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SUMMARY

I. Title

A pilot study on predicting long—term ecosystem changes in the East Sea

II. Necessities and objectives of the study

1. Objectives of the study

To suggest future study directions for predicting the long—term changes of

the ecosystems in the southwestern East Sea based on preliminary

application of various methodologies and identification of associated technical

problems

2. Necessities of the study

O A systematic and methodic approach is needed for the study of long—term

marine ecosystem changes, which can promote the engagement of the
general public as it becomes more concerned in climate change and
warming

Study on the responses of plankton to ocean acidification can enhance the
public perception on the importance of lower trophic ecosystem. Changes
in the plankton populations and their impacts on marine ecosystem can be
communicated to the general public to facilitate the appreciation of the
significance of global change and the necessity of reduction in carbon
dioxide emission.

This study i1s to respond to the KORDI policy of globalization and
enlargement of research projects in accordance with general management
goals to advance value—added, knowledge—based studies in marine

sciences

_ix_



M. Contents and scopes of the study

1. Research period

January 1, 2008 — December 31, 2010

2. Contents and scopes of the study

A. Long term trend of coastal upwelling along the southeastern coast of Korea

Analysis of coastal upwelling trend at the southeastern coast of Korea by
using sea surface temperature

Analysis of long term trend of favorable wind for coastal upwelling and
calculate upwelling index

Prospect future coastal upwelling along the southeastern coast of Korea

with climate model results

B. Projected future changes in the mixed layer depth in the East Sea

Analysis of CGCM—projected mixed changes in the mixed layer depth in
the East Sea

C. Biological process to coastal upwelling in the East Sea

To understand the effects of coastal upwelling on phytoplankton
ecosystem
Influence of upwelling on the heterotrophic protozoa community

Biomass, production and respiration of bacteria

D. Response to elevated temperature and COs concentration

To understand the effects of increases of pCOs and temperature on
phytoplankton assemblages

Effect of increased temperature and pCOs on bacteria and heterotrophic
protozoa community in microcosm

Short—term testing of the reproductive response(e.g. egg production rate
and egg hatching success) and survival rate of meso—zooplankton(e.g.

copepoda) to elevated temperature and CO: concentration



E. Distribution of surface fCOs and degree of saturation of CaCOs
e Elucidate the distributions and controlling—factors of surface O In
Ulleung Basin and estimate the sea—air COs fluxes
* Validate degree of saturations of CaCOs and estimate ocean acidifications

by climate change scenario

IV. Results

1. Long term trend of coastal upwelling along the southeastern coast of
Korea

A. Based on analyzing coastal sea surface temperature data, the coastal
upwelling was decreased because of weakening the favorable southwesterly
wind for upwelling according to monsoon change.

B. Upwelling index was calculated by using Busan wind and the long term
trend of the index was also negative.

C. Prospect the future coastal upwelling was done by using climate model
results. For the precise prediction, fine grid climate model around Korean

Peninsular is needed.

2. Projected future changes in the mixed layer depth in the East Sea

A. The mixed layer in the East Sea was projected to shoal in most regions
except northern East Sea by an IPCC AR4 model. Seasonal variation of the
mixed layer will be reduced due to significant decrease in winter mixed

layer depth.

3. Phytoplankton

A. Field survey

Four research cruises were conducted in the southern part of the East Sea
during the study period 2008~2010. The sea—surface chlorophyll—a
concentrations were higher in February, approximately double, than those in
October. During the summer survey periods, comparatively higher and
increasing chlorophyll—a concentrations were measured at the coastal upwelling

areas. Along the wupwelling study areas, diagnostic pigments peridinin,
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fucoxanthin, alloxanthin, chlorophyll /5 showed increasing trends suggesting
upwelling events might be stimulating the growth of dinoflagellate, diatom,
cryptomonad, green algae. The annual primary production along the coastal
study areas ranged 384+21~2517+t1,548 mgC m  d! and comparatively
higher measurements were observed during the well developed upwelling study

periods.

B. Acidification Experiment

To understand the responses of phytoplankton community to increases of
water temperature and CO, concentration, manipulation experiments(in situ vs
4°C increase of water temperature/350 ppm vs 750 ppm pCOs) was conducted
with coastal water in autumn. Total chlorophyll @ and abundances of each
phytoplankton group varied similarly in 4 manipulated samples, suggesting that
increases of temperature and/or CO:s would not make remarkable effects on
growth and community composition of phytoplankton. However, we could found
that relatively lower chlorophyll a in the elevated COy; samples, higher
abundances of diatom and cyanobacteria in the elevated temperature and COo
sample. Concentrations of indicator pigments showed very diverse patterns,
suggesting that the responses of phytoplankton species would be different
among treatments. In addition, the different wvariation patterns between the
major indicator pigments and their corresponding phytoplankton abundances
were shown In some samples, indicating that the physiological responses of

phytoplankton and/or growing species might be different among treatments.

4. Bacteria and protozoa

A. Field study

To wunderstand the effect of this cold water on heterotrophic protozoan
distribution, we investigated heterotrophic protozoa and chlorophyll—a
distribution in the near coast and off coast of Ulgi and Gampo for three times.
Appearance of cold water in surface of coastal area off Ulgi and Gampo during
summer seasons (2007 and 2010) was well observed, while upwelling of cold
water didn't observed in summer of 2009. Abundance of heterotrophic protozoa
distributed from 200 to 22000 cells/L during the study periods. There is no

difference abundance and community of heterotrophic protozoa between
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upwelling times(2007 and 2010) and non—upwelling time(2009). During the
upwelling period, chlorophyll—a concentration was highest in surface water of
near coastal area and abundance of heterotrophic protozoa followed distribution
of chlorophyll—a concentration. On the other hand, during the non—upwelling
period, chlorophyll—a concentration was higher in subsurface chlorophyll
maximum than surface water of near coastal area. Abundance of heterotrophic
protozoa also followed distribution of chlorophyll—a during the non—upwelling
time. Heterotrophic protozoa well correlated with chlorophyll—a concentration
rather than temperature. Therefore, the coastal upwelling primarily induced
appearance of cold water enriched nutrients, enhanced phytoplankton biomass

and than provided better food conditions for heterotrophic protozoa.

B. Biomass, production and respiration of bacteria

Bacteria production rates were 10.3 to 19.5 mmol C m 2 d '(winter, 2008),
14.2 to 59.9 mmol C m 2 d !'(summer, 2009), and 20.7 to 62.7 mmol C m 2
d"'(summer, 2010). Bacterial biomass ranged from 1.99 to 4.44 %107 cells m ?
in summer, 2010 . Integrated bacterial respiration rates were 222.6 to 962.3
mmol C m™? d '(summer, 2007), 482.0 to 1704.9 mmol C m * d '(winter,
2008), 363.3 to 810.8 mmol C m™? d”'(fall, 2008), 128.7 to 593.6 mmol C m’
d”'(summer, 2010). Bacterial carbon demand(BCD) calculated with bacteria
production and respiration rates(0 to 70 m) were 491.9—-1713.2 mmol C m *
d”'(winter, 2008) and 157.3-616.2 mmol C m ° d”'(summer, 2010), bacterial
growth efficiencies(BGE) were 0.5 to 2.0% and 3.7 to 18.2%, respectively, BGE

was higher in summer than winter.

C. Response of bacteria and heterotrophic protozoa to an increased temperature
and pCOs
To investigate the response of the microorganism (bacteria and heterotrophic
protozoa) to an increased temperature and pCOs, we performed a perturbation
experiments using an indoor—microcosm approach. The microcosm were filled
with the coastal water of East sea. The 1th experiments consisted of ambient
and high pCO2. The 2nd experiment consisted of ambient and high temperature.
The 3rd experiments consisted of ambient, high pCOs, high temperature, and

high pCO: & high temperature(greenhouse effect). Increased pCO: raised
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chlorophyll—a concentration, while decreased biomass of bacteria and
heterotrophic protozoa. Increased temperature raised all microorganism biomass
(phytoplankton, bacteria and heterotrophic protozoan), or have put forward
timing of peak microorganism biomass. The response of microorganism to an
both increased pCOs and temperature showed same result to increased
temperature. Our result suggest that climate change could considerable influence
the biomass and growth rate of microorganism. However, this indoor—microcosm
experiments have a several problems as follows; inaccurate light, small

incubation volume and removed top predators.

5. Meso—zooplankton

We have tested the reproductive response (e.g. egg production rate (EPR) and
egg hatching success) and survival rate of adult female copepod Calanus
sinicus, one of the most important meso—zooplankton in Korean waters to
elevated temperature and CO: concentration in short—term(5 to 10 days)
laboratory experiment.

In the Experiment I(i.e., 17C and 1200ppm of CO. concentration; elevated
CO2 concentration only), the copepod spawned very small amount of eggs and
statistical test of difference in EPR and hatching success between two
treatments was not available. In stead of EPR and hatching success, fecal pellet
production rate was compared and the rates showed no significant difference
between two treatments. Survival rate of adult female copepod was not different
between two treatments. In the Experiment II(i.e., 8 C/12C and 800—2700ppm
of COg2 concentration; elevated CO2 concentration only; elevated both
temperature and COs concentration), EPR, hatching success and survival rate of
adult female were not significantly different among three treatments. In the
Experiment IlI(i.e., 8C/12TC, and 350ppm/750ppm of COs concentration;
elevated temperature only; elevated CO2 concentration only; elevated both
temperature and COs concentration: greenhouse treatment), EPR and survival
rate of adult female were not different among the four treatments with >90% of
survival rate. Hatching success, however, significantly decreased in the group of
elevated temperature only than the control, and the hatching success was more
significantly decreased in the elevated both temperature and CO;(greenhouse

treatment) than the control.
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Short—term effect of elevated temperature and COs concentration from this
study can not explain and predict long—term effect of elevated temperature and
COs concentration. Although the hatching success in the Experiment III was
significantly decreased in the greenhouse treatment than the control, Most of
EPR and survival rate were not different among treatments. So, long—term
laboratory experiment 1s also needed for future research. For long—term
experiment, testing marine animals should be suitable for the experiment. Also,
most of acidification experiment have been focused on the calcifying marine
animals, secreting calcium carbonate. Experimental approach on non-—calcifying
animals including jellyfish, appendicularian and various kinds of crustacean etc.

should be included in parallel with experiment for the calcifying marine animals.

6. Distribution of surface fCO2 and degree of saturation of CaCOs
Observations from four seasonal cruises showed that the Ulleung Basin of
the East Sea acts as a strong sink of atmospheric COs. The sea—air CO. flux
displayed large seasonal wvariation, with COs emitted to the atmosphere in
summer and absorbed from the atmosphere in other seasons. In the Ulleung
Basin, the seasonal variation of surface fCOs could not be explained by seasonal
changes of SST and SSS. In spring and winter, active vertical mixing brought
COgo—rich subsurface waters to the surface and thus caused high surface fCOs,
resulting in a small difference of surface Oz between summer and winter,
despite the large SST difference. The Ulleung Basin adsorbed atmospheric COq
at an annual rate of 2.5 * 1.3 mol m % yr '. The annually integrated COs flux

> yr '(Chen and Borges,

for worldwide continental shelves was —1.1 mol m
2009), which was more than two times lower than the COz influx estimated for
the Ulleung Basin. Therefore, the Ulleung Basin acts as a strong sink for
atmospheric CO2 compared to other continental shelves.

In the coastal area of the East Sea, both aragonite and calcite were fully
saturated in upper 200 m. In the Ulleung Basin, the saturation depths of
aragonite and calcite were 250 m and 800 m, respectively. As results of
estimations according to the A1lB scenario, the depth of saturation decreased
about 757150 m for aragonite and 200 m for calcite in 2050. While in 2100,

the depths of saturation decreased up to about 50 m for aragonite and 100~

200 m for calcite. In Ulleung Basin, the depths of saturation went up to about
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250 m and 200 m for aranonite and about 300 m and 250 m for calcite in 2050
and 2100, respectively.

V. Application plans of the results of the study

1. Calculated upwelling index is applicable to the ecosystem study for past time
variation and the method i1s also applicable to nowcasting and forecasting

upwelling with numerical results of wind.

2. The projected pattern in the East Sea mixed layer depth from the global
IPCC model would be useful for comparing and assessing regional model
projections and can be used for estimating ecosystem changes in the East

Sea.

3. Understanding of the effects of coastal upwelling on phytoplankton distribution
and primary production could be applied to estimate annual primary
production using data from satellite and physical model and thus to manage

living resources in the East Sea.

4. The method suggested to access the effects of acidification and warming
could be used as a standard protocol and the results obtained in this study

could be used as fundamental data for ecosystem—predicting models.

5. The result of this study on response of microorganim to an increased
temperature and pCOs can be properly used as reference study of marine

environment and ecosystem according to future climate change.

6. Data service for prediction of response in lower trophic level marine
organism: Data on physiological and ecological response in the lower trophic
level marine organism including bacteria, phytoplankton, protozoan, and
meso—zooplankton to elevated temperature and COs concentration from this
study can be applied to next research on the effects of ocean acidification

on marine ecosystem in the future.
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7. The changes of carbon chemistry and processes in the Ulleung Basin could
be estimated by the results of this study; the distributions of surface Oq
and 1its controlling factors. The preliminary estimates of ocean acidification
could be utilized as an environmental boundaries for ecosystem response to

ocean acidifications.
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o Aragonite®} calcite® X34 =A: aragonite® calcite 3L S F2
AR S ol gskel AT @ = [Ca®1[CO; °1/Ksp). ©17]1A, [Ca®1& 3l
= 2 FEola [CO3 1S alas vty woln Kspd aragonite$) calcite

&8l =57 (solubility product) olth. a5 & Zg Fkot &AAA 55 =% 4

o] aragonite®} calcite®] € E=H T} %O aragonite?} calcite’} ¥ 3= o] £3)

Hx ¢ka Zrow Zxsty o] gajEnt. 5 918 Aol Q7F 10] Hi= FAlo] 23}

ZAlolm | 1 o]Atolw aragonite$} calciteZ} £31% %] &1 1 olstd L E}. 3l

)

1o

T T HH & EDTAE ol&sto] AAstd dHsiA 54 & v w3, &
2He s pHeF alkalinity $X=ZFE A Zhssith webA sijo] Z+, pH,
akalinity 555 AE3HA Z43hA aragonite?} calcite®] ¥ 354S A3 =
4 Sl

o Anthropogenic COz %% Z73: anthropogenic CO= Q79 3AAT Ago] 9
3 712 wEd olitsieraolH, digF 30% 2] anthropogenic COu7} o2

e ez FY%E anthropogenic COy F5i= v 2 AAbA S o] &3}
of At ek Cant = Cuea — Crq — ACgio. ©1714, Cueat pHE}F alkalinity &
FH SAY T oA Folil, Ceee AW old tfy] o]itstetA
7} 280 ppm & ® ¢ F T o]AsE A FXolM, ACeov 7=l et BAME
T ol o& Wslsk F o]AtslelA solth Cper 2, 9%, preformed
alkalinity 25%-€]  AAto] 7538ttt 18] ACgoe HAR7|AFAAMR-Z (apparent
oxygen utilization), alkalinity®} preformed alkalinity2}2] =}o]ZH-E] AAto] 7}
otttk mekA slaollA alkalinity, pH, 8&4tA, 9949 525 AdskA 543

W anthropogenic CO: 55 A&3stA AAts = At}
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TN TEEHE AU E &83) O7] olakster s Ut SUMetE A, 7l st
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3 e F olunEA ¥ FHE AE
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= o Fg ¢ Qlt). weEbA pH W3le] 93 vAlY s 2
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Fig. 1.2.2. Changes of pH(left) and aragonite saturation(right) of surface
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o Bre|gjobe] BAFE: Thymidines ©]gste] Htelg]ol A= Foss d& At
T} (Fuhrman and Azam, 1980, 1982). A3t a5l °H—thymidine New
England Nuclear Co., NET 027X)& Y1 (HF5% 10 nM) 30 & &< H]eFst
%, TCA (trichloroacetic acid, HF&E 5%) &NS AF&3to] 15%7F doE &
ol DNAE FZ3 & HFACE 0.2 um IHE AEE o¥st & B E /7]
710l "ol AR Ewksith Addeld AN Eoda SH
Scintillation Counter, LKB, RackBeta IDE& A}23te] =A% *H-thymidine©]
DNAZ 559 SO ziE DP—‘HET*Y’J 2D AR G AR AESE AAsE o)
thymidine 4ol ™3t MEZ71-E thymidine 1 mol & 1.18 x10'® A E YAt
st A4 (Rieman er al, 1987) 5 AFE-3tu)

AAY S AYS] F Bo TYIE THY W AY: olusHLe 28 A2UL
A8l o BlEA B Fkel WE Fale] Ashs seieel 2
FE T 0ol o ABE vlolaR aFE olg3jel APUAN SRk

29-4% 4% 29 9 Vg 2LY: 85, 43 % wsh UMK vk, 99, 5
2, olaheaswe] Wt B ofe Aol wet sk AuAsL o9l gt
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$E JAMSTECH $771uatgike] Fato] wof #¥ 204 59

AFEEE ] ATAYS Adsgon, 1FAE o

BAERE, g7 2EE 5 0 YuA 29y
y

3= a1
|28 AslAFE FoAT FA T shuolr A T
1

FEEER TS PES 5
WIE, YHANGARE B 1F, APPENY RIIFOE Uro ATE
st gle.

o W RS JGOFS AFY 9 d3lor FF=d|olA MASFLEX (marginal sea flux
experiments in the West Pacific) d7AF]S 1992@ %8 53 33 &
el o] A et =ghe] tfs] AME ST

o etk thwk BEoleol FEars)] YA e ® KEEP(Kuroshio Edge Exchange
Processes) ATAFd = 1989del z<rsto] &2, st8, AEiols T84 0®
T8kt
g7 715w skEd (ICPP) % UN$HE 227 sloll 2%t s
FAEHA W ASer] AT ATE T 0}51 wnew, sfgtarel s (SCOR),
AR SN AE 100, A AAPZEZIHAGBP) o] A ¥sk= 4 GLOBEC
(Global Ocean Ecosystem Dynamics) T ZI1#HS %3] A4 =AA 7| THE
I AFEEHA Hgol e ATE AW Folw, =3 A A4l B} ek
e ol o AFUIFHILE otetal o|Sehr] 9 Rk EE fleke] A

E
Z,
I
=
olrt
flo
N
T
E

TafokZg ~A - (JGOFS; Joint Global Ocean Flux Study), dA-afiftia=stAd
AT (WOCE; World Ocean Circulation Experiment), &SRB ZAE
(OMIP; Ocean Model Intercomparison Project) % WifRE ZAl3% AFZLTE 7

= Jhdste] el Sl

o #A JGOFS& EdsdolAa AeZdaEs] g 4x siith. 53] I A
A S F48S $18l CZCS(Coastal Zone Color Scanner) A& % SeaWiFS
(Sea—viewing Wide Field—of—view Sensor) A& & A5 5 o|&3to] I
9 dARYNEFS FA] AEEFAEC] HFY =48 A AA|sk= carbon
fluxs AAsEA T g4 AEE o] &3t dx84 =4 ES Eppley et al, 1985;
Platt, 1986; Platt et al, 1988; Morel and Berthon, 1989; Balch ef a/, 1989;
Sathyendranath et al, 1989 s°| AAISFITE HEst A} ik 4o 522 A&
ZHAE FARE 5 98l JGOFS o4& Platt and Sathyendranath(1988)
¥} Sathyendranath and Platt(1988, 1989)° RdS 7|2 o7 3 AxpPAS:H



A8l E52 AA AL Behrenfeld and Falkowski (1997)% VGPM (vertically
generalized production model) EEE o] &3 MAAAAFZL} XE5T2 AT E
Zka s koA o] dxBakE F k3T
o 3k, JGOFS(Joint Global Ocean Flux Study)®] ¥3ox 1988d4-EH 20004
Abolef 81afzl HOT (Hawaii Ocean Time—series) program< %3 North
Pacific Subtropical Gyreolxl 7|EZW 37t % AeA F-%0l nx= A5 A8
stlth. o8t AAAEA t7] T AdAaFrlel o] Mg AihuA FUIE
ATz NP w7t S7kskel o, sAlell Chl-h(.e., Prochlorococcus) 2 <7}
7b oF71 = ek ol el (1) ME A%l N-limiting #74elA P—limiting 74 ©
29 AgH1, (2) ZFAE +HFERV H¥ wAZHHE (nanoeukaryotic
plankton) oA 3 =u]AE T E (pico prokaryotic plankton) ©.%2] "domain
shift"”7} dolds ou|stt}. o2k Wsh= 52402 olg e
A= TR HItE of7|ete] ol g 9 g 3
AR dFE v Aog AtRHH.
o Coccolithophoresi= a%F AHd3lell 2J3)] calcification rates”} Fradhs ZAo® 4
WO, phytoplankon %, Alofi=Hbe|g]o} 9 coccolithophores? A& 3}
ARES AR F7beks Ze® yebgtth(Hendriks et al, 2010). ZL2v 21
A7 el o549 750 ppm&] pCO: A ollA, 3jFAatd stel &8 7HAs pH AHA
b AgERdaEd viAs 9FE 24 @2 Aoz Uesith(Hendriks er al,
2010). FHZolle A7 &5 A o84S AN oEZHA e A=

FAES A AEYAE T/ ZoR FH BaEo|(Shi et al, 2010), pH
X %

3k 2
2

el 4

Kl
P
T

y
P

Al
AT, dF A set ATeds), BT, JED o184 L UV Sl
zFQ.
—1 O

2t} (Blackfore, 2010).

o ulor AFYHA AT E 19499FH A w7kA] CalCOFI Z2I3E& G343}t
FAREYAE, o, AXolel 7] AnE Fwaw gon, /Fwn mx

w
ENSOs} &2 7] ®iga #ddste] siFduAe s S4sta A5k A7
£ stal AtH(Checkley, 2001).

e AN Ak S5 Aste] &5l whete] A7 AR ske oS8k
Utk AAgte] s =2 3|
He olgdte] st &5ATFE FMEL vk F AbelA = New Jersey

State UniversityollA <QlaAdolAx #IAFele ESFL, 139 #HolgE o83t
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o Chen et al(1995)<2 1993 o459 wdl 54X aragonite®} calcite X3}
TS A5, aragonite XTI 300mE, calcite E3FFA> 1,100m
2 a5 =1k

o HT ik B9 AAFEA el Wi FAlEE
JGOFS, OACESE 433} 3oF carbonate system® wW3lo] sl o]s7} zlo]

J
A olibstea FUbe] W djF A s Sk ol E WERal Sl

> 20059 NSF, NOAA, USGSE FA4 o= 7] olatgets Frbel whE alof A3
g} (calcification) & REg-o] thst o]sjE Fo|7] s F5 A5 Wae] st =29
HuA7b @rE gl 53] ojitstera Srkel A g EFAE WEel g
2& AGE0] 'Ocean acidification network' & &3l A5} A3 th =29

olol =  ‘Pelagic Ecosystem COs Enrichment Study(http:// peece.iffm —
geomar.de /index. htm)’ 7} WAFIES Z3 31 Ao, ESF(European

Science Foundation, http://www.esf.org/acidification—workshop.html) o] A+
ok A 3Eel #HEE caleyfing planktone] o3t YasS /MF s 713 W3t

e SFAEL] whsel "ist F_AS skt
o B ES PJATHA] Y sEZTFAEAA ojitger A ST 7R A Al
HELo] n| X o8k sl A7} th(Kurihara et al, 2004; Mayor et al,
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AT vigto] Agte] HastA AHAOoRE W AT FEol osto] wAYS
o Seluet Fol @ 270 Ak Age oJFe] S50 A4F WS o
2 4#A ok (Lee 1983; Byun 1989). o] dora= oo} Eof oJste] 54
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Table 3.1.1. Change of upwelling favorable wind stress calculated from 19 climate

models between 20(1970~1999) and 21(2070~2099) century

June July August

20C 0.02444 0.02234 |-0.00710

21c 0.01913 0.03394 | 0.00697
21C—-20C| —=0.00531 | 0.01160 | 0.01407
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September 29th~October 6th, (b) October 7th~14th, (c) October
15th~22th, (d) October 23th~30th, 2008. Open circles represent

the stations where in situ chlorophyll a measured.
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Fig. 3.3.1.5. 8—days composite level—-3 MODIS Aqua chlorophyll 2 images. (a)
JULY b5th~12th, (b) JULY 12th~19th, (¢) JULY 20th~27th, (d)

JULY 28th~August 4th, 2009. Open circles represent the stations

where in situ chlorophyll 2 measured.
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Fig. 3.3.1.7. 8—days composite level-3 MODIS Aqua chlorophyll 2 images. (a)
JULY 12th~19th, (b) JULY 20th~27th, (c¢) JULY 28th~August 4th,
(d) August bth~12th, 2010. Open circles represent the stations

where in situ chlorophyll 2 measured.
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Fig. 3.3.2.1. CTD stations and ship tracks observed in Feb. 2008 (a), Oct. 2008
(b), July 2009 (¢) and July 2010 (d).



Table 3.3.2.1. Observation location and time in Feb. 2008

C02C0501
C02D0502
C02D0401
C02D0402
C02D0301
C02D0302
C02D0303
C02D0201
C02D0202
C02D0101
C02D0102
C02C0101
C02C0201
C02C0202
C02C0301
C02B0301
C02B0201
C02B0202
C02B0101
C02A0101

36—29.83N,131-30.27E
37—00.10N,132-00.16E
37—00.24N,131-29.83E
36—59.09N,131-29.62E
36—59.94N,130-59.83E
36—59.62N,130-59.06E
36—59.51N,130—-58.82E
37—00.13N,130—-29.92E
36—59.99N,130—-29.77E
36—59.97N,129-59.86E
37—00.54N,129-59.22E
36—30.02N,130—-00.06E
36—29.98N,130-30.12E
36—30.55N,130—-36.08E
36—29.94N,131-00.18E
35—59.89N,131-00.09E
35—59.97N,130-30.07E
35—59.556N,130—-30.65E
35—59.94N,130—-00.06E
35—30.11N,129-59.97E

2008-02-20
2008-02-20
2008-02-20
2008-02-20
2008-02-21
2008-02-21
2008-02-21
2008-02-21
2008-02-21
2008-02-21
2008-02-21
2008-02-21
2008-02-21
2008-02-21
2008-02—-22
2008-02-22
2008-02-22
2008-02—-22
2008-02-22
2008-02-22

07:47-08:08
13:33—-13:51
20:14—-20:34
22:03—-22:21
00:57-02:22
03:32—03:51
04:36—04:50
07:15-07:31
08:57-09:11
11:34—11:49
12:41-12:53
16:17—-16:30
19:33-21:03
22:02—22:15
00:05-00:25
03:31-03:48
07:28—08:23
09:04—-09:16
12:03—-12:18
16:23-16:34

36—29.40N,131-30.74E
36—59.80N,132-00.77E
36—59.97N,131—-29.79E
36—58.97N,131-29.59E
36—59.72N,130—59.40E
36—59.59N,130—-59.00E
36—59.51N,130-58.82E
37—00.11N,130-29.89E
36—59.87N,130—-29.66E
37—00.00N,129—-59.64E
37—00.71N,129-59.08E
36—30.19N,130—-00.24E
36—30.39N,130-33.30E
36—30.60N,130—36.65E
36—29.76N,131-00.99E
35—59.57N,131-00.42E
35—59.78N,130-30.43E
36—59.44N,130—-30.72E
36—00.01N,130—-00.10E
35—30.10N,130-00.39E

EASTOOA1
EASTO00C3
EASTO00C4
EASTO0D5
EASTO1D5
EASTOOD4
EASTO01D4
EAST02D4
EASTOOD3
EASTO01D3
EAST02D3
EASTOODZ
EASTO01DZ2
EAST02D2
EASTOOD1
EASTO1D1
EASTOODO
EASTO1DO
EASTO00CO
EASTO00C1
EASTO0C2
EASTO1C2
EASTOOB3
EASTOOB2
EASTO1B2
EASTOOB1
EASTO1B1
EASTOOBO
EASTOOU1
EASTO0UZ
EASTOOAO

35—29.93N,129-59.90E
36—30.05N,130—-59.96E
36—29.96N,131—-29.93E
37—00.11N,132-00.14E
37—00.12N,132-00.14E
37—00.07N,131-30.21E
37—00.21N,131-30.45E
36—59.91N,131-30.15E
36—59.90N,131-00.23E
36—59.97N,131-00.27E
37—00.55N,131-02.09E
37—00.18N,130—-30.13E
37—00.03N,130—-29.90E
37—00.39N,130—-29.42E
36—59.95N,130—-00.15E
37—00.59N,130—-00.93E
36—59.97N,129-41.97E
37—00.16N,129-41.97E
36—30.11N,129-41.93E
36—29.94N,129-59.87E
36—29.94N,130—-30.25E
36—30.18N,130—-30.64E
35—59.97N,130—-59.99E
35—59.93N,130—-30.05E
35—59.89N,130—-30.14E
35—59.97N,129-59.89E
36—00.04N,130—-00.45E
36—00.08N,129-49.05E
35—44.83N,129-36.02E
35—45.10N,129-42.40E
35—29.93N,129-42.11E

1674

2008—-10-07
2008—-10-09
2008-10-09
2008-10-10
2008—-10-10
2008-10-10
2008—-10-10
2008-10-10
2008-10-10
2008—-10-10
2008—-10-10
2008—-10-12
2008—-10—-12
2008—-10-12
2008—-10—-12
2008-10-13
2008—-10-13
2008—-10-13
2008—-10-13
2008—-10-13
2008—-10-13
2008-10-13
2008-10-13
2008—-10—-14
2008—-10—-14
2008-10—-14
2008—-10—-14
2008-10—-14
2008-10—-14
2008—-10—-14
2008-10—-14

20:48—20:48
15:27—-15:27
19:37—-19:51
00:53—-01:55
03:06—03:26
06:30—07:43
08:07—-08:22
09:46—09:58
12:44-02:13
14:33—14:47
15:27—15:38
16:30—17:46
18:17—18:33
19:36—19:48
22:45-23:51
00:56—01:05
02:48—03:04
04:46—04:58
09:13-09:24
11:47-12:03
15:19-16:21
17:28—17:40
09:38—09:59
01:15-01:14
02:24-03:13
08:02—08:46
09:36—09:52
11:38—12:00
14:33—14:42
15:33—15:49
17:58—18:10

35—29.568N,129-59.87E
36—29.88N,130—-59.87E
36—29.78N,131-30.04E
37—00.56N,132-00.02E
37—00.12N,132-00.14E
37—00.15N,131—-30.37E
37—00.25N,131-30.50E
36—59.96N,131-30.23E
36—59.90N,131-00.23E
37—00.17N,131-00.73E
37—00.63N,131-02.40E
37—00.39N,130—-29.75E
37—00.11N,130-29.85E
37—00.43N,130-29.36E
37—00.94N,130-00.97E
37—00.71N,130-01.12E
37—00.32N,129-42.11E
37—00.16N,129-42.08E
36—30.32N,129-41.94E
36—30.09N,129-59.70E
36—30.45N,130-30.57E
36—30.24N,130—-30.73E
36—00.02N,130—-59.85E
36—00.06N,130—-30.06E
36—00.21N,130—-30.27E
36—00.00N,130—-00.20E
36—00.04N,130—-00.49E
36—00.50N,129-42.16E
35—44.89N,129-36.08E
35—45.45N,129-42.56E
35—30.21N,129-42.46E



July 2009

Table 3.3.2.3. Observation location and time in

EAST-BO1
EAST-B02
EAST-B03
EAST-B04
EAST-C04
EAST-CO3
EAST-C02
EAST-CO1
EAST-D04
EAST-D03
EAST-DO02
EAST-DO1
EAST-PO1
EAST-P0O2
EAST-PO3
EAST-P04
EAST-PO5
EAST-PO06
EAST-G05
EAST-G04
EAST-G03
EAST-GO02
EAST-GO1
EAST—-A04
EAST-AQ03
EAST-AQ02
EAST—-AO01
EAST-KO1
EAST-KO02
EAST—-KO03
EAST-K04
EAST-KO05

36—15.16N,129-25.00E
36—14.91N,129-30.07E
36—14.97N,129-36.01E
36—15.11N,129-46.04E
36—59.94N,129-45.14E
37—00.08N,129-39.06E
37—00.09N,129—-33.79E
37—00.04N,129-27.87E
37—39.78N,129-15.50E
37—40.09N,129-09.08E
37—40.04N,129-06.57E
37—39.94N,129-05.85E
36—04.75N,129-35.28E
36—04.91N,129-39.99E
36—04.95N,129—-45.07E
36—05.08N,129-49.91E
36—05.51N,129-54.58E
36—05.49N,129-59.80E
35—47.17N,130—17.90E
35—47.08N,129-59.95E
35—46.90N,129-50.95E
35—47.06N,129-42.09E
35—47.33N,129-33.99E
35—29.83N,129-59.89E
35—29.97N,129-49.84E
35—30.00N,129-39.83E
35—30.00N,129-28.22E
35—11.85N,129-16.96E
35—09.09N,129-19.60E
35—06.62N,129-22.59E
35—03.98N,129-25.80E
35—01.79N,129—-28.78E

2009-07-21
2009-07-21
2009-07-21
2009-07-21
2009-07-22
2009-07-22
2009-07-22
2009-07-22
2009-07-23
2009-07-23
2009-07-23
2009-07-23
2009-07-26
2009-07-26
2009-07-26
2009-07-26
2009-07-26
2009-07-26
2009-07-26
2009-07-26
2009-07-26
2009-07-27
2009-07-27
2009-07-27
2009-07-27
2009-07-27
2009-07-27
2009-07-27
2009-07-27
2009-07-27
2009-07-27
2009-07-27

17:53-18:01
19:22-19:35
20:44-20:57
22:22—22:44
03:05—-03:28
04:50—-05:03
06:38—06:55
07:50—-08:01
12:50—13:13
14:40—14:56
16:19-16:30
17:02—17:11
09:21-09:25
10:00—10:08
10:41—-11:03
11:37-12:16
12:57-13:31
14:13—14:48
17:39—-18:29
20:25—-21:15
23:03—23:40
00:59-01:16
02:26—02:37
07:04—-07:18
08:39—-08:52
10:14-10:27
11:42—-11:50
14:31-14:36
15:11—-15:14
15:47—-15:52
16:27-16:32
17:04—-17:12

35—15.13N,129-25.02E
36—14.61N,129-30.14E
36—14.92N,129-35.97E
36—15.46N,129-45.82E
37—00.10N,129—-45.28E
37—00.14N,129-39.22E
37—00.04N,129—-33.94E
36—59.59N,129-27.83E
37—39.98N,129-15.45E
37—40.27N,129-08.92E
37—40.15N,129-06.43E
37—40.06N,129-05.80E
36—04.57N,129-35.29E
36—04.66N,129—-39.98E
36—04.29N,129-45.06E
36—04.53N,129-49.76E
36—05.96N,129-53.91E
36—05.49N,129-59.32E
35—46.44N,130—-17.62E
35—47.55N,130-00.22E
35—46.60N,129-51.06E
35—46.99N,129-42.12E
35—47.18N,129-33.87E
35—29.64N,129-59.79E
35—29.79N,129-49.61E
35—29.92N,129-39.62E
35—29.95N,129-28.16E
35—11.88N,129-16.90E
35—09.11N,129-19.56E
35—06.66N,129-22.55E
35—04.01N,129-25.81E
35—01.84N,129—-28.80E



Table 3.3.2.4. Observation location and time in July 2010

Longitude Depth

e1007B01 35—-46.77N 129-32.59E
1007B01a 35—46.75N 129—-38.00E
el007B02 35-46.84N 129-41.98E
1007B02a 35—47.02N 129-47.22E 730
el007B03 35—-47.02N 129-51.05E 873
el007B04 35-46.70N 130—-00.22E 1123
el007B05 35-46.47N 130—-17.80E 1207
el007A04 35—29.71N 130—00.25E 182
el007A03 35—30.11N 129-49.99E 132
1007A02a 35—30.15N 129—-45.17E 126
el007A02 35—29.99N 129-40.01E 125
1007A01a 35—30.03N 129-34.06E 110
el007A01 35—-29.96N 129-28.02E 50
E-D04S—-1 37—-00.00N 131-29.88E 200
ECO-D04D 37—-00.00N 131—-29.94E 2081
ECO—-DO03a 37—00.00N 131—-14.95E 2144
ECO-D03S 37—-00.03N 130-59.92E 200
ECO-DO03D 37-00.08N 130—-59.97E 2148
ECO-DO02a 37—00.00N 130—45.07E 2165
ECO-D02S 37-00.00N 130-29.87E 200
ECO-DO02D 37—-00.00N 130—-30.22E 2154
ECO-DO0Ola 37—00.00N 130—13.93E 2153
ECO-DO01S 37-00.00N 130-00.00E 200
ECO-DO01D 37-00.20N 130—-00.15E 1703
ECO-E04D 37-39.95N 129-19.96E 511
ECO—-E03D 37—-39.93N 129-14.98E 339
ECO-E02D 37-39.93N 129-09.95E 200
ECO—-EOla 37—-39.99N 129-07.92E 131
ECO—-EO1D 37—39.90N 129-06.00E 96
ECO-CO1D 37—-00.00N 129-28.14E 98
ECO-C02D 37—-00.00N 129-34.05E 181
ECO-C03D 36—59.98N 129-39.00E 130
ECO-C04D 37-00.11N 129-44.95E 333
ECO—-BO01D 35—-46.69N 129-32.14E 43
ECO-B0Ola 35—46.81N 129-37.89E 116
ECO-B02D 35—-46.93N 129-42.09E 202
ECO-B02a 35—47.07N 129-47.09E 713
ECO-B03D 35—-46.86N 129—-51.00E 875
ECO—-AO03D 35—-30.06N 129-50.05E 130
ECO—-AO02a 35—29.42N 129-44.88E 129
ECO—-A02D 35-29.46N 129-40.06E 126
ECO—-AOla 35—-29.80N 129-33.88E 112

50
122
200

2010-07-23
2010-07-23
2010-07-23
2010-07-23
2010-07-23
2010-07-23
2010-07-23
2010-07-23
2010-07-23
2010-07-23
2010-07-23
2010-07-24
2010-07-24
2010-07-24
2010-07-24
2010-07-24
2010-07-24
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Monthly Mean Surface Currents & SST (Feb, 2008)

Monthly Mean Surface Currents & SST (Oct, 2008)

East-Sea ;
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Fig. 3.3.2.2. Monthly mean sea surface currents driven by satellite sea level

anomaly over MCSST in Feb. 2008, Oct. 2008, July 2009 and sea
surface currents on 26th July 2010(KHOA, 2011).
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Fig. 3.3.2.3. Vertical sections of temperature(C), salinity(psu) and density
(sigma—t, kg/m®) for line B(left column), C(middle column) and

D(right column) observed in Feb. 2008.
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Fig. 3.3.2.4. Horizontal distributions of temperature(C), salinity (psu) at surface

and 100 m depth and mixed layer depth(m) observed in Feb. 2008.
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Dunne et al, 2007).

3 A oA 2714 XA 5814 |l AdE5 HA g Eold ¢
3 @%%%PELEJ BE271 Wzlet= Aoz Ryt o5H = gEaer E3] 7]
7 Y g 985; Suh et al.

_OL
i
=
>
X
DX
ofo
it
o
~
il
[.4‘&{1
_O|Lt
g

] Chang et al, 2004), o]&]st 754 &% gl
& FAEEFAE w7 TS woo] HuE At (Kang er al, 2004).
= A= 2007~20104 43] AH S5EA G FAEF AL &5 FA= A
TR =84 dAte] AeEddE AARH oA a9 A nA s 9F
= 3 sal HEde] dApAY s 2
stal 7| FWstE E9sE S WsVE sal HE e Ak 9 A =3

Aol w2 Aes Fotalr| e 7|2 A8ES FHstaA .
(2) A= 9 vy
b Z=AFE A

Zao A FAR= 20089 293 10€, 20099 7€, 20108 79 FFHUG
(Fig.3.3.3.1). AL 52 954 g AEEFIE M4, 484 Soiy AdS 9
st &9 AFH= SBE 911¢] &3 Rosette sampling systemo] 10 ¢ €39
Niskin #7715 F-Z3slo] o]Fojfnt. sFAlass 2H7+e] A8 d&o 2A AAEE
sto] AFARE £ FASAY dFATES FYSAT G54 a w5 2T Y 0 m,
10 m, 20 m, 30 m, 50 m, 75 m) ¥ SCM(Subsurface Chlorophyll Maximum) %I
A AlGE AF BT AEEHAE Aae dxpgaE e 159 SCMT Y dlgE
AFH st EA Y AHS F3EHSI .

:F—l‘



z % )
% s -
o 20084 22 A 20084 10
% LY
2 . \
N -5 > & R » -~"-
o8 P & Ty 3 . &
L 3 = d “¥pg p1 pz D3 D4 DS ?
N ¥ O LD - oo 10 A AR SRR
\ DI D2 03 D4 D5 5
3 ? 3 fcolG1 c2 ©3 c4
E |l - E P R 0y
= J #C1 ©C2 C3 ©4 L s ;
K] s /7 £8 i &
Y E— | S £ p1oB2 B ¢
| Bl B2 B3 pruz o
f £ [ o
ae % = | g At » e
! | i 4 7
o J
g 8 it f
el S ,.R.cw = 1?/ ™~ r,&lﬁv = = . % ry i
% = . | N t®
il s | el ENENSOWVEYS
'E 1294 WE 131%E 12 F'E TEE £ e . [0 T 135
longitude longitude
e
y s o # <
i IR 20094 74 N 20104 74
® !
% v
b wao & A &
® Y, % &
L) # & Togg, e ;'E g :
| lamme TN 1«9 ?1 . ?2 3 93 - ?4 - »
g1 ¢ Dla D2a Dia D45
] ﬁ = i
2 : g E )
= B/, & = - g
o gudees o
%™ - o K
' e & F " 182 B4 BS :
Bes & b pesd o
Tk o Prowes 8571 4 e
-0l = $ ] /j
et Attt /
Sl s 3 - / xN Ty 5 ot
Y % S 5l
WS s . : b - y
Ranll” i s | b g r
26 G ™0 E 1 e 12 T E 131°E L [EES

Figure 3.3.3.1.

*E 3%
longitude

Sampling stations for 2008—2010 survey cruises in the East

Sea.

o

Needael] 454 a 5= A8 dFelA A s 1-2 liters A7 25

mel GF/F A2 AE F oAnAE 24 i7b JERp Gk s 234
o}
=

(Turnerdesigns

2] vialel 912, 90% oFAE 10 mS Yol WANHE FRIsFH 244
FZIAE FET Alge YAE AAS FH Turner fluorometer

model, 10—AU)E ©] & Parsons et al(1984)9] P Ho =7 Az

A H=E4L a2 #E IS Y. 3 m o)ty €94 a2 5 pore size 3 m<Ql 47 mm

PC membrane<

whet 5359,

233 &4 1 liters 47 mn GF/F A= AE T A7) W o



HPLCE o] &3t A EZF A= MARAL Zapata et al (2000) ¢

1 _Ii 1
HHH S 7] 2 2 o]Fo] A}l AEZHIEL Whatman GF/F filter® a5 2 literE A
LS e

#eFoith Ma FE2 52 JHAE 3 mle 95% methanold] 22
w

> o
o L
Baet 3 GETA 4A7F 2Es WS o8kl 2E R0 waw A

- =

Moo
1SR
N

(G

2] 25 mm2 teflon(PTFE) syringe
. +=8]%¥ A5+ HPLC system(Shimadzu

LC—10A system= ©]& FA3}3t}. Chromatogram® peako] thdt 542 A4

filter MFS, 0.2 um pore size)Z o]-g&3slgcH

(DHI water & Environment, H ¢ rsholm, Denmark.) 2] retention time¥} BH] 1w 3s}o] 2
35 cH(Fig. 3.3.3.2).

19

_ 15
N 24
E 17

11
F 1.04 7 13 8|21 )
-+ 10 14|(16
= 6 |8 22
= ? 9 12
g 05 3 c 23
2 i
wn
2 00- 20
T T T T
0 10 Z0 20 A0

Time (minute)

Figure 3.3.3.2. HPLC chromatogram of an aqueous mixture of pigment
standards. Codes to pigment identities are: 1=chl. ¢3, 2=chl. c2,
3=peridinin, 4= pheophobide, 5=19'—but., 6=fucoxanthin,
7=neoxanthin, 8=prasinoxanthin, 9=violaxanthin, 10=19'—hex.,
11=diadinoxanthin, 12=antheraxanthin, 13=alloxanthin,
14=zeaxanthin, 15=lutein, 16=cantaxanthin,
17=gyroxanthin—diester, 18=B—cryptoxanthin, 19=chlorophyll—b,
20=echinenone, 21=divinyl—chl. a, 22=chl. a, 23=pheophytin a,
24= @ —carotene, 25= /5 —carotene.

() LAgAE

4%

s

FIES P-1 EAL Babin ef al(1994)2] radial photosynthetron WH <

[e]



o] &3slo] sttt W E AAbe] 60 ml Falcon culture flasks €2 wjdsta s+
oA diffused lightE HlFo] ZekAz ol F&e] Fui7F A71A sidlvh. Fdoz=
Osram®] HQI/D 150W RZE AREFSITh wfde 2A1HS fAletlon 2k ek
o] #Ee QSL 100 scalar quantum meter (Biospherical Co.) S XA =A%t
29 2HE fgte] 25 AR A ALY A= FE A WE SSART A
o A9 circulation bathg Abgste] @429 F2& FAsAH

= "C(bicarbonate, Amersham Inc.) S F7}ste] 2 42 F 10709 Zek~=
of 55 m¢ & F]Istof wjeFetict. wjeFo] EUH FA] 0.45 mm membrane filter= o
gk F W Baekgith. DPMS o345 591 & dAbs o] &3k FFo] Eud FA
scintillation cocktail 15 mlE FH7isto] WA e] 24x3F B3t H  Scintillation
Counter® FA3Ith 7] AL S-S AT A5 Yol € AR 50 wE A
3to] scintillation vialell ¥iL 50 2] ethanolamine®} 0.5 ml¥ TFT% 7Fstal 10 me]
scintillation cocktail 7}k,

P-1 A3elA folxl A= Platt er al(1980) 2] B3l A g3}ato] vj7i3t &
ATk FAE @dol s A 3 /e wiARTE 7HA L Q= Platt er a(1980) 9] &
= ARESEIH

FFo) AzbE Wighes A 713F BF ke AA| FEACA st &<t 5 114
o2 Z74¥ PAR(Photosynthetically Available Radiation) 2] A3t HH A& o] &3}
of Tttt A At W FF Wske ARPE B FFe] SBE 911¢ gEd

rE

PAR AlM e AR5 o] &3t 3t LFAsE A&kl et 57 AAS] s+
S dAEAE S A A WE Fa AFS G Rl 48 FEA

&

il

9% F A4 TS TR

(3) A% 2 uz
Oh FeRE

AHH £ FARIS Fig. 3.3.3.3¢] vehdllth. AFL719 299
Hdck 59 37°9 #5H Do} A C4
11T Wel= Aodes wgton, tg AL 12.5~13.6TC WL
et o] FehdRFel HetetRol JFe wE 2 Aol T
FAAow FAEA YEtGAY 21> FA A el

o
flo
Mo o o
o
2
=
Au)
W
X
"
&
m
o
it
-
g

i

2008 1099 & EW EFFAA FAst F4ol Aol ashe T



Temperature (°C) Temperature (°C)
8 9 10 11 12 13 14 15 5 10 15 20 25
0 1 1 1 1 1 1 O NN I TN N TN T N N TN Y T N T |
|{Feb. 200 | Oct. 2008
20 20
E 40 T 40 -
c . c4 c -
4% 60 4% 60
O Q
80 4 D5 80 48
] ” ]
100 - 100 -

Fig. 3.3.3.3. Vertical profile of water temperatures in February and October,
2008.

2009 79 A A3 b FEe fAsE BS54 Be 1% =2 16.4~19.1TC9
HAZA & AP vl E3hth(Fig. 3.3.3.4). Agte] 913

16.4C9} 16.2TCEA #FH A A=l nla| oF <
e 22 S FE

=]
T Ll
=71 kvt fIAT H5A A BT FES 22

7~23.6TC2 WHAZ F4d 7ref] W
ol 10 m FAFE & okge] waairt

AV}

A kvl f1AR BS54 GO %F FoS 19.7~23.5T WA dActel 13
e A Glold 19.7C= 7P ssteom ymx G2 22.4~23.5TCTE FAS F25
LFERSA T

59 37%) 1A dS5A Co AT T2 17.8~20.8T2 WSS YLt dAtel

AXF AW Cle Agdom Be $og ugom 7 €33 C4= oF 5 m 540
N FA8 GelAe 44 T2 YEtth olgd 589 FATRE At 859 4%
o ofaA WAY 2%



ZE YERth

b 48 T

i

1 B1lolA

Z] o
= o

o A9t 4

A B

Al

=
=

&

B3
(el

gk % ol ekttt

Eis

Gl% ¢

)
™

A
w

Temperature (°C)

Temperature (°C)

10

25

20

15

10

25

20

15

T T T T T T )
o o o o o
N < (o] m

(w) ydeqg
. I
o o
=

(w) ydeq

Temperature (°C)

Temperature (°C)

10

25

20

15

10

25

20

15

7] <
] (@]
] o
— (@]
- ()
1 £ -
1 = &)
] (&]
| I | I |
o o o o o
AN <t © o
(w) ydeq
1 o
=~ O O
1o
1 o
. £
1
| | | | |
o o o o o
AN <t [(e] o
(w) ydeq

Fig. 3.3.3.4. Vertical profile of water temperatures along the survey lines in

July, 20009.

Fig. 3.3.3.5¢°] Wttt &7] Skt

15.4~24.1TC¢ W= J4 7+ o 8.7C¢ #s}

2010 7€ ZFAFA

] Ala9l A2% 17.8C¢ 19.2TCE @



ZE omthe] #54 B %% 22 19.0~21.7°C< Weleln, 44 Bl, Bla, B2
9 9T dEhllg 59 37T #5d Cod EF
ToR #5A Agk BS54 BY At A4Sl W& x>

&3l O‘H}BM #A5H4 B9 % & 15.7~224T9 WgE Rk Sold He
Agkel $1AF o] 20.8~22.4T9 F&& HAU Wb, dActo e W 94X
A7 E3%F E4eld Z47F 16.1C9 15.7C2 W& F20] 549 Holt}, o] E39 E4
oM Aot g5 JFL W FI} BEFL AAba)

Temperature (°C) Temperature (°C)
5 10 15 20 25 5 10 15 20 25
0 TN N T TN N T T T N T T T T T I | 0 ||||I||||I||||.I||||I
i i B1 ]
A-line B-line
20 A 20
- Al { B2
£ 40+ E 404 2
- i Ala /| A2 - ]
o 60 ® 60 -
o | ()] i
80 — 80 -
100 - 100 -
Temperature (°C) Temperature (°C)
5 10 15 20 25 5 10 15 20 25
0 TN N T T N T T N T T T T T | 0 I N T T N N T T T T T O T I |
20 1 E1 E-line
E 40 -
E -
o 60 -
D —
80 -
100 —

Fig. 3.3.3.5. Vertical profile of water temperatures along the survey lines in

July, 2010.



M

W 4

A
g
1
.Lo

X
M

_50
B

£ Fig. 3.3.3.6
O

1271 g3 elA

o

=

2829 37] #=H]
a4 552 0.4~3.0 ug 0719 HYe A

o

=

=

R

43] 9]

of vreRitt 2008 2€ 9

=

o

2008~20104d

=
Ak,

_50
B

B2
—_
110
i

W
i

T

<]

70 m

s

| —

R

™ D49} D5
dje] #F=27
Bl AH Chelld

=
=

T

-

shubth A3 UlelMd 1.7 pe

0.6 pg 0 'ow ozt &

Bo A% ek F Al BOY BlolAl 1.0 ug £ 'k 1.1 ug ¢ 12

EE7b =93 B2o|A 0.2 pg TR Yo}

A}

[e]

i

0.16~1.7 pg 0 'e] Wooly, %

L —

R

== =
O -1

Ao Bl AAAA 2.4 ug 071 B 37°

=

w7 U204

9 36° #

=

=]
=

o3t =¥ 5
Bl Zog Atrdr 18y

=
=

[e;

o] =7t

lo] 22 1
A DARAANA 3.0 pug (lo=w

{

ool ] ool el FEE mol
20084 10

D1~D3 AAL 100 m FA7HA

HAtH(Fig. 3.3.3.3).

1g

e

~
_Zrl
)

!

kol 14

RE

At @

7+ 15509 pg 01

o

2009

Sk

tepich &)
depieh ey

[e)

=

RyE
[e]

a4 F55= 0.3~53 ug (7 log AA

£

Njo

Rty
;OO

N_.uﬂo

o}
%ﬁo

0

~
10

o]
P
TR

=0

[e)

A3 =A<

V2]

S

o

o

B

o|J

Nr
A

!

N
o

M
~n

?_

PN
T

[e)
RuN

T7F 3.7 pg 0 'olglont gjkow 7}

et 3 Aleld &0l dojutr] 4
o fhaste]l A G4old 0.4 wg ¢ '7HA drolbxith H9) 37°9)

[e)

T 21~53 ug 079

=
[6)

ato] A AdelAd 0.4 pg 0

3.3.34), % 95L& a

S

Ho

44 Glel



2 asEE 1.0~16 pg 010

M

o|J
s
ofi
;OO
To
)
o
ofo
)

B

<7hd gk HERATL

dHERY

2=
=2

3

=z 9

ratthell A 2 G54 a2 $EE e A4 A

ok
e A

2010 7€elx &7]9 72

BAom AH AdoA 0.4 ug

Hi 54 pg 0719 LS

1
T

ujehe] ek % A4 Ala

=0
3w

Fol o (Fig. 3.3.3.5).

S

o

o AHE (848 Bl, Bla, B2)

A

0

ol

)

_éo

P

Holx ookt webd dE4 2 5= 0.1~0.3C9 &

el
=

_Lmo

W

u (Fig. 3.3.3.5), ol&

o



. Feb. 2008
3 —

Chl-a conc. (ug/L)
- N
1 1

LHIN npflm -nlfl

8 88 0000 O 0 0 O O

Oct. 2008

Chl-a conc. (ug/L)

0 HD..H.H.T.HHWT.HWWWTT

6
3 5. — Jul. 2009
g) ]
S 44 B
S 11|
o} 3t
O f——
® 27 N _
51 T
0 ! ! Nllom
I I LI I I LI I I I I I I I I I I I I I I I I
6
) 5] Jul. 2010
g) ]
S 44
9 5]
o °]
o
® 27
51 |
rrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrord
777@7377? @%%%%@%\ SIAIIRISA g@%@%y @%‘3‘5\9@

Fig. 3.3.3.6. Distribution of surface chlorophyll—a concentrations for different

study period.



JJBe
ommM%;
r %
e ParTe X
Lga?mﬂﬂiﬁ - 2 o
LOUVI _I“F/I@H_io,7 49_0 ‘,%Ll
Eiomamuoﬁ_ﬁME - ﬂahﬂa}
ﬂaﬁu%ﬂ_wﬂAlio ﬂ_: ﬁowﬁuiﬁzlg
Do T o0 0 Da | T E R _ZATL‘N]
o , E 1 HEoowE oo RO
7%ﬂmoz%gi = o;g% , %x_,%ﬂoﬁ
%@%+7£a§zﬁ N zt%miﬂm% fré@ﬁ%ﬁr%
oT 2001%.& ‘._ﬁmogm.u o~ { iﬁv,ﬂlﬂgin_dl&oﬁ._ﬂmo Exﬁ‘wall 0
m§14.é§¢ F o Py ﬂwr%.g o}orioma_/ £ ot Ao
Auiﬁwm__bAT Eﬁmmﬁﬁ muoo.ﬂl.z oo1__/|1LL.:.]*_OIﬂIA1_‘O|L|oLﬂNUa NJo Q&uo“_o
i o,lzoﬁis o _mmgﬂfo\}ﬁ L E® e o
mﬂmzwu? e @3%g2iozoﬂaad%ﬁﬂ1iiﬁ @ Mo B
oF ﬂMPﬂﬁgﬂ | .uﬂiaﬁorc#ouuﬁ_.do GGE#&_.\ 7,@&_.
O]. xO_#o,_atE m.go_b ~ I wuot]r o X
4ﬂu|1__/| ﬂmﬁ%oi guut of «f .70_:_%%%6. b o M
~ZOMM;10WH_I] N ﬂ(\ﬁu92 kﬂlE}AJlm;,ﬁ ﬂlZOATE o}
LW i€ ° N dl%o6miﬁo§io7ux no.z_ﬂwx o m_«mﬂx
Ho;@%%,wié mﬁzqg@ 5 ﬂﬂﬂwﬂﬁ%gﬂ <&
) — a_] ! ]na
%%ﬁi ﬂ?%ﬂ 5Ho4uzomrﬂ ﬂé%m@urﬂw mU@B
J o oo ~LL|H$31 5 < A o o = A -
K s o= K A 5 o~ w2 Mo — Njo oo R N X
Ho ~ x £} R iy o~ i % o wm il BT I My %o o Mﬂ w5 Ar
i%ﬁr %ﬂwﬂor% 1§1r%+Url€%§mernmﬂE = T = =
v ﬂﬂmuﬂ24ﬂ%% %E&Eala.xi mo;bﬂlﬂiowl )
4 LEﬂATﬂ). m«muglﬁ. %O%O.Urfﬂuwﬂo@ﬂu' o o )
W o o g ol X3 i i 10 K o B R oy B F Mo H B
- Eﬂuou%EﬁmMﬂo%awwiE%m%iim%mﬁiﬂwrl% S &
do B = 2 ® T Ao < W A o o = . L o N Ly
e a&ﬂ%gwom%i%%%@o%momﬁ_mmﬂt?ﬂmm%ﬁmﬂ Lo
&I afdﬂl.ﬁﬂ._ X o._x_oﬁwﬁﬂﬂa Ju,_dunvﬁATaMmL]ﬁo.gE = 67.110
o iﬁlpw(r%ﬂ%?ﬁ _biwnmo 2 mMoﬂﬂlu o = -
= l VLAﬂa}ﬂL mu%zrqu%alu@%%ﬂlnxo%8§fd 53.%
i %3#3%29 W@Ewbzfﬂmﬂ.?ﬁuqnﬁﬁ.ﬂ6]aAHMEP% ES%
i E.au a.w&u_ mEOMAT% xﬂuLdllﬁsz%l%7;u io.wcjl
ﬂio_ui:mqgﬁ_ﬁal 2@@@.%2%A5@ N Do =
) ﬂaogEgElmauuiqoomﬂ @wxqu ?@E E_aaoizﬂ do & ﬂrm
i o x1ovvxogz S R o X gﬁao g 5=
ATA;O gom oL ﬂ_omoﬂj%ﬁzlnﬁ_%ymﬂ;ﬁm% 5 R
sM;}A;wnﬂauwﬁz;@mﬂ@; i ST L
@HCiﬂ7ﬂ%zog&ﬁa }%5#%&%94%80 n =
ZHL oS aoﬁouruay. v Jo OM.C%} =
2 B S plO @ﬁo%ﬂlmi_:f.z T
i%po_lnéﬂﬂq%mﬂ_MMﬁ_;iJﬂﬂoai mMIE.W%LHE AT.LA
7 zmmw2ﬂﬂﬂ}AﬁLtﬂﬂmﬂLoxﬁzvﬂoﬂa
_z mlf%m@%7$%eﬂ§4ﬂm%ﬁﬂ@
Ajfitﬁﬁmﬁo_nw@@muwom7\oua
t@mqwmmwwmmlm@q
N juy
Gou_oi_u_,mlﬂLmﬂﬂq
g ~ Ao
£ oo

- 73 —



C~Deoll%

A

o] et o™ ¢4 4 ¥5EE 21.5~58.9 ug m 29

)

o
] SCMZo]

[¢]

o

2008~2010d

oM el

FARA

o

R

m AF o

W)

Ho

X
M

o|J
HH



150

j N
3 i
S 90 -
C -
8 60 -
(P -
21 [T
O | | | | | | | | | ITI | | | | |
150
- Oct. 2
3 120 ct. 2008
3 .
S 90 -
c .
8 60 -
(P _ H
= 30
&) i
100 Us nlle nlnn Dallafs
| | | | | | | | | | | | | | | | | | | | |
W G 08w QOGS DOY%%Y%
180 —
= 150 - ] Jul. 2009
(@)] .
= 120 A
LC)- -
8 90 n
s 60 -
5 @ il Winn Hi0.n alf [
&)
“1Mnl | all T inn
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
150
~ i
2 120 Jul. 2010
S - _
S 90 -
c .
8 60 - H
(P -
2 =3l H |
5 7 Il |
0 rrrrrrrrorrorrrrrrrrrrrrrrrrrrrrrrd
“7)7/5973%7{? 6}%%%%%% C}%%C}@%?o%%o%% “)‘%“v\»‘?p“}

Fig. 3.3.3.7. Distribution of depth—integrated(surface—40m) chlorophyll—a

concentrations for different study periods.



of AAE %5 AEE HPLCE ol &3t MiiAs shalor, AaeA
Fig. 3.3.3.8°] Weplth. 7] ko] #=54 A9

_‘:';
1=
A3 F A g0 Fuol wud Pl A ok §50 FFL B
wl

= 3 3 e Jlow
o d= = olall & FH (A3, Ad)> MA FEoA ZolE vERETE AEe] &5 F el
A HERTZFO XA Ml peridinin, TFEFEY A2 A9l fucoxanthin, SHEZFY
A A2 491 alloxanthin, 5Z2F2 A A A9l chlorophyll h58 A &7 2 F7HE
et o= At &5l o fFuEe dSFd sael s ARz, xR,
CHEZF, 527 T OYd 259 A=EERAESC] AAY FUHE Hola e
AlAFStEE, WEA 19'hexanoyloxyfucoxanthin (19'HEX) ¥} zeaxanthin®] %% 7h= &

o

ST A Bl SR AL B SH ala Sl GeRl e

o
77 of| A peridinin, fucoxanthin, 19'HEX, zeaxanthin, zeaxanthin

59 37°9 # %" C9]r De A = ClelAvt &5 Yepd &+ Sl 7325 BT
Cl AH-olA peridinin, 19'HEX, chlorophyll 569 &% =71E HO4, fucoxanthin

7t FHEHA &8kth. Zeaxanthine @54 Co A ENA BS54 At Bel ]S

o FEE nY ol §2 Ayl T WA AT T/ AdH HEhiA
e ovEh b B AW BEA B A BN §5TEE vehion

alloxanthin, chlorophyll b, zeaxanthin® &

j
20104 74 249 A2 FATA 42 TSR 2% AH FAY AU 4

= rulu
ot
I
r
o
2
E
rf
Jht
P
&
ofN
ﬁ&
rlr
o
o)
EN
S
=
IN
3t
flo
)
to
IN
3t
o
FN
4
offl

o] Ma7t A=4 a FE HARE BEES Hlow, o) &5 Asﬂ TS, ShEE
5, 52T ARl et § FRE dAAte vEhdth E=F peridinin M4
Cochlodinium sp.2] =2 93] 74 dal7tx] 459t 20109 ZAFAE £50)
gk 7R A & AAdeM e R ASsY v Ao R Vi SRR

= @<= Bl

011
rlr

O %
+4



150 q

J Peridinin
T 120
o) J
£
c 90 o M
oS -
E -
T 60
(0]
(]
o J
@]
O 30 -

% SRSy CAPRRA, <(\76\;«7

600 -
- 19-Hex
500 +
400 -

300

200 4

Concentration (ng/L)

HWW . HH AL HWW . WH

9% SRRy CRPRRR 4%

120 -
Zeaxanthin

90

30

0 Hﬂﬂﬂ Hﬂﬂ

% SRSy CAPRRRy A

Concentration (ng/L)
3
1

2000 7
| Fucoxanthin
% 1500 -
£
C | —
o
B 1000
k=
s J
(&]
& 500
O
0 |H|||HHH|HTTTTT|MH
TS SRRy CRLARL, S
150 -
- Alloxanthin
3 120 4 i
> J
£
c 90
il
-E .
T 604
(0]
(&]
o J
o
O 304 H
0 ||WT||HHH|QTTTﬁ||T
% SRRy CARRRR
200 -
| Chlorophyll B
% 150 -
£
= i _ _
o
& 100
T
S J
(&)
& 50-
) H
0 Illmllllﬂl ﬂmﬂﬂﬂﬂ

sty SRS O,Q,O,Q{)u{)y A5

Fig. 3.3.3.8. Distribution of major indicator pigments for different stations in

July, 2010.

() At &l u

rju
e,
)
ox
>
iy
E
oty

W3S ygeokstr] f& 20059, 20074,



B2
—_
o)
1

il
B
pig

—

G+
)

I

o7
P
!
J_.mo

%

ofi

=

2009, 2000

271 7 ol A

-

.

2005d 79 FAF

(Fig. 3.3.3.9).
2007

bt

Q]
=

)

™

EE RO

_‘|

3

Jul. 10’

&= dERT 2010€<d 770

Temperature (°C)

2

areas.

stlom 378 el &

—~ 10'
~ 20 -
—~~ 10'

~ 20 4
Fig. 3.3.3.9. Vertical profile of annual water temperatures for coastal study



A FHEAAN SAE A= FHF dAYAHES Fig. 3.3.3.100 veRAT
5 <> AME] 8- 384.6+21.3 mgC m Z d7'&
7 gkokth 2007d 88l WA AR F 4 FHAA okt &5
1£407.0 mgC m™? d'o® 20054 H]3|
)

<7he & B3tk 20099 74< 478 AR T 370 A ool F
F=

g
)
e
o
as)

[+
=
\]
—
o
(@6
=
i
@)
5\
[@N
o
Hir F
X

a
ols]  2,042.6 - Z71skith 20109 7€ 170 A A
oA # wtd® g5o] vEbga, 47) A A EF 0] oF 20T HAZTE H Yo}
F2 FAFZE €50 e FHE 2T UmA 27 AR 25 2 2
CE ddoy 4% 3 58 3

t}. Yamada et al (2005
222 gC m 2 d'e® H7} gglen, o= ¢k 610
FET 2010 AQF &5 9o AdxAAE S FI GRS H dapgAE ] oF 4

W2 slehe v vehi.

rlo
o
ol
M
N
C
un k_«‘
ot
B
offt
2
a1
e
2
12
1o
2
s
N
o
D
>,

0 [ ]

Jul. 05 Aug.07 Jul. 09 Jul. 10

Fig. 3.3.3.10. Annual primary production for coastal study areas.



(4) 4=

3

folJ

Njo
-

—_

)
o

B
—_
file)

™

Akt ol oA

T

T

ahA o]

e}

eb .

[e)

=

2l

LFERSATE. 9]

A
=
=

R

o

ol 10gel mla] °F 2w} =2 @k

sCMel e
T2 2 ol

2]

=

[e)

)
_50
B

o|J

=

7} w11 SCM

o o

= o

i

W
i

N
No N
i T

o7 UE
Yo sl

4 o]
oo

&

L —

<=5 2

35,000 gT9]

ok

LFER o1 o]

s

[e)

Aol el

=2
=

L —

R

R EERPN}

010l H gk

POALE moh oF 4w & o shetE gt

%} #heefo}

2
ERREYCR

71%k49] 50 ]

1

T

AF A7) wef 384 +21~2,517+1,548 mgC

(eF 700 gT)

499

(trophic link) 24 microbial loop <
(Pomeroy, 1974; Azam et al, 1983).

AGER

-

T

5

°©

debdch, §50] dad
A
tof

9

=
T

=
=

=

Stt} (Tans et al, 1990). wrebA

7)o

1

T

1} whejzlob
(1) A&
ool

71erAa7F E4

m 2 dlte 2 sl

=

I

oy

Al =
3, YA 5s)

-

o]
pal

A ATl th3

Al
3 ol &= I

S

o]
=

(bacterial respiration, BR)S =
dhe]| 2l oto] ¢

Gasde] d=

1

s

glgotel] 9

Al o]tk (Jahnke and Craven, 1995).

=13

Eis

Ag7AA selelol AarE st @7 she|e o}
A7k AL YA W,

st

(Kirchman et al, 1991), =& A4

o]



P~
o 1o
of
ol

vhe| glop A4k 3 whH glo} 3 EEC] do® yehld, freAsE
o] Ag-olA wtElgel S5E2 HH ol ik el vle| FeE S0 o
o]-f-=, vre|g]o} AAa S (bacterial growth efficiency, BGE (=BP/(BP+BR)) ©]
tobs 7H Stell Btelg]ol AAHE R S5t S 5ES skl vtE ot T4
% AAtE AR vEE JoE= dreHol AgasS vAdEe st Al A&
< =2, g gol7k v AE Hol® (microbial food web) oAl ojmfst &

=
™
M rio

rlr

o
ol

o>i
o

o 1o ¢x pe o

= =2 sh

al, 2008). webA siFe] FFold BA 3 ARE At A detetar

A= o v glote] A SFel o8l =3 H 1 dgE FuEs Tael o A
7} o] Foj A of sim, uiE| g o} Bt ¥ T 5E 54 W vH ol AFEEL] degd u=5
o] A3x]ojof 3t} (del Giorgio and Cole, 1998; del Giorgio and D

2t v g of ALk ol Hlal ubE o} iugﬂr v glo} g a9 57]‘/} H s}l o
g olafrt F=str] wimel, AA s Hobﬂ/ﬂ d ute|gotel] o3 w4 8o A=

I

(2) A W Py
b AR A

20089 29, 20099 7€, 20103 7€l Niskin AF71E A5t FAIRE &
E3519th(Fig. 3.3.3.11, Fig. 3.3.3.12 & Fig. 3.3.3.13).

(p wre o YA

o7 1HFHFTEE 1%) 3

dreglol M2 o AZFS Q8 Ags s x=22-
L A BA o 7kA] —20CoA B% Bt (Hyun and Yang, 2003).
A Ao EAXLS Porter and Feig(1980)9 ®Ho] wel 333 nA (Zeiss



Axiophot) & o] &35lo] AS stglom, Axe 8iase AE & 10 fg C& AFEE] A
Abald th(Fukuda et al, 1998).

(ch wreleo} Aare

*H—thymidine (New England Nuclear Co., NET 027X)& AMg-3lo] (HE5 % 10
nM), thymidine©] ®tglglo} AT Z F4EH+E= ko7 XHE AAMEY o™ (Fuhrman and
Azam, 1980, 1982), thymidine 237del| thst MEZT7}FS thymidine 1 mol T
1.18 10" AZAgAte] s gt A2 (Rieman er al, 1987) 5 AF&-38lich.

() #Eger 355

H
W 478 FAelA YAl AgTE ol geto] A EE AMASAT. AlFAEE FA] 60
mL BOD Y (Wheaton)°ll &%°™, BOD ¥ H32 2~3u|7}sF overflow AT Zt
S Mg F 6719 BOD ¥ ZFoll 271 A1 MnCl$ 9 (R1)# Alkaline—iodide &<}
(R2)o.®2 nAH3U, WA= LS st AFefola wjekstsich. ojuf njef7]e] 1T

Ars c@AA dFFo]l FAEA AT 1241703 24413 wjF §, R1¥} R2=
1 A3s}al, Labasque et al(2004)°] wel 337 (spectrophotometer) & ©] &3}
ETAE FEE SASY. WH ol SHES 24417 ST s §3AAE FETF
APARow asthes 7MY stell, I 7127125 E F 3T
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Fig. 3.3.3.11. Bacteria sampling stations in February 2008.
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Fig. 3.3.3.12. Bacteria sampling stations in July 2009.
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Fig. 3.3.3.13. Bacteria sampling stations in July 2010.
(3) Ay & 1z
(b dEglol AES W A
@ 20109 3HA =AF
2010 A (79) o wE ol MEFE AT A3k 4 100 m oW FA AolA
o] whgglo} A¥FE 2.61-4.18%107 cells m %, A4 BIAE 1.99-3.03x107
cells m™ %, A4 DAL= 3.62-4.32%x107 cells m %, A4 EAE 3.59-4.44x107

cells m™?9 ¥ =S yehdlon, dAwzon 94 L7t B ZolodA vty

o MESFE =7 Yehvbe= A4S BHYtH(Table 3.3.3.1; Fig. 3.3.3.14).
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Fig. 3.3.3.14. Vertical profiles of bacterial abundance(BA) at different stations
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during summer in 2010.

Table 3.3.3.1. Depth
100 m, X107 cells m™?)

integrated bacterial abundance(BA) in summer, 2010(0 to

Station BA Station BA
AO01 2.61 DO1 3.62
A02 4.18 D02 4.32
A03 3.27 D03 3.81
AO4 2.88 D04 5.82
BO1 2.28 EO1 3.59
B0O2 2.87 E04 4.44
B03 2.94
B04 1.99
B05 3.03




(b Brelelo} A

D 20083 EA ZA}

2008 A (2€) el vt g o} A S A

o] X WMAE E3ow, FF D3N Mg =a AR Chelld 7B Witk (Table
3.3.3.2). AxtAo® tiF-Eo AAHNM FAol wE Aol FIHA skt (Fig.
3.3.3.15).

Table 3.3.3.2. Depth

100 m, mmol C m 2 d ™}

Dol A =

A7 A 100 m oldl A AdlA
o] urgglo} AAFEL 16.5 mmol C m 2 d !, A BAAHE 12.7~12.9 mmol C m 2
dl, A4 ColA:= 10.3 mmol C m 2 d7 !, AA

integrated bacterial production(BP) in winter, 2008(0 to

Station BP Station BP
Al 16.5 D1 14.9
B1 12.9 D2 14.4
B2 12.7 D3 19.5
C4 10.3 D4 11.7

D5 16.9

Thymidine Incorparation Rate (pM hr'1)

0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
1 0 1 0 A 0

11.7~19.5 mmol C m 2 d7!

0
—_ 30 30 30 4 30
£
~ 60 60 60 - 60
=
Q. 90 90 90 1 90
[0
D 120 120 120 120
150 150 150 150
A1 B1 B2 C4
2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
0 04 04 04 0
—_ 30 30 30 4 30 30
£
~ 60 60 60 60 60
=
Q. 90 4 90 90 90 90
[0)
D 120 120 120 120 120
150 - 150 150 150 150
D1 D2 D3 D4
Fig 3.3.3.15. Vertical profiles of bacterial production(BP) at different stations

estimated from the rate of °“H—thymidine incorporation during

winter in 2008.



@ 20099 &HA ZAF

2009 A (7)ol BrElglo} AAE S EAg Ay, 44 100 m oju] A AclA
o] wglglol AFAre S 28.7-59.9 mmol C m™* d7!, A BellAE 5.8~25.3 mmol C
m 2 d!, A ColME 14.2-29.5 mmol C m™? d7!, A4 DeAE= 17.8732.1 mmol
Cm?d’!, A4 GolAE 21.9~40.4 mmol C m™? d7'e EX WS ®thH(Table
3.3.3.3; Fig. 3.3.3.16).

Table 3.3.3.3. Depth integrated bacterial production(BP) in summer, 2009 (0 to
100 m, mmol C m 2 d™ b

Station BP Station BP
Al 29.8 D1 21.6
A3 59.9 D3 17.8
A4 28.7 D4 32.1
B1 5.8 Gl 29.7
B3 25.3 G2 27.5
B4 19.7 G3 40.4
C1 29.5 G4 21.9
C3 18.4 G5 25.2
C4 14.2




Thymidine Incorparation Rate (pM hr'1)
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c
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Fig. 3.3.3.16. Vertical profiles of bacterial production(BP) at different stations
estimated from the rate of 3H—thymidine incorporation during

summer in 20009.
@ 20109 &HA Z=AF

20109 &A1 (7)o urelgol g S A% A, £ 100 m ol FA AolA
o] whggo} A S 32.8~62.7 mmol C m 2 d!, A4 BelAlE 20.7~31.2 mmol C
m 2 d7', A4 CoME 34.3~46.0 mmol C m 2 d!, A4 DellAE 24.9~48.0 mmol
Cm?d’', A4 EdHE 32.1~36.8 mmol C m™* d7'9 % HYS wyom, AH
A204 7 & Aakgl S YER Y (Table 3.3.3.4). 53] AH A29 %% 5 m %o
oA ube|elo} A (max. 87.4 pM hr Dol 7b¢ A Yehgy 454 L X
ot dAstG o, ol At &5 A& JFoR dEhd AR oA (Fig.
3.3.3.17). ¥H, 2g=ole 7PEAE e 1A F3 D13 Dol At &59 FFS
W YA v e 0 2 e JEhd vbd, 2850 T X 4 D29}
D3eA] AdAow & ghs et



Table 3.3.3.4. Depth
100 m, mmol C m 2 d™%)

0 20 40 60 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 20 40 60
ol ) . ., N - ! P LR o s
~—~ 204 20 20 + 20 20 A 20
£
~ 401 40 40 40 40 40
e
a 60 60 60 - 60 60 60
[0
D 80 + 80 80 - 80 80 + 80
100 - 100 100 - 100 100 - 100
A1 A2 A3 A4 B1 B2
0 20 40 60 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 20 40 60
ol ‘ o ol N C ol ‘ . ‘ |
—~ 20 20 20 A 20 20 20 A
S
~ 40 40 40 40 40 A 40
c
a 60 60 60 - 60 60 - 60 -
[0
D 80 80 80 - 80 80 80 -
100 4 100 100 - 100 100 - 100 -
B3 B4 B5 C1 Cc2 C3
0 20 40 60 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 20 40 60
ol ) o ol N D ol ‘ . |
—~ 204 20 20 A 20 20 20 4
S
=~ 40 40 40 40 40 1 40 |
ey
‘S- 60 - 60 60 - 60 60 60
[0
O 80 80 80 - 80 80 80 o
100 - 100 100 - 100 100 - 100 -
D1 D2 D3 D4 E1 E4
Fig. 3.3.3.17. Vertical profiles of bacterial production(BP) at different stations

integrated bacterial production(BP) in summer 2010(0 to

Station BP Station BP
AO01 49.7 Co1 36.8
A02 62.7 C03 34.3
A03 32.8 Co4 46.0
A04 33.8 DO1 50.0
BO1 20.8 D02 24.9
BO2 31.2 D03 324
B03 20.7 D04 48.0
B0O4 27.5 EO1 32.1
B05 39.2 E04 36.8

Thymidine Incorparation Rate (pM hr'1)

estimated from the rate of 3H—thymidine incorporation during

summer in 2010.



(th ol &5 F
D 200793 &HA Z=AF
200749 sHAle]l AbgE¥ HHste] B

3.3.3.18%} Fig. 3.3.3.19° Yeth. €5 A 44 Al¥ B2, B34 4 dHg g o}

TEEL 2.30~14.4 mmol 02m3

)

+ B AleA 7HE FEe WgtE
326.6~391.2 mmol 0; m™* d'& E¥aga, &% Fol= 292.4~908.6 mmol O
m?d'® BEs] &5 ARG TF5EC] 78IS S BFH(Table 3.3.3.5).
3 AR GoA #Zs FH dhggol $5FL 1.59~12.7 mmol Oy m®

2 6~439.5 mmol O; m™? d"'& Gl
A42 742389t (Fig. 3.3.3.18; Table 3.3.3.5).

G AgEo7E daEigles M Deld #BEE A ZFES £ A
5.44~20.6 mmol Os m™® d So] 4.34~15.3 mmol O m™® d'® E¥x&%]
o 8§45 A 445 Y AR 355 539.1~962.3 mmol O m? dT'E AfE0
Aol 1A g D2 Bk spAtelel gl A D49 D5ellA o Eouth &5 %
T35 W R 5552 A D2-13 D4—1914 z+z 374.9 mmol O, m™* d7'¢}
624.2 mmol O, m * d'Z, €% AHT v 2FS o] #A=HrH(Fig. 3.3.3.19;
Table 3.3.3.6).

ol

Table 3.3.3.5. Depth integrated bacterial respiration rate(BR) in the water

column before the upwelling and during the upwelling

Station
Al B2 B3

Before the BR

326.6 454.6 391.2
upwelling (mmol m 2 d™h

Integrated Depth

50 60 60
(m)

Al-1 B1-3 B3-1 Gl G4 G6

During the BR

. o 1 908.6 292.4 704.1 439.5 222.6 244.8
upwelling (mmol m “ d7)

Integrated Depth

50 60 60 50 50 60
(m)




Depth (m)

Depth (m)

Depth (m)

Respiration Rate (mmol O, m* d'1)
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Fig. 3.3.3.18. Vertical profiles of bacterial respiration rate(BR) at different

stations estimated from the oxygen consumption rate during

summer, 2007.
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Fig. 3.3.3.19. Vertical profiles of bacterial respiration rate(BR) at stations on
the Line D estimated from the oxygen consumption rate before

the upwelling and during the upwelling in summer, 2007.



Table 3.3.3.6. Depth integrated bacterial respiration rate(BR) in the water

column before the upwelling and during the upwelling

Station
D2 D4 D5
Before the BR
) o 539.1 867.6 962.3
upwelling (mmol m “ d7)

Integrated Depth
(m)

70 70 70

D2-1 D4-1

During the BR

PR 374.9 624.2
upwelling (mmol m 2 d™h

Integrated Depth
(m)

60 70

@ 2008 FAZA}
2008 AL B3 FA4AE TFEFL 6.63~28.1 mmol O, m ° d7le HYgZ B
1

EaFSitk(Fig. 3.3.3.20). 74 100~150 m7HA Z@Fo] Tl o7l wfzel, F4lel

uheh EEFol 2 AfolZ vhehlX ergteh W AW <k Aol S vebuch 4

(Table 3.3.3.7).

Table 3.3.3.7. Depth integrated bacterial respiration rate(BR) in the water

column in winter, 2008

Station
Al Bl D1 D2 D3 D4 D5
Before BR
the (mmol m™* 793.5 758.8 517.9 482.0 641.7 1431.8 1704.9
upwelling d™h
Integrated
60 60 70 70 70 70 70
Depth (m)




Respiration Rate (mmol O, m=3d")

0 4 : : : ‘O* : : ' ‘O* : ' ' ' ‘
] ] ]
R ] ] ]
£ 40 40 40 1
§ ] ] ]
“lA1 "1B1 "1D1
0 : ' 'O ' 'Of ' ' ' ' ' 'O* : : : : ' ‘
1 ] ] |
] ] ] |
g 40 40 40 40 A
fg‘ ] ] ] ]
. o 807:| o
D2 D3 D4 D5
Fig. 3.3.3.20. Vertical profiles of bacterial respiration rate(BR) at different
stations estimated from the oxygen consumption rate in winter,
2008.
@ 2008 FAFAF
2008 7hgo] #=F A $FEFS 3.07~15.3 mmol 02 m™® d7'e WYE, A
<ol 5 guoh GE groew xStk (Fig. 3.3.3.21). &£3Fo] A IEs AL
of nlg] AdFol FAdH, A8E0lY S HH = 43 Al, Bl, DoeE T4 o
g TEFES ¥ #5HAY. 3% ART TEES 363.3~810.8 mmol Oq
m 2 d7'2, 37 D13} D2oA ki, dAckel] 77k A Al Bl, AfZ0] 7R

ol A FH D5elA & EFES HEFITH(Table 3.3.3.8).



Depth (m)

Depth (m)

Fig.

Table 3.3.3.8. Depth integrated bacterial respiration rate(BR)

Respiration Rate (mmol O, m™ d™)

0 5 10 15 20 25 30 0 5 10 15 20 25 300 5 10 15 20 25 30

0 0 0
2 Gl 27

] /] 1
40 40 40

] ] 1
60 60 60

] ]
80 1 80 1 80 1

A1 B1 D1

0 5 10 15 20 25 300 5 10 15 20 25 300 5 10 15 20 25 300 5 10 15 20 25 30
0 0 0 0

I 1 ]
20 20 1 20 20

I
] -
w0 40 1 E 40 40 A
=

] 1 ;
60 60 60 60

]
80 80 80 80

D2 D3 D4 D5

stations estimated from the oxygen consumption rate

2008.

column in fall, 2008

3.3.3.21. Vertical profiles of bacterial respiration rate(BR) at different

in fall,

in the water

Station
Al Bl D1 D2 D3 D4 D5
Before BR
the (mmol m™? 525.9 549.7 363.3 3975 770.4 639.6 810.8
upwelling d™h
Integrated
75 60 75 75 75 75 75
Depth(m)
@ 2010 A AL
2010d oJEo] #=3% F48 $F5FS 1.30~15.3 mmol O, m™° d7'¢ WHYE &



FEoAth(Fig. 3.3.3.22). dAbg%ol ¥&Fs e A4 A9k 44 B &

77k 47 Al3F BlollA =9kar, <dotoA W g8 A3 B3olA WA

SB= g AES 3F5ES AA A39A] 128.7 mmol Oy, m 2 d'®2 713
3.

s
BMW 593.6 mmol O; m? d'& 7}% =4 #==th(Table 3.3.3.9). 4 D

9

[e)

A D4o|A 277.5 mmol O, m 2 d ' & 7}%L ol A A
d'2 713 =4 #3505 (Table 3.3.3.9).

Respiration Rate (mmol O, m3d7)

0 5 10 15 20 25 30 O 5 10 15 20 25 30 O 5 10 15 20 25 30 O 5 10 15 20 25 30
T T T 1 T T T T 1

11— 1 — :
0 o{ ] 0 0
H ]
]
20 - 20 :| 20 - 20 -
= -]
£ 401 40 1 40 40
e
g @ ] ] ]
60 - 60 - 60 - 60 -
80 - 80 - 80 - 80 -
A1 A3 B1 B3
0 5 10 15 20 25 3 0 5 10 15 20 25 300 5 10 15 20 25 30 0 5 10 15 20 25 30
et 5 5 1
0 1 0 0 | 0
] ] |
20 - 20 - 20 1 20 -
1 ] | |
E 40 40 1 40 40
£
g [ ] ] ]
60 - 60 - 60 - 60 -
] ]
80 - 80 - 80 - 80 -
D1 D2 D3 D4

Fig. 3.3.3.22. Vertical profiles of bacterial respiration rate(BR) at different

stations estimated from the oxygen consumption rate in summer,

2010.



Table 3.3.3.9. Depth integrated bacterial respiration rate(BR) in the water

column in summer, 2010

Station
Al A3 Bl B3
Before the BR
) o 1 343.6 128.7 593.6 353.2
upwelling (mmol m “ d™)
Integrated Depth
50 50 60 60
(m)
D1 D2 D3 D4
During the BR
. o 1 297.2 395.0 524.5 277.5
upwelling (mmol m™* d™)

Integrated Depth

70 70 70 70
(m)

(Zh) Btelgjote] &4 o7% 9 ALES

2008 FACl 4 70 m oW BreE ol gAY S FERNFEH AALE vhd o]
Aol AQst A Q7S 491.9-1713.2 mmol C m % d7'9 BX WIS HYO
o, AFEasE> A3 D2A 2.0%= 7Hd =3 473 D49k JH D5ellA 0.5%% 7HE
A UERsTE -, 2010 sHAlel AlAbE dhH Elole] ®AQ PR 157.3-616.2
mmol C m™> d™'¢ ¥ WS ngon AFaLL F A3A 18.2%% 7} ¥
i AR B3eA 3.7%= 7 9A detEth BE ARCA AF a8 B
(0.5-2.0%) Bt} 3A(3.7-18.2%)° £& ++& HJATH(Table 3.3.3.10 & Table
3.3.3.11).

2



Table 3.3.3.10. Bacterial production(BP), Bacterial respiration rates(BR),
Bacterial carbon demand(BCD) and Bacterial growth efficiency

(BGE) in surface seawater (70 m) in winter, 2008

Site BP , BR ‘ BCD ‘ BGE

(mmol C m™?d™") (mmol O; m?d™h (mmol C m™? d™") (%)
Al" 12.6 793.5 806.1 1.6
B1° 9.1 758.8 767.9 1.2
D1 8.5 517.9 526.4 1.6
D2 9.9 482.0 491.9 2.0
D3 12.0 641.7 653.7 1.8
D4 6.6 1431.8 1,438.4 0.5
D5 8.3 1704.9 1,713.2 0.5
£ 60 m

Table 3.3.3.11. Bacterial production(BP), Bacterial respiration rates(BR), Bacterial
carbon demand(BCD) and Bacterial growth efficiency (BGE) in

surface seawater (70 m) in summer, 2010

Site BP BR BCD BGE

(mmol C m™® d™")  (mmol O, m™* d™" (mmol C m™ d™") (%)
Al 49.7 343.6 393.3 12.6
A3’ 28.6 128.7 157.3 18.2
B1™” 22.6 593.6 616.2 3.7
B3™ 17.1 353.2 370.3 4.6
D1 41.9 297.2 339.1 12.4
D2 21.7 395 416.7 5.2
D3 24.7 524.5 549.2 4.5
D4 40.6 277.5 318.1 12.8

* 0 50 m, *+ : 60 m
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Tsk=d 8% 8-S Sk (Azam et al, 1983;
Sherr et al, 1986; Rassoulzadegan et al, 1988; Pierce and Turner, 1992). E3]
A E Holds % &40 TE2 1 e JF dHe E¥AE ATz w
2} W3lst7] Wl (Pace et al, 1990; Weisse et al, 1990) F/ AdASEY £EL =
AutAel ZHIE FHO gk xe FL83% 9dsS vz 4 Y (Rassoulzadegan

and Etienne, 1981).
¥

m Y
iy of\
2 =2
>
QUGS
N e
Mo
2
=
T
)
jmn
)
1]
)
e
Ty
oo e
do 2 S oo

Y,
iy
1o,
a
kel
K-
2
g
z
o
o
o
E .
ﬂ
rr
D)
=2
=
=
re
—u
rr
ul
ol
2
o
Y
o

B A= 20074, 20094, 2010 79~8¥Yel £50] FARE WAL T Qe 27
W 7 oA ZAFE Fg o, 2007Y T 20090 7 Ak A4, 2010d
o= &7] At Tl AE TSI



(East Sea upwelling site)
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Fig. 3.3.3.23. A map of study area.
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A= 500 ml ‘3H—’F*g Lugol's solution 2% HFEEE 10% HA 1A4sF 1, 14%
AaE AR ente] dA8FE #ES 9l Lugol & ¥ AlRE 150 ml 7HA
7bekekAl g % Utermshl chamberE AH§-3le] A= ffM?é(Olympus IX 70) 0.2 %z
St TEFY va BEFE A FHEIY AAERFK 20 m) o] BEHFS detet
7] f18te] 150 ml 9 85 Arsle] SFEEddstol =R AT 1% 71 A 1L
Aot & s Hyste] APARE st P AR 80~120 mb = 0.45 m
nuclepore polycarbonate black filter ¢+ 5 gm nuclepore polycarbonate black filter
& 747} o3}8te] DAPI(Porter and Feig, 1980) % HFE%E 5 g ml ' 7} A 44
¢ & FFdv)7d (Nikon type 104) & AREsto] 5 SIS 233t
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Fig. 3.3.3.24. Vertical distribution of seawater temperature in the study area.
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20077 fGAFEHA F£G ARF Huoe= AREFR 9ste] 60% o) ¢
|5

=

e gQAERo £x AR By 2007d™ SAFSHA Ackg A Al1T A26AE
= = AYgS Btk gy sjdow
T+ =9 254 HusodA 7+ =4
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ARG W AAE 4%
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Fig. 3.3.3.25. Vertical distribution of ciliates and heterotrophic dinoflagellates in

the study area.
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g 20109 R i dATE IuS the ARG 2 59 R
T AESFE vlEo] vlshA EEsth 2y V&L gE A &5 A HolA g
Avto] olahd L5A AN ABEFALY ABFo] k1 AUAY FEF] 2o ¢
Aok Aol Bf AT dRRe 2 2719 $59Y dAREF 2] £7
she Zo® RuHth F5YF SHRFE wHelel va WER, FERY AEF
W, 283 FAAEEA 248, Bid AERSFE oEA A ARG o &
A2 AAE g Atk (Hansen, 1992). 53] $59Y AR FE B i 44 A
EEFAEY AAAREA FQ3 s st Ao=w ¥R o (Levinsen et al,
1999; Strom, 1996), AE&EFAES] BEZFo] w1 & A7 g8 A= @
A AEE] Fast d3s g FoR Ryt Iy B AMA A EEFIES)
AEZ] =dsidE B3t T59Y JHEREDG ARE el 93 =2 =% &+
T mol9] typeol 98 AT W Aoz Abmgrt olg L& A AREPIE
o] BEo] A Uehs At oA F5YY GEERRGE AES Rl o A
ol 9 Eow, AEEFAEY AEF] w2 ToeFddA AV & AESRY
T2 A By o Aupel & At (Yang er al, 2008; &F &, 2009).

AAEL] W2 SfjkolA TE5FSF dBES] AEFS JF54 a s58 =2 A3
7} A5S RAdAtH(Landry et al, 1995; Garrison et al., 1998).

2007 yr 2008 yr 2010 yr
Protozoa & Chl-a Protozoa & Chl-a Protozoa & Chl-a
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<' (3

T 15000 20000 ¢ 15000 *

T 15000 |-

& 10000 10000
g 10000 |
< 5000 y=2911.3x+ 13869 5000 y = 3114.6x + 4033.6| 5000 y=4067.4x + 3580.7
. R*=0.7177 3 o R? = 0.8911 ’ R%=0.8681
0 : : 0 ‘ ‘ : 0 ‘ ‘ ‘
0 2 4 6 0 2 4 6 8 0 1 2 3 4
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Protozoa & Temperature Protozoa & Temperature Protozoa & Temperature
20000 Py 25000 20000 o

_ y=92.476e" = 1217 26001 . y=1936.1e"™

T 15000 | R°=04889 20000 FRe=03634 e, 15000 [ R'=0.1220 & ¢

S 15000 | . A

g 10000 [ i . 10000 -

8 10000 | ot

£ 5000 | 5000 | . ‘P 5000 | P o’

< Y 0:0 'S N

0 0 : : 0 : :
0 10 20 30 0 10 20 30 0 10 20 30
Temperature Temperature Temperature

Fig. 3.3.3.26. Relationship of protozoa abundance with respect to chlorophyll a

concentration and temperature in the study area.
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=
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0.1~0.45 Pg C o2 7 W37 vl Aot Liu er al, 2000; Thomas et al,

2004; Borges et al, 2005; Chen and Borges, 2009).
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Ao webd sl 3R AV Ao, Adidor e =575 7HA (1004
Ho e Aoz F4%E; Min and Warner, 2005; Hahm and Kim, 2008) A]7F4<l
TTEE Zop tiekel A Y ZEAAE AFetr]ed £tk =4 anthropogenic
CO29l =A&% ol (Yamada et al, 2005; Park et al, 2006; Yoo and Park,
2009) af<Fe] ©aedhs ATyl wig AR disFRsoltt. 1y Tl e
—t7] o]AbsterA: wEkke] tfgt A= vl AFA o ® o] Fo]Frh(Oh, 1998; Kang,
1999; Choi et al, 2011). Oh(1998) ¢} Kang(1999)2 Fall2 € sifF—th7] o]
Astet s ndES EY ALY #F Fow RAT v AAAS o] g8 FA
th Choi ef al(2011)2 &3l €58X9 20059 A5 %% L0, TX5 Ryt 3t
€ vk gtk

w BaAeM e Sl &S24 ETAT T L0298 FEE sl 20061 493}
2007¢ 84, 20089 2¢3 109 #5435 A3t 25l L0 w5 27
= o =94, Aesd eas Avra, 4AEY dd-t7] ojitstes weEE

g3t

ol
oy

oL

o LLOzx= COz A&HBF718 a3 F7|= o] Fofxl dFAFAAH S &3l 24 183

o
A 1ARE AR wo Al ASA A" et AAS A2 Shim et
A<

FAREYX = SeaBird CTDE ol &3] #FJ} A+ 542 a B4 Y3 A =
I AZYe] Fa2E 10-L Y27l Q5715 ol g8 oFolth 454 a w4 94l

=] a
9 4= GF/F ZE A (47 mm, Whatman) S o] &3] et 5 AAolx ZHE A
5 Wit ol AdAeA 90% oAM= ZHI YEES 2447 F=38 HY

5 31337] (10—006R, Turner BioSystem)Z ©]&3] =43t}
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Fig. 3.3.4.1. Study area and locations of sampling stations in the East/Japan

Sea.

(W) sF-di7] olatstea weks Ak

MF—th7] AAEE S5 HF—th7] oAt eh wEHFS F =k X 5 X 4029
AE F3l AP AT o71A k"i NALE GG (em h™HolH, si= sfjol gt o]Aatalet
29 238% (mol kg™! , Weiss, 1974), 40O, CO; fugacity®] 3sfeFzt of7]zk
o] zfololt}, wEFFo] oz UEhhs A Yol olatgE s ¥adow &5t

v Agolr, wEgo] Fou yehtes A5 dlfe] olabstetad F4 do® g
3 Aot 5o WE A A k9 BAAL B A ATAFE ozl o
TAet A vlwsr] 98 Wanninkhof(1992) 2] #AA S AL T4 %
—t7] BAWEANA NARTE o= F 240l B AFos #AS73F Fetk o
TFaldel el HFoZ AFEE QuikSCAT £ $5E A3k th(http://podaac.jpl.
nasa.gov).

(3) A3 9 E9

b EZ £0,9 A, ALA A%

vl 2 o] el B5E EFETFe F2 GE, L0, 94 a9 BEE Fig
3.3.4.2°] YERY. #2006 49) o= #Fo] 54 129554 131.557H4 &
el F2 JYeA o]Fo Rt BHFEAYo] Fol RTT=Y A% 9.4~11
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7C, 34.2~34.5 psuZ Aoz F2 WA #AZHA 28Uy B L0
260~356 patm® WHE H2 WS ®WES dERow, dir]e ojitstera gk
(376.6 patm)®th WSkth 300 patm ©Jske] W2 % L0 #S 54 af 5%
7 AdA R FE FlodelA #EEoH, ol 5H 2T L0 AEFol TS

Tetes A yekdh

M
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wn
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iE
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N
[
Y
§S
30
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&)
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e
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=4
ofji
®
@
rlr
30
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o
l
o
o
©

patml 2 B> WEHIE Below, AHAE T M 2 HEHdE KA
O o] W2 (< 33.0 psw) el BF L£OE A
= HQ e oFd dEsds T sz AL 4
ojst o7 AZtHETH(Chang ef al, 2004). #=3S T Ay FEHH IS th7] o]
’3 patm) el vl #E3}F Hol gl Wi, Fot p:

l‘%
wol FHRA EF L0 FFTOIN REFES veha, dokels SEe
ful

K3
>
o
K
%)
o

HE UEbd £¥E Choi er al(2011)¢] 20059 7€ #5AH}Z B

vl Qlth o]52 XIS APSe =2 AETF JFoz s 2 A4y

NME FAORE & 954 a w57 #3539 FAFoAN #SHAT wets A5

o] FAHY W BT LO0E AGTe 52 AEST T s Aoz A7
¥},

74 (2008 109) ol BF5FR2 ofEHT 2F W 20.4~23.8T9 HHE Y

Blon, ESHRS oEH3 fFAFE 32.3~33.6 psud WIS yeEhAo(Fig.

)

ol At dgelM A=HA=, o] s kil 2 o
& FehdFe d¥Fo® HAT(Chang ef al, 2004). 15 LO& AR T 2 W&
298~355 patm RSIE YEH. el A @S A ] olikster A Fk

(376.6 patm) Rt} #A s SIFFHE B #5 ST BSFe
I R, GFELE av THEEY #HE Holv, x5 LO0xe ¥ s et %F
Loz BT W] AAoRE v 954 a w571 54 vepd Atalg oA o4
o= A yEtpth d5dde W2 4% 12 H454 a v 92 25 L0 §
2 AZtE = abe, Zheddds ok 22 o eavt 25 09 #

Zdshe aQlew IA AgetA] fE FoE Bt F4o] & A TH&E
AT Ao 735 4ol oA 5o FAEge] S 2 dAyd e
A BT RS Hole A4F4d 20 melA 7 40 mE SFY ESE 25 9
& gl nlal AbeelA v Zth(Fig. 3.3.4.3). webx] Absf| e %S %5 LO0:
© Y FHETFOR CO2 571 2 ATt 5ol £FHo vehd o »
Itk Shim et al(2007) % sF=e HFaA A2 7t =2 85 L£027F COr w57
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B AZred FAEG 7 Ao Ayt
7L (2008 29) o= EEFL0] 10.1~14.4C=E 7+ vlaf ¢k 10T 7} 29
ov, BEPE-E 34.0~34.4 psuz P HEWCE okt 9k (Fig. 3.3.4.2). ALH %5
T2 7S vl AEd] IS E B8ty %5 LO0x+= 303~372 patmOZE 7}
SAHIN AY ARG BFAGY ALE 1T EFTS 100 mE AT 100 mollA
Aegto] &ibs] Adojwtti(Fig. 3.3.4.3). &gt a1 &3tke] o8 yebd 35 £L£029
Z) B35 gad od UEhdt B3 £0,0 #As AH# How AZHr B
EF L0 o Aol va $4 £33 dolt 21 452 a vEk AuHo
A& BEHde) BA% Fololq BSHYT RS EF L0, IS BHHA s
A3t BEs el ebdiel, o Tl £3F 44 2 vt AUHoR wth
A&d, 2T L0z duizt g5 93 W ZAo=2 Btk
Apr. 2006 Aug. 2007 Oct. 2008 Feb. 2008
(a) =en Temperature Temperature Temperature Temperature lam
r_ , ] i 25
36N — , <
(b) *NTs3finity Salinity
36N . A
34N T T T T
(C) 38N fCO2
’Hm'-
36N -
34N T T T T
(d) **NTChiorophyil a Chiorophyll a Chiorophyll a Chiorophyll a i
[T - * -'._\:g_,l_} +
36N - . 1 ﬂ»"’" . ® e s .
34 -,

’T:ZSE 13[|JE 13[2E 128E 13I0E 13I2E 128E 13T0E 1312E 128E 13I()E 1312E
Fig. 3.3.4.2. Surface distribution of temperature (a), salinity (b), £LO> (c) and
chlorophyll a (d) in April 2006, August 2007, October 2008, and
February 2008.
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Fig. 3.3.4.3. Vertical distributions of density (o ¢) from surface to 150 m—depth

along Line D(37°N) from 130°E to 132°E in April 2006 (a), August

2007 (b), October 2008 (¢) and February 2008 (d).

fLO29 AT 24

=

) E3

2re- WMELS WA (Table 3.3.4.1).

pPSUL

—_—

0

+
oy

‘AO

A

\

I L0

PN
T

ol&

o]t} (Table 3.3.4.1).

4.23% C '(Takahashi er al, 1993)< A}

_Z_O

TH

).

-

09 58, G# FAeAE ebih(Fig. 3.3.4.4

_Z_O

o] AdW-gol sl Websth(Zhai et al, 2005). FEAL 3

Fo}F(Shim et al.,

> 1CO2

3T ==
ar

9

o
o

3

2007).
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Table 3.3.4.1. Seasonal surface water properties of the study area

SST SSS Surface fLOs Chlorophyll a
(C) (psu) (s atm) (pg L7H
Spring 10.73 £ 0.44 34.38 £ 0.08 309.4 £ 29.7 1.15 £ 0.52

Seasons

Summer 23.87 £ 0.93 33.33 £ 0.27 371.5 £ 26.3 0.33 £ 0.24
Autumn 22.26 £ 0.67 33.06 = 0.26 320.3 = 10.5 0.59 * 0.52
Winter 11.90 £ 1.12 34.15 £ 0.11 333.3 = 13.4 0.74 £ 0.52

(a) 450 - I 1 1 I I 1 I | (b) 450 !
400 400
E 350 E 350
2 2
o o
Q 300 3] 300
250 - ® Spring | 250 | ® Spring
2 Summer A Summer
+  Autumn +  Autumn
Winter Winter
200 — T 200 — T
8 12 16 20 24 28 32 33 34 35
SST (°C) SSS (psu)

Fig. 3.3.4.4. Relationships between surface LO; and SST (a) and SSS (b)

during the four seasonal surveys.

2T Lozl HiFt 5 FHEFY & detst] QA 5 HASHEE UrE}
+ PEA (Potential Energy Anomaly, Simpson et al., 1977; Shim et al, 2007)%
AT W PEA @2 5ol Al FREF0] fGA dojde oneith
fLOx= &3 Aol o3t Wsts AAs7] 98l 7= 25T, 982 34 psu=
stttk PEASY NICO» 125 ssre w2 8AAE BElom (Fig. 3.3.4.5), ol&
Lot 5% FAEGe] 9F2 Wee Ueith, B33 489 #5 2e)4 PEAT
Gskow] olgAw 1&H BE RN PEATL %A vpehdch B33 ﬁgx:a_oﬂh s

=

=
o HN o 2 &

r
b

=9 FAEgo] &g AT COy §%7F 2 Eo] %Te TFH & =2
fCOgﬂ' L}EMAI ﬂv}. Shim et al(2007) sz =dlolA 543 7F&H COy %7}
lb Rno o
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600 '
P |
550 -
= 45 ‘NFCO, 1y 5, = -34.7 x PEA + 522
< 500 - ‘\\ (r2=0.78) L
O
< hd ™ . l
% 450 . —
5 ] 28 I
S 400 R
_ B A + L
. BN
® Spring *
350 A Summer = B
4+ Autumn L
Winter
300 T I \ '
0 2 4 6

Pot. Energy Anormaly (V)
Fig. 3.3.4.5. Relationships between the potential energy anomaly (PEA) and the
surface NfCOs 725 sz(normalized £COs to temperature 25C and

salinity 34 psu) for the four seasonal surveys.

Fig. 3.3.4.6°] 43 %52 B35 NCO» 725 s34 FF2 a8 FAAAES Hepulsd,
MUE ARzl RolX ol ARHES AANES Aoyt Fo Axps ohde
Btk ATaodel 2P A oA Ade] wE WHE Ao JehiA ¢
t}(Noh, unpublished data). webA F3 ST A A= FESso] 15 L0z AR
S AA3E= 9 Q9lo] ol

A
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o
o

400

NfCO; 156 534 (Hatm)

300

Fig. 3.3.4.6. Relationship
temperature

for the four

%S Oz 3F-t7]
et al, 2001; Rios et al,
SlRaiacins &

ekl oFdH 4o #e B,
Ao yepgon v Adols wado] 59 o= sife] thr]e] ojqts}ek

| | | |
[ J
— . -
]
o
++ Ty
_ + ++ :': ® Spring
] Summer ||
+ Autumn
Winter
T T T T T T T T
0 04 0.8 1.2 1.6 2
Chlorophyll a (ng/L)

between the surface NfCO» 7125 ss«(normalized COs to
25C and salinity 34 psu) and surface chlorophyll—a

seasonal surveys.

ojxtstRbA W ol felM e dFS W=t (Ishii
2005; Shim et al, 2006). & ATl Fol = | F—th7]
AFelld 712 olatsteas WEshs

TFohe Ao®E UEWtH(Table 3.3.4.2). olAtgt e s F8 A&l 74 oF 3l
2 7P 2 e Ut 25 LO0xv dupkt siF-di7] ojabsteb s wEkge] 93-S
e Aow HAY & AFelA s FEolwFel &% %5 o W3] fst YT
= FRIshA Xk dRtHow FF L0029 AWM FHolFe 7| EE nv| gt
Aoz dHA At (Rios et al, 2005; Shim et al, 2006).
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Table 3.3.4.2. 40, wind speeds and air—sea COs flux of each survey area

during the four seasonal observations

A0y ° Wind Speed " Sea—air CO» Flux °
Seasons 1 9 .

(patm) (m sec ) (mmol m™~° day )
Spring —-62.25 £ 32.39 8.10 = 1.70 —10.439 £ 5.433
Summer 2.51 = 22.07 6.50 £ 2.88 0.258 = 2.294
Autumn —-54.99 £ 9.96 5.31 £ 2.34 —-3.831 £ 0.695
Winter —48.86 £ 13.43 10.32 £ 5.04 —-13.252 £ 3.619

—-6.775 £ 3.460

Annual mean (=2.473 +1.263 mol m 2 yr Y

 Mean A4 fCO» along cruise tracks expressed as mean=*S.D.

® Mean wind speed of study area(35~37.5°N, 129~132°E) from QuikSCAT
satellite data during each observation period expressed as mean=®S.D.

Mean sea—air COs fluxes based on the transfer coefficient by
Wanninkhof(1992) expressed as mean®*S.D. A positive value represents COq
emission from the sea to the atmosphere and a negative value refers to COq

absorption from atmosphere to the sea.

i

o, A2 15520 95, 7FEEY vlus] 2ol W& Hbd ) 25 0.9 Afol=
18 =ZA ¢Ur}(Table 3.3.4.1). o] 93 W& 4.23% C '(Takahashi er al,
1993) % w1 s 4%, 53 A g

Aze
o 28 AsHdde 22 5 &3
X
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BHo|= o]atslels F5#o] 10.4+5.43 mmol m™ ' day '® AFEACH 444
T 7P W3S S0 FHA #5HoH, ol 53 gAY AnE A4 o
2hA, Eé & COz 7% 52 Augdwel s et o= Bzkert. Oh(1998)
7 o SR RAL] Ga] AT Fal @] 49 olibsteAa F%(5.9 mmol

~ day” 1) By A4 ek

AEHo|= Za £EEA7F Y2 0.26£2.29 mmol m™ ! day & oA EAES
WESE vade® FEes Zo® vegon, 2005 8¢ #Fo® A E wde
(0.33£2.48 mmol m™' day )3 5AFECE o]Aksbeka WHEEES Oh(1998) 7 3 &

i 8¢ w=gFo g =438t 71(1.7 mmol m ' day HIE FAFT}

7 A o= o] AtslEr A FH4eFo] 3.8310.70 mmol m ! day 'o® AP HATL} 7S
ok, 7heE obste A SR SE o ARbrbsre]l Au

Folt}(Table 3.3.4.2). ¥

Oh(1998) 9] Fal Fraiadel 10¥ F+% F4#%(2.9 mmol m™ ' day )3}

off

744 & olabsleb A 43 (13.3£3.62 mmol m ' day DY ALHe] ettt
(Table 3.3.4.2). A=d 407} wAdolyt 7h=Heol Blaf w24 vl AH o]4iks}
A FrEel 7PE A dERd ol AEE FHo] vl Ryl wiEolth(Table
3.3.4.2). olAtsteth S F4X = Oh(1998) 9 w3 il 29 F-9% =4
(17.4 mmol m~ ' day ' Zl

ol STEAY A dd-dr] olases wEHeE -25+1.3 mol m’

“(Table 3.3.4.2)% A= em, Oh(l E F8%(-2.2 mol m™? yr*
jﬂr o9 FAFSETE - Aol A ARgsE Azt ojabgter A WS A AT dF
of ojjst %7@%%(—11 mol m™* yr~', Chen and Borges, 2009)¢|t} A Z]:rL 3
(—0.51 mol m™? yr !, Takahashi et a/, 2009) Xt} % =ttt Kim et al(2011) &
Foe HRaede dAzr olatsleb s wEHFHE -2.2+21 mol m 7 yr 2, # AT
3 =AY AR gto R Baskglth webM F3 55 A= Fe et wpEvt
A2 7] olitsterae] dish et Ardor 2§ty U

(
of
—
N—

[‘:1.1_18

off

4) Az

Adel WE Ul Ml BEHow Fal STRAL U7 ol uEwad Y sndo
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Fig. 3.3.4.7. Vertical distributions of temperature(upper left), nitrate(upper
right), silicate (lower left) and phosphate(lower right) from
129.5°E to 130.5°E along 35.5°N during summer 2010.
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Fig. 3.3.4.8. Vertical distributions of DIC in 2009 (Dissolved Inorganic Carbon,
upper left), pH in 2009 (upper right), DIC in 2010 (lower left) and
pH in 2010(ower right) from 129.5°E to 130.5°E along 35.5°N

during summer.
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Fig. 3.3.4.9. Vertical distributions of degree of saturation, aragonite in
2009 (upper left), calcite in 2009 (upper right), aragonite in
2010 (ower left) and calcite in 2010(ower right) from 129.5°E
to 130.5°E along 35.5°N during summer.
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Fig. 3.3.4.10. Vertical profiles of DIC in 2008 (Dissolved Inorganic Carbon, upper
left), pH in 2008 (upper right), DIC in 2010 (ower left) and pH in

2010 (ower right) at 37°N in Ulleung Basin during summer.
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Fig. 3.3.4.11. Vertical profiles of degree of saturation, aragonite in 2008 (upper
left), calcite in 2008 (upper right), aragonite in 2010 (lower left)
and calcite in 2010 (ower right) at 37°N in Ulleung Basin during

summer.
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Fig. 3.3.4.12. Vertical distributions of estimates of degree of saturation, aragonite
in 2050 (upper left), calcite in 2050 (upper right), aragonite in

2100 (lower left) and calcite in 2100 (lower right) by A1B scenario.
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7t A&
At A= ARG EY o] 5o F7tE o]AakstEr A WS FoFo] F b A LpERLE
= ‘?ﬂﬁ}ii a9kl carbonate buffer system= %3+ pHO ZHAZE onu|dhy, sk 3

=0 tiaket Aol JdFS vFA AoR AAXIY(Doney et al, 2009). 3%kl
H omi}ﬂ* =2 1880 HH 2000974 ok 32%7F F7Feki o™ 2100W el

750014 1000 ppm7tA =718 R oz o == (IPCC, 2007). a5 = o)Ager A =
Lo Uk s pHE #HAaAFo=ZA it stE o7l dlok A st alef
_L;_O_

e A, ARt oyl A EetA nkgo] JFS mFoEZN FHAL Vs
HSA| A Ao T o AXM, HEo] o]of] gt Ag=o] wig &s] 3 Fo|th(Balch
et al., 2007; Zondervan, 2007; Hurd et al, 2009). 181} o}& 1 W39 A7

T st = W SFg4go] & AAolth 53] Y A sl ot

AT AT AV)7re] wekS =3 mesocosm Aol HjokA oA AlF o]

(G

"
%
e o —
Nt 2 of N2

govl, ol AREFAE P thyel wA 2 W w AT AT
Gl Wl Atk web B ATelai A% mma e Az ek A
1AA e

AR 2 P
(1) 5 AR @ 28 A

A8S 93 4 AlEE 20109 10€ 8Y e A+ (37° 47 11'N, 128° 58
47'E) el AFHE A 5o 2 20.4T, FES 30.7 psudth & 4709 20 liter
Y 7FR Mol E Z}2e] Wol| AAAE A1 A 8k7] A8l 200 m mesh® o 3sk AR el
1.2, GF/F& o3%s 23 3l 6@9} GF/FZ o#g 50 m 34 205 Ho] 1¥
3.4.1.13% o] wiFstoith. olw) JFA Alghel] gt *31194 A& #Hastatr] 98] i
S AF9] olFsFE o] &3t ﬂﬁ} wjoFstith & 719 20W FHS5E ol %
sto] 11:13(3/9h 9 & =3 olA vig=
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Cco, CO,
Thermostatic Thermostatic
Circulator Circulator

Fig. 3.4.1.1. A picture showing incubation sets for a manipulation experiment.
(2) 54 &= 9 subsampling

Zb Algell el pH, 154 a, pCOy, A=&" e /AT 2 A4 F3E5 S48
o FAlo] FIRe(Fluorescence Induction and Relaxation) & ©¢]&3Fo] HFEALS
ZAFEFA T AlEE WleF AlF o blZ TO AlEE subsamplest3l o, AP &
mhet 3 = olE FHA S ®E subsamplestSlTt.

pH+ pH sensor(InLab Expert Pro, Mettler) & ©]&3}%] =433
°F 200~300 ml& GF/F o3A]o] o373te] 90% acetone S 2443+
3t & Turner fluorometer(AU10) S 2 dHJHFS A &
(Parsons ef al, 1984). AEZHIAE NMAF FHS I A5E 30 mls FHdl I
EEdHstol =g FFEE AU =(HEEE 1%9 0.05%) 5 EFF ngfor 1

2+7} 0.2 i 0.4 pm Nuclepore black o ¥A]of o 3}35le] Lol =5 59
Y HTAsR o, FFHv) 7 (Nikon 80i) &% cyanobacteria, picoeukaryotes,
diatom %! autoflagellateE AF=3F3th. pCO2 4 S —.45} AlZE 250 ml HDPE W
Aol 7ol WA @Al NEE 2AAHA ¥ §F HeClhz st ¥ Hust
o™ DIC analyzer2} COs coulometers ©]&3lo] SA3stc) A EZHIES] AL
=

M= Zapata et al(2000) 9 Wylef w2} HPLC(LC—10A system, Shimadzu) & ©]

m-l (
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2 Y EA BXLS subsamplingdt lFE 2 A 522 )

% &
LolA] 2027 Qrulket F, FIRed o] &ako] Zgalolnt,

o2
ot

oF o 7ke] ujokAlZE =<k 750 ppme CO.E FY3t AlZoA pHE 8.09°A

7.857HA] A&EA o7 FHAaER o, ¥UE FYT ARl E 8.0994 8.5474A4 A&

Ao F71stA ok (Fig. 3.4.1.2). pCO% pHo= W E A FARSE Aoz W3s

o], 750 ppm? CO:E FY3g A=A+ 680 ppm7HA F7Fek whA £

A BolM= 122 ppmZbA ZAstdtH(Fig. 3.4.1.2). 38, $£2& &9 Alg9 1¥X
=

o2 A5 Afole] pH % pCOy &%+ WAlZ fFAFSF T

8.6 800
) _—8
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o4 _ 600 = ==
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T2/ o400 o~
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Fig. 3.4.1.2. pH and pCOs variations in each sample during incubation.
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Fig. 3.4.1.3. Chlorophyll a and pCOs variations in each sample during incubation.

>,
il
oL
r
Jfu
Px
N
1o
off
bt
rlr
P
~
=2
=
i{
T
(0]
6 >
ol
2
o
i
.%
Do
o
ol
=2
O
&
ﬂllﬂl
N
o
=

= T
Th EgE TOAA S Als Fhell ©F 0.174A19] Bl & zpo|7F yYepskedl, 7] 7=
o] F7kek COz9l Fdeoll 93] AEZEHAE] F3d agol g w=3 UgsiA W
S = AARSETE ey T3l #he] zkelE A9t AR Fhel] A
Fv/Fme] ztol= yEptA] 9okt

ek ek 78 AEEZFAE 25 MAGTE v A Mgstglov, I S
gEe wEl oh ZolE BAT(Fig. 3.4.1.4). Aoyt glol= wjek Alzte] whel o
A2 Fashe &S deRdQleh oel, COp sE8 &8 BF S7HA17 AlRA o
e =

Algel] Ble =S BEe dEglon, T3 ol %= pH7}

flo

MATE el e Mg E2 wF 2716 o4 F7ksturr 2

A
UERR A RE, AR 3bel FER g2 A Rkt 2o VA E dAlR S

N
-

ol
L

Rom, L SV AR COE 7R AlBdA WAl S77F 1984 32
Alge] vls A veRskth B CO9b FEs B SRR AlRelA TP =8 A
/b Hol 7 A A A8 (synergy) ol YWERRTE A AEFE TIZHA EE
Algoll A A7 S7kekl o™, COxs 7M1 AlRelA ta ¥ F o] ettt
Ty ol F fadts Aol dEbst e, Alg gl FERE Aol yEhA] gkt

- 126 —



50000 — 4000 —
bl 1 E —(O— insity
£ 40000 @ —@— 750 ppm CO,
o 4 2 3000 ;
© 1 2 —(O— in sifu+4eC
< 30000 = —@— 750 ppm + 4C
2 1 2 2000
3 -3
G 20000 — la
3 1 g
8 3 1000
£ 10000 | 2
0 T T T T T T 1 1] T T T T ]
0 40 80 120 160 200 0 40 .BD 120 160 200
Time (hours) Time (hours)
4000 4000
i . o —O— insiu
& et E —@— 750ppm CO,
'E 3000 Vl \ = 3000 —C— in situ+deC
K] 4 A ) —@— 750ppm+ 4oC
8 3
£ 2000 < 2000
1] o
g )
T 1000 < 1000 — .
o o ot
) 2 L S o
0 T \ — 0 L T s |
0 40 80 120 160 200 0 40 _BO 120 160 200
Time (hours) Time (hours)

Fig. 3.4.1.4. Abundance changes of phytoplankton groups in each treatment

during incubation.
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Fig. 3.4.1.5. Changes of pigment concentrations 1in each treatment during

incubation.

AAZ ookst 25 WNoFA (Asterionella glacialis, Thalassiosira punctigera,
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AR 2 719WE FAAPCCO) Y 44 H 1A (2007) A F-=dsto] e 7|9 4
AW A AFAog dojity 9o, o He ¢ AsE HoT =3t Q)
t}. o]8]3t 713 W3t= ks Ao el Wl ¥ ooty ZHIE 59 FF9 et

1

1008 o 34 25& 1~4TC AL S71E Aoz o538 (Bopp et al, 2001;
Alley et al, 2007), t7]9 pCOz T A EY o]dHH 280 ppmellA 380 ppm
o F7FEIGl e, &5 100 Fel= 700 ppm & 3} & Ao S5k Sl

2 At
(Alley et al, 2007). S7bHs 2Rt AEIHAES] 4 9T A4

(Eppely, 1972), A=E3aE3 259 ZAAQ 855 Alolo] a4 w7
HP A =% th(Rose and Caron, 2007). T3t F71H pCOr 5+ HEZHIAE
o] FFAEF 23} (calcification) o] FTFE VA, AEZHAE] F A ° i

AAFTEY HEGINE 9IS vt (Feng ef al, 2008; Hare et al, 2007; Rose
et al, 2009). A& TFAES] dFE 9 FFI Wgel o =2 ¥ pCOz =
EA STt diE A4 A=EHAEY WY Ade Fste] olv BRuHitk(Fu et
al, 2007; Feng et al, 2007). X3t North Atlantic F4 HFA3A| 7] & W
pCO: &% F7ld wWE FRrddesse wsol st da-s°] HT el
continuous culture system(Ecostat) & &3] AF-E 0w, A3 4 dd5E

o W $& W pCO; F7b wet ARA o AA WL ] mrks 15

Hol Al AEZFAES] FATFZ ) JFS ¥ AoE R Att(Rose et
al, 2009). #< Kim et al(2010)2 tx279 &2 % pCO; & wAlel S7HAZ1 w|
AFF HEt] pCOE T7HAZ] WAFFAA ¢ =2 dAFES] AEFS Hsh

p

RTE ESE V]Ee] AT Ao gstd dlg A stel wE CO» s8] FUhe free
living vtelgobe] ABateel A J3FS T4 EAT attached HlEﬂ?/loP A S S
Al71™ (Grossart et al, 2006), &< Arsol s vregote] & W Aikg o 7}
= gl e A8 FUIRAE COp & ABsE Y=g 7H5E A7 H
Jeto] A& FHE Vea FIAIAA ortsterATE Y] F
A & F des Baskit(Hoppe et al, 2009).
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SRS W, sl AEAE TS AN ELHES] Wl diste] Astar
A slom, &5 olgdt dig o] gsto] TSt mE gl AHAE A7) A5t
o 71x AR 2A FEstaAk AT

U 23 34

A2 F 33 AA FHENCH, A At BT gE Aste] ¥

A A (microcosm) 28-S 38t th(Fig. 3.4.2.1; Table 3.4.2.1). 33| AA <
)

P9 A 23S 14 Al @A A ge) AT (10 ppm) 3749 ol bste 5
%7F S7hE AYT(720 ppm) 3AE bAoA 99 Fek YL sk

Fig. 3.4.2.1. The microcosm features using the experiments.

2zF A7lel= @A AA AH gEZF(7E1C) 2708 Feo] ZvbE Ad(11+
1C) 2702 y¥Hold 119 FoF A a3t 33 Al7]d= o
A zA wE dxz+ 2 28-S ol €3ty 139 Fob AT
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Table 3.4.2.1. Experimental condition of microcosms during the study periods

12 PR 331
(200949 49) (2010 449) (20109 11¢)
Ambient ) . .
18£1C, 410 ppm 71T, 380 ppm 15£1C, 430 ppm
(or present)
High temperature 11£17C, 380 ppm 18=17C, 430 ppm
High CO. 18£1C, 720 ppm 15£1TC, 1100 ppm
High temp. & COq 18=17C, 1100 ppm

8715t 54E pCO; sEE x7)Ekel nlste] Azte] A4S FahEe
NS HPOHW, TrAEE EFL X+ (present) & 23T (High COo) oA FAFSE ok
< BT (Fig. 3.4.2.2). o]g} & AEHAQ A4 el AEEFAE g o)itkst
B F50 AnEA AzdEn

800

600’—’\./'\.—\\’/.
M

400 |

PCO2 (ppm)

200

0

T0 T 12 T3 T4 15 T6 T7 T8

—o— Present —o— High CO2

Fig. 3.4.2.2. pCO2 concentration in the control and high COs microcosms during

the study period(lst experiment).

Ats

4 a gk el Aztel wEh A SR FUF S Bolvrl 64 A N-H

Faeks e Belom, FHol 13 ug/L 7h4] F7Fsk ok (Fig. 3.4.2.3).
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Fig. 3.4.2.3. Chlorophyll—a concentration in the control and high COZ2 microcosms

during the study period(lst experiment).
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Bacterial cell numbers
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Fig. 3.4.2.4. Bacterial abundance and production in the control and high CO,

microcosms during the study period(lst experiment).
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Ciliates
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Fig. 3.4.2.5. Abundance of heterotrophic protozoa community in the control and

high CO2 microcosms during the study period(lst experiment).
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(2) F=F57kl wE v E vk 22k A9

5UAFol PB4 a9 Hulghe Holt AOo® UEhth(Fig. 3.4.2.6). Wb Q=4 4

FEE S S weh 4ol §S was AgH: Ao gz

710

—

> 60
2 50
§' 40
© 30
= 20 f
(@) 10

0 Le—e——se

0 ™ T2 T3 T4 T5 T6 T7 T8 T9 T10

—o— Present —o— High Temp.

Fig. 3.4.2.6. Chlorophyll—a concentration in the control and high temp. microcosms

during the study period(2nd experiment).

22} mol A= FFoNA HhE ol AT AakE o] WsteE gz st AT
NN 771 g e BEth(Fig. 3.4.2.7). vtelgote] A% 9 AAHLS 2 7
AN AHHOR Frhshes S Bilow, dixTel vt #2357 AT el
A FHd 2.58 o] A UErEth ol 2 A d54 a2 vEY FX Y=
A #Eo] gl Foz FPEh 2o AqkrEoeA whElElol: bottom up (YU
), top down(A9] EAAH) 2 Eg#Ql Q9 (F2, 98, gx) 5o i AA JFS
W= ZAoR Hastal glom, 53] stAle] wEEletd] He AEY W AYAHS =L
F2o felo] = Aoz FAHHT vk w2 Aol ureglel AEH 9 A
A AEEFAE g8 FEHE A7IERTE ES o o8 o A wkS s
T A0E AZtET B £ T7F Aol TIRE e ot AEZo] Ay
Aerole Esta ik o] A el A o] AZIFE o A9 WAl 22
Apel elsto] kg WG] Wil Ao ® AbmETh
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Bacterial cell numbers
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Fig. 3.4.2.7. Bacterial abundance and production in the control and high temp.

microcosms during the study period(2nd experiment).
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Ciliates
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Fig. 3.4.2.8. Abundance of heterotrophic protozoa community in the control and

high temp. microcosms during the study period(2nd experiment).
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32 A 7175t olAtsleAE T WMEles xR ToA s & WIES Holx ¢gtd
i o] o]Alslers 7 A F M= ANFEH 02 Tarsttrt AEEFAES] AEZO]
Hasts AI7IHH gAh S7Meke S 2Av(Fig. 3.4.2.9)
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—e— High CO2 ---@-- Green house

Fig. 3.4.2.9. pCOs concentration in the control, high CO, , high temp and greenhouse

microcosms during the study period(3rd experiment).
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Fig. 3.4.2.10. Chlorophyll—a concentrations in the control, high COs, high temp.

and greenhouse microcosms during the study period(3rd experiment).

dheglop A 7F mlolaRsE ¥R 7] o s BAvh(Fig. 3.4.2.11).
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Fig. 3.4.2.11. Bacterial production in the control, high CO, high temp. and greenhouse

microcosms during the study period(3rd experiment).
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S 24 FBL W Zolth webd whHel e FFHORE TASSA A
oA A ot WAV 9 B 4 AFTEE 2 AolF nmold S 2

S 2 Ersk.

3 A7t F R AT ES ARTF THIY JHEF osto] ¢4 34
o, F IF°l ZHd uwet 77l gE wegS Hole Zo®E  yEyTH(Fig.
3.4.2.12).
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Fig. 3.4.2.12. Abundance of heterotrophic protozoa in the control, high CO., high
temp. and greenhouse microcosms during the study period(3rd

experiment).
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Table 3.4.2.2. Response of microorganism biomass according to each experiment
conditions during the study periods. + 1s positive response, — 1S

negative response, A is different of response time

Heterotrophic protozoa

Conditions Chlorophyll—a Bacteria

Ciliates HDF
High CO2 + - - -
High temperature A + + A
Greenhouse + + A +
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HrEddor nAT § 4o F3HE (%) S ARt dE, EEE e7n EHe
FZ Bgow uAT F, 24430 A F 1A 2% FAEELHOR Ao, &
HevBow B deE St F9E AT 5, £3H AFoR itsint
T AAY dae & Aty 9 F3ks das sAFeR AT dd A I
At skt

ATt 7k o AAre ) BEs A BEE ¥ e Kruskal—-Wallis testE 3 ©
W, FoAdo] g dokE A F AFF7Ee] ¥+ Mann—Whitney test®
e

A AEES] FASE WMES AEE Arcsinel® W3k

of
ol
-
&

Fig. 3.4.3.1. Major components in the experiment of effects of temperature and

COs on copepod reproduction.

Table 3.4.3.1. Two treatments of temperature and pCO: in the Experiment I

Treatment Temp.(TC) pCO2(ppm) Label Replicate
Ambient (Control) 17 400 C 3
High pCO2 17 1200 T 5

Table 3.4.3.2. Three treatments temperature and pCO:z in the Experiment II

Treatment Temp.(T) pCO2(ppm) Label Replicate
Ambient (Control) 8 400 C 3
High pCOZ2 8 800—-2700 T 3
High pCO2+High Temp. 12 800—2700 T 3
(Greenhouse)
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Table 3.4.3.3. Four treatments temperature and pCOs in the Experiment III

Treatment Temp.(T) pCO2(ppm) Label Replicate
Ambient (Control) 8 300 C 3
High pCO2 8 750 T 3
High Temp. 12 300 C' 3
High pCO2+High Temp. 12 750 T 3
(Greenhouse)
o 2%
(D A1

20099 6€ 8% ofabwtelAl At @7} Calanus sinicus®] ©JAtsters F7}o
o Gt 4 A & ¥akg weS B9 (Fig. 3.4.3.2), 49A7HA] AbdstA] gtk
7} 544 thZF(control) & A E T (treatment) Z+2F & 7)o wieFoA A Abgts)
FoFE T & ABAELE xFo)M 3.6 eggs/female/day, A¥TollA 2.0 eggs/female
/day). -+ ZF3te] FAARL Aol HSE F Ao Y 7 AFelA Atdd &8 BT
100% H-3s}sto] 173t naupliis

Q7R+ 59 EoF weks J218t A2 A 9 (fecal
pellet) & AAbsialnt. 7z A e 2479 9 *ﬁ’&g—%’% T s el ek Apolrb gl
109 (p>0.05; Fig. 3.4.3.4 9% T8), 54319 Ao £ AYAd dix7olA 0.41
rg C/female/day®] i, A3 oA 0.53 pg C/female/day 24 A3 oA tha =9
o F IF el zbol YIATHP>0.05; Fig. 3.4.3.4 @B8% 7). wEbA 279
T A (s AAEY AR AR)2 o]abstE A s% 1,200 ppmelA o 2T
o} o e X}O] EO]X] oFokt.

o
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Fig. 3.4.3.2. Variation of egg production rate in control and experimental groups
for 5 days and comparison of mean egg production rate between

both groups in the Experiment I.

Fig. 3.4.3.3. Copepod Calanus sinicus eggs, nauplii and fecal pellets produced in

control and experimental groups during the Experiment I.
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Fig. 3.4.3.6. Variations of egg production rate(EPR) in control(C) and two
experimental (T and T') groups in the Experiment II. In the two
experimental groups, pCOZ concentration was shifted from 800

ppm to 2700 ppm at 4th day.
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days (right panel) among control(C) and two experimental(T and

T') groups in the Experiment II.
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2 Q5 =

H2 QuestFish, 92 Zglejo] ®dl 1= NCAR-CCSM E#l, 59 =t
FA A4 COSMOS Fol offl A A8 Edle] %<l o o]tk (Steinacher
et al, 2010). AF A28 B2 oA 7tx] FZHTHA o

AAdE o] G374 Wate] wE =

2 3 3
2 AHE AAE 2kd B REATE 0% AAA 9o} o] Roks A AANOR
27 Aeetn 2 5 o 2EH0R A F-sdes-AuAs Ad5] daas
e meo] Aslolol drk AHA mRe S4e FoAnn Fxel s Aygwc
Qe B FxE AT BAd met wed S O S Bged SR o
B AT abEoR 7719 A4 HER) S A A Ree PESGoY 3
dol 1 FEE Bl @ olth A9 B3 Fuste] Rl AgE 4
B mo] el Aakal shokd WFL A A

t}. PISCES model

PISCES (Pelagic Iteraction Scheme for Carbon and Ecosystem Studies) X2
1997d el @<= NPDZ RE2 (P3ZD) A8tk Al A= dabdshdel @<
g T2 AFsoy a% ol W @Fe AX @A PISCESEHC] H3lt
(Aumont et al, 2003). dFwF ZdS OPAT Y 71X 3Ry} Agso] gtk

i Al 02/C/N/P 14 vl&S 7Hgsith. wi7is = shvel 14
Folx Qlom ndFxE oz Hdud 4 gluE Ho gty B
= At (Fig. 4.1.1). o] Rde 7|E Fxo] AA3 WAL 7lsle] =29
T-of AF&5 3 th(Le Buitenhuis et al, 2006).
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t}. NEMURO &4

NEMURO+= PICES CCCC(North Pacific Marine Science Organization, Climate
Change and Carrying Capacity program) oA 7Bst AejA B2z 7] ste] o3k
AENA ®iskE oS8tr] flst o2 mtEo Xt (Kishi er al, 2007). WeEbA] 34919
F=98 724 HIE G e Hacke] AHRsE AAska vk 71Ee] A
A o] w3k NPZDO +x2E 7Fd Wi NEMURO+: 2 139 AEZHIE, 3
%0 FEEFAES AL o daR 4t FAE uF3 Jvh(Fig. 4.1.2).
NEMURO E&e 7]#2A 0% 519 g REoAT o5 49 dS+=29 457
Aatel ofFol AFAY olF& JNE7INE R d(Individual-based Model) & ThF+=
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2}. QUEST-FISH

QUEST-FISHE 9=¢ NERC(Natural Environment Research council),
WorldFish Center (WF), PML (Plymouth Marine Laboratory)©] #&°=Z X3}
ZzAEolty, QUEST-FISH= 7]5-®3te] sl wjefe] o FAite]l A 7-4 F-RofA
ol dedAE oSete Ae FRE st vt 53] AdEwol os JEFe] 7t
sk 715Hste] dFel xAe st Qv Aol Frojsk= 7] PML, The
National Oceanography Centre Liverpool(NOCL), The Universities of East Anglia
(UEA), Plymouth(UoP) and Portsmouth(UP), The Centre for the Environment,
Fisheries and Aquaculture Science(CEFAS), WF %°] gt} o] ZZAEE=
2007-20107]%F <t A= ofA zkm A o] WEE L gl

o] ZRAEE= 471 REE o|FolA qth. BE 1< E3/4E AHA Rd=E V)%
st gl A Wste] og 7|2 23] WistE o Seke Aolth o] BEE
GCOMS (Global Coastal—Ocean Modelling System)E 7]WFo 2 3}l Qlt}. GCOMS
IPCC—AR4 AlYel e &5 ol&sto] 37, dA, wdzde] stao] &el-7]4e73d 9
st2 Ad/oASen. 53] dA, 45, dF-dss wh, vg, skl #9 52 ¥s
of thst 7122284 e =S vFA v A AA Y BEA T 10719
LME®] dia] 28-S st k. GCOMSE 1/10° 9 sidgoz A AA k-
g AejAE thdez sta lom =M, A stdgy 7, &5, dd-dse ws
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Schematic map showing the regions simulated by GCOMS

Fig. 4.1.3. Model domain of GCOM.
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Fig. 4.1.4. Model structure of ERSEM.
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A 2dl Fx= og 71X 2 2dS vlwsted 2AY 4 9th(Steinacher er al,
2010).
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o] F7F 10~40707kA] EouAl "} o] RAEL AEZFAES 279 Ve A7)
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S ] Adgto] F AN SHERFE tE AL IFAA st
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Fo Axger wdlo] FQeltty F435Fa ©]E Dynamic Green Ocean Models
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etk ol ZF 7154 aFel wet AAEEHE o] Db 2R (Maclntyre et al,
2002; Falkowski et al, 2003), Aststd A4S &3] BAlstz] fsire 7164

du= BEd gxof BAFe® vidsty] 918 Zlojth Le Quéré er al(2005)°] tar
HEEFAEY J)5H 1FS EvlA ABEFAE, AanPA, A8 A4, DMS
AL, sk A 7egel
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ol thst 57 Fato] wisfHe] =9
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=3] g =] Atk (Fig. 4.1.8).
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(carbonate concentration mechanism)-& 2zt%] ¢
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FaEo] =4 B AR 9Fs He 7 Ae @diel ol
1990). webd Hurd ef al(2009)2 &% HCYNaHCOsE H7pgo =X AF 7
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Abstract This study investigated the organic carbon
accumulation rates (OCARs) and sulfate reduction rates
(SRRs) in slope and basin sediments of the Ulleung Basin,
East/Japan Sea. These sediments have high organic con-
tents at depths greater than 2,000 my; this is rare for deep-sea
sediments, except for those of the Black Sea and Chilean
upwelling regions. The mean organic carbon to total nitrogen
molar ratio was estimated to be 6.98 in the Ulleung Basin
sediments, indicating that the organic matter is predomi-
nantly of marine origin. Strong organic carbon enrichment in
the Ulleung Basin appears to result from high export
production, and low dilution by inputs of terrestrial materials
and calcium carbonate. Apparent sedimentation rates,
calculated primarily from excess 2!°Pb distribution below
the zone of sediment mixing, varied from 0.033 to
0.116 cm year ', agreeing well with previous results for
the basin. OCARSs fluctuated strongly in the range of 2.06—
125 g Cm ? year ', these rates being four times higher at
the slope sites than at the basin sites. Within the top 15 cm
of the sediment, the integrated SRRs ranged from 0.72 to
1.89 mmol m > day ', with rates approximately twice as
high in the slope areas as in the basin areas. SRR values
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were consistently higher in areas of high sedimentation and
of high organic carbon accumulation, correlating well with
apparent sedimentation rates and OCARs. The sulfate
reduction rates recorded in the basin and slope sediments
of the Ulleung Basin are higher than those reported for
other parts of the world, with the exception of the Peruvian
and Chilean upwelling regions. This is consistent with the
high organic carbon contents of surface sediments of the
Ulleung Basin, suggesting enhanced organic matter fluxes.

Introduction

In a marine benthic environments, interactions between
sediments and water play a fundamental role in the
biogeochemical cycling of elements. One important reaction
is the mineralization of organic matter during early diagen-
esis, oceurring primarily through biological processes.
Organic matter is oxidized by the oxidant yielding the
greatest free energy change per mole of organic carbon
oxidized (Froelich et al. 1979; Berner 1980). Most organic
mafter is mineralized in the uppermost sediment layer, with
oxygen, nitrate, Mn-oxide, Fe-oxide, or sulfate acting as
electron acceptors. Oxic respiration and sulfate reduction
account for roughly half of the total organic matter
decomposition in most continental margin sediments, with
nitrate and metal oxide reductions playing only minor roles
(Jorgensen 1982; Slomp et al. 1997).

In deep-sea sediments where organic matter input is low,
oxygen may diffuse down several centimeters, making
aerobic decomposition the primary reaction (Reimers and
Smith 1986; Jahnke et al. 1989). Nitrate reduction is
minimal because of the low concentration of nitrate in the
overlying water and porewater (Bender and Heggie 1984).
Sulfate concentration is generally high (about 30 mM) in
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ARTICLE INFO ABSTRACT

Available online 4 April 2008 We synthesize infermaticn on changes in ecosystems of the North Pacific at seasenal, interannual, and
event time scales. Three approaches are used to cope with inadequate temporal, spatial and trophic res-

Keywords: olution in generating this synthesis. First, we use highly spatially and temporally resolved data on phys-

Nerth Pacific ical forcing and chlorophyll (SeaWiFS data from 1998 to 2005) to describe basin-wide spatial patterns

Phytoplankten and seasonal to interannual time scales. The second approach is to compare time series of zooplankton

Zooplankten bicmass
Seasonal cycle
Interannual variation
Event scale impacts

at selected spatial sites at which sampling resolution is sufficient to describe seasonal biomassjabun-
dance patterns, and where multiple years of data exist to examine interannual variability. The third
approach is to infer trophic relationships, and broaden the first two approaches to higher trophic levels,
by examining the impacts of several event scale phenomena on many trophic levels, but only over a
rather limited geographic region.
The 8 years of satellite chlorophyll data clearly show that interannually persistent seasonal patterns exist
in most regions in the North Pacific, even in the tropical waters. From frequency analysis (Lomb period-
ograms), the annual cycle was the strongest in most regions, but in the tropics and eastern boundary cur-
rent regions, periods greater than 1 year were significant. In mid- to high-latitude regions, periods of less
than 1 year were also significant in addition to the annual period indicating double peaks with varying
intervals. Seasonal progression of the timing of annual peak chlorophyll concentration in the North Paci-
fic showed a different pattern compared with the Atlantic or [ndian Ocean, largely due to the presence of
the subarctic high nutrient-low chlorophyll (HNLC) and equatorial upwelling regions, which had later
phytoplankten blooms than would have been predicted based on a simple equatorial to pole progression
of bloom timing. Seasonal cycles in zooplankton were more or less synchronized (concomitant with or
slightly lagged) with those of phytoplankton with a few exceptions. Exceptions occur in the Eastern Sub-
arctic Gyre where annual peaks of chlorephyll occur in autumn, after the peak in zooplankton biomass.
Interannual variation of annually averaged chlorophyll in 30 regions show three patterns, one positively
related to El Nifio, one negatively related to El Nifio, and one with longer-scale variation, possibly related
to climate regimes. Nine regions did not match any of the three patterns. Interannual variation in zoo-
plankton abundance/biomass from selected regions indicates that El Nifio may be the major source of
interannual variability with its effects modulated by longer-scale variation, such as by the Pacific Decadal
Oscillation. Two well-documented environmental events in the Nerthern Califernia Current, in 2002 and
2005, exemplify how short-term disruption in atmospheric forcing causes changes in ocean hydrography
and circulation that has significant impacts on primary production and ripple effects throughout multiple
trophic levels of the ecosystem. We conclude that a closer look at the data often yields interesting results
that might not necessarily be gained by considering the broad generalizations. Specifically, we cbserve
that shert-term disruptions of the ecosystem at the primary producer level may impact higher trophic
levels in nonlinear ways that lead to unpredictable impacts when one considers the entire food chain.
®© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

o Gotrespoiding ot As the sun moves seasonally across the equator, solstice to sol-

Euiait addiess: sjyoo@;kordi.re.kr (S. Yoo). stice, the upper mixed layer in the ocean shoals and deepens. The
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Enhanced phytoplankton and bacterioplankton
production coupled to coastal upwelling and an
anticyclonic eddy in the Ulleung basin, East Sea
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ABSTRACT: We investigated the biomass and production rates of microorganisms associated with
coastal upwelling and the anticyclonic Ulleung warm eddy (UWE) of the Ulleung basin in the East
Sea. Shipboard observations revealed that depth-integrated phytoplankton biomass and production
were higher in the moderately stratified ring of the UWE than in the vertically well-mixed eddy core
or in the stratified region outside of the eddy in the Ulleung basin. Similarly, heterotrophic bacterial
production was higher in the eddy ring than in the eddy core or outside of the eddy. Bacterial biomass
in the highly productive eddy ring showed little difference compared to the bacterial biomass of the
core site due to the impact of grazing by heterotrophic protozoa. Satellite imagery and diatom spe-
cies composition data in conjunction with physico-chemical parameters demonstrated that wind-
driven coastal upwelling in the southeast of Korea was largely responsible for the phytoplankton
bloom and enhanced bacterial production along the UWE. Overall, the results indicated that the
UWE entrained highly productive upwelling coastal waters and delivered enhanced microbial bio-
mass and production into the central Ulleung basin. The results further implied that the UWE and the
subsequent effect on vertical particulate carbon flux may play a significant role in stimulating ben-
thic respiration and in sequestering organic carbon produced by coastal upwelling down into the
deep Ulleung basin.

KEY WORDS: Bacterioplankton - Phytoplankton - Upwelling - Eddy - Ulleung basin - East Sea
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INTRODUCTION

Planktonic microorganisms such as phytoplankton,
heterotrophic prokaryotes (hereafter bacteria as a tra-
ditional ecological term), and protozoa are significant
biological components that control biogeochemical C
cycles in the water column and affect global environ-
mental changes (Azam et al. 1983, Karl 1999, del Gior-
gio & Williams 2005). Varlations in plankton commu-
nity structure also determine vertical particulate C
flux, thereby controlling the significance of biological
pumps (Boyd & Newton 1995). Therefore, it is essential
to measure microbiological parameters such as bio-
mass, production, respiration, and community struc-

*Corresponding author. Email: sjyco@kordire.kr

ture in order to evaluate the role of oceans in regulat-
ing global C cycles. A better understanding of the
importance of microbiological components in C cycles
requires detailed information on the distribution and
production of microorganisms coupled to dominant
physical processes.

The East Sea is an almost completely enclosed mar-
ginal sea surrounded by Korea, Japan, and Russia in
the northwestern Pacific (Fig. 1), and consists of 3
major deep basins: the Japan, Yamato, and Ulleung
basins. The Ulleung basin (UB) is located in the south-
western region of the East Sea (Fig. 1). The major pre-
vailing current in the UB is the Tsushima Warm Cur-
rent (TWC), a branch of the Kuroshio. The anticyclonic

© Inter-Research 2009 - www.int-res.com
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Pelagibius litoralis gen. nov., sp. nov., a marine
bacterium in the family Rhodospirillaceae isolated
from coastal seawater
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A Gram-negative, strictly aerobic, slightly curved rod-shaped bacterial strain, designated CL-
UU02T, was isolated from coastal seawater off the east coast of Korea. 165 rRNA gene sequence
analysis revealed a clear affiliation of this novel strain with the family Rhodospiriflaceae. Strain GL-
UU02T formed a robust cluster with the type strains of species of the genus Rhodovibrio at 16S
RNA gene sequence similarity levels of 89.9-90.4 %. Strain CL-UU02T shared no more than
89 % 168 rRNA gene sequence similarity with the type strains of other species in the family
Rhodospiriffaceae. Strain CL-UU02T was able to grow in the presence of 2-6% sea salts, and
grew optimally at 28-30 *C and pH 7-8. The DNA G +C content of strain CL-UU02" was
66.3 mol%. On the basis of phylogenetic analyses and chemotaxonomic and physiological data,
strain CL-UU02T is considered to represent a novel species of a new genus in the family
Rhodospirillaceae, for which the name Pelagibius litoralis gen. nov., sp. nov. is proposed. The type

strain of Pelagibius fitoralis is CL-UUQ2T (=KCCM 423237=]CM 15426").

The order Rhodospirillales currently comprises two fam-
ilies, Rhodospirillaceae and Acetobacteraceae, in the class
Alphaproteobacteria (Garrity et al, 2005). At the time of
writing, the family Rhodospirillaceae comprises 16 genera,
namely Azospirillum, Caenispirillum, Defluviicoecus, Inquili-
nus, Magnetospirilhem, Phaeospirillum, Rhodocista, Rhodo-
spira, Rhodospirillum, Rhodevibrio, Roseospira, Skermanella,
Telmatospirillum, Thalassobaculum, Thalassospira and
Tistrella (see http://www.bacterio.cict.fr).

Among 40 recognized species in the family Rhodospirillaceae,
only seven species affiliated with the genera Rhodovibrio
(Mack er al, 1993), Rhedospira (Pfennig er al, 1997),
Thalassospira (Lopez-Lopez et al, 2002; Liu et al, 2007;
Kodama et al, 2008) and Thalassobaculum (Zhang er al,
2008) have been recovered from marine environments. Other
species in the family Rhodospirillaceae have been isolated from
various non-marine habitats, such as freshwater, activated
sludge biomass, air, soil and roots of plants, and cystic fibrosis
patients (Coenye er al, 2002; Garrity ef al, 2005; Weon
et al, 2007; Yoon et al.,, 2007). In the present study, a novel

The GenBank/EMBL/DDBJ accession number for the 165 rRNA gene
sequence of strain CL-UU02T is DO401091.

An extended neighbour-joining tree based on 16S rRNA gene sequences
showing the position of strain CL-UUO2" among members of the family
Rhodospirifaceae is avallable as supplementary material with the online
version of this paper,

bacterial strain, designated CL-UU02Y, affiliated with the
family Rhodospirillaceae was isolated from urea-enriched
seawater and was subjected to a polyphasic taxonomic

analysis.

In February 2005, coastal seawater taken from the east
coast of Korea was brought back to the laboratory for
analysis. One hundred microlitres of seawater was
inoculated in autoclaved seawater (500 ml) supplemented
with urea {final concentration of 100 mM) and incubated
at 20 °C in the dark. After about 8 months, 100 ul of the
sample was taken and spread on a marine agar 2216 (MA;
Difco) plate, which was then incubated aerobically at 30 °C
for 2 weeks. Strain CL-UU02T was isolated and subse-
quently streaked onto fresh MA plates at 30 °C under
aerobic conditions. The purification procedure was
repeated four times. Strain CL-UU02' was maintained
both on MA at 30 °C and in marine broth 2216 (MB;
Difco) supplemented with 30 % (v/v) glycerol at —80 °C.

For 165 rRNA gene amplification by PCR, DNA was
extracted from a single colony based on a boiling method
{Englen & Kelley, 2000). The crude extracts served as the
DNA template for PCRs, which included Tag DNA
polymerase (Bioneer) and primers 27F and 1492R (Lane,
1991). The PCR preduct was purified by using an
AccuPrep PCR purification kit (Bioneer) and was cloned
by using pGEM T-Easy vector {Promega). Sequencing of

818
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We estimated the ingestion rates and prey selectionty of fwo calanoid copepods, Calanus sinacus and
Neocalanus pluomchrus, on auto- and heterotyophic protozoa in the Ulleung Basin i the East
SeasFapan Sea. Both copepod species preferentially tngested auto- and heterotrophic protozoa. The
heterotrophic protozoa comprised between 42.9 and 86.7%5 of the total carbon ration ingested by
the copepods, although they comprised on aerage 21.5% of the toial malable prey carbon. In
particular, ciliates comprised the magor dietary component for the copepods in the study area. The
copepod consumption of ciliates was on average 38.2% of the total daly carbon ratwn of auto-
and heterotrophic protozoa. Auto- and heterstrophic protozoa in the 20— 50 pam size were the frac-
ton that was most actively consumed by copepods and they comprised on aerage 45.1% of the
total carbon rafion ingested. In all experiments, the copepods selected the eliate and heterotrophuc
denoflagellate (HDF) groups over the other protozoa. Our results indieate that the copepod feeding
regime was influenced by the composition and size of the potentral food and that, in this study
area, feeding behavior of copepods may control the populations of ciliates and HDF that ar
larger than 10 pm in size. Thus the selective feeding palterns and ligher grazing pressure of
copepods on heterotrophic profozoa, compared with autotrophic protozoa, indicate a trophic coupling

betwween copepods and the macrobial food web in the Ulleung Basin.

INTRODUCTION

Traditionally mesozooplankton such as copepods have
been considered as herbivoreus feeding on phytoplank-
ton, channeling energy from primary producers
through to higher trophic level. Recently, copepod diets
have been shown to be much more diverse than pre-
viously reported based on the classical food chain
(Calbet and Landry, 1999; Broglio ¢t al., 2004; Liu et al.,
2005; Castellani ¢ al, 2008). Thus, special research
interest s now focused on understanding the role of het-
erotrophic protozoa, specifically ciliates and dinoflagel-
lates, in the copepod diet. The impertance of
heterotrophic protozoa in the diet of copepods has been
quantified in a number of studies in very different

doi:10.1093 /plankt/fbp014, available online at www plankt.oxfordjournals.org

trophic areas, ranging from spring bloom situations
(Leising ef al, 2005b; Liu ef al, 2005; Fileman ef al.,
2007) to oligotrophic (Atkinson, 1996; Pérez ¢ al., 1997;
Zeldis et al., 2002; Broglio ef af., 2004). Copepod grazing
on heterotrophic protozoa and selection of specific prey
can directly affect the protozoan community compo-
sitton and impact the biomass and structure of popu-
lations at lower trophic levels via trophic cascades
(Leising e al., 2005b; Liu ef al., 2005; Olson ef al., 2006;
Vargas ¢ al., 2008). Therefore, understanding the
feeding selectivity of a copepod species when presented
with multiple food types is critical to understanding the
carbon flow in pelagic ecosystem. However, previous
studies on copepod diets have focused on certain het-
erotrophic protozoa and/or phytoplankton groups and

© The Anthor 2009. Published by Oxford University Press. All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org
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The East Sea/Sea of Japan is a moderately productive sea that supports a wealth of living marine resources. Of
the East Sea subregions, the southwest has the highest productivity. Various authors have proposed coastal
upwelling, the Tsushima Current, the Changjiang Dilute Water, eddies, or discharge from the Nagdong River
as potential sources of additional nutrients. In this paper, we propose, using satellite data from 1998 to 2006,
that the biological productivity of the southwestern region is enhanced mainly by wind-driven upwelling
along the Korean coast. Firstly, the climatology of seasonal patterns suggests that the enhanced chlorophyll
along the Korean coast is of local origin. Secondly, coastal upwelling is frequent in all seasons except winter.
For example, along the coast of the Ulgi region, enhanced chlorophyll @ due to coastal upwelling was
observed for 25-92% of the time between Jun and Sep in the period 1998-2006. Thirdly, the advection of
upwelled water through various pathways to the deeper basin was observed. Fourthly, there appeared to be a
strong correlation between the interannual chlorophyll a variations of the coastal upwelling regions and the
Ulleung Basin. The chlorophyll a patterns of both regions were closely related to the wind pattern in the
upwelling regions, but not to that in the Ulleung Basin. Finally, changes in advection pathways also appeared
to affect the productivity of the Ulleung Basin. Since 2004, there has been a shift in the pathways of upwelled
water, and consequent increases in chlorophyll @ in the Ulleung Basin were observed. This last observation
requires further investigation.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Several efforts have been made to estimate the annual primary
production of the East Sea/Sea of Japan (hereafter the East Sea}). For
example, Nishimura (1983) compiled several published sources to
provide a value in the range 75-200 gCm~ 2yr~ . Yoo and Kim (2003 )
used Coastal Zone Color Scanner (CZCS) data to calculate a value of
240 gC m~2 yr~ ' More recently, Yamada et al. (2005) gave an
estimate of 161-222 gCm~ % yr~ ', based on Sea-viewing Wide Field-
of-view Sensor (SeaWiF5} data covering the 1998-2001 period. They
also compared the four subregions of the East Sea, finding that the
southwestern region (approximately the Ulleung Basin, UB} had the
highest annual primary production, at 222 gC m~? yr~ ', which was
about 38% higher than that of the Japan Basin, which had the lowest
productivity. This observation was puzzling, because UB is under the
influence of the Tsushima Current (TC), which is characterized as a
nutrient-poor water mass (Yoo and Kim, 2004}. The purpose of this
paper is to explain why the southwestern region of the East Sea shows
the highest primary production. Our hypothesis is that coastal
upwelling induced by seasonal monsoon winds enhances production,
which is then transported to a wider area of the basin, increasing the
total productivity as a result.

* Corresponding author. Tel: +82 31400 6221; fax: 82 31408 5934.
E-mail address: sjyoo@kordi.re.kr (S. Yoo).

0924-7963/§ - see front matter © 2008 Elsevier B.V. All rights reserved.
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UB is the central geographical feature of the southwestern region of
the East Sea (Fig. 1). The basin is 300 kmwide and over 2000 m deep. The
major current that drives hydrography in the basin is the TC. A branch of
the Kuroshio, the TC is characterized by relatively high temperature and
salinity. It is about 200 m thick vertically at its maximum, and its nitrate
level is usually below 3 pM throughout the year. ASTC enters the East Sea,
it bifurcates, with the major branch flowing along the Japanese coast
(Fig. 1). The other branch flows along the Korean Peninsula until it
deflects off the bottom topography of UB, separating from the coast and
forming the Subpolar front. An anticyclonic eddy called the Ulleung
Warm Eddy (UWE) usually also forms around the topography of UB. UWE
is the major hydrographic feature of UB.

Before discussing the impact of coastal upwelling, it is important to
note the seasonal cycle of phytoplankton in the East Sea. Inresponse to
the formation in spring and breakdown in autumn of stratification,
annual plankton abundance follows a bimodal pattern, with one spring
and one autumn bloom (Kim et al., 2000; Yamada et al., 2004, 2005).
The depth of the seasonal thermocline increases to 100-150 m in the
winter and decreases to 10-20 m in the summer. During summer,
water is stratified and the upper layer is nutrient-limited. The surface
chlorophyll a concentration becomes less than 0.3 mg m~? at this
time, which is the lowest value of the year.

One process that can relax the nutrient-limited condition is coastal
upwelling. The East Sea is regarded as a “miniature ocean” by many
scientists (e.g., Ichiye, 1984}, because of its oceanic features, including
coastal upwelling. Coastal upwelling occurs in the southeastern part of
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Abstract

Phylogenetic relationships among 33 Synechococcus strains isolated from the East
China Sea {ECS} and the East Sea {ES) were studied based on 165 rRNA gene
sequences and 165-238 rRNA gene internal transcribed spacer {ITS) sequences.
Pigment patterns of the culture strains were also examined. Based on 168 rRNA
gene and I'TS sequence phylogenies, the Synechococcus isolates were clustered into
10 clades, among which eight were previousy identified and two were novel. Half
of the culture strains belonged to dade ¥V or V1 All strains that dustered into neowvel
clades exhibited both phycoerythrobilin and phycourcbilin, Interestingly, the
pigment compositions of isolates belonging to dades Vand VT differed from those
reported for other cceanic regions. Mone of the isolates in dade V' showed
phycourobilin, whereas strains in clade VI exhibited both phycourchilin and
phycoerythrobilin, which is in contrast to previous studies. The presence of novel
lineages and the different pigment patterns in the ECS and the ES suggests the
possibility that some Synechococcus lineages are distributed only in geographically
restricted areas and have evolved in these regions, Therefore, further elucidation of
the physiological, ecological, and genetic characteristics of the diverse Synechococ-

cus strains iz required to understand their spatial and geographical distribution.

Introduction

Spnechococoys are ubignitously distributed throughout the
world’s oceans, ranging from equatorial to polar waters as
well as from coastal to open waters. This wide distribution of
Synechococous, as opposed to Prochlorococous, which live in
olizgotrophic open waters {Partensky et al., 1595}, might be
due to their ability to populate marine surface waters over a
wide range of environmental conditions (Penno et al,
2006}, Indeed, phylogenetic and physiological data have
shown that Synechococcus comprise a very diverse group
{Rocap et al, 2002; Fuller et al., 2003; Ahlgren & Rocap,
2006}

Phylogenetic analyses of Spmechococcus have been per-
formed using genetic markers including 165 rRINA gene, the
165-235 rBNA gene internal transcribed spacer {IT5), the
ENA polymerase gene {rpaCI}, the phycoerythrin gene
{geB}, the nitrate reductase gene {narB}, and the nitrogen
regulator gene {ntcA} using cultured and natural samples
from marine environments {Toledo & Palenik, 1557; Rocap
et al., 2002; Fuller et al., 2003; Mithling et al., 2005; Ahlgren

FEMS Micrabiol Bcol 89 {20393 439 448

& Rocap, 2006; Jenkins er al, 2006; Penno et al, 2006;
Haverkamp et al, 2008; Paer et al., 2008). To date, 12
distinct Synechactcous lineages from culture isolates and at
least four additional lineages from environmental clones
have been described {Rocap et al, 2002; Fuller et al, 2003;
Ahlgren & Rocap, 2006; Pennc et al, 2006} Some of these
phylogenetic clades can be differentiated from others by
physiological traits such as motility {dade III}, ladk of
accessory pigments, phycourobilin {dade VI} or both phyco-
urobilin and phycoerythrobilin {dade VIII}, ability of dhro-
matic adaptation ({dades I, IIT, IV, [X, XV, and XV}, and
reduced efficiency in mitrate utilization {clades CRID'1 and
XV} {Tolede et al, 199%; Palenik, 2001; Moore et af, 2002;
Fuller et al., 2003; Ahlgren & Rocap, 2006; Sk et al, 2007).

It iz well accepted that the distribution of Synechococcus
lineages varies spatially and temporally {Fuller er al, 2003,
2005; Penno et al, 2006}, Given that clades are hypothesized
to represent physiclogically and ecologically distinct popu-
lations or ecotypes {Ahlzren & Rocap, 2006; Dufresne et al.,
2008), the distribution of Synechococcus likely varies in time
and space to enable survival in each environmental

© 2009 Fedemtion of Eurapean Mi ical Sacieties
Published by Blackwell Publishing Ltd. All rights reserved
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Variations and Controls of Sulfate Reduction in the
Continental Slope and Rise of the Ulleung Basin off the
Southeast Korean Upwelling System in the East Sea
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Despite its importance in carbon mineralization pathways, rel-
atively little is knovwn about sulfate reduction along a continental
slope and rise. We investigated the temporal and spatial variations
and controls of sulfate reduction rates (SRRs) in the continental
margin sediment of the Ulleung basin (UB), off the southeast Ko-
rean upwelling system in the East Sea. SRRs ranged from 122 to
8.07 mmol m~2 d~? at the slope sites and from .69 to 3.18 mmol
m~?d7 at the basin sites. These values were exceptionally higher
than those observed within other marginal seas and were compa-
rable to SRR values at the same depth range in the Peruvian and
Chilean upwelling systems. The high sulfate reduction in the UB
was attributable to enhanced primary production in the water col-
umn associated with coastal upwelling and a high export flux of
large organic particles into the basin via the Ulleung warm eddy.
The depth integrated SRR was approximately 4 times higher in
the highly productive spring (4.91 + 2.55 mmol m~? d ) than dur-
ing the summer, which exhibited a stratified water column (1.28 +
0.48 mmolm~2 d~'}. In the meantime, despite the high organic car-
bon content (>2.5% dry wt.) in the UB, the SRR was consistently
suppressed in the Mn oxide-enriched (174 gmol cm~?) surface

li ts of the continental rise. Overall, these results indicate
that the production of organic carbon in the water column and its
subsequent deposition on the seafloor is the primary source con-
trolling the temporal variability of sulfate reduction, whereas the

Received 22 April 2009; accepted 14 August 2009.
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Mn oxides that were enriched in the basin are responsible for the
spatial variability of the SRR in the UB. Carbon oxidation in the
UB accounted for approximately 30% of primary production and
approximately 60% of the export flux, indicating that the conti-
nental slope and rise of the UB is a region of rapid organic carbon
turnover and nutrient regeneration.

Keywords continental slope and rise, East Sea, Fe oxide, Japan Sea,
Mn oxide, sulfate reduction, Ulleung basin, upwelling

INTRODUCTION

Sediments of continental margins are characterized by en-
hanced organic matter flux generated either by vertical trans-
port from the highly productive overlying water columm
(Romankevich 1984) or by lateral transport from adjacent
shelves (Jahnke et al. 1990). Such sediments play important
roles in organic carbon deposition, mineralization, and biogeo-
chemical nutrient cycles (Walsh 1991 ; Jahnke and Jahnke 2000;
Rullkiitter 2006). Organic particles that reach the seafloor are
quickly mineralized {Cole et al. 1987; Anderson et al. 1994) by
a variety of respiration processes using different electron accep-
tors such as oxygen, nitrate, Mn oxides, Fe oxides, and sulfate
(Thamdrup and Canfield 2000). In general, sulfate reduction in
continental margins with high organic matter flux accounts for
up to 50% of total carbon oxidation (Jergensen 1982; Jgrgensen
and Kasten 2006} and thus plays a prominent role in carbon
mineralization.

Despite its importance in carbon oxidation and in control-
ling the behavior of other elements in the sediment, however,
most sulfate reduction measurements in the marginal sea have
been carried out on the shallow shelf. Comparatively little in-
formation exists on sulfate reduction and its controls obtained
from the continental slope and rise with water depths below
10002000 m (see Canfield et al. 2005).
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Estimate of Particulate Organic Carbon Export Flux Using **Th/*U
Disequilibrium in the Southwestern East Sea During Summer

DONGSEGHN KM, MAN-SIK CHOI'™, HAE-YOUNG OH', KYUNG HEE KIM AND JAE-HOON NOH

Climate Change & Coastal Drsaster Research , KORDT
'Diviston of Erdh and Envirommentad Sclanceas, Chungnam Nar Untversty, Daglaon 303-764, Koren

2007 28] Falely sFow S TD BN dsaquilbrivmpd o] &50] fgdels dsoe YA
gt PSS (oo i E sl YA AR PEEAE 2 W@ 9o POCS Th, BHE
& Fao FHgon, Hh G2t B34 0 100 w¥F] U BPEES 2 AdHET ooy
“Th, BHEE 4 150 me 200 e ARE FAEE AERATT 07 peePhe SsEA. fRIRE
HEAEESE 4506 mg C m° day'S] §51E e, A Azl A2EHE 29T AW DM Sbas
2o 7wt FaEAs il dabgdeat diy F8 Aeeds dehdye, 7Rt 3EE
A vl 029-06208F 0.43)9) H518 vdw, Aol ula Aol ot B8 wlEE e
o FY B A7 P Ao oy BEE STk BUT oF Py B
@ g ok S st Feada g AaE e b B Selil(Norh Sea)d) 326 (Cholchi
Searld B5E SIS AU, Sl el T l(Laboador Sea), Bl =4 (Barenis Sea), E-2-~THGulf of Lions)
o4 & Psuds= 9454 i debs S 304 dodeld frddeis 248 AR 8 200 mo o]
# dFes A i g dashs d6E AR suele dgsid

Export fluxes of particulate organic carbon were estimated for the first time by using ““Th/“U disequilibrium
in the southwestem East Sea during August 2007. They were caloulated by multiplying POC/“Th, mtins of sink-
ing particles (larger than 0.7 pm) obtained from 150-200 m water depths 0 ““Th fluxes that were estimated by
integrating ““Th'“U disequilibrium fiom surface to 100 m water depth, Export fluces manged from 14 1o 505 mg
C m* duy', with the highest value at station A2 and the lowest value at station D4, Primary production was well
comelated with export flux, indicating that it was a major factor controlling export flux, Export flux in the East
Sea was generally higher than those estimated in the open ocemn and similar to or somewhst higher thn those in
the continental manginal seas, Fxport fludprimary production (EF/PP) mtios varied from .29 to 0,62, with
average of (043 md were somewhat higher in the bagin area than in the coastal area. EF/PP ratio in the East Sea
was mther similarto those estimated in fhe North Sea and Chukochi Sea, but much higher than thoss in the Labrador
Sea, Barents Sea, and Gulf of Lions, Therefore, the East Sea is one of the major areas where a large amount of
organic carbon produced i the cuphotic zone sinks into the deep layer below 200 m water depth,

Keywords: ““Th, export flux, primary production, East Sca
N B fle opddgas Hiols PR ow ol -flRd (particulate

organic carbon) WEE A=)AlFRs ®-4H 7Aoo, #5404
el skl 7] epddlgid) Pl Fa@ Ardes  diosd frlEs PPELE AT gl 2l S8

et A5 H=biclgical pumpf= W74 digkes  si=d) 7 FA8 YRt (inpu paamerdp] s, AR o2
W #340 AAE B E= Y time-series sediment iraphd AR
*Comresponding suthor: mschol@enn. ac ke o] Segsiaiek. ST S oty frid: H9E

— 208 —



"The Sea; Journal of the Korean Society of Oceanography
Vol. 14, No. 2, pp. 80 — 89, May 2009

Eo) S5 A B85 e AEsle) s}
AR A7 oles) - g

e, AP A
gzl T 7] sk A -
R DEEX SELE EEE)

High Remineralization and Denitrification Activity in the
Shelf Sediments of Dok Island, East Sea

JIN HYUN JEONG!, DONG SEON KM%, TAE HEE LEE? AND SOONMO AN'*

'Division of Earth Environmental System, Pusan National University
“Climate Change & Coastal Disaster Research Depayfment, KORDI
*Southern Coastal Environmental Research Department, KORDI

2o E% Abd Ade A HEE A4 wloFd PN isotope pairing techniqueE ©|43te] £4 ¢ HAHE 442
T SH2TEL 2 1.04-9.08 mmol m? d'#} 7.06~37.67 umol m? d'2 -FAFE 449 T2 A A g
Hlsh 25 B4 SHEY BEE Ao e} 2R s HAE U 57 B de] 2 A Biled, &
HAE U G718 932 datsle] os 4" At s o] 83t 9843 (coupled nitrification-denitrification)
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The rates of sediment oxygen demand(SOD) and denitrification(DNF) were measured using '*N isotope pair-
ing technique in intact sediment cores in the shelf of Dok Island. The SOD and DNF in the continental shelf
of Dok Island were ranged from 1.04 to 9.08 mmol m? d! and from 7.06 to 37.67 pmol m? d”!, respectively.
The SOD and DNF values in this study are higher than typical deep sea sediment. The SOD and DNF in this
study were high in the high organic matter content sediment and high organic matter content was promotive
of coupled nitrification-denitrification. Organic carbon contents in surface sediment ranged from 1.8 to 2.4%,
which is higher than typical deep sea sediments. Therefore we conclude that the organic matter content in sur-
face sediment is determined by the nature of the export production not the water depth in East sea sediment
and the nature of the export production also determines remineralization processes such as SOD and DNF in
East sea’'Ulleung Basin sediment.

Keywords: East Sea, Denitrification, Sediment oxygen demand, remineralization, Dok island
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34 th(euphotic zone)*l] GxpEALe] o5 ¥R F A7 )5S
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e 2EFE T8 AR 3, ASA Slel T U
o Fast d&82 ShriAnige, 2004). A EZFAENA B
A FuEY] T S W 9UE A (regenerated nitrogen)
oLt Gdgol S ASre] H9 (new nitrogen)ol] 2] o] F

oA, B F852 dapdate] FaFH(Yool ef al, 2007).

Age] b Fes 98S TR 712 2ol FFe won
2, 533 20 dojul= 77129 A4F-EFHremineralization)
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o ofjel AATFH BAGE Sgd FL Wd 5 Yot
(Brunnegard ef al., 2004).
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Estimate of Manganese and Iron Oxide Reduction Rates in Slope
and Basin Sediments of Ulleung Basin, East Sea

YU-JEONG CHoI', DONG-SEON KW', TAE-HEE LEE® AND CHANG-BoK LEE™
'Sehool of Eardh and Envinonmental SclenceResaarch Insttute of Senl Neathowal University,
Shiltm-cdong, Seoul 151-747, Koven
‘Climate Change & Coasial Disaster Reseanch Departmeant, KORDI, Ansan PO, Box 29, Seoul 425-600, Korea
“Sowthem Coastal Environment Resegrch Department, KORDI, Geofe 656-830, Korea

T4 SRR ehiAES HUHS A7 B 7l S8 Ar] f8e ol d2Y AFHAEE A
stk el 2,000m o) SHEA BEHASY A7l B 26 F1EEE A7 f1E A
of S Eag S A9y Aol FHEANTH vian SEEA AR AAT0 FrdaE dEl =54
T el o olits ¢ Eim, BUNE B SEEA 25 14 g6l 2% 1R Sags
vhebsdick, et dRebE AES deha st Fus gt EAAE B8k 2ol fait T4 &
BEANA 2% ot ® L U E O B AUlRs WS Ao e Ly g4 efEe] AL
w3k olde] ASRE Tl Aol BAlE olF@ Ao T dilpc HHE BUEL 0.30-0.57 mmol m” day
) {418 BYT, WS HEEL 0.10-024 mmol m” day '] HSIE Leldc SFEA Y SHUNSL 4
715 Baldl 13-26% AEE AAlsg oo, ol Ao S @9E e, delm g W gleld

In order to determine organic carbon coodation by manganese and iron oxcides, six core sediments were
obtasined in slope and basin sediments of Ulkamg Bagin in East Sea. The basin sediments show high organic
carbon contents (=2%) at the water depths desper than 2,000 m; this is mre for deep-sea sediments, except for
those of the Black Sea and Chilean upwelling regions. In the Ullleung Basin, the surface sediments were
extremely enriched by Mangmnese odades with more than 2%, Macimum contents of Fe wodes were found at
the depth of 1~4 cm in basin sediments. However, the high level of Mn and Fe xides was not observed in slope
sediment Surface manganese enrichments (>2%) in Ulleung Basin may be explained by two possible mech-
anisms: high organic carbon contents and optimum sedimentation rates and sufficient supply of dissobved Man-
ganese from slope to e deep basin, Reduction mtes of iron and manganess oxides mnged fom 0.10 to 024 mmal
m* day"' and from 0.30 to 0.57 mmol m* day”, respectively. In Ullamg Basin sediments, 13~26% of onganic car-
bon mddation may be linked o the reduction of iron and manganese oxides. Reduction rates of metal oxddes wene
comparable o those of Chilean upwelling regions, and lower than those of Danish coastal sediments,

Key words: Ulleng Basi, Iron oxides, Mangmese oxides, Reduction mies, Particle mixing rates, Organic carbon
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Characteristics of a Warm Eddy Observed in the
Ulleung Basin in July 2005

Chang-Woong Shin’
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Ansan PO. Bax, 29, Seoul 425-600, Korea

Abstraet : Oceanographic survey data were analyzed to understand the characteristics of a warm eddy
observed in the Ulleung Basin in Fuly 2005. The temperature distribution at 200 db and vertical sections
provided evidence of the warm eddy in the Ulleung Basin (UWE05). Based on the 5°C isothermal line on
200 db temperature, the major axis was 160 km from southrwest to northeast, and the miror axis was 80 km
from southeast to northwest. The homogeneous laver in the thermocline of UWEOS had mean values of
10.40°C potential temperature, 34.35 psu salinity, and 26.37 kg/m potential density (qo) and provided evi-
dence that UWE0S also existed during the winter of 2004-2005. A warm streamer initially flowed along
the circumference of UWEQS and mixed with the upper central water. Two northward current cores were
found on the western side of the measured current section at the central latitude of UWEDS. One was the
East Korean Warm Current (EKWC) and the other was the main stream of the western part of UWEGS.
Geostrophic transport of the upper layer (from the surface to the isopycnal surface of 26.9 ag) was approx-
imately 2.5 Sv in the eastern side of UWEO0S. However, the measured transport was twice as large as the
geostrophic transport. Mass conservation of geostrophic transport was well satisfied in the upper layer. The
direct current measurements and geostrophic transport analysis showed that the EKWC meandered around
UWEDS.

Key words : homogeneous laver, meandering, Ulleung warm eddy, volume transport, warm streamer

1. Introduction

The East Sea (Japan Sea) is enclosed by Korea, Russia,
and Japan and is connected through four straits (Korea,
Tsugary, Soya, and Tartar) to the northwest Pacific (Fig.
1). Three large basins divide the bottom topography of the
East Sea. The deepest is the Japan Basin, located in the
northern East Sea. The other two basins, the Yamato and
Ulleung basins, are located in the southern part of the East
Sea. The Tsushima Warm Current (TWC) {lows into the
southern East Sea through the Korea Strait. 1t then
branches into the East Korean Warm Current (EKWC)
that {lows northward along the cast coast of Korea and the
Nearshore Branch (NB) that flows castward along the
Japanese coast. In the northern East Sea, the Liman
Current (LC) and the North Korea Cold Current (NKCC)

*Comesponding author. E-mail  cwshin@kordire kr

flow southward along the coasts of Russia and northern
Korea (Fig. 1). The EKWC and NKCC meet around 38~
40°N and form the sub-polar {ront that flows out through
the Tsugaru and Soya straits. Water masses south of the
sub-polar front are vertically divided into four layers:
seasonally varying surface water, the Tsushima Warm
Current Water (TWCW) with high temperature (T > 15°C)
and high salinity (S > 344 psu), the East Sea Intermediate
Water (ESIW), characterized by the salinity minimum
layer, and the nearly homogenous East Sea Proper Water
(ESPW).

Mesoscale warm eddies exist in all three basins of the
East Sea (Morimoto et al. 2000; Lee and Nitler 2005), A
number of explanations have been given for the formation
of the warm eddy in the Ulleung Basin (Ulleung Warm
Eddy: UWE). One explanation involves meandering of
the EKWC (Kim et al. 1997). Arruda et al. {2004)
proposed that when the EKWC is strong, a beta effect and

=211 —



Vol. 32(2):145-156

June 2010
DOL: 10.4217/0PR.2010.32.2.145 Ocean and Polar Research

T &R HHENA AR o

O8] - LM - Y - AT

YA T Pej A
(656-830) 4= ANA A= 52 391
YA 71 AT
(425-600) 771 QA SRESAF AT 29
R R E e LR P LT

(609-735) F-At@e A S AHAF 4 30
Organic Carbon Cycling in Ulleung Basin Sediments, East Sea

Taehee Lee'”, Dongseon Kim?, Boo-Keun Khim®, and Dong-Lim Choi!
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3Department of Oceanography, College of Natuwral Sciences
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Abstract : This study investigated organic carbon fluxes in Ulleung Basin sediments, East Sea based on a
chamber experiment and geochemical analyses. At depths greater than 2,000 m, Ulleung Basin sediments
have high organic carbon contents (over 2.0%). Apparent sedimentation rates (ASR) calculated from excess
2%¢b activity distribution, varied from 0.036 to 0.047 cm yr .. The mass accumulation rates (MAR)
caleulated from porosity, grain density (GD), and ASR, ranged from 131 to 184 g m ?yr '. These results
were in agreement with sediment trap results obtained at a water depth of 2100 m. Input fluxes of organic
carbon varied from 7.89 to 11.08 gC m 2 yr ! at the basin sediments, with an average of 9.56 gC m *yr .
Below a sediment depth of 15¢m, burial fluxes of organic carbon ranged from 2.02 to 3.10 gCm 2 yr 1.
Within the basin sediments, regenerated fluxes of organic carbon estimated with oxygen consumption rate,
varied from 6.22 to 6.90 gC m 2 yr '. However, the regenerated fluxes of organic carbon calculated by
subtracting burial flux from input flux, varied from 5.87 to 7.98 gC m % yr . Respectively, the proportions
of the input flux, regenerated flux, and burial flux to the primary production (233.6 gC m % yr 1) in the
Ulleung Basin were about 4.1%, 3.0%, and 1.1%. These proportions were extraordinarily higher than the
average of world open ocean. Based upoen these results, the Ulleung Basin might play an integral role in the
deposition and removal of organic carbon.

Key words : organic carbon flux, oxygen consumption rate, mass accumulation rate (MAR), apparent
sedimentation rate (ASR), Ulleung Basin
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