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ABSTRACT

Environmental changes caused by the abrupt climatic change are one of the important issues in the
scientific community. In the East Sea, abrupt climatic shift, called Younger Dryas, is identified. The age of
the Younger Dryas cold episode occurred at 11.2 ka. Overall, changes in circulation and bottom water
conditions occurred during the Younger Dryas cold episode in the study area. Especially, climatic transition
from meltwater spike to the Younger Dryas cold episode is characterized by significant shifts of oxygen
isotope values, the coiling ratios of Neogloboquadrina pachyderma, and the planktonic foraminifers abundances.

The impact of abrupt climate change on the ecosystem is very significant. In the East Sea, the calcium
carbonate secreting organism(foraminifers) is replaced by silicon dioxide secreting organisms(diatom, radiolarian)
after the abrupt and severe cold climatic event. Based on the Doctrine of Uniformitarianism, at least climate
change for the next 100 years would be severely influence on the marine ecosystem.
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Introduction the IPCC report. The original third full assessment
covers about 2,500 pages. The IPCC concludes that

Intergovernmental Panel on Climate Change(IPCC)  the next 100 years temperature increase (including

reported that the temperature will rise 1.4-5.8C for
the next 100 years (IPCC, 2001) (Fig. 1). IPCC was
set up by the US in 1988 to establish an international
consequence on climate change research. Approximately

3500 scientists from various arcas are involved for

tecent warming) is due to the human action. This is
a big conclusion, and after they made the conclusion
they have lots of pressures because their conclusion will
affect the socio-economic structures very significantly.

What is the meaning of temperature increase and
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Fig. 1. Future predicted climate change(from
IPCC 2001).

what happens if such an abrupt climate change occurs.
To answer this question, it is crucial to examine the
paleo-records since the instrumental records are no
longer than 200 years.

Since the born of the Earth at 4.6 billion years,
numerous climatic and its related environmental changes
occurred. In the Geologic Time Table, each era, period,
epoch, and age boundaries are characterized by climatic
and environmental changes. In this paper, the latest
Quatemnary paleoclimatic and paleoceanographic histories
in the East Sea are investigated.

To examine past climatic and its related environ-
mental history, piston core 94PC-2 is used. Core H4PC-
2 is 861 cm long and it was taken at a water depth
of 1,302 m on the continental slope(Fig. 2). East
Sea, a semi-enclosed marginal sea, is located between
Korea and Russia in the west and Japan in the east.
The East Sea is characterized by scarcity of shallow
water areas. The average water depth is approximately
1,350 m and the maximum depth reaches 3,700 m.
The surface water of the East Sea is connected with
the Okhotsk Sea through Tatarskiy Strait(the sill depth
is less than 15m) and through Soya Strait(the sill
depth of 55m) to the North Pacific Ocean.

The surface water of the East Sea flows out via
Tsugaru Strait (the sill depth of 130 m). These shallow
sill depths block the water connection between the
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Fig. 2. Location of Core %4PC-2

East Sea and the North Pacific Ocean. For
example, during the glacial the sca-level was
approximately 130 m lower than the present sea
level (Oba et al, 1991).
prevents water circulation between the East Sea and
adjacent north Pacific making the anoxic basin.
Another word, the East Sea is very sensitively

These low sea-level

responding to the climatic changes.

The climate and ecosystem of the East Sea is go-
verned by the position and the amount of influx of
the Kuroshio Current. A branch of the Kuroshio Current
enters the East Sea through the East China Sea. The
main Kuroshio Current moves up to north and is
divided into two currents: Tsushima and Kuroshio
Current. The main Kuroshio Current passes south of
Japanese Islands, while the Tsushima Current passes
through the southern part of the Korea Sea(Park and
Yi, 1995).

Front exists at 40 °N except for coastal areas. Warm
water mass exists in the south of the front region,
while cold water mass exists in the north of the front.
The greatest horizontal temperature and salinity change
occur near 40 °N(Bradshaw, 1959).
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Exchange between water bodies in the East Sea
and the surrounding water bodies(from the Okhotsk
Sea, the North Pacific Water, and the Kuroshio Water)
are limited. Therefore, the East Sea contains its own
peculiar water mass(called East Sea Proper Water)
below the upper few hundred meters(approximately
500 m in water depth) from the sea surface water
(Moriyasu, 1972). The surface waters are well-mixed,
cold, fresh, and oxygenated(Keigwin and Gorbarenko,
1992). In the East Sea, temperature below 200 m
is 0.1-03°C, the salinity is 34.0-34.1%, and the
dissolved oxygen is 5-6 ml/l(Oba et al, 1991).

Materials and Methods

Sediment samples from piston core are used for
the quantitative analysis of foraminifers. For micro-
paleontological analysis, all samples are carefully se-
lected in a 1-2 cm sampling intervals in each core
depth. Sediments are analyzed using the traditional
micropaleontological method such as wet sieving.

Approximately 10 g of dried sediment from 94PC-2
is used for foraminiferal study. For quantitative analysis
of foraminifera, wet sediment samples stored in the
oven at 50 °C until it completely dried(usually 2 days),
then weighted. Tap water is added in the dried sam-
ple to disaggregate the sediment. Then, the samples
are washed with 63 #m sieve. If necessary, some
samples put in the ultrasonic cleaner to disaggregate
clay particles easily. Fractions greater than 63 zm
are collected in the beaker and dried at 50 °C oven
until it dried.

Planktonic and benthic foraminifers are counted in
a greater than 63 ym size fractions under the 40
magnification binocular microscope. Foraminifers are
sand sized microfossils. They are usually ranges from
1 to 2mm. Greater than 2 mm foraminifers are rarely
occurring in the sediment. If some samples contain
greater number of foraminifers, the sediment samples
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are splitted with Otto microsplitter until a reasonable
aliquot remains for counting. Then, number of planktonic
and benthic foraminifers is expressed as a number
in 10g of original dried sediment.

The following parameters are used as a proxy measure
for the paleoclimatic and paleoenvironmental history:
oxygen and carbon isotopic ratios, planktonic/benthic
foraminifers ratio, planktonic foraminifera fragmen-
tation(%), absolute abundance of planktonic foraminifers,
and the coiling ratios of left-coiled planktonic foraminifer
Neogloboquadrina pachyderma.

Results and Discussion

Silts and clays are dominant components in most
of the core intervals in core 94PC-2. Planltonic and
benthic foraminifers are rarely occur most of the core
intervals except for core intervals of 106-120 cm.
Several samnling intervals hetween 106 and 170 cm
contain planktonic foraminifers ranging from 6,000
to 130,000 individuals in a 10 g of dried sediment.
Especially downcore 116 cm core depth contains al-
most exclusively planktonic foraminifers under the
40 x binocular microscope. Number of planktonic
foraminifers at 116 cm core depth is approximately
130,000 individuals in a 10g of dry sediment. The
planktonic/benthic foraminifera ratios ranges from 94
to 100 % at core intervals of 106120 cm. Plank-
tonic/benthic foraminifera ratio increases with water
depth in Asiatic coast (Waller, 1960) and can be
used as a paleobathymetric proxy(Luning et al, 1998).
The sediments from the target interval (106-120 cm)
of this study are deposited under the normal deep
water conditions.

Within N. pachyderma countings, left-coiled N.
pachyderma ranges from 72 to 85 % at the core
intervals of 106-120 cm. Left-coiled N. pachyderma
ranges from 68 to 85 % among whole planktonic
foraminifera at the core intervals of 106-120 cm.



4 Im Chul Shin, Hi-1l Yi, Hyo-Sang Chung, Won-Taec Kwon, Jong-Hwa Chun, Hyun-Tack Oh

CIRLE VR T

p/bratio (%) no. N. p. (1¥10g left coiled N. p. (%) left-coiledN. p. (%) (w) broken pl. foram (%)
0 20 40 60 80100 O 40000 80000 70 &0 90 100 60 70 80 90 100 0 10 20 30 40
0 1 lﬁ T T T 1 T T T 71 117 TTTTTTT]
00 5—117ka g J - T owa L
l | ] ]
[ ] a L}
200 — . - —
1 20.1ka 1 1 b
300 — — — -
i 1 ﬂ T
§ 400 = ~ —
=
% ﬁ = 1! [ ] w ] _(.I
Qs 4 " " N .- i
[} L} L] L]
4n E 4 N
| I -
600 — 244 ka — ~ .
1 | i
700 — - — -
n | ] - L]
» ! [} - i n
i l. } 'I .I I.
800 —| S ~ —
- ..I -II> a -. E L} -. — .. | ]
0 i | i

Fig. 3. Paleoceanographic proxy from core 94PC-2

(p/b denotes for planktonic/benthic foraminifers

ratio; no. N. p. (1)/10g denotes for number of left-coiled Neogloboquadrina pachyderma in a
10 g of dried sediment; left couled N. p. (%) denotes for the relative percentage of N.
pachyderma within N. pachyderni; leftcoiled N. p. (%) (W) denotes for the left-coiled N. pachyderma
among whole planktonic foraminifers; pl. denotes for the planktonic foraminifers).

Number of left-coiled planktonic foraminifer at core
intervals from 106 to 120 cm ranges from 5000 to
90,000 individuals in a 10 g of dried sediment(Fig. 3).

Sediment from downcore intervals of 106-120 cm
of core 94 PC-2 is characterized by extremely high
number of planktonic foraminifers compared to those
of other core intervals. Number of planktonic foraminifers
is directly reflecting the planktonic foraminifers pro-
ductivity. Also, number of planktonic foraminifers
is correlated with food supply (Berger, 1969). But,
both productivity and food supply can not explain the
extremely high number at core 94 PC-2. To understand
this, oxygen isotope data from Park et al(1997) are

plotted (Fig. 4). A significant shift of oxygen isotope
values occurs from downcore 115cm to 105 cm. The
8 0 value at 115 cm downcore depth is -0.41 per
mil and at 105cm is 3.81 per mil. This greater than
4 per mil difference in oxygen isotope value is not
solely due to the temperature differences.

The oxygen isotope values reflect temperature and
global ice volume as well as freshwater input.

A well-defined cooling event of the Younger Dryas
is defined in the northern part of the Ulleung Basin
based on the significant shift of oxygen isotopes. The
AMS radiocarbon age of 110 cm downcore depth is
11.7 ka (Park et al, 1997). A meltwater spike occurs
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Fig. 4. Downcore variations of oxygen isotope
values from core 94PC-2.

slightly older than 11.7 ka at core 94 PC-2. This
meltwater spike is well matched with the result of
Marchitto and Wei’s (1995). Generally, the residence
time of Younger Dryas meltwater is 500 years(Broecker,
1990). Dramatic surface water temperature and salinity
change occurred within a short period(less than 1,000
years within the limited resolution) in the Ulleung Basin.

As shown in Hg. 1, IPCC predicts that the future
100 year’s climate will be increased abruptly. We can
deduce the future conditions from the result of core
94 PC-2.

Melting ice observed globally(Nisber, 2003; Wang
and Key 2003). Glaciers have been thinning and re-
treating since the mid 19" century. Now, Switzerland’s
have declined a third in volume since 1860, but now
the pace is accelerating (Krajick, 2002). Vostok ice in
Antarctica also melts 10 cm in each year(Irion, 2001).
If ice melts, low salinity water would reach to the
ocean through rivers. The low salinity water will greatly
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influence the water mass property in the East Sea.
In general, water mass is characterized by temperature,
salinity, and dissolved oxygen. The surface water can
not sink to the deeper part of the East Sea due to the
low salinity of surface water. Therefore, heat can not
be transported to the deeper part. Furthermore, dissolved
oxygen from surface water can not easily be trans-
ported to the deeper part of the East Sea. Dissolved
oxygen in the water column will be used up animals
then, the deep water would be an anoxic. Blocking
of heat transport from the surface water also would
make the deep and bottom water as a cold conditions.
This cause the cooling event, called Younger Dryas.

Planktonic foraminifer N. pachyderma can be used as
a paleotemperature indicator. Both right- and left-coiled
N. pachyderma occur from polar to temperate areas
(Bandy, 1972). Left-coiled N. pachyderma occurs in
cold surface waters, whereas right-coiled N. pachyderma
occurs in relatively warm surface water temperatures
compared to that of the leftcoiled form(Jenkins, 1967
Kennett, 1968, 1970; Bandy, 1972; Ortiz and Mix, 1992,
Thunell and Sautter, 1992, Park and Shin, 1998). Right-
and left-coiled N pachyderma live different water masses,
and the boundary between these realms is defined
by waters around 8 C in spring in the northeast
Pacific(Arikawa, 1983). The great variations of N.
pachyderma during and after the Younger Dryas in-
dicate that there was a significant temperature fluctuations
including water mass properties.

The ecosystem in the East Sea changed from calcium
carbonate rich during glacial to silicon dioxide rich
during interglacial. Foraminifers are very abundant during
glacial. Foraminifers(calcium carbonate) and radiolaria
(silicon dioxide) are equally occur in the beginning
of the Younger Dryas(11.2 ka) cold period. Then,
almost all foraminifers disappear and radiolaria dominates
during the interglacial in the study area. Ecosystem
change triggered by abrupt climatic changes in the
East Sea provides very important information to better
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understand the impact of future climatic changes on
the ecosystem.

In the East Sea, the preservation condition of
planktonic foraminifers shows very significant differ-
ence just before and after the abrupt climatic shift,
that is Younger Dryas cold episode at approximately
112 ka. It is well known that the preservation of
planktonic foraminifers (fragmentation) is a very sen-
sitive indicator of the bottom water condition(Martinez
et al, 1999). In this study, planktonic foraminifers
fragmentation comprises less than 10 % during the
glacial. Then, planktonic foraminifers completely dissolved
away and replaced by radiolaria toward the younger
time period. This indicates that the East Sea is repre-
sented by carbon dioxide rich corrosive bottom waters

during the interglacial compared to that of glacial.

Conclusion

Great fluctuations of the number of planktonic
foraminifers, and the number and relative abundance
of the coiling-direction of planktonic foraminifer N.
pachyderma, and relative percentages of broken plank-
tonic foraminifers occur during the climatic transition
from warm to cold around 11 ka. The climatic transition
pattern is sharp. The bottom water condition was
very unstable as evidenced by the fluctuations of the
percentage of broken planktonic foraminifers.

Climatic change(Younger Dryas) altered the ecosystem
very significantly. Sediments from the climatic tran-
sition(approximately 11 ka) contain mixed assemblages
of diatoms(silicon dioxide secreting phytoplankton)
and foraminifers(calcium carbonate secreting zooplankton).
However, the planktonic foraminifers are almost all
(more than 95 %) broken indicating carbon dioxide rich
corrosive bottom waters). Sediments below the climatic
transition (older than 11 ka) is made of very well
preserved planktonic foraminifers. However, sediments
above the climatic transition(younger than 11 ka)
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are composed of diatoms and radiolarians. This is only
based on the analysis of one core. It is necessary
to analyze more cores to understand the impact of

abrupt climate change on the ecosystem.

References

Arikawa, R., 1983, Distribution and taxonomy of
Globigerina pachyderma(Ehrenberg) off the Sanriku
coast, northeast Honshu,Japan. Tohoku Univ. Sci.
Rep., 2nd ser. (Geol), 53, 103-157.

Bandy, O. L, 1972. Origin and development of
Globorotalia(Turborotalia) pachyderma(Ehrenberg).
Micropaleontology, 18, 294-318.

Berger, W. H.,, 1969. Ecologic papperns of living
planktonic foraminifera. Deep-Sea Research. 16,
1-24.

Bradshaw, J. S., 1959. Ecology of living planktonic
foraminifera in the north and equatorial Pacific
Ocean. Contributions from the Cushman Foundation
for Foraminiferal Research, v. X, 25-64.

Broecker, W. S., 1990. Salnity history of the northern
Atlantic during the last deglaciation. Paleoceanography,
5, 459-467.

Intergovernmental Panal on Climate Change (IPCC),
2001. Climate Change 2001. The Scientific Basis.
Cambridge University Press, 881 pp.

Irion, R., 2001. Lake Vostok: Stirred, not shaken.
Science, 291, 1689.

Jenkins, D. G. ,1967. Recent distribution, origin, and
coiling ratio changes in Globorotalia pachyderma
(Ehrenberg). Micropaleontology, 13, 195-203.

Keigwin, L. D., and Gorbarenko, S.A., 1992. Sea
level, surface salinity of the Japan

Sea, and the Younger Dryas event in the northwestern
Pacific Ocean. Quaternary Research, 37, 346-360.

Kennett, J. P., 1968. Latitudinal variation in Globigerina
pachyderma (Ehrenberg) in surface sedimenis of the
southwest Pacific Ocean. Micropaleontology, 14,



Vol. 17. No. 2 (2003)

3035-318.

Kennett, J. P., 1970. Comparison of Globigerina
pachyderma (Ehrenberg) in Arctic and Antarctic
areas. Contributions from the Cushman Foundation
for Foraminiferal Research, v. XXI, 47-49.

Krajick, K., 2002. Melting glaciers release ancient
relics. Science, 296, 454-456.

Luning, S., Marzouk, AM., and Kuss, J., 1998. The
Paleocene of central east Sinai, Egypt: Sequence
stratigraphy’ in monotonous hemipelagites. J. of
Foraminiferal Research, 28, 19-39.

Marchitto, T. M., and Wei, K.-Y., 1995. History of
Laurentide meltwater flow to the

Gulf of Mexico during the last deglaciation, as revealed
by reworked calcareous nannofossils. Geology, 23,
779-782.

Martinez, J. 1., De Deckker, P., and Barrows, T.T,,
1999. Paleoceanography of the last glacial maximum
in the eastern Indian Ocean; planktonic foraminiferal
evidence. Palaeogeography, Palacoclimatology, Palacoc-
cology, 147, 73-99.

Moriyasu, S., 1972, The Tsushima Current. 353-369.

Nisbet, E., 2003. Getting heated over glaciation. Nature,
422, 812-813.

Oba, T, Kato, M,, Kitazato, H, Koizumi, I, Omura, A,
Sakai, T., and Takayama, T., 1991. Palecenvironmental
changes in the Japan Sea during the last 85,000
years. Paleoceanography, 6, 499-518.

The Impact of Abrupt Climate Change on the Marine Ecosystem in the East Sea 7

Ortiz, J. D, and Mix, A.C, 1992. The spatial
distribution and seasonal succession of planktonic
foraminifera in the California Current off Oregon,
September 1987-September 1988. Geological Society
Special Publication, 64, 197-213.

Park, B-K,, and Shin, L.C., 1998. Seasonal distribution
of planktic foraminifers in the East Sea (Sea of
Japan), A large marginal sea of the northwest Pacific.
J. of Foraminiferal Research, 28, 321-326.

Park, B.-K., Shin, I.C., and Han, S.-J., 1997. East
Sea (Japan Sea) climatic event during the Younger
Dryas and Last Deglaciation. Ocean Research, 19,
257-264.

Park, Y. A, and Yi, H-L, 1995. Late Quaternary
climatic changes and sea-level history along the
Korean coasts. Journal of Coastal Research Special
Issue, 17, 163-168.

Thunell, R., and Sautter, L. R., 1992. Planktonic
foraminiferal fauna and stable isotopic indices of
upwellinh; a sediment trap study in the San Pedro
Basin, southern California Bight. Geological Society
Special Publication, 64, 77-91.

Waller, H. O., 1960. Foraminiferal biofacies off the
South China Coast. J. of Paleontology, 34, 1164-
1182.

Wang, X., and Key, J.R., 2003. Recent trends in
Arctic  surface, cloud, and radiation properties
from space. Science, 299, 1725-1728.



