of this subzone.

The relatively cold-water Aulacoseira subarctica 
appears in DZ 2.2. The percentages of species with 
small valves increase, whereas the percentages of 
epiphytes with large valves decrease.

Interpretation of the diatom record

The two radiocarbon dates indicate that the sedi-
ments in the lower part of the Serebryanoye core ac-
cumulated during a Middle Holocene sea-level rise 
(Korotky et al., 1995, 1996, 2000). The dominance 
of brackish-water benthic diatoms during DZ 1.1 
shows the presence of a lagoon. Poor diatom preser-
vation, the large number of diatom valve fragments, 
a high percentage of benthic species, and a low con-
centration of valves reflect the active influence of tid-
al currents. Similar data from across the globe have 
been obtained from shallow sites (e. g., lagoons, es-
tuaries) in coastal areas, which have been affected 
by strong tidal currents and/or sea level fluctuations 
(e. g., Katsuki et al., 2017; Gomes et al., 2017).

The gradual increase in the concentration of di-
atom valves in DZ 1.2 and the appearance of fresh-
water tychoplanktonic taxa most likely indicate the 
increased impact of freshwater streams flowing into 
the Serebryanoye basin. However, these changes also 
suggest that a slight weakening of wave action and/or 
a decreased impact of marine water in the basin pos-
sibly occurred. The shift in the lagoon’s salinity could 
have been caused by an increase in precipitation, al-
though the pollen data do not suggest a change in cli-
mate (Fig. 3). Alternatively, a rise in the water level 
in the lagoon, as suggested by an increase in the con-
centration of diatom valves and a decrease in mineral 
input, could have caused a slight increase in the base 
level of the inflowing streams and thus a reduction in 
solids carried by the stream runoff. 

The continued increase in valve concentrations, a 
decrease in the percentages of freshwater taxa, and 
an increase in the percentages of marine and brackish-
water species reflect a re-emergence of Pacific Ocean 
influences in DZ 1.3. The lagoon complex perhaps 
was formed during the Holocene climatic optimum, 
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Percentages of Polypodiaceae and Osmundaceae 
spores also decrease dramatically. The two upper-
most samples in zone SE4 show abrupt increases in 
Picea sect. Omorica pollen and decreased percent-
ages of Abies.

Interpretation of the pollen record 

The continuous pollen record from Lake Serebry-
anoye (Figs. 3, 4), the discussion of which concludes 
this article, shows two major changes in biocenoses 
dating to the Middle and Late Holocene, respective-
ly. Zones SE1 through SE3 (approximating the Mid-
dle Holocene) show a marked similarity. The only 
exception is a slight increase in Pinus s/g Haploxy-
lon (Pinus koraiensis, P. pumila) and Picea sect. Eu-
picea in pollen in zones SE1 and SE3 as compared to 
zone SE2. Temperate, thermophilous species played a 
significant role in the vegetation during the Middle Ho-
locene. The diversity in the forest community is high-
lighted by the presence of such pollen taxa as Fagus, 
Quercus, Ulmus, Juglans, Acer, Fraxinus, Tilia, and 
Magnolia. Of these taxa, Quercus is the most abundant, 
which indicates that the tree was one of the main for-
est-forming species, perhaps reaching its widest distri-
bution c. 6000 cal. BP (zone SE3). The high percentag-
es of Betula pollen in the spectra, which is often com-
parable with that of Quercus (especially in zone SE2), 
indicate the dominance of Betula-broadleaf forests. In 
addition to Quercus, Juglans and Ulmus were impor-
tant components of these temperate communities. The 
consistence presence of Alnus pollen in the Middle Ho-
locene spectra may reflect the occurrence of both shrub 
and tree forms of the taxon, the latter perhaps forming 
gallery forests within floodplains.

The percentages of Poaceae and Cyperaceae pol-
len are sufficiently high in all zones to indicate the 
presence of open meadow communities near the lake 
throughout the Middle and Late Holocene. As seen 
today, the most common taxa were probably mem-
bers of the Poaceae family, including Sasa kurilensis. 
Flowering forbs of Rosaceae (e. g., Aruncus dioicus, 
Rosa rugosa), Liliaceae, (e. g., Lillium dahuricum), 
Iris (e. g., Iris setosa), Primulaceae, Polygonaceae, 
and Asteraceae (e. g., Artemisia, Petasites amplus) 
were also typical of these meadow communities.

In addition, the Middle Holocene pollen assem-
blages are characterized by high percentages of spores, 
particularly Polypodiaceae (Fig. 3) and Osmundaceae 
(Fig. 4), with zone SE1 registeringthe greatest val-
ues (e. g., Polypodiaceae reaches 125 % of the pollen 
sum). The widespread appearance of Polypodiaceae 
in the Kuril archipelago is typically associated with 
tall thickets of Pinus pumila and Duschekia fruticosa. 
Dense thickets of these shrubs are found today both 
on the mountain slopes and in the lowlands near the 
lake. A sharp increase in the number of Polypodiace-
ae spores in zone SE1 indicates the drying of the sub-
strate near the site. A noticeably smaller number of 
spores of Polypodiaceae and Osmundaceae occur in 
zones SE2 and SE3. The decrease in the role of spore-

bearing plants in the Serebryanoye record quite likely 
indicates an increase in the density of trees and a clos-
ing of the forest canopy.

A significant restructuring of the vegetation in the 
Lake Serebryanoye area occurred during zone SE4 
and possibly approximates the boundary between the 
Middle and Late Holocene. A major change in the core 
lithology coincides with the zone SE3-SE4 boundary 
and indicates the shift from a lagoon to a freshwater 
lake. The main feature of the SE4 pollen zone is the 
dominance of coniferous pollen, which reflects the re-
placement of Betula-broadleaf forests with evergreen 
communities. Such a shift in biocenoses suggests cli-
mate was cooler and effective moisture was greater as 
compared to the Middle Holocene. Conifer forest was 
not only present along the shores of the Lake Serebry-
anoye, but it also expanded to dominate the regional 
vegetation during the Late Holocene. Although Abies-
Picea forests were the prevalent vegetation, areas of 
Betula-broadleaf forest persisted as did Pinus pumila 
thickets and meadows. This Late Holocene vegetation 
was generally like that seen today on Kunashir Island. 
It should also be noted that the present-day forests of 
Kunashir Island primarily consist of two Picea spe-
cies (Picea ajanensis and less commonly Picea gleh-
nii), as well as Abies sachalinensis. The shrub Pinus 
pumila is found throughout the modern forest zone. 
The uppermost samples in the core suggest a recent 
decline in Abies and an increase in Picea, possibly re-
lated to a slight climatic cooling.

Paleoclimate implications  
of the Serebryanoye record

Although the sediment core from Lake Serebry-
anoye lacks sufficient chronological control for a de-
tailed assessment of the Korotky et al. (1995, 1996, 
2000) paleoclimate-sea level model, some general 
comparisons can be made. In terms of the palyno-
logical data, the shift from Betula-broadleaf (zones 
SE1 to SE3) to conifer (zone SE4) forest suggests 
that climate was cooler and effective moisture was 
greater during the Late Holocene as compared to the 
Middle Holocene. These results are consistent with the 
occurrence of the Holocene thermal maximum (HTM) 
during the Middle Holocene (c. 7400 to 6800 cal. BP) 
as proposed by Korotky et al. Furthermore, they associ-
ate the HTM with higher than present sea levels, which 
also is consistent with the presence of a brackish la-
goon in the Serebryanoye basin (DZ 1). However, the 
shorter-term climate fluctuations described in the mod-
el, except for a recent cooling noted at the core top, are 
not supported by the palynological data. Even though 
variations in the DZ 1 diatom complex indicate shifts 
in the basin’s hydrology, such changes do not appear 
to be linked to variations in sea levels. Comparisons 
to a second, better-dated lake record from Kunashir Is-
land shows a similar vegetation history as documented 
at Lake Serebryanoye, although the palynological data 
suggest a gradual rather than an abrupt cooling from 
the HTM. 
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The diatom record from this other site also indicates 
a more complex basin history as compared to that de-
scribed for Serebryanoye, strengthening the conclusions 
of Lozhkin et al. (2017, 2020) that local processes, rather 
than regional sea levels, are the primary factors affecting 
the depositional paleoenvironments of these coastal ba-
sins. Even with the chronological limitations, the palyn-
ological, diatom, and lithological data from Lake Sere-
bryanoye do not support the occurrence of numerous 
cooling/warming intervals associated with variations in 
sea level during the Holocene. Rather the Serebryanoye 
data, like other lake records from the Kuril Islands, re-
flect a complex interaction of atmospheric, marine, and 
terrestrial factors operating on local to regional scales.
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ИЗМЕНЕНИЯ ПРИРОДНОЙ СРЕДЫ НА ОСТРОВЕ КУНАШИР  
(Курильский архипелаг) В СРЕДНЕМ И ПОЗДНЕМ ГОЛОЦЕНЕ

Ложкин А. В.1, Андерсон П. М.2, Черепанова М. В.3,  
Минюк П. С.1, Корзун Ю. А.1

1ФГБУН Северо-Восточный комплексный научно-исследовательский институт 
им. Н. А. Шило ДВО РАН, г. Магадан

2Вашингтонский университет, факультет наук о Земле и Космосе, 
Центр четвертичных исследований, г. Сиэтл, США

3ФНЦ Биоразнообразия наземной биоты Восточной Азии ДВО РАН, г. Владивосток

Повышение уровня моря в переходный от плейстоцена к голоцену период вызвало формиро-
вание лагунных озер вдоль западных и восточных побережий островов Курильской гряды. К та-
ким озерам относится оз. Серебряное, находящееся в северной части Южно-Курильского пере-
шейка вблизи тихоокеанского побережья о. Кунашир (44°03'21'' с. ш., 145°49'46'' в. д.). Общая мощ-
ность осадков в озере составила 367 см. Они охарактеризованы диатомовой флорой (334 вида), 
представляющей различные экологические группы: пресноводные, солоноватоводные, морские, 
болотные, озерные, реофильные, планктонные, бентосные. Анализ диатомей позволил выделить 
два комплекса. Как показали радиоуглеродные датировки, в среднем голоцене (интервал 100.5–
367 см) осадки соответствовали лагунной стадии, сменяющейся в позднем голоцене (интервал 
100.5–0 см) стадией пресноводного озера. Палинологический анализ показал последовательную 
смену биоценозов, отражающую развитие в среднем голоцене березово-широколиственных ле-
сов с участием Pinus koraiensis, Picea sp. Наиболее резкая смена биоценозов наблюдается на гра-
нице среднего и позднего голоцена. Эта смена биоценозов выражена доминированием в расти-
тельном покрове хвойных, представленных различными видами Picea, Pinus, Abies, Larix. Она 
также показывает относительное похолодание климата в позднем голоцене.

Ключевые слова: голоцен, лагуна, диатомовый анализ, палинология, биоценоз, радио-
углерод.
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