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SUMMARY

Q Physical system

For a long—term management of Yellow Sea marine environment,

understanding concerned on Yellow Sea Bottom Cold Water (YSBCW),

distribution and long—term variability of water, and circulation of the
current system by model are needed.

— YSBCW, cold water mass in bottom layer in summer, has water
property in previous winter when water column is homogeneous.

— The lowest temperature exist in the northern part of the central Yellow
Sea all the times of the year.

— (General structure of YSBCW including coastal frontal structure is
detected during field observation in summer.

— In spring, the northwestern current around 10cm/s is observed at the
whole layer of the central Yellow Sea, and Strong tidal current is
existed at lower layer.

— Distribution of the YSBCW is relatively simulated well using the

Numerical circulation model.

O Ecosystem

e FEuphausia pacifica

The Yellow Sea Bottom Cold water Mass (YSBCM: =<10° C) is a unique
physical feature of the Yellow Sea. It forms through winter cooling and
mixing and it is persistently observed in the deep central region during
summer. Fuphausia pacifica, known as a key species in the Yellow Sea
ecosystem, should use the YSBCM as a refuge to survive through the hot
summer (>207TC in surface) because their high tolerance temperature limit
is 15C. However, no solid evidence was reported yet to prove it.

Therefore, we investigated their horizontal and vertical distribution and

— viii -



feeding ecology during spring (YSBCM was not formed) and summer
(YSBCM was well developed) in 2010. In spring, eggs predominated in all
stations, but the early larval stage (nauplii) and gravid females (= 2cm
TL) were concentrated in the coastal region with an active diel vertical
migration. In summer, the abundance of larvae (calyptopis and furcilia
stage) with a few number of eggs increased in the coastal region with a
limited diel vertical migration below thermocline. Juveniles and small adults
(= 1lcm TL) were concentrated in the YSBCM of the central region.
According to detailed profiles of the dietary lipid biomarkers and gut
content analysis, E. pacifica adults mainly fed on diatoms/dinoflagellates
during the spring phytoplankton bloom, while they fed on wvarious preys
(i.e., protozoa, flagellate cyst, small diatoms, detritus) during the summer.
These results suggest that £ pacificamay not only utilize the YSBCM as
an over—summering site but also switch their food sources to survive

through the hot summer.

® (Calanus sinicus

- Diel vertical distribution of developmental stages of Calanus sinicus was
investigated during spring and summer of 2010. Adult females of C sinicus
showed clear DVM patterns in spring, whereas immature copepods (stage V)
replaced the DVM pattern in summer. Immature copepods (stage V) moved
upward into the water column(10-20m) with relatively low chlorophyll-a
concentrations and water temperature (Ave. 25.74C) in summer 2010.
Maximum abundances of immature copepods (stage I ,I,I0,IV) appeared at
the chlorophyll-a maximum layers in spring and summer. The abundance and
chlorophyll-a concentrations of phytoplankton were higher in summer than
those in spring. Especially, pico- and nano-sized phytoplankton dominated
phytoplankton community in summer.

- Tintinnidium primitivum known as a benthic species was dominantly
distributed in Yellow Sea Bottom Cold Water (YSBCW). The species was
detected from the most sampling stations except for St. A0O3 and B02, which

_ix_



is similar trend with the result of 2009 cruise. Further investigation about
the ecological characteristics of 7. primitivum needs to understand its role in

the energy flow within lower trophic level in YSBCW.

- The distribution of nutrients may be controlled by the consumption of
phytoplankton during spring in the southern Yellow Sea, indicating that
stations showing high chlorophyll-a concentrations was also observed to low
nutrient concentration in the upper layer. Especially, A3 station showed
lowest nutrient and highest chlorophyll-a. It may be due to the formation of
Yellow Sea Bottom Cold Water (YSCW), which may be strong water
stability by the different density between the upper and lower layer and then
not limited light for phytoplankton growth. During summer, nutrient at the
upper layer showed low concentration by the strong formation of
thermocline, which interrupt nutrient supply from the lower layer to the
upper layer. Nutrients at the lower layer showed high concentration for the
effect of YSBCW. The range of YSBCW expanded at the lower layers of the
western parts in E line, southernmost of study area, and then the water
mass was upwelling from western stations to eastern stations during
summer, as iIndicated by the variation of thermocline and nutrient

concentration at upper layer.

O Acoustic
In this study, diel vertical migration and 1its seasonality in acoustic
estimates of zooplankton are observed around centre of the YSBCW in
April and August 2010. /n situ measurements were combined scientific
echosounder system and net sampling. In order to understand migration
patterns of zooplankton patches, we mainly focused on the volume
backscattering strength (Sv) data among the acoustic data. In April, diel
distribution of the zooplankton patches within the study area showed an
apparently vertical migration pattern, Diel migration pattern in summer was
differed from that of the spring seasons. The SSL migrated to the below
thermocline at night time. These migration patterns might be strong related

to vertical temperature structure of the YSBCW.



O Sediments

To wunderstand palaeoenvironmental and ecological characteristics of the

Yellow Sea Bottom Cold Water(YSBCW) mass region, spatial- and temporal

variations of microfossil assemblages (dinoflagellate cysts and foraminiferas)

and geochemical compositions in sediments from the Central Yellow Sea

Mud(CYSM) deposits have been investigated.

- Dinoflagellate cysts in surface sediments of the CYSM are most abundant
north of 36°N in the Yellow sea, where Spiniferites bulloideus and
Alexandrium cysts generally dominate. The maximal abundance of
dinoflagellate cysts in the CYSM is probably attributed to high primary
productivity in surface waters of the YSBCW.

- A distinct accumulation zone of harmful algal bloom-causative species,
Alexandrium cysts has been found in the CYSM deposits, especially the
northeastern sector of the central Yellow Sea.

- Foraminiferal assemblages in core sediments from the CYSM show five-
benthic foraminiferal biofacies, indicating palaeoenvironmental changes in
the YSBCW area. The stable oxygen and carbon isotope records of
benthic foraminifera show that the palaeosalinity of the study area was
less than 15%,, and the average temperature of the YSBCW varied
between 4 and 4.6 C.
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2002-2005 : 339 M FTAR 7= @A) ATE R E.
Sguel Msjdetat segie] AdAde B3t s EAS

SlopaE oS ol 83 F7]s) %

re
4
it

1997 — @A @F (AR % Sy 87w
5 FRET ASFDAAE U AN @-F Fo B3 I ATE 7
sfol Fmarel AR wug s ot FAAZIFU U ATE +
94 e

5 ZTRaWoR UNDP°ﬂ’\1 Xl%é‘}ﬂi sk 4 (29,

Hok "gEH AFBE thFA, e e, FAF T Bk S

g dEjAe BEHR A AgE Qs GG YA (YSLME) A7

2RO Jdsow XPHE st—F 5 TAtelA] 2008 FA 9 sHAll Sl

Axtell AA 35 o9 ALt AT AejAel sk A7t FqHAN0H,

sHAl o] APl = ASHETe] Aeed 9 AxZ =TS A S

2005 @ sl FF =l HHa el A G AT ETHEY} AEETAE &

Aol FxE5A A7 A3 Ix [sheagebd FstalA]; & &, 2005]

2006 @ oA duirpzAol 7o) A, 3bA 9 SF 1] A

A AyE 23x3 [Ocean Science Journal; Yoon et al., 2006]

2007 @ &l 7 Calanus sinicus® 373 W AAxd S &

717y A% 9+ W¥E  [Marine Environmental Research; Kang et al.,

¥3A o7 WX (Engraulis japonicus) 2] AHAHS

2 Q7 7 C osinicus® 2007+ H7|ZE W
A 5}

i
= 5
9 AEEgaEe] 4sddde g A7 A%s %E

of
i
1)

o oo X -\
4 oo to

L)

o

il

ofN

o

ol

é{
o[\
)
i
)
2
dlo

2008 @ FA ol FEEHAE TR wx8 FEESAAAT FE[Ocean
Science Journal; Kang and Kim (2008)]

FA A3t Q7 Fl C sinicus, Centropages abdominalis, Acartia
S AAAAE= 37 Q<

O 2 1o

omorii®} Paracalanus parvus s.1.2 S5 X
o] A5l &A= e ATETUHY 4 Ll
Al Sl = EHAE U HEXF AIAE
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Al

B B

G A zo) Wns) s el A% BAEY 2AE B a4 Az
I <=2 (Shin et al., 2007).

oA A, GALEF ALE ATE FE AGL FHOE o]Fojd go

™ (e.g. Lee and Matsuoka, 1994; Qi et al, 1996; Matsuoka et al, 1999,

Shin et al.,, 2007), QA9 FHEZF A|AE BYX A= AL o]FXA
A ks

ﬂL
W

£3] PSP(Paralytic Shellfish Poisoning) < ©°7] 3] o}
Alexandrium FHEZFO AAETL 3 ZOPQ, ] ljjlﬂo} ot} W
vh Qlov, 1 71Frolu Gk gk vt
shaf ol A dulcht A o) = (Euphausia pacifica) Oﬂ #3t A= T AT A
stelo] Q1. Hong(1969)2 E. pacifica®t Pseudeuphausia latifrons, Suh
(1990) 2 P. sinica®l &3l dis|Avt Bagh ﬁ%oﬂ, Yoon et al. (2000)
o] &7 0149} Wkl E. pacificadl e @A) wE 3 B3] did)
AR, o] AT~ B FAL7|IEo] =35 xﬂdﬂﬂ e e A=
Atz dele 3
&3t A=EA O g A= v
]k d BT

A%

_%ﬂ
o
noi'

vk FEY. e S
%88 e oA s

2

=
China—GLOBEC (China—Global Ocean Ecosystem Dynamics) program?]
dBoR PANTITAE THoR PAAL T2 olE anF
Calanus sinicus®] 3 YW WA €8 A5 F33. T2 AF5HxE 0 5HA
FAE = FASTETH] Aty ALdrA C sinicus?] 74]%1"4 =9

Ao e FE
F3e 100 @ AE FAASYSE A ATE AP T, 53] F
BEFAE Ao, A ATt AFHoE AWHYS. AV 22FEY
S2ES Bxo nAE AFIFUY JFS ATH P AL

AL A7F 2 AEELAEQ0m o) uT 2 aBeaEe] ArjHo
7 S Fden, 1 AEDY R¥E FHont 480bE B W



FHoRE FAATETHIE SAsHE HolA] Ao
Z e} TRz %/\éoﬂ x1;<4x4 oﬂsl:_% _Z,_giq._ﬂ E_TJ_@-_

T e Abst A A aelA s Atlas of Ecological Environment
in the Beijing—Tianjin Area (1990, Science Press, Beijing) o= afqt
o] afggAel e =AFAIATE 5. o] AR FAHETY AuEE 2 A
M= T Fx, dAlsE, dFFE, s E, AT AEF L T
& AEES] ®x %W IFLrt FRHY Qe 59 AEFS de
(Penaeus orientalis), S+Z7W (Siliqua minima), AV &7 2] (Amphioplus
Japonicus, Ophiopholis mirabilis) 591.

S AT Aol s 1958-1959d, 1975-1976d 23] A o
TR HFAE=ALE FHEAE. ©of AEE EUE g‘rcﬂoﬂfﬂ A2,

AAEE, EFY A2d SE2E e oo ddste] s, o] At
= e AeAHSy FAE AAse AR=ER %%ﬂ%%. Liu et
al.(1983) = -euielel H3te] AalS Aot 2t dsiny, FadET,

FEaee] o=t PN A AA A 54,
94 REE P39 red U Benst @7 540 Aol 2Aay

ol B3 A= Chen(1991)9] Fuphausia nanaSt P. sinica2)
B3R, Lee et al. (1998)2 E. pacifica® P. sinica®]

W%
e Ful ) % pabshel 2EAT A46l W 1980-19810 FEF
ol HARge e AFE FAGRL. o FAR QFANEE W FEA

ME=e AEEa A7t okl 18 ES)

e 7o AFtelA A Gel el dA+r EEiAEA], 80dHl 914454
Fo] #=, 90d ] ADCP 7] TG, FARAY AA st gl Elg
EA% 7 At WA ATE ]

= Al GEOTRACE X z1%¢] dstow s 9 FF=39 2> marginal
seadlA o] 24 % AE A5 FIL A FH T FHH

717 (PICES) Al 917 1% 23(28 AE/AQH A7) olA= Heig el 34
f8kAl M A she ettt Aol 7 (Euphausia pacifica) ©ll theh A2 8 1]
W AT 2 o= AEA UMl o] g AE AA F Fe 3
H, 7Hd 558 AGAE 7HA e Ao E AMREE o] duin Aol
st AP/ AEEA A4E T s HEAte A A5 FHEL s
$+#% A4 (Woods Hole Oceanographic Institution) & ¢F 1980dth ©]

2,
N
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SHE FHISE s|AoX Alexandrium 8 FXEE ZAFISEOH, o]F F

Alexandrium® X9} A A= - 5)e - B4

oL
N
tlo
BN
()
ol
L

ECOHAB (The Ecology and Oceanography of Harmful Algal Blooms)
Zra 9 obdll, Alexandrium &5 HIX3 T 54 Az AAFY

shar, SFAEA, 3 B 9 AA Fsel vAE

Ao Al X3 F<A PANGAEA Z=AES] dgtoz DINO-ATLAS(Atlas

of modern organic—walled dinoflagellate cyst distribution)+ 33k 3f

AelA AP A S HHEY JRRZF AAE FHE 2AEL, 7 F
o tist A A2 BExX ALE 1de Y FI. 7 Fo wX S
NOAASIM AZHE F2 s RTBFLAEE, 98, JFD 7 vuge
M, ok JERZEE ANAEES ks AATo R o]L31] 9% A=

1994 d o] A]ZF=l ICES(International Council for the Exploration of the
Sea) 2] WGHABD (Working Group of Harmful Algal Bloom Dynamics) 3~
ZaRS A FA A B FL JUARZERF FY Y 2T TxES ATEH
AE JAAAE RYEHSIAL glor, Alde mE Aisd Hey Az 4y &
olg T4t ATE T

sl e W2 A QT
NrEel 584 AT edERE A

O

o
=2
>

2E Atlasg®  AF,  sgsE s -8

DINOATLAS).

UE

AEclof] ot Falo] HE Az dARH7] 2AFTEF AE FAAE A

A oPAES o R 3 FakeA Ay} fgRE

A& AalFatAdTaoM s F8l FARtd 2AE Ao w FaE 2 Al
A EE J1AAQY, dE ==X E 9
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o} (Lie, 1989; Seung et al., 1990).
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o] FH A WwolEltt (F87]EN, 1998a). =, I ASTYTE ALH ¥
Q57 e o870 AZel Hold BF el vl JriHow Feo]
i Yz B2 Zojtl, dutA o o5H I FATS THoE A
THE FJEHE AL Sl
" "'!._ -,
b P A Y P
\ \ &7 P B\ e¥ |
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Fig.1. Horizontal circulation patterns near 50m depth (Kondo, 1985).
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Fig. 2. Monthly mean sea surface temperature (a) and salinity (b) digitized from
the oceanographic atlas of the state ocean agency of China (China Ocean Press,

1992).
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FAATETE UREHOE 10T ol3te] F8 FUF ATolA dehds #1
(Inoue, 1974; Nakao, 1977; Lie, 1984; Kondo, 1985) & %:&}A|qk, &9 &
el wet v oHEe] AAIHI Utk Nakao(1977)% 10TColste] 27
32.0~32.5%% 9% 58S ztv FHE FAATETH P, Lie(1984)
= 10TCol3t 32.0~33.0%% HHE 2= FHE5 FaATEF A &
(199D & AbERIE o)gde A Fad 7 AT AdHee Wras e Y
o] A AFWS(T<12T, 32.0<5<33.5%) 5 FalxE=dset 4 oast.

G ATEre e dibFow 33 fAeteE Ao®E detdn (Fig. 3).
3 BEIo=(122° 12' E, 38" 14' N; Su and Weng, 1994) B2 <14 7 o]
A o] 7P wHE(K6.0C) A o] glom ) @2 Zeole 8T olst
A o] FuA Faxsttt st-F dgEyEs A (BE7]ER, 1998a) #S
Az AT W 99 MAE = 32.0~33.5 psu UERRTE F9)
A5 I shue] A ol FaldH-o] AFe] 2F #FHo] HUSS Hist
I 9tk o]& 4~69el AFEHE ofgllF 40 m o] sl YEhE ZAoRE
790] HW HYHAIR F20] EolA ALF AL xdH. FAATEFE A
Hog EAAN X Wt F2 2 dRFHS AWEst Atk (Weng et al,

(1958-1088) Auvgust (1958-1988)

Fig. 3. Horizontal distribution of temperature at 50 meters depth layer (left)
and bottom layer (right) in August (China Ocean Press, 1992).
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FAE 20109 49 13Y9HE 18U7HA Foy AR, £E4L dFA
(Acoustic Doppler Current Profiles, ADCP) %ﬂr—f‘% AAEAT #= S &

= A3 Fig. 48} 2ow, @5 A718 1A & #5 Ao g AAe f&&
Table 1o YerdQlet. & 2171 el disl CTD (SBE 911p1u ) #Ho] o] F
Ak, w3 A 7be] W= &g EAS wtolaty] e 25417 A B= AAe AA
D3oA&= oF 1A7F 7tA o7 CTD #=S AAsgon, g% Alﬁ A 2d 1A

o1 24, oF 144 24 Alele: 10¥ Ao ARE STk =,
25417 B35 DA A5 5 542 setety] $1s) ADCPE
AR A% 4 BEL LAY

38N

36 N

At
34N

= =
124 E 126 E 128 E
Fig. 4. Study area and CTD casting stations at April, 2010.
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Table 1. Information of CTD casting stations in April 2010.

4% B2 0 S

= AE (m)
EO8 2010/04/15 34° 29.182'N 125° 40.070'E 41
EQ07 2010/04/15 34° 30.020'N 125° 29.882'E 47
EO06 2010/04/15 34° 30.034'N 125° 19.946'E 70
EO05 2010/04/15 34° 30.092'N 125° 09.8838'E 73
E04 2010/04/15 34° 30.308'N 124° 59.879'E 74
EO03 2010/04/15 34° 29.785'N 124° 49.964'E 94
EO02 2010/04/15 34° 30.026'N 124° 39.383'E 92
EO1 2010/04/15 34° 29.990'N 124° 29.966'E 70
EO00 2010/04/15 34° 29.962'N 124° 19.896'E 75
D03 2010/04/15 34° 59.682'N 124° 29.890'E 85
C02 2010/04/17 35° 20.088'N 124° 30.018'E 84
B0O2 2010/04/17 35° 40.140'N 124° 30.030'E 84
A03 2010/04/17 35° 59.932'N 124° 30.568'E 81
A0S 2010/04/17 35° 59.986'N 125° 00.116'E 72
A06 2010/04/17 35° 59.976'N 125° 20.033'E 70
AB1 2010/04/17 35° 49.992'N 125° 20.038'E 72
B04 2010/04/17 35° 40.022'N 125° 20.183'E 72
C04 2010/04/17 35° 20.014'N 125° 20.096'E 73
D05 2010/04/17 34° 59.842'N 125° 00.014'E 84
D06 2010/04/17 34° 59.936'N 125° 20.057'E 67
D07 2010/04/17 35° 00.024'N 125° 39.996'E 27

2.2. 3

stAlell= 2010 8€¥ 16YFH 2147HA] =3 A, 344, AF2 Tl
(Autonomous Drifting Ocean Station, ADOS) #=<& =
#= AL Fig. 68F 2om, #3 A7 A & &5 A did A &
& Table 2¢] YRS & 2171 FAel disl CTD (SBE 911plus) #50]
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Atolel= 10 tA o ARE FAsY a7 7Asd A4 F29 ezt &
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Fig. 5. Study area and CTD casting stations at August, 2010.
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Table 2. Information of CTD casting stations in August 2010.

47 Az o ae
o A (m)
EO8 2010/08/17 34° 29.888'N 125° 39.925'E 35
E07 2010/08/17 34° 29917'N 125° 29.904'E 48
EO06 2010/08/17 34° 29.959'N 125° 20.014'E 70
E05 2010/08/17 34° 29.995'N 125° 09.967'E 70
E04 2010/08/17 34° 29.892'N 124° 59.888'E 70
EO03 2010/08/17 34° 29.972'N 124° 49.950'E 90
E02 2010/08/17 34° 30.240'N 124° 39.024'E 90
EO1 2010/08/17 34° 30.055'N 124° 30.049'E 73
D03 2010/08/17 34° 59.904'N 124° 30.019'E 36
C02 2010/08/19 35° 19.843'N 124° 29.994'E 32
B02 2010/08/19 35° 39.869'N 124° 30.077'E 81
AB1 2010/08/19 35° 49.861'N 124° 30.016'E 30
A03 2010/08/19 35° 59.958'N 124° 30.020'E 30
A05 2010/08/19 35° 59.956'N 125° 00.114'E 75
A06 2010/08/19 36° 00.180'N 125° 20.132'E 70
AQ7 2010/08/19 35° 59.941'N 125° 40.102'E 63
B04 2010/08/19 35° 40.062'N 125° 19.894'E 72
Cc04 2010/08/20 35° 20.000'N 125° 20.068'E 72
D05 2010/08/20 34° 59.838'N 124° 59.863'E 83
D06 2010/08/20 35° 00.019'N 125° 20.129'E 68
D07 2010/08/20 35° 00.128'N 125° 40.030'E 28

Table 3. Information of ADOS deployment.

D Type Sta. No. Latitude (°N) Longitude (°E) Deploy date
21540 C El 34° 31.162'N 124° 30.077'E 2010/08/17
43360 C D3 35° 00.008'N 124° 29.986'E 2010/08/18
25550 C B2 35° 40.336'N 124° 30.060'E 2010/08/18
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2. Ag 2 Wy
7}, A& A 1] (Sample collection and preparation)

wutok Aol E. pacifica o) g WA RIS AT7] 98 E=A4E
6—17) o= 107) FAoA, sHA(8L17-20) o= 1470 A ANA D33

—

E@T 1m, 45 333um) S AMEEte] 7 HJ(Xﬁ%——E%—)é}S’iiﬂﬂ, AR Al
B 5% A EEUHow uAsAY. @ Al 4 (K50m)e] EAY A
T F0] 10T o8tz UH7HA &+ Lq} A (E07, EO5, A07, D06, DO7)
= Al9lst TF(¢F 30-40m F3) e 7IFoE AFTKIOT)H A0l

e

0C) o2 o] ARE APk UES o] &3 A8 AP F74 1255 (A05,
D05 & 7|Fo g Fa T8 (D03, C02, BO2, A03)¥} Hlw 4 <o 4%
A2F (A06, BO4, CO04, DO6) oA o]Fo FHuk(Fig.l). Z18|al E. pacifica®l %
A eF(egg production) @ B34S AW DO3A] 21 WE(ET 60cm, ¥
333um) & AF, FFHolx A AARS AEE AS AYS T S
ok AR g 2AE 713 1914 B FzA Y AEY AR Qlste] i
A A AL At Aol AR A & UmA AAES A

Wy A Hol] A 24 & A SA deE F A4 A7 2AL Y

Ken
=
O % E. pacifica 89 2 X 4 o
i
T

=

2o o>“

A (—=40C) ol 2=t F7 ‘ 15 4%
= dofsty]l flal 44 DO3elA = S3EA71E ol&ste] 26A1Eet 59 =
b0 Aol s e SR (FEFFA gk AA g W A5 A 2 3t
e 2 BuAY SFdTEoF ZX). olek s ols sdtET e THAE
TS detetr] sl EAlE 43 CRI-LE-F-Ad =), sHlel= 73] (3-6
Az ZEA) S A 1m 958 WMEMT 1m, 95 333um) 2 S9AMRSRE X
S7HA 2 AR ekl
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38N i 38N

a) Spring b) Summer - ;
Cruise for YES Cnldwater ~ Cruise for YES Coldwater
' (2010.4.13-18) & (2010.8.16-21) &
e [ R
i BN | s i_’_g e 36N
g i &
Flie & 5
i uN | | 3N
124E 126 E T 1sE 124E 16E : 128E
Longitude Longitude

Fig. 1. The map of the study area with sampling stations during a)
spring and b) summer 2010.

o ik A o AakE (egg production rate) = At
brood sizes® =Ast= Aoz R GA2 7 AZs oA
ARFAE S st A Al A, dRse e
200im e 1LE ALtk B das 7 2
ARgete] 2 AFSAR VIV UIAR S A 9 ¥ T4
Agteh. ZF &7 A, 7=, 9, AR, T 71A
gt == A wiekrlel deth mTrIE oF 4
gels flal 1243kviey 8715 S<letH, ojn &
A g vieFE- Y] qtell do] FRIHW, §7]E =5WA 120
Huo], 60ml vial =+ gridded petri—dishel %7 &
oF & Aujul= HAgolA dA o] sievedCE & AG, A A YsE 2
T Al 7] ¥ojFr. ] F714 <2 A3 (embryo development, -
%)% kA kS A &S Hdn Ad TR A Abskg 2E A9 A
SAeta, A9 T 293 JHAES @98 nEntyE SAske] 7|E5t 1
i v 4% Aedo] Agete] B FAtsto] & & AAkEE b
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o ox off 2 (o 2
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X

o A% &5 9

A S 3t E% 2 871+ &% #7189 [Dichloromethane:
Methanol (CH2CL2:MeOH) =1:11%2 2-3W &3 & FHE £ pacifica Na5E5 &
71 ¥ &% ‘IT7]‘9‘UH(CH2CL2M6OH 1:DE #H7kskel 10-15&%F bath
sonificationste] A EEZFH AWS FEAUAT. I ve FFTE H7lsko] )
o HEH| &0 CHzCinMeOHinOzl-l-0.801 HeE o &, &2 250 Efeta,
=] F FoE FEHW ANEs TS oldiFTE AAste] AR AFHoRE
@At Z12lal oAl AARE vEEl &9 #7] 8 (CHCL:MeOH=4:1) & F7F
5 oldiSE AAS & °o] RS 2—3‘jq HhEsto] a2 Ak ebd
283tk (Bligh and Dyer, 1959). o84 =49 AWF=H°] F7]&u= 4
7tam s AAR F, TEA718 (CHCL:MeOH=2:1) o BhA] 32 A
W classeb AL EAof] AR H

9 AW classt latroscan Mark—V TLC—-FID(Thin—Layer Chromatograp
hy with Flame—Ionization Detector; IJATRON LABORATORIES, INC.)=Z &
ZF, A48 FAHEATJu et al, 1997). F=9 AW F 1.5-2x1& chromarod
(Mitsubishi Kagaku latron)ol] @ojr=# j,4, =3k 5718 (CH:CL2:MeOH=1:1)
2 F=(focusing)sted H]=FA  F7] & (Hexane:Dietyl ethyl ether:Formic
acid=85:15:0.2) 2 AW classE &l ¥4ttt & AW e st A
class o ZHH AFEH Ao

do

b ot rSL'

N

]

ol
v S Y3, 30%7F 70CE 7rgd ¥, 3
3o Ax &3 %ﬂ%—uﬁ (Hexand.Dlethyl ether=921)i TAAYS 28, F=35
ATH FAAAWo] FEHI FE 9o HAE HUste] KOHE AN 5, &

1] (Hexane:Diethyl ether=9:1)& o]&3te] A|Aits FZstH, o€
=% APk BFs;(Boron trifluoride methanol solut1on)/MeOHi o ~ €| = 3}
7 AWk W "o A~ H| 2 (fatty acid methyl ester) & %39 GC-FIDZ &
A A T B8 XAEe] double bond9 A& GC-MSS o] €314
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okl TR 1002 HATS st 91ds dA 5 22, /HEedth
MEe 18-S AEste, oletE 40%-50%-60%—70%—-80%—90%—95%—100
%=100% =M= 2t 5 &4 Agste] gt 2@t -, 100% ol&hEo 2
5 AEE GF/F e E ofdste] nPAZIth o] 18 H AEE 247 F<t
SANZ (freeze dry) A7 % A87F 149 HEE Ao AAS o] &35}
A S (SEM stub) el §2Fstth. carbon coating unit (Hitachi E—1045) & A&
3le]  gold coatingS A3 sttt Hitachi S—4300 —Zr/\}ﬂXPaU]ﬁ(Scanning
Electronic Microscope; SEM)C 2 ¢ UE8ES A3ty E4 UEES AES
Aol skt

3. 2% 9 u&

7}. & A (egg production)

i\t

A A2 AF Al AAH DO3AA AAHE E. pacifica® gravid female (H2H4
Al ) 2070AE st A Al Ads S & RS S5
A AREE s AN AFE AT E oIHSA AR o, et
1 dAd Fen 2L 7-8CE FAHAG. vlkE 20714
, 22 270 A Rke] Abgbslar, v A JRAES 48A17Fo] At Fo| = ket
v gtk Atgret JiAIE9] Brood sizew 1037 136
eggs/females® eSO w F9 A A& (total length):= ZH2F 19.2mmé$}
17.0mm itk o}l Fig. lelA+= 0131 ol EES= E. pacifica®l A3}
brood size®t?] #AIE YEFH Aolt}, H5EH % (Oregon and California coast)
AN ANHE E pacifica= A7&o] 15—24mmel HHE=0] H 700 eggs/females
Al AFeRel9l © i (Gomez—Gutierrez et al., 2006), ¥ Toyama bay°llA+= |
o] 17-28mm ¢ Fo] 12-296 eggs/females®] Atgk WS Hof (Iguchi
and lkeda, 1994) ¥]Z =3t A 89 7t vl B3R 9, el £ pacifical)
o AL B Y B fAke ez A 5 Qv
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Fig. 2. Relationship between brood size (the number of eggs/female) and
total length (mm) of females E. pacifica in various region.

o dgdA 3

ol

HEXE

Gl A E. pacifica®l 8% FAll 83(F 4 D05) — 905(F5A06) 7HA)
/m®, Al 1(3- A06) — 22(8F DO7) MA/m’e] WS Holn, ahA =
Zd o] AAA Fasgnt. FAAE BRE FAF AAHA o] M $AEY
ow 7 v 22 nauplii7t $33F T} Calyptopis ©]F ©A9 FA4L 33X
dgrom, @2 At AH (D062 DO7) A =452 calyptopis F2 A (5
5], gravid female)®] ZE&do] AZEHUTE o]e] wral] dtAlol= AFH (AO07,
DO6Z DO7) oA 3] AlstE Lol &3l om, FA9 vwsty] =dZ
SHAl A3 A W calyptopis®t furcilia -F2, 7173 4| (Guvenile) & A3 A 2] &3]
T J A vEbg T 58], A9 A2 A7 (9F 1em TL) 9 AAL 28 W
o7 & wast Fodsode AsEo AT (Fig. 3).

6 =
< o

o

o
S L )

_54_



38°N !

= =
a, e . .
. Pl
Spring Summer
Egos
® v
37°N - Calyptopis
. Furcilia
03 ADE . Juwenile
® o
AD3
36°N - o
[
e
2
® Doz Do o3
4 D5
=1 OoOd 1
o
34N - ¢ -
O 100 ind /m? O 10 ind./m?
33°N T T T T T T
124°E 125" E 126" E 127°E 124°E 125" E 126" E 127" E

Longitude Longitude

Fig. 3. Abundance (ind/m®) of Euphausia pacifica with the relative
composition of major life stages from selected sampling stations during
spring and summer, 2010.
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Al MIEZF A
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T
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S vkE obg 4l 30—-35melA SCM

ZHO 28 28T7HA
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Fig. 4. Twenty five hour vertical profiles of sound scattering layers
presented with the relative abundance of different life stage of E. pacifica
collected every 3—5 hour intervals using the zooplankton net at station
DO3 during spring and summer.
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g2t AA Y &=F 2 W class T4

AL sHAlYl A DO3ellA AMHFR E. pacificad] AAE TFFS FA2 4
A2 7.3811.48% (n=8), stA AF A5 5.37+1.68%(n=3)ZA
Alell gk =A JEbsth(Fig. 5). HElE ] B s (FslE g A2 2okA
@ ) M= E. pacifica(ZZy A5HY] 5-20%2 5-12%) ¢t FAS
At feFe JERATE(Ju et al, 2009; Kusumoto et al., 2004). TLC-FID
(Iatroscan MK-5)% ©o]&3to] &g, &A% AW class A& TS A¥rd,
FotAEE Bl E. pacifica®l AAEE F2 A4 (phospholipids), 222 H
= (cholesterol), AFAWAF(free fatty acid), Eg oA ZF &A= (triacylglycerol)
2 FAHY e, O F Axd A FeAdERl Aol FAHE] 50%
oFer M FHI FoE  yetwd. AAN T EfoldIgAE
(triacylglycerols)©] - 38tAl YEFEAIRE F-stAALe] o F5g 2to] 7} YERLEA]
= 2%t (Fig. 5).

12

A o

r_l

I Phospholipid Cholesterol

Free fatty acid . Triacylglycerol
8 specimens

©
1

3 specimens

- T

Total lipid content (% DM)
w (o))

spring summer

Fig. 5. Total lipid content and lipid class composition in £. pacifica adults
sampled at station DO3 during the spring and summer, 2010.

sh At 74 RE

=)
%

F

ot B9t AAE E. pacifica= ©Aa AAFIF 14~24719) vhefkst A aks
grsta glew, I % EFAARL Cl6:03 Cl14:0, HLEzspAat

Cl6:1(n—-7), Cl181(m-97 Cl18:1(n-17), EXs A C20:5(n—3),
C22:6(n—3)°] A3ty YerStth. A2 £ pacificad] AWAE 74 =3HAAF
ool & AfolE Holxl AIRE &G WA FAAHI= Aldel wet ZpolE R
Aot GAELAUA T FE AEESFAEGFERFe AR /) A 71dskE
Ao g dHF AWAak C20:5(n—3) (Sargent et al. 1989; Falk—Petersen et al.
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2000) ¢ C22:6 (n—3) (Graeve et al. 1994; Falk—Petersen et al. 2000) &= +
Alell B3] stAlol= 1 dhFo] doidom FHASIAN nAE B d8EE7
Yo7 4#HZ branched & odd—chain AHAHEL FAo] Hls] Ao A&l
T/387F oF 1.89) F7keko] yEbllt(Fig. 6). 2 AdAaks 3t wef 153
sto] Ay Ao M FAlO] Hlste] stAlol| AEEZAE Ve tHEESE AW
kel A ANl ol E vk, uAE 7199 branched & odd—chain A%
AbE AA o R FUE= AoE YER T (Fig. 7). oldd Ade AAER AE

A

¥ g Ao WAk FAERE E pacifica’t ARG =2 9
HARZH) S F9 Holgow FLat vy, ABIZPgE A o] 1L 37
o= FZo] g s1es wolge e AFAsE Ao AN S8 a7
o= microbial loopE %3 F IUAZ A= Aow =H3 2 9}l o]zl
AR Ex A5 f7el ohE wolfle MEBRLS 9 UEE EAeAE
% At} (Fig. 8).
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Fig. 6. The relative abundance (%) of fatty acids in ZEuphausia pacifica
adults in the Yellow Sea during spring and summer, 2010.
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Fig. 7. The relative abundance (%) of grouped fatty acids in FEuphausia
pacifica adults in the Yellow Sea during the spring and summer, 2010.
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WAE
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hia

M 1%

A e} vluste] AA A2 @AM E. pacifica’t T2 AR A
2 AR eAE AR g8, drde] iz D03l E-8hHA
<t Z+2y 1370A12F 147018 9] WE&ES FAPEAFE ] A (Scanning Electronic
Microscope; SEM)& o]&3&to] 435 3itt. AEE>daE thiAo] dojd &4+
et E. pacmcaJ g HEEY Uit TS 325 (centric diatoms) & ©]F9]
A dRoem, 24 {714 E (detritus) % 9FH R ZF (dinoflagellates) 7} 7
HAE QT vhE, A 25-30meol] A3 Fokzo] A K= HAlols Ao v

o

—_—
w

T
FE

¢

&l 4% 9rxF (pennate diatoms), HEZETF, 8% = (protozoa) X 71
AE 5o vgd TR Holrb BT (Fig. 8). ol 9] W&= FAE
of WEwW Wizl 897 AEA) A 2 ddd 7 GEHD EE, Sl E
pacificaw= Ao+ T35 o]l dojd 275 Wol dAs v, &5
AEo] W F53 e AT ES ¥R g TR HolE HAske
HAoE FAATL F Sk AAl, H& A AQbelA E pacificas HNEZFAE U
BAol dojup= A7)ellE 224 3%E AetA ZAT, 1 9 Aldele 2¥ETES
FaEo} FUIHYHES HAse Zo® Kol (Nakagawa et al. 2001,
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% _Adoneis sp.

210um

)4
P I

Pennate dr'.":ztc:rr_ll'gT

A

Fig. 8. Selected SEM photography of identified prey items in gut from £
pacifica adults sampled at station DO3 during the spring and summer, 2010.
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A 3 A A Hof-a7tF

)= o] g ASET S0l 7HE FHEA
il E93E AU A7 F, TEEY
t} (Wang et al., 2003; 'Pu et al.,, 2004). %3 AH= o]
Hoe= AT =2 JATE Sdsitts Ao, AAZ a7t
Calanus sinicus® 22 #3X Exo] zZ qkgdstal vt (Liu et al,, 2003;Wang et
al., 2003; Pu et al.,, 2004; Zhang et al., 2005; Zhang et al., 2007). 2 o Fxd

o F wole kel Q2R C simicus’t AFYFTF B

r2
—
N
lj -
e ot
Hu
it
2,
r
2

=<
_O,L‘
rlr
N
)
=2
M

hva
2 SeMITHAE Yold X3E wst] JiHoR TrAd AFISUR o]t
ARA(TYH 8Y) /1S AWk Holh, oYW AYEL FE FF Fo| Fuo] 5
of Falgradolt FF 5 FAFRY o] FAKe] ATHALE o ANE AF

WEeh B A0 FEEFAE B 2 A dvvh FHAG CPu et al,
2004; Li et al., 2004).

2007d% A FHow FIE S A SAAEIE D ZAIAA R AT
(574124%, 59 35%)oA %TF20] C sinicus® AIZFEHIAE AT Aoz
A== ASH @) C sinicus7t &3 ZFHglo]l AR FHolEAS B,
EZFoA ofgtel FHRTE A UEhg 7|E AFrA R} Adolsksith o] A7]e =4
It GE5EHA] Zsto] ole] A Wekd T8 50| eH e Aot

oA 2 Ao E 20072 AFR AR F2eA E7HE S AHAEE] S8k
24N 7HERE 3AIZ AR A FH AYE Al C osinicus NATE Al FHA
X E Fleta, 84 W HolxAs FAl Abet RS At Ar sklh Esh
Q7+ C. sinicus®) sHAIS] Fob 724 olF ZheAdel Wid dAE duz A, Fa
£ 98l A% FokrAolsAd e AT

Al ASHTE AR & F de FRAES Fohax AxdA T A8 F

X e

Aegste] ARSI Y. Tintinnid
Z YSBCW ZUHHS 98 o]

2 =
o sale] AxAe] $5E ARFOR EIHHO

o % 5 2

759 st S FAAFYRL FHE Aol FUd W Puh
5 "

7

O

ML ox
Jn
M ol

g

By E By =
—a® 54 TiE x4

X
- o - j=
AR th ARtHo R FFBEAL] dABAARAN FaF AAE

>,
N
=

N

>

>

N

3
o
T

A3 Qe AEEFAEC] st B >
< OE e gy gl gA ndEHE SAS AU Aok olds 54 o
ol A]E SN FUAS AEEZTAEY A D dABAH L A FHAQD FE
FFe A= T IR FF BHAE sk AN T JEE AT
sttt (Howarth 1988; Wu and Chou 2003). @92 slief 42 S5 uzt 27zt
o] 4 Fudol "= wEel| LAY AlFtA] FEx ST ofy gt dUdA
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2. Alg 2 Wy

7}. Calanus sinicus® 205 4 3732

0

o

L7V C sinicus® FokrAolE A4S % AHE AR oldk T E o] &35t
1 Ao YA 448 (DO3: 35° 00.016'N, 124° 30.029'E, depth: 92m) °l| A
T A AHEE FHEHAYUES] AL AF 60cm, FEA7] 200me]H, 5
Mol g+ =4 (0-10m, 10-20m, 20—40m, 40—60m, 60—80m) & Z}OE =4 A
Attt AP 5 WAle] SAetes AEE 188 &% gy o &3 & 4
Aelst x=ddow HFELT 5%7) QJ_—. Ao e %53% EHAE 152 3l
Fdv 7 (ZEISS model Stemi—2000C) 3t F4 =%l e™, Q7F+= Chihara and
Murano (1997 & <72 F F+7HA B4 MEE 38 s+ o3 #y=
YE Tl 188 %74 (Hydro—Bios Model 438—115)2] #oz #AbE ) &

EdaE AR sAel F2 "W R F4 ddEE CTD (SBE 9llplus CTD)
meterE ©]§3to] At JFA48} AEEFAE A s 47 HA8l 8718 MES
A (0, 5, 10, 20, 30, 50, 75, and 87m) A 27| (General Oceanics)E ©]-&3}o]
Akt 28 £ 3 =4 H WS (subsurface chlorophyll maximum depth)
ol FrtAer W o AFIUT. T 954h-a w59 SHE A8 g 10E
GF/F"JFJ (47mm, Whatman) ol &3t & 90% olAlEol B7F WASE 2 2443 &5
st > ¥F=547] (Turner Designs 10-AU)Z #4383t (Parsons et al., 1984).
A2 EE%TE (nano—sized phytoplankton) 8] §&E4—-2° ¥4 98 &4 1
05 202 meshel AE & GF/F filter® tA] o35t ZujA AEZHIE
(picoplankton) 9] =4 —-a 52495 98] 3me v o33 (47mm, Millipore) = 3l
T 10E %3t 5, GF/F f11ter°ﬂ A F S dernd Qv #42 T 454 -a
EZ2YOE dEF Z4L 98 500me] dATE 1%

=
=
= s

e}

o]
oS
Sl

TR Y FAsHA Sl AEE

o] FE:EAMoF yASE & ”64’“E +Hketo] Ao R A5 as AASI w5 Al
525 745 42 s, 1l ABE Sedgewick—Rafter counting chamber® 7
FBstan) 7 (Zeiss, Axiovert 135M) 2] X 100-2008)& A AFstdch AEZHaE
AAEAE Fedn i x400-10000) stollA 54 W HASNOH, AR Y

Cupp (1943), Hendey (1964), Simonsen (1974), Dodge (1982), Round et al.
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Ao

l«

o

o~

(1990), Hasle and Syvertsen (1996) 9 Fueds ol &aldtt. Y44
Tt At Al8E GE/F filterg o] &3te] d¥ st & Oﬂﬂro T °F 50me
2}~ vyialell ol —f‘/\] Ys 5 AdAdr gtelglon, tRYol #4445 ¢
TAF = 2008 HgClE ¥t 9ok F+= Parsons et al. (1984) ®HS
o AF dUdEF BA7]l FIA (Flow Injection Analyzer, Quickchem 8000,
LACHAT Co.) & #41&t3ltt.

i rlo
1‘ DR SN

o] 3}

o g3

J
0 FSL' ox, HE

4. A4 E

AARA 70 AA (A03, A05, B02, B04, C02, C04, DO03)2 Subsurface
chlorophyll maximum layer (SCML) 2} benthic cold water layer(BCWL) F+ 59l
A AR dlTE Y wF53 &, FEEHo0R s AY W FAH AEE AMES

e,

ARY FAATESAT AYPAAD ART JTE AN AL GFA 2
Ao Gae] BHa RE E4S stebsglel At 4 AR, 293 3o S

D141 9 24 ane) BAsel B4 el G 8 A48 SA0w AEGel o
Folgon, AFY FHL U 10m A0 FAAUY. JRD A AR Dol

A

A Watman GF/F 3R 2 A 3 A5 4AZFS AFHste] 50mle] Z22H vial
= (Parsons et al. 1984) 0% A5 & WA
Iy Are A5 d9E 247190 FIA ( Flow
Injection Analyzer, Quickchem 8000, LACHAT Co. )& #43lglon, F4da+=
oS3 2o, AR S dxpA o g AR E B dlAl o E (Ammonium molybdate
solution) & 7Fste] kMo EZEHEAAl fARTEES W § ojAFow KA
(Oxalic acid solution) ¥ AHO|wx$A FZgo]l= L%/\] °F (Stannous chloride
reducing solution) o] 2JsiA ZTA=E A5 S 820nm HEZ A3 AMAS A4
o] =B dlAty) Qe EUYrE H7FE AleF (Molybdate color reagent) 0% dx}d oz
WS A7l & ofAFENIAE (Ascorbic acid) 02 Y AlA YERG FEAO] fAS
880nm IHZ FAsqrh otdilkglo]l A § ?.“)ﬂ’ﬂ dxpA o7 Sy oln| =
(Sulfanilamide) ¢} ®H-&-3Fo] tolxg oS A3 ‘
tobgl &l (CioH14N2-2HCD 3 HESA|A F354 g 1k
sttt AAd e 2578 E 43 JtEweE AR AHe T AA AFHoRE o
cbdow gdste] ofdAabed o] WM tiE WE AlXl oh5 520nm ZHE A skSl

AA A=A (total chlorophyll—a)+= AFE FAES 44 &S 2 AF oA

(GF/F filter, 27 47mm, Whatman, pore size 0.7mm) % ]33}t o FA]+= 15ml

=2

i

2

o

offt

%

=

ol

ol

S

=
o

o

0,

2

s :‘m
Ir

i3
N

©
AlA 2 e = %Zig}oﬂq.

—|~
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A E TR Y1 sdE I S AdANN F YE AHE et 4
ol YsRaS 3t &4 Al 90% oFAIE (Acetone) 10mls ¥ & wHb A7 o
o He AAA WAAaA 12 AZE o] && AFT &5 AAoA HAas S
WRE A7 o oAl B Baeigith FEE &Y Fol 49 e dAE AASH] 9
31 1000 gellA 5% &<k e AN F Ao v FHoto] FFFLA (Turner

Designs 10—AU Fluorometer) 2 =743} t} (Parsons et al, 1984). S4¥ H54
—a9 #& CTDe A=d fluorescence FF B o, T TAZ §-2o8F oFo A
#4 (= 0.7332, p<0.0D)S Ho] =4 -a9 #H ﬂuorescenceoﬂ/ﬂ SA9 s
ol-gal3ltt (Fig. 1).

=
=]

y=1.212x+0.1019
o R?=0.7332
n=227

Chlorophylka {mg/m?)

Flouroscence (mg/m?)

Fig. 1. Relationship between fluorescence using CTD and chlorophyll—a

concentration extracted In acetone.

3. 2%

7}. Calanus sinicus® 3 °]lF 2 37399l

2 AT HRE daed AR dIA 7o st B T A5 H| Q7F
Calanus sinicus® MAT2 FARZ H3E Felsty, o] W3zl 74 QA EA T} o

ATAFS Ze=A gelst=Ed ok T Yt 540 & yehde sk 9
sinicus7/WA0] ok XAL £ BEFES Holy AFdrdoArnt oFdS A

7|1E7HeE B EletuAt sl & 2AME e Bl A4 9 da ) et
v wd% oA5Hd FyE Aol 3AzF A0 E AP %gﬂr A=A 9
of 3 WMol AHE Frtskdh. AFAIFE ZF A 79 &4 (45 54, 8¢ 179) &
7oz AFetgla, 72 Al Al 571 F(0-10m, 10-20m, 20-40m, 40—60m,
60—80m) ol Al AMFsIF . BAL C sinicus®) AA(GFAI ) S} mAdLA (17], 2

g
o O W e

k!



71, 371, 471, 57D & FEsto]l REAME AAFE £ 8T

() W0 F471 (FA)
2010 49 1593 16¥e AA- A3 DO3 (35° 00.016'N, 124° 30.029'E,
depth: 92m) oA F 10 W9 STHANAS S5t (Fig. 2). AALH ] HF o3t

EFOoE o]Fste AW Farel AP FAW 0| 5F/E UEld (Fig. 3). EF

AT s WE 78T Ml ollilan, B AA S HelwR(dEa w8) 7t
ASET 22 FFE B3tk v FE AAle SR F71E B wEe SR
MAFE ehdA] eFskal, FRE FHoTAE BEEA G (Fig. 4. vAd5A9
3% 171, 371 8L 4719 B FEE Fo

FA ol 53 vehA] okska, HovNA ¢t
10—-20m 4 elA 5 Q (Figs. 5 and 6). "|Ad=A 2719
A5 AAGAAH Fof Aol AL HolA ¢hgtont A FE AIH 44 302
7HA= 10-20m T3 AR, A 6AFE A 9A7FA = 20-40m F5o W=
Aol wASA 1, 3, 4719 TR 10-20m FA (MA%A 1, 3, 47D 3% 20—40m
N F=2 F& MAF@ASA 27)F vEbd B¢ 22 Eg s A 9
ol dlel o & ulE Ztu wEstA YUSS AAREIGITE 28y uAdSA 5718 FE

3 Fobr Aol B4 VEhlA 2t (Fig. 6).

e iy

&

o
Yy
>
o
il
2
A
o
H
30
32
o

V1 V6

oo | FOKREOIS AN

V5 V2 V10 V7
09:00 0300 540 15:00
V3
04:30 vg 19:30
06:00 18:00
va V8

Fig. 2. Sampling time for 3 hour interval collection of Calnaus sinicus in the

Yellow Sea in spring.
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Abundance (inds.m-3) : Female adults

0 40 80 120160 O 40 80 120160 0 40 80 120160 0 20 40 60
R | T R | T R B | ! 1 |

00:00 03:00 04:30 [;6:00
0-10m
10-20m
20-40m
40-60m
60-80m

0 40 80 120160 0 20 40 60 O 20 40 60 80 0 20 40 60 8010C
P R P B | [

- I T I Il 1.1 1l ]

09:00 12:00 15:00 18:00
0-10m
10-20m
20-40m
40-60m
60-80m

0 20 40 60 0 20 40 60 80100
! 1 1 ) T B B |

0-10m 19:30 21:00
10-20m
20-40m
40-60m
60-80m

Fig. 3. Variation in the vertical distribution of adult Calanus sinicus in the

Yellow Sea in spring. (Adult females)

Abundance (inds.m'3) : Male adults Abundance (inds.m-3) : Copepodite |
012345 012345 02 46 8 -1 0 1 0 20 40 60 80 0 1020304050 102030405060 0 20 40 60 8C
L L L L L J } L L L L J Il Il Il Il I} } L ] Il Il Il J L L L L I} L L L L J L L L ]
00:00 03:00 04:30 06:00 00:00 03:00 04:30 06:00
0-10m 0-10m | 4 4 g
10-20m 10-20m - 1 1 B
20-40m 20-40m | 4 4 4
40-60m 40-60m 4 4 4 g
60-80m 60-80m d p p
024681 012345 012345 0246 81 0 20 40 60 80 O 40 80 120160 ©0 20406080100 0 80 160
[P PR B B | P I P | P N P i P P P i L L L J L L L J YN R S L L
09:00 12:00 15:00 18:00 09:00 12:00 15:00 18:00
0-10m o-10m | 4 N d
10-20m 10-20m 4 4 B
20-40m 20-40m | 4 -4 d
40-60m 40-60m 4 4 4
60-80m 60-80m | 4 J 4
-1 0 1 012345 0 80 160 240 0 20 40 60 80100
| L | I I I | L L ) T |
19:30 21:00 19:30 21:00
0-10m 0-10m - 4
10-20m 10-20m - B
20-40m 20-40m | 4
40-60m 40-60m -| i
60-80m 60-80m _| |

Fig. 4. Variation in the vertical distribution of adult Calanus sinicus in the

Yellow Sea in spring. (Adult males and copepodite I)
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Abundance (inds.m-3) : Copepodite 11

Abundance (inds.m-3) : Copepodite 111

0 4 8 1216 01020304050 0 10 20 30 40 0246 810 0 4 8 12 04812162 01020 3040 0 2 46
P T S| I P | L Il Il 1 1
- oo‘:oo‘ e ‘0‘3:‘0‘0‘ 04: 30‘ F ‘os:‘oo‘ 00:00 03:00 04 30 06: 00

0-10m B B 0-10m B B
10-20m b B 10-20m b B
20-40m el - 20-40m - 4
40-60m el B 40-60m - el B
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0 20 40 60 80 0 10 20 30 40 0 10 20 30 40 50 01020304050 6C 020406080100 0 510152025 0 20 40 60 80100 40 80 12(

- 09‘:00‘ - 12‘:00‘ e ‘1‘5:‘0‘0‘ p ‘13;‘00‘ - ‘09:‘00‘ e ‘1‘2‘0‘0‘ e ‘1‘5:‘0‘0‘ ‘ 13;00

0-10m 4 B - 0-10m 4 B 4
10-20m 4 ] 10-20m 4 i
20-40m 4 4 20-40m | 4 4
40-60m 4 B 40-60m p 4
60-80m | J J 60-80m | i J

01020304050 0 20 40 60 80 0 51015202530 10 20 30 40

P I | Pl
19:30 — 21‘:00‘ 19:30 21: oo‘

0-10m + 4 0-10m 4
10-20m - el 10-20m el
20-40m 4 20-40m 4 4
40-60m - 4 40-60m | 4
60-80m J 60-80m J P

Fig. 5. Variation in the

developmental stage

Abundance (inds.m-3) : Copepodite IV

vertical distribution of Calanus sinicus according to the

in the Yellow Sea in spring. (Copepodites II and III)

Abundance (inds.m'3) : Copepodite V

0 4 81216 4812162024 02 4 6 810 0 10 20 3¢ 024681 048121620 -1 0 1 0123 4

T | I B P | 1 1 | I P | I RS I L ! PR N I i |

00:00 03:00 04:30 06:00 00:00 03:00 04:30 06:00
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40-60m B g 40-60m
60-80m J J P 60-80m
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4 20-40m

4 40-60m

0-10m

10-20m

20-40m
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- 09:00 12:00 15:00
i 60-80m

Fig. 6. Variation in the vertical distribution of Calanus sinicus according to the

developmental stage in the Yellow Sea in spring. (Copepodites IV and V)
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(2) ¥5o 227 (&HAD
20109 8¢ 1743 184l AA 3 DO3 (35 00.016'N, 124° 30.029'E,
depth: 92m)ellA F 11 W9 TEAYS FAskAt (Fig. 7). FALA 2 W
A g 1241747 o}w%at BEE YEFH oY, 1 o] Fol Aol FEh=
A gkokth (Fig. 8). XHEHT F2H 9= Fif 28.31TCT=E EFAA
(52 #5)7F 93 74 30mollA 542 w5 Hdgks vl A
Aol A F715 B wFe FEst MASFE el A Fgkar, FEist
Ze A okdkth (Fig. 8). w5419 A 171, 271 % 3719 B¢ F
73 YERA ek, HZRAIFTE 20—40m FAlelA BE AR AIZE
At (Figs. 9 and 10). " sa] 47] T3 20—-40m F4lollA] =2
XA sy s fs Holgdde ¥ & dulE —E&é}ﬂ Ass AlA

10 oﬁ o,
o —10
rlo

o 4 o

é

19
o
¥ O i N koo

X,

o [‘lo
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oX 2

P

4
J
2 o

2%
e
% 3

-
o
I3

5

Fak3
ok vl 5719 A FREA s o, Yol AToR olgste] MEe gl W
dl= ETOE olFshe A¥e R ETA] 0-10m 7MA= deshA ot
10-20m WHAZHA s stald, ol 5

28 Wit 25.74CHLh ok T Fokrd
11)

719] g3t Rt AT (Fig.

1B E ol g #A WYL

T
(00:00)
T1 (00:00) T6(12:00)
M= = 11g]
5 T2 T10 17
(09:00) (03:00)  (21:00) (15:00)
13(004:30) 19 (19:30)
T4 (06:00) T8 (18:00)

Fig. 7. Sampling time for 3 hour interval collection of Calnaus sinicus in the

Yellow Sea in summer.
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Abundance (inds.m'3) : Female adults Abundance (inds.m3) : Male adults
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I I L L I N | | L 1 I I A | T R |
00 00 03:00 04 30 06:00 00:00 03:00 04:30 06:00
0-10m 0-10m
10-20m 10-20m
20-40m 20-40m
40-60m 40-60m
60-80m 60-80m
0 10 0 10 0 0 10 -1 1 0246810 -1 0 1 0 1
L I . | | I I ) \ | )
09 00 12 00 15:00 18 00 09: 00 12 00 15:00 18:00
0-10m 0-10m 4
10-20m 10-20m B
20-40m 20-40m | 4
40-60m 40-60m | 4
60-80m 60-80m | i
10 20 0 10 10 -1 0 1 0 510152025 -1 0 1

0-10m 19:30 21:00 24 00 o-10m | 19:! 30 21 00 24:00
10-20m 10-20m | B

20-40m 20-40m |

40-60m 40-60m _| i
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Fig. 8. Variation in the vertical distribution of adult Calanus sinicus in the

Yellow Sea in summer. (Adult females and males)

Abundance (inds.m'3) : Copepodite | Abundance (indsm'3) : Copepodite 11
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Fig. 9. Variation in the vertical distribution of adult Calanus sinicus in the

Yellow Sea in summer. (Copepodites I and II)
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Abundance (inds.m'3) : Copepodite 111
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Abundance (inds.m'3) : Copepodite 1V
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Fig. 10. Variation in
Yellow

the vertical distribution of adult Calanus sinicus in the

Sea in summer. (Copepodites III and IV)
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Abundance (inds.m‘3) : Copepodite V
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Fig. 11. Variation in the vertical distribution of adult Calanus sinicus in the

Yellow Sea in summer. (Copepodite V)
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Fig. 12. Vertical profiles of water temperature and salinity in the Yellow Sea in

sping and summer.
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Fig. 13. Vertical profiles of chlorophyll—a concentration and phytoplankton

abundance in the Yellow Sea in spring and summer.
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22 00:00%e 7.8C=E 7}F woton o]3 x A3 Z7tsttt 15:00% 9

87CE 7M & 25 Rt (Fig. 12). 34 25522 19:30%° 28.2C= 7}
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o] 6.5-10.5 T HWMYE H3 BCWLY AmE A= deozozn odulA

Tintinnidinium primitivum®] $7384 X5 et (Fig. 14).
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Fig. 14. Lorical shape and soft body inside lorica of 7intinnidium primitivum.
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MR8t FEXNEF Tintinnidium primitivum® 2 EjsHd EA]S ZAléle] el A=Y

%

Bl o5 AT GEE et Hart v

12

£ 10t .
e [u] 5]
% 8 r [ ] o
5 oL B 8 e
o
£
2 4+
e
g 2 r m Water Temp (2009) O Water Temp (2010)
0 L
1000
O Tintinnidium primitivum (2010)

= 800 B Tintinnidium primitivum (2009) ]
-
°
©
< 600 t .
%]
(]
o
c
[
T 400 t
=}
Qo
<

N u

ol L ]
AO3 A0S B02 B03/04 CO03/04 D03
Stations

Fig. 15. Comparisons of water temperatures and 7intinnidium primitivum

abundances in 2009 and 2010 surveys.
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(1) 3 TdFolAe JUdd Wl W d54—-a0 X 5
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oX
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0.42 ~ 8.84 (1.84 mg m °£1.41)9 %9 WIS v} (Fig. 16). FF 7ol
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of =% &£¢o] Q23 9 It} (Bouman 2010). o]= 35 &30 =7 9lg) Ho| A
= A oldlE AEEFAES olFAIYY] witel el o3 Agto® o]Fo] A%
a4 Zahr] wistolth.
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o MeoZ Btk Q94— FEE 030 T 251 mg m (0.69 mg m £
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Fig. 16. The vertical distribution of silicate, phosphate and nitrate+nitrite

(nitrate), and fluorescence at the central parts of the study area during spring.
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Fig. 17. The vertical distribution of silicate, phosphate and nitrate+nitrite
(nitrate), and fluorescence at the central parts of the study area during

summer.
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Fig. 18. The vertical distribution of silicate, phosphate and nitrate+nitrite

(nitrate), and fluorescence at the eastern parts of the study area during spring.
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Fig. 19. The vertical distribution of silicate, phosphate and nitrate+nitrite
(nitrate), and fluorescence at the eastern parts of the study area during

summer.
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Fig. 20. The vertical distribution of silicate, phosphate and nitrate+nitrite

(nitrate), and fluorescence at the E line located to the southernmost of the

study area during spring.
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Fig. 21. The vertical distribution of silicate, phosphate and nitrate+nitrite

(nitrate), and fluorescence at the E line located to the southernmost of the

study area during summer.
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1. A&

k] 2 A3 (sound scattering layer, SSL) T 3] AF&3 (deep
scattering layer, DSL)2 &A1& 19409t H2o 7 A o|F A A &
o Ao BS H tt(Lee er al, 1999; Medwin & Clay, 1999). SSL
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7159 FEEFAE A PRowE AAAL A el FEAT SSLY
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Fig. 1. Map of the study area.
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A]&ﬂolu}. 2Fagel A}%@ FALE TAYRUDE 36 k

HZE]r 200 kHz

ARgeFRaL, shA N E (8 Sl 0 kHz$} 420 kHzE
s 0]%‘6@4 -%%‘E*JE% Q%‘E}S’iﬁ‘r(Fig 2(@). =FAMEHS Aol 4
& 5, 2Abd SHelA SFAAE g 1 mel AAAS BAske] i
el BEadAes J535 1z°] 1 ping & &,

St (Fig. 2(b)). FA T +=
M3FR 3, pulse lengths 0.5 AE EAo] DGPSE ¢

A ARE HAAFo 7 AAsATE. Ao AFESE SFAA L AASE 3
2~ ulg}uE]= Table 1 o] A& sttt

ms= AHS HAAE
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Split-beam transducersound neit/towing body
(BieSombcs Inc., Seatile, USA)
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Fig. 2. Hydroacoustic survey system
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Table 1. Acoustic system parameter

System parameters

Parameter 38 kHz 200 kHz 420 kHz
Source level (dB//jpPa) 2178 2215 2215
Pulse width (ms) 0.5 0.5 0.5
Beam width (degree) 104 6.6 4]

Ping rate (ping/s) 1 1 1
Absorption coefficient (dB/m) 0.006 0.076 0.096
Sound velocity (m/s) 15261 15261 15261
Collection range (m) 200 200 200

=
RE AolM CTDE o, F2, 9, 63%“3 =
A5 = F2AA1A (time depth recorder, TDR) & A %] 3t %I’_H]E% 0] ??l AR A
A3 closing & open netE ©]&% FHAE FAANFS AAste] sEEHAES
A 2 AT S st oF AFe vlw, 4388t (Fig.3).

Oblique & vertical netting

Fig. 3. Biological survey system.
. g8 A% 95 A9 2T 24 A5 B

ﬁﬁﬁ%*’FEH 14101] T8 AT = virtual echogram 7S ©]€3Fo] post
]

2 AN HAGFig 4). STUNERNL FASF A 24
J

Al AFE-E = A4 Q] post processing RS 0] €3t (Biosonics, 2005).

A FFNZTE 5 99 Az vigeld A% T2ja kol= AIZE A 4?5_
5, dFete] EA ST Fig b(a)« SFaldFdielA Al echogram2 %3
I FAE A%, HEoY CTD castingol °Jgt wo]=& AAS & FA3S]
o} (Fig 5(b)). &A1& 4 Al Threshold level &A% a4 27t —75 dBS)
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Fig. 4. Acoustic data post processing method.

Source echogram (ex. EOL, August — sunset)
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Fig. 5. Acoustic data post—processing using virtual echogram

(a) Source echogram (b) post processing echogram.

_85_



200

L=

T

ZE!

15

R

o Fof @ AW Mate] W F
o &

}o], SSL=

o

kHz T35 o]

o0

olm

)}
7H

A 200 kHzel s i}

¥ D04

=
=

AN 71l

echogram®] ¢jo]t},

o
e

Fig. 6

(b)

Water (a)day, (b)night.

(a)

Fig. 6. Example of sound scattering layer in the Yellow Sea Bottom Cold

oF
o
ol
pze]

.io
8

il

o mf
o o
o —
M 0
2 _ﬁm
T
_x \mﬂ
=S
S T
=3
A
I
m
W
s Mﬂ
I
A
<= %
X =
i %
ﬂw ojn Ho
S Lo
B
o o I
gp M A
LI
ww. 7 N+
= U o
o
o T
0 O
Mo 7 Ky

o] A

o

=

Fof

9] station® $E=<¢}

°©

Q

o

o]
1

Z]

7}
.ol AI7Te) e 10TCovlz A

1}
24 A3k

o

) 4
gadsiolA 20109 49, 200 kHz #8ro] -8+ 4Hn]
T

(20104 4

A
}o] MZ lineol| 7

o =
=Fx

|

=7

)

(1

T

B
i

ol
oW
Ho
)

_86_



(@ |

- Night
A03 (81 m)

Temp (€] Yellow sea

0 1w W 30

® |

E
Night g
B02(87 m) ¢

Temp.(T}
R

=25
E
£
Night as0
€02 (87 m) -
75
7
o0 00000500 000007 00 o0 0000 [10.00.00 11,0000 12 00 0013 200 00N 500,00 16,00, 00 17.00,00 115.00.00° 19.00. 00 1 00
LR el I | |
G il ‘ Day| Nigh L, 8 ) ]
= C D03 (91 l i
(A LR VL *
i . R N Jaldl 'y
:
(d) T r i ] i : -. il | r Niape |
i ) Y % I L |
“ : = | | |
= .
g —_— - =N . ]

G Y BE lined] A9, w3 W 2eln AFA7le] Aol A
Fatarzo] AEAelt AW 2Ae] AN, LB olFelt =
L AYA SR A $RANE el dAsTh AE A
5 Aol e FZolM SRAAZo] 9l Hr o AF wI F
Fop #4015 g AA Erh

110.04-17 0530 35 0 o
b 11
i (0] BT iy
y ki e B
(a) ar
50
bt =a -2
. Night
- AD3(81-m)
=Y & t e

Directly sunrise
A0S (78 m) g

(b)

(9

0B (73 m)

Fig. 8. Sound scattering layer (East—West, North line) at April.

_87_

S

=

ofj
]I} VA=
ol o X %2

—

it



o~ [2D0KHZ] 200-5-C - AIG_Sv.EV.

s [200k42] 200-5

O

Before
co4(7

() |*

AN B

BAEe] F&eQl ek v gk g2l o
of HFFAE AAENIL, T A3 S AEAl] AH ZA, A=Al EFolA
S .

Night
D07 (31 m)
=‘r_g{ g
|25m (D)
(b) ’ |
) X Night |-
® B & f T *| DO8(7Zim)
19,081 9:10: 19151 19,20
r |. )
25m (0} > ] _
@ ; s gies I S .
0 i = - =y 3 = I::—..' .
\ f . i ‘_ ‘Sunéet
IS :: 1 e ] D05 (85 m)-
5, ¥ R, AT 5 06
T —
Lﬂ H ! . | ay, Night, | | . A
5 m (D) I l us1a1 J 3 ‘ 1 | |
(d) (. w o b J‘Jll 1L |‘ |I“ | i
Tk 1 : ‘ Gl 1, | L | K l }
i L M g | I |
= N 1 T
:' 2 1 P A B s —! I — | 5 & S | L

Fig. 10. Sound scattering layer(East—West, South line) at April.

_88_



sunrise sunset
06:04 19:11 Temperature (°C)

e <O 0 10 20 30
- . !
Sv
(dB)
40
large zooplankion
25
_ ' sz
E L | 0.87m/min
~ 1
= nkton | 1 .
= L \ E
= 50 T T 50
o i
] Wi
e _].
Copepods o "“H '
75 Chaetognaths % 1“! Py 11T _‘ 5
. T T a7
W : pacifica fnd pms . ™
| ] Appendicularia | l }
I I - 0 ; .
05:00 07:00 12:00 19:00  21:00 0 05 10 15 20
fluoresence (mg/m’)
(a) (b)

Fig. 11. (a)Acoustical observations of upward and downward migration and
(b) Temperature and fluoresence (April 15—16, 2010).

Fig. 112 #4 &4 UL A D03 HHANA 24475 43 &
Adoltt, FFAFAR B4 A 4 AF(0~80m)ellA AP AN F=3
o] FopolHe FAHU, SFATZEY YW Aol Fish ¢+ Nektone Al
gl w A okgkt, AEAIZFA] 4 35 m olellA & Aol = (£ pacifica) &F
Atol = (copepoda) & & ZZFAEC] ZASte] WA BAHA
Al A 60~75m Ao F& a7 SAHAT. 3 EAI 7
g F2 W e 55 ZHIAEC] 5

s oY 59 sHESEEE 242 0.87 m/min¥ 0.74 m/min® &9l T it}

rorfm ol

L fo LU

d
i
o
L
K
(7
e
>,
do uft & rlo ¢

[e2

(2) 3HA S&FxAF2010d 8¢¥) A

geldaield 200 kHzel #AIA719k gde Gt @X NS o] &3t
of, 2010 8¢¥ sHASFEALE ST sHAlFRAL A A 5% 24
Avpo atel7h #Rlgih. 22 AL AE Eele] A5, dF AR s
of FFATTol SAAH AT (Fig. 12(a)). Whdel] AZAY B9 EAAI¢ @
7 FFAETOl FAH 26 m B VIR F R 2EHE A4S 294 £ 9
Atk (Fig. 12(c),(d). o] #eld 4L sl g s3] #4343t
Aot welE o] At s vla Al ASe] sdakdTol shre] sdatds



e} Aol AT

@ [\

Jirect Sunset
03 (81 m)

Temp.(T)
b

L] =

ight time T day time
N P f LTS e Aa,
unrise | 4 1
(d) .
b4}
I b il
|

Day, Night
D03 (91 m)

Dir: n:hrsuniet |
ED (o1 m] |

(a

(b)

(@

A08(73|m)

Fig. 13. Sound scattering layer (East—West, North line) at August.

_90_



= [200kHz] 200-5-C - ADG_BO.EV

.
' . RN KR L. IS Yy
% o) ;‘._:;{__..";._ S R P e Sl R e gy
Z5m (0) *
(a) |

0 . Day

(b) R et ) ‘l'.“

o [200kHz] 200-5-C - CO4_BO.EV
P g

= zfel7E =l =Tk A

] 5t I
A06 FH e AF dEAItel] Addo]l AAEa, %@%F&%—% AE FA F
2 AHESE Holw, oF Akgts W ATt gl H eItk Whde] B4t CO4+ A=
AlZbel SFZAPE AAIE o] RFHE 30m 74A 7t @%—%—01 JA H3E H G
B049] Agoli= F245E 7IFo2 F 79 Atekso] el =9l 049] %f‘a
2%+ Fish$l Nektond] &A% gl =t}

(a)
(b)
night time “,j. ~ —— dav time . T .I.
© * ﬁ - | ' P 9%
= | y, Night i
g fieq ¥ . D03 (91 m) w' vt

i LA e
0500 0700 1200 19:00 100

Fig. 15. Sound scattering layer (East—West, South line) at August.

_91_



)
S
ﬂ
o
X
flo
=
Hu
=2,
N,
N
Mo
o
)
lo
no, U
N[
W
~ x
AE 1o
=
to .
o
o
i §
>
R
40 3
N 10
oo 1o dfo
ales :%'
oo —l:
=
A2
of ok

o%
2
2
ofj
rlo
O M e o o

pul
= A = Alelle s VIeow e
el gapteksol fel A RPelE SRAREEL A A A4S AwE
35 Aol vl ARAETE B4 24 H5, 4EE o179 nekion®] &
FAz7 S vl skeie sEERAEC AT SFAVIRe] 54 =AY
sunrise sunset
05:59 N 19:24 Temperature (°C)
- - l 0 10 20 30
o O R %,,:1,[” T |1 IR | |
jar# B | i )
‘ e V‘u-‘ 4B
Lt ‘ 25
4 51
E 0.49 m/min, .
=9 . I
= T R \o-+4 m/min i 2 50
i 1l
Copepods i ‘ 1 o8
B Amphipods I .1;' I
75 Chaetognaths B S 74 75
W £ pacifica { .;| . [ | : -“. eH 1
B Fish larvae il 'ﬁh" W W i 1 ol -

05:00 07:00 1200 19:00 21:00 0 05 1.0 15 20
fluoresence (mg/m?)

(a) (b)

Fig. 16. Acoustical observations of upward and downward migration and
(b) Temperature and fluoresence (August 17 — 18, 2010).

D03 AR olA 24A3F SF2ALE AL, F
o] F ]E ]% ﬁﬁ‘%i% Ittt stAT FAAE S Ee A9 ZFG‘:] A
= AU A=A
=& 3=+ (copepoda,
chaetognath, other zooplankton)® =325 7F 54 %3, &4 25~60 m ¥
AollA &2 FE EFIEY juvenile Epacifica®l @457 EAH ] SH
of SR Tol 54 HAL

A

t}. Al 26mE V|EFo R EE 23AIsUl Edy

o] FAL F2F5 FAY T dEATY] A 4 60~75 moA #
< T8 ZYAEY juvenile E.pacifica o) 5ZFA T b & HIAoh &3
AaE e} St AsETE ZH7F 0.44 94 0.49 m/minE A0 HEA] ol
&57F »gla1, o] A Tek sk

_92_



2% 49 A% 39

EENT & .
= M oF salON .
M) o E © M K m )
ey y - :
o T <R : E |s
o B Loy e a
G o W
= —_ @
ﬂwro EA o ﬂﬁl ;oO £y 2
Mo ~m on M g
ok X o o o £
Ho Mo 1o ') N
o oM £
Y .Nro —_ ) ﬂ ﬂ X
»AU — € ¢
4 Ao o
— A = = =
A 0 = Hp o £
= Mo o < e m >
0 W] ﬁo ) Eo ﬂ .M
=R = _
2 = of m o e o .Erwon , > &
= 9 = M
g g ¥ = =
m E M xR 0
=, O o it g (=]
RS SO £
= kg T o ~ 12 o
NS i zL v
:i — D.. \_u_me o] X > o
B oF BT R j pua mwu <l 14 1
) —_ ~ =% e -
= oo T N al = :
Mool T L keom u| SR .
o S -y Be «F B
"] -,
‘OI M.W )A — O#H ,‘% E.t k= ‘\.m.__ .___.h -
il CHE e R LY
X TEE R T
dpE 5 =T W 2 o2 8
B e I . s
A PO SR S S n
~ Zo N o ,_lryl %o b b Ay
o B oo m o — ol ¢ e
— e NI R N 2 E
~ <L of =0 = ™ mn S =
A_l X m w o
EI — AT - m o) y w
N O TR g
ﬂ_0| " H .ZT._ o m e ® =
of B! m_m 3 o X° S % B % § % 8 & § 8
= I o < 7 I N (w)wdaq

Distance(km)
(b)

Water.
— 93 —

(a)

Fig. 17. Suggest diel pattern from FE.pacifica in the Yellow Sea Bottom Cold



o
bl

o

7

A 247 Fre] =

He A

ey
Ny

il

o
B

o

of ForA, HZ AW

o7 &F

blo

o3
™
T

el

of upek AYst

sHAl =7k
} (Ma et al.,

o] HAF ANA

&7

Oo]:

o

3)

Wu et al.,, 2001). ug}A] 3%

’

2001;

oy

o

3}

ol
=l

de AdE st

3} A of] A

]

ke
it

oy Q= 34

o]
=

1

A

A 714 <]

=0

.
o

.
"o

dR7F 7]

ol
o3

ol Ao} 53}

WHE Aol o gel fAsta

3t

%3 (33

A7}

5
Rl

Aol ol

=
=]

o]

oAt} (Fig. 1).
W) 71

s}

D
_:_n_ﬂ.....aﬂ
M.-.
2 B
J._owT.
4" 4

N
Y

Feloh5eel A

Figure 1.

_94_



el AFETFU7E XS FSFAE AvH YA EZA S (S
Central Yellow Sea Mud, CYSM)o] @&zl vt (Fig. 2). FalzdAd F
A Faldirel FaistRrl vy okwrE FAEHEA B8skE “upwelling
/downwelling" processes®l] 2]3} FOo2HEH A YA EHAHEo olF
sto] stsljo] Sk Aol HAEo P4 2
A SelFdUdd 52 wAY
Ay g g 9

FHRBAE THAAL Sl

¢
m:“‘.:

2
a|N

=)
o [ e ok
Ao
re o oftt

2wy Ml omo ogr N
AU
2
%
o
o
o,
Jm
ol
%
4

L )
o
=

K
®
o

o
oiN
o2
A
()
i)
)
il
2

S~

O
fo i
B

[as

BN
Hu
> O
[

[

2
i)

32
i}
O
=n
O
a
=)
(@
=
[oS]
7]
o
O
~
B
\\]
&
(@)
Z
to
)

o
X

rr fob mo [
o\-ﬂﬁ
)

£ ood I ey jz

)
2
9

e 3 R
o
o,
%
ol
ol
Ir
jin)
of\
ko
ot
o

o
Wi
2L
ol

o,

ny
A,
il

Ir

2
Ho
o2
>

|

W

°f
A

=D A A P - )

2]
A

]

ol
-
)
S

AqM= & BHHA = F 5

2
Fo o
b
{0,
>
[
fm =

e >
_0|L

BN
>
i
o
i
-
ol
A
4
v
Z
(@)
=
=,
=]
1
©
O
-
)
H
=2 o
[

el

Y
=

Aol Wzl A, g Ve 5o s E
T7F et A olty. ¥l &t e AF,
A4+ T= of =3tEo] 3o (e.g. Qi et al, 1996; Matsuoka,
1999, Shin et al., 2007), JFelA 9 GPEZF AAE E A= v v
&3t (Kim et al.,, 1995; Cho and Matsuoka, 2001). Cho and Matsuoka
(200D el W=w, el 25 HAE9 GHUEEZF AAEE 360 N oA
M we AEHS Holy, - FS Spiniterites bulloideus®y Alexandrium
Folth. sHAHE, o] & A|AEVE 5 UolA AAbEo] AFow vt HAH d
A4 (autochthonous) 14], ofH ™ FeFdo] FH g QL A-bolA AJitE o] o
sxo] 2 EA4 (allochthonous) Q1A el digt oldl= FFstrh,. 53]
PSP (Paralytic  Shellfish  Poisoning) doyl= gelo
Alexandrium S}HEZF/E AAE7L 3] 4Gl A =3l

AL (Kim et al., 1995; Cho, 2000), 2 & 71&elv 1 A n =
D Fol thal A= oA 7EA] ZAFE A kT

N Jo
>
I>

i

ME wz
= 1%
o% ju)

o

fr

)
ol of{

e
2

F

_95_



40°N 118°E 122°E 12(|3E 130°E
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| River (before
1855)
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Figure 2. a9 a7 AA®Y o YA 34 9% (Hao et al., 2008): ECS:
East China Sea, YS: Yellow Sea, KC: Kuroshio Currrent, TaWC: Taiwan

Warm Current, TsWC: Tsushima Warm Current.

FomH, FfATET
&l 53] el At
Z 99%9 Alexandrium 7’3‘5:4 g3l tFHelAe ExE Hotgo=
A, Fdelsd YA FHAEo| Alexandrium A 2~E° seed bed®2A4 9 7lsA

= dolr izt v w3, Gl ATETd oM AP o] HAES HAS
| Fozx, A7 FfAFETe nEA 54 4
9 S wela, el siYsE Y ¥ Wes oldsted Ta% A5E Ay
al

4

_O.L'ME_IQLO

B ATE 8 FolA 44709 B3 HAE ARE Fusgon, B ATA
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o] A AL Al FallFdUA dloelA] 2719 wAa Fo] AR (Ho] °F 50cm) g}

3 e (CYSM) & E5F =3 UAH(SWCIM) EHAAZHE 9
Mol 7ol HAE A B (do] ok 3—-5m)E R 24 A% ATFE E& 447
o %3 HAZ AR 2 FEAF 3o HAZ O vudE Lol £4H

lom, 2788 FAAF o] HAE dEd AMFEE o B HE s
=] [}
=

23 H4=® AREFH FAIRE FHs] Mudie(1982) 9] Wilel wat v
o] g5 otk WA dxHA & HAEY FAE 543 5, o F §
ek 60° C X9 2EolA HURAA Axd HAE FAE FHU Als T4
g JHEREF ANAE RS AXtsly] fdl dxd ®HA= ARl Lycopodium
clavatum tablets %713 ¥ ®AFA (calcium carbonate) & A A3 Y3l 10%
FAHHCD o2 A3t &A= do] Folfle ARE o|2u TR AHsto] F
ASAIZ] o, TARAE AABH] 8 40% EAFHEF) & €] 24413 &9t A E
shoith gfabdoe]l Holfle AlRE A ol E AlFHste] S
100m =719 1&A (mesh sieve) Z AHUATE o] 2w 35 o] &sto] Ao
of A= YAE EotaY FHO &4 €@ F, 273 WHEY dHeus AU
ZF Auld ANEE & AolAl & o, dFE FHsko] glycerine jelly9t paraffin
waxs ©|&35t] dulA &EEfol=E whEo] dv|F o R FA35F3th Nikon (Eclipse
551) @AWl ol&sto]l 2503 400v & stellA ZF A= & 7Fed 20070 o]
MAFE 4 B B8 em, Alg & GERERF AAE F
A

| 2E J=(cysts/g) & YEMY

-

b
(.
A,

Y

e

x

ofy [m
>

F3% TH EAL 98k, 2719 F2E 3:20](06-1, 06—5)¢1A 10~ 20cm
HASE ARE AMFANAY. 4 AEE AxFHS SHST ts, 63me] AE 9
gato] TS e 24A41%F o] AXA F F87] (microsplitter) & ©] 8310
AFst oo g7 Hulsint

7y AEEE AAME F5F F 200704 o) FE3A o, Al ¥4 fFu
T MAFE FAs9en, o AR /4 FEF AEHEP/T ratio)S
Akl Tl F2A4 YW THEAS A fE 4 AlEdEE AlEE A
A Aol dig 2F Fo AEnES Alsidod, a4 fFEEe AEhE
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(P/T ratio; number of planktonic individuals/number of total population, %)
I} AMAE FE3F Z(test) AW = F2H AFEH| S (calcareous—hyaline /
calcareous—porcelaneous / agglutinated test, %)= S743I3th. ZF Alm¥E=E A
=9 AMYE fFEF NE 2EE 272 FUSE(species diversity) & S48
ok 7 st FutE S (simple diversity) 2 AtEE = T (9 E
S4st= Zolu, AR Fol &id T2 I AN =23 =3 A @

2} 7o) 2t} (Gibson and Buzas, 1973). wzhA
ARl EAF/A mHEoF dth F Hd=

7] 918l o 7HA F4 9 A gEo] AlbEo] $kew (Buzas, 1979), 1
ZolA 7FE @o] o]f¥ 1 Q= A o] Shannon—Wiener information function,
H(S)©|t}(Gibson and Buzas, 1973; Hazel, 1975; Sen Gupta and Kilbourne,
1974; Murray, 1976; Hasegawa, 1979; Akimoto, 1990).

S
H(S)=— lZlPilnPi

H(S)7F & vherolw, St %o 4, Paz WAl 9 &4l otk 2E 77
e Fol £3 A% Axgh 0% AW, BE A} O For 74E 3
% UFE HS)E IS Auzh fek AAFT A2 Fol ) JFL wiw @
worz 95 EASA B 2 Foll AsA A5 A wkEA vk
Aol itk et A2 Fo Fol A FEIA wMEHE Fun B Fo| B
Sa MEHE Aol A9 WEE HES) @& A drh meb F GRS
4% 49 FIE (equitability) BZ $71 ST BE Fo| 1 o] #AG]
e MER EAUTE 1 g 10 Aok

Fol HAEZo] gA=E FAle 1 5 EA G, 98BS sty sk
Fo HYEANA AEHE Fo¥E 22 olgste] A4 9 B4 M EdANE
B39, 2 HAE AlgZoA 150 mm A7) o149 Ammonia ketienziensis

angulata R A. beccarii 2+& FZE3F o, AL ul= Michigan 8] Stable
Isotope Laboratoryel] 2ZF3&Att. A S9LEAH] @S o]f3t 19%
(paleo—salinity) & FH = A th32] 2
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8 ®¥O0water (% vs SMOW) = —8.41 + 0.44 CL (%) (Zhang et al., 1990)
60 (vs PDB) = 60 (vs SMOW) — 0.27 (Hut, 1987)

walk AtAEYdAin ke ol €3 14 (paleo—temperature) 8] FG = AAE
< U9 A& o] &t

8 Owater (% vs SMOW) = 0.32 X Salinity — 10.96 (A3t £, 2005)
60 (vs PDB) = 60 (vs SMOW) — 0.27 (Hut, 1987)
T (C) = 16.5 — 4.8 (6 ™®0caicite — 6 ®Oyaer) (Bemis et al., 1998)

3. d7UE = A3

w
oldk
)
=]
ol
i
)
it
1o,
2
r
[
BN
3
>
[>
[m
SV
-~
Mz
52!

oldt
o
)
ofN
o%
3
%
12
i}

AL SPARZERF AAE 7y 5HES dotrr] 8,
Fallzd g AF HAEANA AR T 447 BT HAES 4 (Fig.
3). w4 Ay, JHEEZEHF AAEE gonyaulacoid ¥ 6% 15%F,
protoperidinioid 1% 7% 8%, gymnodinioid 1% 1% 2%, 1¥1

tuberculodinioid 13 1% 15°%, & 15% 26%°] 545t} Gonyaulacoid,

tuberculodinioid®l] T T =5 Y okFo|, protoperidinioid 2}
gymnodinioid IF°l &3 T2 FH5YUFo|t. B ZAAE FE
gonyaulacoid®} protoperidinioid Z1F©°] EE A AoA A= S4S HA{Y

(Fig. 4).

_99_



32 |
f’

30
I I | I I |
120 121 122 123 124 125 126 127 128 129 130

o 352 4] WA
*: T0{E|H - 17 A (WAE 2o))
w7} 24 A2 28 W (42 20)

Figure 3. &dfl 235 % 3o HAE A59 A 44

B Gonyaulacoid(%)
B gymnodinioid (%)

Tuberculodinioid (%)
B protoperidinioid (%)

Figure 4. #3235 HAES +Q JHRZF AAE 159 dd4 AEv=

5 AAE OF9 Ad4 AtEHlEs vasiels o,
gonyaulacoid 152 3|3 2] FHol, protoperidinioid I AHo| Ao
oz 4 A FEste Fdo] AR (Fig. 5). AW 2 gonyaulacoid 1
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AR (Fig. 6). 53| Alexandrium N~EQ] 75, A3 H-gHo

A 2AP AN AA FUREZF N2E T F 0% ol &S AEw
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3 AA e Aol P 5
] | =
Fos g melrh o9

gonyaulacoid SEHE S AFM =
B %3 ¢l v (Novichkova and Polyakova, 2007; Radi et al., 2007), 1 €
A712e) tiafi A= oF4 wWalzl wirt gl ole] wef, FHA%E Fs 39 FH
A& A gonyaulacoid 152 SHAERZF A|AEZ A= dAAES o]§EY]
st F7H4A A7 a5-H

Protoperidinioid group (%) Gonyaulacoid group (%)

(50) 40
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S. bulloideus Spiniferites spp. O. centrocarpum  Alexandrium spp.
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MeE 2APA net Fe W% F2 wglon, AwAom zAH Y

of et FHAA DA AAR PYE LebATFig. 7). HEH A
FO 7 S.  bulloideus=  0~14,853  cysts/g9 TEE B3
Operculodinium centrocarpum<s 0~8542 cysts/g® WY ZE, Alexandrium * 2~
Ex 0~33,9879 =2 T (Fig. 8). dutqom, stsfolr o4d

AAES sEE FelTdea ] HAsAM w2 @
1
-

2

o

August (1858-1088) 130

Figure 7. 3=t
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5. elongatus (cysts/g)

5. bulloideus (cysts/g)
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Ao FARE Ags Holv e 4dA Ad(Dale, 1983).1 2= 33|
Wl G sl A fAabet fAell EAshs Al dHAH 5 A=A
U ERF AAEZF AUA R 52 AEFE Bl vz, of s WA
wEshs HAE YA g HAwe 4= A weks vhedE 9 oy

HojAop gt
g, & At FelTdUAd, 53] 36" N ol x& AEFE Bl
FHA 5%

Alexandrium N2~E+& BFY O] Frgsh Ho HupFor dagles

< HETH o] F& AtelA fFaElA Az (vH]A #l5, paralytic shellfish
poisoning) = %A 7] gy &E A Qo). Spiniferites?t A sy
Ad HAHEANAM ¥ HAFS Hol= Alexandrium AN AEs, AN &
& A JAANAM M =2 TEE BAoH A dHERF ARE T
oA ok 70%2 A=Wl L}E}Lﬂg’iﬂr. 21177}2] T3Y Alexandrium A2~
E A5 A¥Ed, 73
g wlo]  gktl. White and Lewis(1982)°ﬂ =, iyt Fundy ‘ﬂoﬂi
2000~8000 cysts/em®®]  Alexandrium ANXE7F #HAEQ O Lee a
Matsuoka (1994) = thstallg el B A=l EAstE Alexandrium ANAES] 5%
M9l= 16~23cysts/ecm’@ . B aatgdth = dael Aavt EHFE AL
Alexandrium N~E° Hi FEE 1240 cysts/cm’o|etn BuEglr}h. b=
ETFHE &k HAES go R 3 Alexandrium ANAEQ BX A A
/‘ﬂlﬂz—iﬂi E ow e mEFgeE ETeta, FElsdydAd HA =AY
Alexandrium AN AEQ Ab&eo] ]9 =)= Ao Ex el ZAiylo|t}, o9} A
&to], Kim et al.(1995) ¥} Cho and Matsuoka(2001) oIM = 8542 &2 Ee
A w9kl Alexandrium A2~E7F BEE S B3k vf 9,;111}.

rr
i
|o
HU

=}
(@R

é’é

—

1 bs b B Total dnnoflagellate cysts (cysts/g)

= a7 ] /‘V‘LWL\‘—(‘:E ‘-“
@a W) G 2E 2T (e @ uSLQ

-
AZEgaE 54 : ]

(ie. gonyaulacoid &) 331
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X .
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3.2. FAFFUAY 2o FAE(06-1, 06-5)9) VLPE FH % H4H =4

(ECIEEET R

%

A
&

A

g

o] 06—1: F4o] ¢F 390cme]™, ¢+%3]4 (dark greenish gray, 5G 4/1)=
e YA HAEo| Y, ArbFor Z84 HA T2 ddo] Gl At HAAY
(massive facies)& Holu, Fo] zZlo] 280cm ©]8} &} Gt M= FEA o=
ez o8] wd 3% (parallel laminations) T-%7} @&} 509 F
ARo A 270ecm7FA1 Y] H A EC H#E (mean grain size)+= 8.1 7 9.0 phiZ,
EHe] &2 5% vinkQl wbd AES HEO] ek 77 24-39%9F 56-74%
HAoltk, 28y 270ecme] sH el HeloldE 24 540 AA Wgtst
of, HH U =7k 5-7phi RS0, Reo] L 9.3714.9%, HES} HE] FF
& 217 567 69%, 177 34% WRE Rt AES] &k SUFsE vbA Al s Y
A FHAES & A A th(Fig. 12). webA & Foj= 290cm Zol&
7o ® sHe HAE HAZAA AR AE HAERY 4% dk WItE B
Aot ol HAE SA Wzl g8 slFAage] wstel AfHAowE A
Hol vEbe, 290cm Zlo]e] At HA=o] Sl HAEE dojdr
HA=S &4E&S 290cm ol AF HE HAES 41758%, b HE HA
B 27740% WelolH, Atd o R Qwo] wsle]| wel sHoA AHE A5E
7Vt Ads HAug(Fig. 10).

0 | 1 | |
100 . - = -
200 - Ll Ll | -
30 - .- bzt - -
40 —_— —_— —_—_ ——
0 10 20 MV 0 100 200 300 400 10 20 D 40 00 1 2 3
Coarse fraction (%) No. b.f/1g No. species Species diversity

Figure 10. #°] 06—19 g% 9 AMGFFE 7+ A W

o] 06—5: F4o]7} 395cme|™, ANk o7 =34 (dark greenish gray,
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5G 4/ = Hvh HA=2 T3 294 #4727 EHA Sevh BddEs
7.1~8.9 phi® Welol, A zolo A 448 YA EHAFOR FAAHIL AN
B s AYEAE BEE B Bd d¥e 1~16%, HES JE Ik
A2} 24~44%, 44~T72% oIt HAH =] FES 38~53% WO, sl
AR Aes Frret(Fig. 11).
o 1 | 1 PR I PO E (| 1 | 1
100 ~ L
200 <
B0 =
Wi T T T T LA L LS LI I 0 LS [ LR O T | T
o & g 12 00 &0 800 1200 1800 200D 10 i L 0 5.0 1.5 20 25 20
Coarse fraction (%) MNo. b.f.M0g Mo. species Species diversity, H

Figure 11. 3°] 06-59 Y= 2 AANFIFZE £ A HI}

ome] HYEY AM #3F T 54

FlTGYUAA (CYSM) oA AfF g 271 (06—1, 06—5) 2] I2E Fo] EH A&

A R3F T 54 A,

LN

7o) 06—1 HAE: Fo] HAES Zo] 280cmE 7IFLoE S

Lo HEA ¥4
oA A AR HAZE 34 dro Wz woln, ol wt {F3F
AESAEE HEE Bt HAE dvF AsEEEA AR 1g 3 AlsEE
AX F5Te Ml 3438 fgas, AdssEs 9 79 ZE} Fres S

tH(Fig. 12). #°] zlo] 290cm 3t HAEAANY TR ArEFS Eilphidium
clavatum, Ammonia beccarii, Buccella frigida®l™, Angulogerina sp.%};
Ammonia sp. B7} 53402 FitEth 7o Zlo] 290cm AH-9 HAENAM=
Ammonia ketienziensis angulata, Melonis barleeanus?t 7} $-A|stAl A& &
v Bulimina marginata, Bulimina tenuata, Pseudoparella naraensis’7} <HbE
U, Hanzawaia nipponica= Z1°] 170cm AFold FoFo=w A&EHY, £
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clavatum®)

12).

100cm Aol A oA

Fe

400

q\',.lth |

v

== |

| B B B L
=0 10 20 W 40 50 80 TO 0 0

| BN BLEN BLEN WLEN ELEN
3 e 10 M W 40 50 80 TO

] 0 an Fis

A beccari E dlavatum E. frigida Angulogerinasp.

o w1, | | I - i i ] i ] 1 1 i 1 i 1 i i ]
i y - -é- - -
4 _— L - -
- I -’i I _.E..'-‘- | I

q i

“qu L] T T T L] L] L) L] 1 L] L] L]

0 10 3 W 40 =0 &0 0 0 i) ] a0 0 13 m 0 a0 0 13 0

A. ketienziensis M barlesanus

anguiata

Figure 12. #°] 06—19 & AAXFETFT +H A& % (%) W3}

H mipponica B marginata

o 06=5 EHA=:
wollA e AEA
°F 350cm ZolE 7|+

=45l Fo] 2~ u
EQL"‘O— 1)

o] HHEL 710 380cmE 7IFOo=E o HEA
4% JE HelE HAY F33F AES
AZoAe= F35e AAEEFo] m$-
F 9 TG ARk v 2 AolE Blv(Fig. 13). 39

Zlo] 350cm B E A Eof A 9 £ Angulogerina sp.®¢ Bulimina

tenuata’t TL%F°|Y, Bulimina marginata,

%]
3

o
2
Gl
il

o

A

Elphidium clavatum, Buccella
frigida, Melonis barleeanus?} HFE Tl 350cm AH-9 EHAEANM+= Melonis
FASHA AFEE |

Pseudoparella naraensis, Bulimina marginata, Bulimina tenuata, Hanzawaia

barleeanus®} Ammonia ketienziensis angulata,”} 7}
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nipponica 5°| Rkt (Fig. 13).

'k

) { | | =_1

W17 PR — S e el g T T X
o w2 ¥ 4 50 2 45 & 0 4 & 1 1% ;o 1w n
A. ketienziensis M. barleeanus H. nippenica B. marginata
angulata

JS—

200

T

a0 T T T T T T T T T T | El T T T T
@ Ll 0 0 43 0 4 8 12 16 o 4 8 12 8 & 20 40 -]

B. tenuata E. clavatum B. frigida Angulogerina sp.

Figure 13. 9] 06-59 FQ8 AAXF+T T A=HIE (%) W3}

Fo] HAENA AEHE oY ¥ 54 4 47, 06-1 2 06-5 79
HAES 3 7ol 5709 AWEA(biofacies) 07 T-EEH S

1;]._ 7_}- /\g /\]—_OJ bg/\g }\] ]

eN
+ Kim and Kennett (1998)2 Kim and
Kucera(2000) &) AEAF79] thy]

5 B3t =Ytk (Fig. 14, 15).

BEA E: 06-5 Fojolds AAHA om, 06—1 o FHskio] A F3te
2 AN FEFe e MY 2oy, AEHE Y T FuYdEe P 9
o AEAO|T}. E clavatum® A. beccarii, B. frigida’t 7VE $AEHA AlEE =
Aoz B ow, A sjgHo] SHgkE A7l Abg/Ere dFe wol W 2%
EH/O]':FLJ Ao FAE Ao ¥t Kim and Kucera(2000) ¢ &4 D
o} 22 A7IE 9F 10~7.5 kaoll PAFE oz FEHL
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ABEY D frosd AAEZo] 71 wow, 4 W FodE A uf vdn =
AR O 7 Angulogerina sp.7}F 06—1 FojoldE= 50%7F o], 18l 06—5 9]
ol = 30% o]Ae] AEE2 ®meolt}l Kim and Kucera (2000)2] AEA CF o
v E v, B H A7) oF 7.5~6.6 kaolth. Kim and Kucera(2000)% Angulogerina
sp. (A. semitrigona) S 7122 swol B2 Arkio] gAoA WS 7]13F
O 7 #AsEi T

1o

wEFe B gont

= Aol

O_ 71 =
T35

C: AA
2 3ol w3

11

i
2
o
= [ o\
rO
= 4

=3

tenuata, Fissurina spp., Bolivina spp. 2. & W, $4lo]
of woldA FAAZTUFU FHHI] ALEAG
Kucera(2000) 2] A=A B9 tiv| =, oF 6.6~4.

o

7Vst, H. nipponica’t A%
Pl SHall A S 347 o] A7)
At Ao E SfiAEh Ax
. Kim and Kucera(2000) 2]

AEg o)A Al7]e] B4
Q-2 Wit A agE
N @AY AL T TA
M5, A7)E o 4.5~1.5

BEY B AM 735 At
g

o o o
o N ol
e

T

o= L 1 o

~
%
cE

AEN A 7o) 06—1A4% JAXHH, 06-5 FojoA= AEAN A%t B &
o] Wetatx] otk ¢F 1.5 ka o|F° FE B=AoE A=A BY AFE g,
SRR E clavatum®] THA F7tstH, AFolV|= SHAIRE B frigida A &

T PFE HAY. o] F F2 tx A Y+F(cold—water species) O FA]

Al71el AT EFel 2 WEkt S-S Ak Ao s d

- 109 -



15ka

b6 ka

-y
i
3 =

400 - rr 1Ty irrrrrrrrli rrrra 1 T
1] 10 20 300 100 200 300 4000 20 40 @60 10 8 6 -4 -2
No indnidual o \vi IPDB

Fig. 14. 0] 06—19 #3535 %9 Atk &4 LA Hel- a) Y% b) H
AE 1g F AAXTFEF /WA ¢ A. beccarii(Ab) &+ A. ketienziensis angulata
(Ak)el EAE zlo] ¥ W3l d) A beccariiFZtd) 3 A.  ketienziensis
angulata (93)& ©] &3t AA4A(E4 ) W @A ) s dae] HA=
Zdolo] wWE W3l e) AMFEST A D Fed v HE 4 ddi- Kim
and Kennett, (1998) %} Kim and Kucera, (2000).

a) b) <) d) e) f)
0 -
~
50 ~—
100 — A-B
150 \
200 ; ._:'::—_::: P e 45ka
250 L C
<
300 3
RH_"_'»-
350 S o Y. - " SRR [ WP, ‘SO F-- i s oy
— ) D
400 .o T |
180 100 3

Mo, indmdual

Fig. 15. 3] 06-59 &% 9 A&, &4 <594 WE- a) Y% b) F
AE 1g & AXGEZE NAST; o) A beccarii(Ab) 8¢ A. ketienziensis angulata
(Ak)el EAE zlo] ¥ W3l d) A beccariiFZYd) 3 A.  ketienziensis
angulata (838)& o] &3k A4 (S4 ) W A ) A EdAre] HA=
Zolo| WE W3k e) AAMFTEFE B D 3E A ¥13 F4 Add—- Kim
and Kennett, (1998) %} Kim and Kucera, (2000).

- 110 -



. 3o} HAE

1o

GHEZF NXE 7H

Jlm

3

e

B A dA Aol 1d FQl oH] Aol &4 Ay, SHEEERF AAE
+ gonyaulacoid 1% 5% 143, protoperidinioid 1% 3% 5%, 131
tuberculodinioid 1% 1% 1522, & 9% 20%F°] TAHAL}. ARE FE+= 9
12,000~120,000cysts/g?l ®MAAT. 7 o] A" JgHEEEF AAEE
gonyaulacoid 1559l %3t Spiniterites bulloideus 2., Spiniterites spp., O.
centrocarpum “5-°] ¥/ BZEHAH(Fig. 16). FalFTIUdd o] EHHE 9}

ARZEF AAE shs S8 HE=9 2o HA3 vjud o, A5
[}

2~

T FEE HAY ol ST delA Y HEExR ] Hes=E ok
o 4538 Fae AAEH. 3, dejsdUd oA AHE o HAES A
Ao g st HAEAAN 2 AAE sEE Hlow olF Hasturt, g HA4
oA s Al Frkete A¥S UErE Y. 53] Alexandrium AN XEE SHF
2 S HAECAME A #EEA ok vk, AR HAE HFHox A
" 5A4E ®HIh ol Alexandrium?t FallF Gl oA diFer FA s8] A%
g AZ1I7F vl A HEds oujsi 3% Bop Add 3t s SPEREF AL
E 248 H4= AdS4d A AFgezn, el Alexandrium o] E
G gAbel st zpAgE FAo] FEE Aol
Total dinoflagellate cysts Gonyaulacoid Protoperidinium Alexandrium spp.
0 40000 B0O000 O 40000 BOOOD 120000 O 500 1000 0 500 1000
5 I I | —
o I | | |
20 i | |
£ ¥ | m .
£ oo M- = = |
e
; 0 | ||
g oo N | ] I
izo | ]
5o I . |
70
zoo | i

Figure 16. 06—1 Zo] HAES FQo JHEZF AXAE 43 W3}

% #TF 242 o8¢ Ad D VL APFAALN B
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06—1 o ¥Z

beccarii Z+S 9]

= 3ol AX 290cm °]3te] HAEAAM= FAFEJ] A
gstdlon, 290cm ool HAEMAE FAFEA
ketienziensis angulata 7t ©l&3to] EAstAth. A4 Ay, A beccarii 7t
010 #ol —8.19~-2.57%(vs PDB), §'"°C g2 —6.39~-2.49% (vs PDB) 2]
W2 wovy. A ketienziensis angulata 24 80 kol 0.86~2.37% (vs
PDB), 6'"°C g2 -1.07~-0.28%(vs PDB)S WS = (Fig. 17). A
beccarii®d QAN 7} 7PHE FS Holal, W3t Zo] ¢ A YeER}a Q)
o AAM F3F AAEY Ed sidsts HA o E Z3ho/ARMe] oA 54
2HE @ ol ¢ FdEE SV fUlES ¥l A7) WEoRE 3
AETE o] Al7]18] FH T dEE ATt GoERH ArEd 2 4
ALe HU 15%= 94 &5 Aoz dAdn. wsle] Fo] vlwE AL A
ketienziensis angulata®) &<$194n]°]

U BAELI AR gro]l AR Fo| AR deE FAYA

=

“

Aan] gomie A% A5 LB FY 2
o % AS, FAFIF 348

AoE A AT

06—5 o] ElAE: A. ketienziensis angulata Z+& ©|g3to] At 4 &4
qhin FA 7, 80 ol 1.48~2.41%(vs PDB), o&%C %

o9 lF A E HHE S Holtr) gA|R Fo] AR R 442 EAYAE=

0
o
—0.89~—-0.62%(vs PDB) 2] W& KAt (Fig. 18). BaFddan9] Fol =
2
o no} fpoRREY YR 4718 FHO| AR FASE A L 5 9

FA8 2 A3, AX(382.5%) 2 WErE vk 7P A, e oF 4.0 T @k
S 7 E Ao® AAkE A
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100 IR L
Ak
Ak
200 = - |
L oo i
G
400 T T T T T T | T I |
8 -6 -4 -2 0 2 £ 4 -2 0
3180 (%0 vs PDB) B13C (%o vs PDB)
Figure 17. Fo 06-19 AtA 9 &4 A FYLdLE 75— Ammonia
beccarii(Ab); Ammonia ketienziensis angulata(Ak).
0 1 L 1 1 1 | | 1
100 - -
200 = =
200 - == =
400 T T T T T T — T T T T T
12 18 2.0 24 28-10 08 08 04 02 00
8180 (%o vs PDB) B13C (%o vs PDB)

Figure 18. o] 06-59 AtA 9 &4 AdAENAL 7|=-  Ammonia

beccarii(Ab); Ammonia ketienziensis angulata(Ak).
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2. 4%4 BELYE
7F =2AA A
A 2} =74/
L Vol.
ALY =1 WAl T | =AY SCI
=2 2 (No.) "
] A} ] A} T
Reconstruction of regular
time series from
. Ocean
Bi—monthly temperature _ ] 45 ~
2010.03 , o] & A o] 4] Science k=
data in the Yellow Sea (2)
Journal
and the Northwestern East
China Sea
Early development of Bull. Fish. SEyES
9010.03 euphausiid Thysanoessa| Kim, Yamaguc Sci. 60 ol
' inspinata and 7. longipes| H.S hi, A. |Hokkaido| (1) e
observed in the laboratory Uni
Son,
S.K.,
The biochemical estimation Feinberg
9010.05 of age in Euphausiids: |Harvey| Ju, L.R., Deep—Se | 57 |9/
' Laboratory calibration and|, H. R.| S.—J. Shaw, a Res.Il | (7) |9 SCI
field comparisons L.T.
Peterson,
W.T.
Comparisons of feeding
ecolo of Euphausia
.fgy P Kim, Ju, Ko, Ocean 32 |3t=/=
2010.06 | pacifica from Korean
, | HS. | S.=J. | A.—R. |Polar Res| (2) ]
waters using lipid
composition
Feeding activity of the
copepod Acartia hongi on ) Estuarine v = /=5
Yang, | Choi, 38
2010.06 | phytoplankton and B 1G Ju, S.—J.|Coastal & 1 9]
micro—zooplankton in o ' Shelf Sci. SCI
Gyeonggi Bay, Yellow Sea
HIEzily q 5o
SeTmell 3ol HH=9 ¢ SE) 16 |peys
2010.07 [ AR EF A2E T4 543 29 | a9 %) A 8} 3] 4]
AR (3) A
olu],
HIEzily =
—10?*1“ LHEH?F io]’ﬂ OU]%?:_]_ ) 46 ?l’%/%
2010.08| A% ANFEE T W4 | e gask| OO Agsaa) 0D
7 wsjerasd ws e

- 118 -




Benthic foraminiferal
assemblage of Seogwipo
Formation in Jeju Island, Quat
uaternar
South Sea of Korea: )
o Sora |Dhongi|So—Youn y vg &
Implication for late ] . .
- . | Kang | 1 Lim | g Kim |Internatio =/SCI
iocene 0 early
. . nal
Pleistocene cold episode
in the northwestern Pacific
margin.
. James |Palaeogeo
A 26,000—year integrated S h
) course, | graphy,
record of marine and|So—Yo|So—Yo ) )
, , Fabienne | Palaeocli Q=/S
terrestrial environmental | ung ung M . tol I
_ ) arret, |matology,
change off Gabon, west| Kim Kim
equatorial Africa Dhong—1Il|Palaeoeco
Lim logy,
o +d 4 AA%e] A= o
7
P FEE EXy =21 Ho=0 so /=
gw w5 WS W gas 9| gse 44884 s
v A =AY 7194 o A
o1 g 3l
ETEE A
A] A} =1 9]
_ - - -
E4 = . - sesay |
T FEdEA T
Falsguan sob "43a| o (Aadh 9 eadEs |
ANY F5% TASATS As | © 0 | 129 steutEs |
Variability of water mass
properties in the northern
East China Sea  during Fagr, d5d,| stk
Holocene: evidence from| 42 | A9, A3, %3 9 ]
planktic foraminiferal -84 s
assemblages of the core
sediments.
Dinoflagellate cyst record of
: : Lot gl ok
Holocene climate changes in o)Eel  gach 1_~1°H_o
the core sediments from the| #1494 25 =49 et
) 3 .
northern East China Sea " 5T
shelf
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Overview about ecological
di ; N q 20109 =
studies ? ‘ the copepc? ] a5 o 71517
2010.06 | Calanus sinicus conducted in| 7+78& I =
=
the Y-ellow Sea and TEa 3
surrounding waters
o)A Zotul o) &
A5 Fa FERANG FaA ool .
2010.06 se) By 2733 | AR o =eeksrE] | =
o e L Y ?l’
oA o] Thysanoessa .
. . . _ : A. Yamaguchi, . o
2010.06| inspinatasy 7. longipes® = | 73d|A -~ 3| ek =]
7 S T
Understanding the role of
the Yellow Sea Bottom Cold ) .
N Kim, H.S., Kim,
water Mass (<10TC) on the
. Ju, W.S., Kang,
2010.10| survival strategy of PICES = 9]
) o S.—J D.H., and Ko,
Fuphausia pacifica A—R
throughout the hot summer T
in the Yellow Sea
Vertical signatures in )
] ] Lee, H.B., Kim,
acoustic estimates of ]
Kang, | H.S., Kim,
2010.10| zooplankton around the PICES = 2]
D.H. W.S., and Ju,
Yellow Sea Bottom Cold S—J
Water, Korea T
g3 Azdsy ¥4 A o7 ]
OH 10%7“—/]1.'00 ] l ) ?ﬂg%, }_EH_(_E{’ 2010&52“‘7:”
2010.11 | Calanus sinicus WAL | ZHF | A=
-8 Sk 8l oF e 3]
A REY BYEA
A= HA A 8O = =
0010111 18T J4 d F9 A B P 20109 % A 2y
N ARESAE AP ) e 3]
Dinoflagellate cyst record of
i i skt ] oF 1} 8¢
Holocene climate changes in o)Eel  gawh St 3l oF 2} &+ 7]
2010.11|the core sediments from the| 4% 452 71949 % 2] 3] =
) e _ _
northern East China Sea e =g
shelf
Holocene gonyaulacoid
dinoflagellate cysts as an Skt 3)| F 817
2010.11|indicator of palaeoproductivity| 7149 |d=d, 42 =393 =]
in the northern East China 5= 3

Sea shelf.

- 120 -




= =

I T
Eo®m | om
I for %O
paE 2E

B ol o H
! oL

[Ho o
!

Bo °

. B R

oo =R

i Ao =zn

o) - -

o TR

of o o

oy oy

$ R

70
EOJ o gy B
o &

s T T
olp B AR
T g 5

= R
iz i 0
T 5 T
il = = HW_M
Mo X TE | R

o >
o zo*O ! T T Zo
= ™ | 9 - wir

(@)
T W of Q o K

— —

— —

S S

— —

(@) (@)

aN (&N}

A 2 A georldx

B
Ar

e

QYR fEs

4%

Q

R

_ZTI

I
%o

o}

[=~6)
iz

b, 97

S

i A4 71538 5ol

9

;OU

ofo

7t

]
=

o

— 1= A% I00S (Integrated Ocean Observation System)

%3}l

:%

o
=

|

ol

mn
xr
gl
_io
KR

2 ME A I =4 ¥

Bt ot

9|

)

< A &

gk

i

Gh

O el A gty

zof 7]o3h

Tor

o

iy

Tk

il

Ao Wash

o

jpnt

B
i
"

-

il
Nd

gyl
_50

il

35 e

4%

-3

;OO
ojn

=
70
wir
I
ol
0

—_—
%)

T
3

- 121 -



it
P
TH

21592l Alexandrium 9] 9

A

=

i

S
ax

on
o %

T AF
o

%QE
T o

i (=

WA stol] wE el 9bA

S|
2

hEA

AA7A A2

| A 5

9]

o?
)

¢+

B

o
T

W
i

er
oy
)

oF
I

_,T._

)
]

i

ay

ﬁo
7

o
3

o7
N

B
g

o

| Alexandrium

o

o

—_—
"o

1o
il

gl

e
ojp

il

fj 3ol A Al

5

I

3l

o
oI

2. A

A el A el B

o] /3

9

o 3+

o Bof 283

2

ﬁo
B
o

B!

AR ool BEE A8 ATANS opi, A1 AALY

_—
o

o

0
AL

OO
3
o

o

ofiy

o

JJJ

Mo

2 AA} 2 AAA, A8 A 5

L
R

Nopstst Al

Nfo

T

o] o
=1

=
T

1

al &

HellM 7 7F A

- 122 -



mn

W

o

o

it

=83 4 e} 7] <]

9]

o %

o

it

e A R AR T

—_
o

¥

il

=
[¢)

= 2 O
&)

f <t

9

s T

S
O 9]

il

Yot JEol o

A7E

&

gk

=

]

=
1o

i

=t 7119

15 AaLst

74

stel 7t

7}

=0

o

of 7]oigh

il

X
0

"o

o

37t 9 gAA

f(sj]:

i A el Al

9]

_zu

'E(;)]:

iy
o

iz

ol
°

T

B
iz

il

)
A
ol

A

i
oy
el
ﬂmo
mh

)
Njo

o
ofy

A
ol

<R
o

EX
=

Yol e

A4S

9

O A9

H =l oA

o

el A

34595

Q =

%

_%]_

=

o

o4

np

o
ze)
Wo®
T
ofu h
ﬁo
0
I
‘H —
Ao o
X
sl
o) o
B W
oV %o
— o
-
S
W
-
w4
U
it o
CUN Y
- )
:MT_ ol
of N
WEOBE N
fm W o
Mo B of
O

RS 15% mlwolglon,

3R

)
ar

o

!

- 123 -






ol

wl

A 5

Q5o

=

1A 5

9|

= AAAEA Z

PN
T 9l

o
Jm
—_

ol
;OO

‘mﬂo

)

T
o

Brtel A oy =

AA

- g

=
!

)

gl

1r AEA WHE o=

9]

o <)

3

ME Fu

Tof| 23 AEEA FL 7}

B

-
=&

e

0

o

)

3

,;uo_,vo

i)

it

wE

aFA=E A

A =4t

=

—_
o

0

ofiy
0

o
&+

3

i

o

o

0

~
N

oh
K
ol
°

G+

B

-

ol

5ol A

CERECIES R

]
=

’

Fopg o] %

HADE R v HE

S

B
g

Mo

d

= %
N

¢

2\
=2 =2

E. pacifica®) 7

olefgt A=
3=t

VS.

3

o]

ofiy

3k
=

z|

ar

-

;O,._

af| R Al o] Th

thel &

St 7hol =gkl A Al

3

37 o

WA A

'Eg:

Ho]—

T AT

=

o, 32}

o

oy

o}
o
W

i

ol
oF

ojiy

To

B

C. sinicus® <2+

A A g

ol
!
e

S

1% a7

Z

I

pig

>

&

)

o

s

o7

14

m

mwo

2li

il

Eo

o7

=

=

,;uo_,vo

)

—_

~

Nt o

Ho T

mm wj

< 5

oo N

o o
"

M
N

)

o °°

= =

e o

o

)]

- 2% AUF 24 ARE olf, 71T Wk

A d87Fs

=
a1

A5 9

oé t‘%k

il oF AeiAel v2

7} 3

- 127 -






M 6

0
ikl
k1
MO
ok

Het7la=5, 1998a. a9 sy 2dEYs AT @ gAd A Ko,
BSPN 97357—-00—-1103—1. 105p.

China Ocean Press, 1992, Marine Atlas of Bohai Sea, Yellow Sea, East
China Sea — Hydrology, China Ocean Press, Beijing, 524pp .

Chu, P. C., C.R. Fralick Jr., S. D. Haeger, and M. J. Carron (1987). A
parametric model for the Yellow Sea thermal variability. J. Geophys.
Res., 102(C5), 10,499-10,507.

Inoue, N., 1974, Oceanography Characteristics in the western sea of Japan,
in: Tsushima Warm Current, edited by Japan Fishery Society, fishery
Science series, p.27—41.

Kondo, M., 1985. Oceanographic investigation of fishing grounds in the
East China Sea and the Yellow Sea—1, Characteristics of the mean
temperature and salinity, distributions measured at 50m and near the
bottom. Bull. Seikai Reg. Fish. a Res., Lab., F62, p19—66.

Lie, H.J., 1984. A note on Water masses and general circulation in the
Yellow Sea (Hwanghae)., J. Oceanogra. Soc. Korea, Vol. 19(2),
p.187—194.

Lie, H.—J., I. K. Bang, and Y. Q. Kang, 1986. Empirical orthogonal function
analysis of seawater temperature in the southeastern Hwanghae. J.
Oceanol. Soc. Korea, 21(4), 193—202.

Lie, H.J., 1989. tidal fronts in the southern Hwanghae (Yellow Sea).
Continental Shelf Res., 9, pb527—546.

Nakao, T., 1977, Oceanic variability in relation to fisheries in the East
China Sea and the Yellow Sea., J. Fac. Mar. Sci. Tech. Tokai. Univ.,
Japan. Spec. No., p.190—367.

- 131 -



Seung, Y. H., J. H. Chung, and Y. C. Park, 1990. Oceanographic studies
related to the tidal front in the mide—Yellow Sea off Korea: physical
apsects. J. Oceanolo. Soc. Korea, 25, 84—95.

Su, Y. and X. Weng, 1994. Water masses in China seas, In 'Oceanology of
China Seas, Vol. 1, Eds D. Zhou et al., Kluwer Academic Pub.,
Dordrecht, 3—16.

Weng, X., Z. Ding and Y. Zhang, 1993. Thermohaline structure and
interannual variation of the Yellow Sea cold water mass, Proceedings
of the 2nd Int'l Symp. on the Marine Sci. in the Yellow Sea, July
27—29, 1991, Qingdao, China, Qingdao Univ. Press, 77—87.

O AEjA EoF — 24

Bligh, E.G., Dyer, W.J. 1959. A rapid method of total lipid extraction and
purification. Can J Biochem Physiol 37: 911-917.

Falk—Petersen, S., Hagen, W., Kattner, G., Clarke, A., Sargent, J. 2000.
Lipid, trophic relationships, and biodiversity in Arctic and Antarctic
krill. Can J Fish Aquat Sci 57: 178—-191.

FAO, 2009. The state of world review of fisheries and Aquaculture 2008.
Rome, Italy, pp 546.

Gomez—Gutierrez J., Feinberg, L.R., Shaw, T., Peterson, W.T. 2006.
Variability in brood size and female length of FEuphausia pacifica
among three populations in the North Pacific. Mar Ecol Prog Ser
323: 185—194.

Graeve, M., G. Kattner, Hagen,. W. 1994. Diet—induced changes in the
fatty acid composition of Arctic herbivorous copepods: Experimental
evidence of trophic markers. J Exp Mar Biol Ecol 182: 97—-110.

Iguchi, N., Ikeda, T. 1994. Experimental study on brood size, egg
hatchability and early development of a euphausiid Euphausia pacifica

from Toyama Bay, Southern Japan Sea. Bull Japan Sea Natl Fish

- 132 -



Res Inst 44: 49-57.

Ju, S.—J., Kucklick, J.R., Kozlova, T. Harvey, H.R. 1997. Lipid
accumulation and fatty acid composition during maturation of three
pelagic fish species in Lake Baikal. J Great Lakes Res 23: 241—-253.

Nakagawa, Y., Endo, Y., Taki, K. 2001. Diet of Euphausia pacifica Hansen
in Sanriku waters off northeastern Japan. Plankton Biol Ecol 48(1):
68—-77.

Nakagawa, Y., Ota, T., Endo, Y., Taki, K., Sugisaki, H. 2004. Importance of
ciliates as prey of the euphausiid Euphausia pacifica in the NW North
Pacific. Mar Ecol Prog Ser 271: 261—266.

Pu, X., Sun, S., Yang, B., Zhang, G., Zhang, F. 2004. Life history strategies
of Calanus sinicus in the southern Yellow Sea in summer. J Plankton
Res 26: 1059—-1068.

Sargent, J.R., J. Henderson, and D.R. Tocher. 1989. The lipids. In: Fish
Nutrition, p. 153—218. ed. by Halver, J.E.

Wang, R., Zuo, T., Wang, K.E. 2003. The Yellow Sea cold bottom water —

an oversummering site for Calanus sinicus (copepoda, Crustacea). J

Plankton Res 25: 169—183.

O BHA Bk - 274%

}3}7)

Ny
1
o
©
©
*
e}

O

gaf lFesy EAZgA A o 2 73y 2 AR
A AT gAY, BSPN97357-03—-1100—4, 437p.
'Pu, X.—=M., Sun, S, Yang, B, Ji, P, Zhang, Y.—S., Zhang, F. (2004) The

o
%

combined effects of temperature and food supply on Calanus sinicus
in the southern Yellow Sea in summer. J. Plankton Res. 26(9):
1049-1057.

’Pu, X.M., Sun, S., Yang, B., Zhang, G.—T. and Zhang, F. (2004) Life
history strategies of Calanus sinicus in the southern Yellow Sea in

summer. J. Plankton Res. 26(9): 1059—1068.

- 133 -



Chihara, M. and Murano, M., 1997. An illustrated guide to marine plankton
in Japan, Tokai University Press.

Bouman, H.A., Nakane, T., Oka, K., Nakata, K., Kurita, K., Sathyendranath,
S., Platt, T. 2010. Environmental controls on phytoplankton
production in coastal ecosystems: A case study from Tokyo Bay.
Estuar. Coast. Shelf. S. 87, 63—72.

Cupp, E.E. 1943. Marine plankton diatoms of the west coast of north
America. Bull. Scripps Inst. of Oceanogr., Univ. Calif., 5 : 1—-237.

Dodge, J.D. 1982. Marine dinoflagellates of the British Isles. Her Majesty's
Office. London. 214 pp.

Hasle, G.R. and E.E. Syvertsen. 1996. Marine diatoms. C.R. Tomas ed.
"Identifying Marine Diatoms and Dinoflagellates". Academic Press.
838 pp.

Hendey, N.I. 1964. An inroductory account of the smaller algae of British
coastal waters. Part 5: Bacillariophyceae (Diatoms). "Ministry of
Agriculture, Fisheries and Food. Fishery Investigation Series IV".
HMSO London. 317pp.

Howarth R.W (1988) Nutrient limitation of net primary production in
marine ecosystems. Ann Rev Ecol 19:89-110.

Li, C., Sun, S., Wang, R., Wang, X. (2004) Feeding and respiration rates of
a planktonic copepod (Calanus sinicus) oversummering in Yellow Sea
Cold Bottom Waters. Mar. Biol. 145: 149—-157.

Liu, G.M., Sun, S., Wang, H., Zhang, Y., Yang, B., Ji, P. (2003) Abundance
of Calanus sinicus across the tidal front in the Yellow Sea, China.
Fish. Oceanogr. 12(4/5): 291—-298.

Parsons, T.R., Maita, Y. Lalli, C.M. (1984) A manual of chemical and
biological methods for seawater analysis. Pergamon Press, 173 p.

Round, F.E., R.M. Crawford and D.G. Mann. 1990. The Diatoms: Biology
and Morphology of the Genera. Cambridge University Press.

Simonsen, R., 1974. The diatom plankton of the Indian Ocean expedition,

- 134 -



R/V "Meteor", 1964—1965. Meteor Forsch.—Ergebnisse, 19 : 1-107.

Wang, R., Zuo, T., Wang, K. (2003) The Yellow Sea Cold Bottom
Water—an oversummering site for Calanus sinicus (Copepoda,
Crustacea). J. Plankton Res. 25(2): 169—183.

Wu JT, Chou TL (2003) Silicate as limiting nutrient for phytoplankton in a
subtropical eutrophic estuary of Taiwan. Estuar Coast Shelf S
58:155—-162.

Zhang, G.—T., Sun, S., Yang, B. (2007) Summer reproduction of the
planktonic copepod Calanus sinicus in the Yellow Sea: influences of
high surface temperature and cold bottom water. J. Plankton Res.
29(2): 179-186.

Zhang, G.—T., Sun, S., Zhang, F. (2005) Seasonal variation of reproduction
rates and body size of Calanus sinicus in the southern Yellow Sea,
China. J. Plankton Res. 27(2): 135—143

o &%

o}

i

Aoki, I. and T. Inagaki. 1992. Acoustic observation of fish schools and
scattering layers in a Kuroshio warm-—corering and its environs.
Fish. Oceanography, 1, 137—142.

BioSonics. 2005. User Guide; Visual Acquisition, version 5.0. 64 pp.

Chou, S.C., M.A. Lee and K.T. Lee. 1999. Diel vertical movement of the
deep scattering layer on the continental slope of 1—Lan Bay,
Taiwan, Fish. Oceanography, 65, 694—699.

Kang D.H., D.J. Hwang, H.Y. Soh, Y.H. Yoon, H.L. Suh, Y.G. Kim, H.C. Shin
and K. Iida. 2003. Density estimation of the Euphauiid (Fuphausia
pacifica) in the sound scattering layer of the East China Sea. J. Kor.
Fish. Soc. 36(6), 742—-756. (in Korean)

Lee D.J., HI. Shin and J.H. Park. 1990. Acoustic scattering layers in the

East China Sea I. Diurnal fluctuations in echo level of the scattering

- 135 -



layers. Bull. Kor. Soc. Fish. Tech., 26, 14—19. (in Korean)

Lee M.A., J.R. Wang, T.J. Cheng, S.C. Chou and K.T. Lee, 1999. A case
study on the category composition and distribution of zooplankton in
the sound scattering layer of offshore waters of north Taiwan. J.
Fish. Soc. Taiwan, 26, 133—144.

Medwin, H. and C.S. Clay. 1998. Biomass echoes, reverberation, and
scattering models In: Fundamentals of Acoustical Oceanography.

Academic Press, pp.348—404.

A 543 o] AAste A 46(3), 221-231.

Aat7l, Austin, W., A3]&, 2005, @ AN F3F AreAda ddE=7
ot7] &, @=egets 2005d % A shEwwdid] Qokql, 419-420.

Akimoto, K., 1990, Distribution of recent benthonic foraminiferal faunas in
the Pacific off southwest Japan and around Hachijojima Island.
Tohoku Univ., Sci. Rep., 2nd ser. (Geol.) 60(2), 139—223.

Anderson, D.M., Stock, C.A., Keafer, B.A., Nelson, A.B., Thompson, B.,
McGillicuddy, J., Keller, M., Matrai, P.A., Martin, J., 2005.
Alexandrium fundyense cyst dynamics in the Gulf of Maine.
Deep—Sea Research II 52, 2522—-2542.

Bemis, B.E., Spero, H.J., Bijma, J., Lea, D.W., 1998, Reevaluation of the
oxygen 1sotopic composition of planktonic foraminifera: Experimental
results and revised paleotemperature equations. Paleoceanography, 13
(2), 150-160.

Cho, H.J., 2000, Utility of Dinoflagellates in Studying the Marine
Environment : the Case of the East China Sea and Adjacent Areas.
Ph.D. Thesis, Nagasaki University, Japan, 123 p.

Cho, H.J., Matsuoka, K., 2001. Distribution of dinoflagellate cysts in

- 136 -



surface sediments from the Yellow Sea and East China Sea. Marine
Micropaleontology 42, 103—123.

n

Dale, B., 1983. Dinoflagellate resting cysts: “"benthic plankton” In:
Survival Strategies of the Algae, edited by G. A. Fryxell. Cambridge
Univ. Press. pp. 69—-136.

Gibson, T.G., Buzas, M.A., 1973, Species diversity: Patterns in modern and
Miocene Foraminifera of the eastern margin of north America.
Geological Society of America Bulletin 84, 217—238.

Hao, Y., Guo, Z., Yang, Z, Fan, D., Fang, M. and Li, X., 2008. Tracking
historical lead pollution in the coastal area adjacent to the Yangtze
River Estuary wusing lead 1isotopic compositions. Environmental
Pollution 156(3), 1325—1331.

Hasegawa, S., 1979, Foraminifera of the Himi Group, Hokuriku Province,
Central Japan. 7ohoku Univ., Sci. Rep., Znd ser. (Geol) 49(2),
89—-163.

Hazel, J., 1975, Patterns of marine ostracode diversity in the Cape
Hatteras, North Carolina area. Jour. Paleont., 49(4), 731—-744.

Kim, C.H., 1995. Paralytic shellfish toxin profiles of the dinoflagellate
Alexandrium species islolated from benthic cysts in Jinhae Bay,
Korea. J. Korean Fish. Soc., 28: 364—372.

Kim, J.M., Kucera, M., 2000, Benthic foraminifer record of environmental
changes in the Yellow Sea (Hwanghae) during the last 15,000
vears. Quaternary Science Reviews 19, 1067—-1085.

Kim, J.M., Kennett, J.P., 1998, Paleoenvironmental changes associated with
the Holocene marine trangression, Yellow Sea (Hwanghae). Marine
Micropaleontology, 34, 71—89.

Lee, J.B. and K. Matsuoka, 1996. Dinoflagellate cysts in surface sediments
of southern Korean Waters. In: Harmful and Toxic Algal Blooms,
edited by T. Yasumoto, Y. Oshima and Y. Fukuyo. Intergovernmental

Oceanographic Commission of UNESCO, pp. 173—176.

- 137 -



Ma, M., Feng, Z., Guan, C., Ma, Y., Xu, H., Li, H., 2001. DDT, PAH and
PCB in sediments from the intertidal zone of the Bohai Sea and the
Yellow Sea. Mar. Pollut. Bull. 42, 132—-136.

Marret, F., Eiriksson, J., Knudsen, K.L., Turon, J.L., Scourse, J.D., 2004.
Distribution of dinoflagellate cyst assemblages in surface sediments
from the northern and western shelf of Iceland. Review of
Palaeobotany and Palynology 128, 35—53.

Matsuoka, K., 1999, Eutrophication process recorded in dinoflagellate cyst
assemblages — a case of Yokohama Port, Tokyo Bay, Japan.
Science of the Total Environment 231, 17—35.

McGillicuddy, D., Anderson, D.M., Lynch, D.R., Townsend, D.W., 2005.
Mechanisms regulating large—scale seasonal fluctuations in
Alexandrium fundyense populations in the Gulf of Maine: results
from a physical-biological model. Deep—Sea Research 1I 52,
2698—2714.

Mudie, P.J., 1982, Pollen distribution in recent marine sediments, Eastern
Canada. Canadian Journal of Earth Sciences, 19, 729-747.

Murray, J.W., 1976, Comparative studies of living and dead benthic

foraminiferal distribution. /n, Foraminifera, v. 2, Hedley, R.H., Adams,
C.G., eds., p. 45—110.

Nehring, S., 1997. Dinoflagellate resting cysts from recent German coastal
sediments. Botanica Marina 40, 307—324.

Novichkova, E.A., Polyakova, E.I.,, 2007. Dinoflagellate cysts in the surface
sediments of the White Sea. Oceanology 47(5), 660—670.

Pospelova, V., Chmura, G.L., Walker, H.A., 2004. Environmental factors
influencing the spatial distribution of dinoflagellate cyst assemblages
in shallow lagoons of southern New England (USA). Review of
Palaeobotaby and Palynology 128, 7—34.

Radi, T., Pospelova, V., de Vernal, A., Barrie, J.V., 2007. Dinoflagellate

cysts as indicators of water quality and productivity in British

- 138 -



Columbia estuarine environments. Marine Micropaleontology 62,
269—297.

Sen Gupta, B.K., Kilbourne, R.T., 1974, Diversity of benthic foraminifera on
the Georgia Continental Shelf. Geological Society of America Bulletin,
85, 696—-972.

Shi, X., Shen, S., Yi, H.I., Chen, Z., Yi, M., 2003. Modern sedimentary
environments and dynamic depositional systems in the southern
Yellow Sea. Chinese Science Bulletin 48, 1—-7.

Shin, H.H., Yoon, Y.H. and Matsuoka, K., 2007, Modern Dinoflagellate Cysts
Distribution off the Eastern Part of Geoje Island. Korea Ocean
Science Journal, 42(1), 31—39.

White, A.W., Lewis, C.M. 1982. Resting cysts of the toxic, red tide
dinoflagellate Gonyaulax excavata in Bay of Fundy sediments.
Canadian Journal of Fisheries and Aquatic Sciences 39, 1185—-1194.

Wu, Y., Zhang, J., Mi, T.Z., Li, B., 2001. Occurrence of n—alkanes and
polycyclic aromatic hydrocarbons in the core sediments of the Yellow
Sea. Mar. Chem. 76, 1-15.

Zhang J., Letolle, R., Martin, J.M., Jusserand, C., Mouchel, J.M., 1990,
Stable oxygen isotope distribution in the Huanghe (Yellow River) and
the Changjiang (Yangtze River) estuarine systems. Continental Shelf

Research, 10(4), 369—384.

- 139 -



	황해표지및 제출문.pdf
	황해 요약문.pdf
	황해목차.pdf
	간지-1장.pdf
	황해보고서-1장.pdf
	간지-2장.pdf
	황해보고서-2장.pdf
	간지-3장.pdf
	황해보고서-3장1절(물리).pdf
	황해보고서-3장2절(생태계-크릴).pdf
	황해보고서-3장3절(생태계-동물플랑크톤).pdf
	황해보고서-3장4절(음향).pdf
	황해보고서-3장5절(지질).pdf
	간지-4장.pdf
	황해보고서-4장.pdf
	간지-5장.pdf
	황해보고서-5장.pdf
	간지-6장.pdf
	황해보고서-6장.pdf

