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Inorganic nutrient concentrations in relation to springtime physical parameters of the Yellow Sea were
investigated during April 1996. Three major water masses, i.e., the Yellow Sea Warm Current Water (YSWC),
Coastal Current Water (CCW) and Changjiang River Diluted Water (CRDW), prevailed in the study area.
Water masses were vertically well mixed throughout the study area, and nutrients were supplied adequately
from bottom to surface layer. As result of ample nutrients supplied by vertical mixing together with pro-
gressed daylight condition, springtime phytoplankton blooms were observed, which was responsible for the
depletion of inorganic nutrients in surface water column. Low nutrients concentration in bottom water of the
central Yellow Sea (Stn. D9; nitrate: <2 UM, phosphate: <0.3 uM) was associated with the entrance of
YSWC which is characterized by high temperature and salinity. Influenced by runoff and vertical tidal mix-
ing, CCW with high nutrient concentrations probably associated with China and Korea coastal waters with
high nutrients concentration. For the local scale of inorganic nutrient distribution, nutrient transfers from
coast to central areas were limited due to restriction imposed by tidal fronts (Stn. D6) and thus affected the
horizontal nutrient profiles. Relatively high phytoplankton biomass was observed in the tidal front (Chl-
a=12.38 puglL™) during the study period. Overall, the springtime nutrient distribution patterns in the Yellow
Sea appeared to be affected by: (1) Large-scale influx of YSWC with low nutrient concentrations and CCW
with high nutrient concentrations influenced by Korea and China coastal waters; (2) vertical mixing of water
mass and phytoplankton distribution; and (3) local-scale tidal front as well as phytoplankton blooms along
the tidal front.
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= o8] YA A28k AESHIAEY AT
A gksle] AEEHAEY] 24 2 AAE A7, 30 Bx
of J¥L = 03 3}8ky 874 2210 2 (Howarth, 1988; Mac-
key et al., 1995; Taylor et al., 1995) 3]%ke] AejAIE vlotsl=
gl o] 23 ARE AF3c) Aol gk fUL:
(1) A5 23F 8-9)(Zhang, 1996), (2) AZE3 &2 AR
A FHAFORRE Y G4t T YT FY, 3) JIFEHRE Y
FrYHong, et al. 1995)% € ot °|& FUE dFEFES
Gz} YA AEEFIES] EX AFA 9% £
(Perkins, 1974; Howarth, 1988; Mingazzini et al., 1990; Taylor
et al., 1995; Cha et al., 1998).

gl A FFAFe FTHE BEXE= FA EF QA A
B3 AR o5 2. EYFA 8A5EAME SR, 244
A g 579 EF 5o ArH(Pingree et al., 1975; Simpson et al.,
1982; Choi, 1991). 3]F+= o7 7o =2HE FU=HE 99
FHE R AEZAFH 240] A sjd@A NN %z 4
A Aolell BAHE 24 M0l HUPY olFH BEo] FFS
Zrhy BRI EHATHChoi, 1991; Choi ef al., 1995). 3+, A EA
8219l HEEFAEY] BF T3 dYde] I BExs 44
e = 82102 ®¥1HSH(Broecker, 1974; Chester, 1990; Libes,
1992). o|<k#®, Gong et al.,(1996)7 Shen(1996)S 3Hde] 59,
R B3 tEo] AESHIEY BXV GYge F0H B
o FEE F= A2 BNt

AdEEEe] £ 2 7| &ile Bele 729 AF
Al B0l Tt vetdeh@er1eA, 1992). sHAll= A4
Fo] Fg3 BFFde 9999 Yol AY glo] mgH A
AZFE FZAAM F45EE #7189 AFES FEoz IUE
9] &32lo] doji} YUAY FEI} FUIEICE A= A0 oF
A AR F2rE] YUY FYol AdE ] HFFolls oA
3] G¥dol dHo o AEFole Ald JEPY] 2o
dojut =2 F=E Yehdh FAldE 43 BAFd) o3 Wzt
BHE AF5e) FF3FY EF0) doju} AFo g gUd 4
HELE JePATH &S, 1998). 38 EAlds gukgoz
FedFT] YR e oY FeIAtso] FHHoE )
ExEY, £371 o} A9 B4 AYL o] A3 o 1)
I FU FFTEE e $RFQ) 39 Edto] go]
3 FFTE YYE FFol AZFERY 93] dojuH, ¥
FTde ASTEEE IIEE TR 99} darg 51
E U3 HEFHIEY gz @ grieA, 1992; F87)E
-, 1998) F71¥FE o] o] ofr|FtH(Harris, 1986; Millero
and Sohn, 1992). wahx] FA4) Fale JFUE BEE olFsly] 9
MM e A5G, 24 T3 e BEE 2919 Hotn tjE
of AEA ARl AEEHAEY BEE ol Ao] F85)T)

Fafolr FdEe] £xol] T3 2L A7} I (Huanxiang
and Zhiliang, 1985; Lee, 1990; Choi et al., 1995; Shen, 1996;
Cha et al., 1998) FANAN AR Ho|He A FAA et
9] o] EAP3aL Jor] AEZHAEY US4 0] WA E,
ET - AETH a%)o] B e FAQ) dUdd XY
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Fig. 1. Sampling stations in the Yellow Sea, April 1996.
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I = AEA BlALE Z4E F4lo] LolXHA EE
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Fig. 2. Vertical distributions of (a) temperature, °C, (b) salinity, psu,
(c) chlorophyll-a, ng/L, (d) nitrate, UM, (e) phosphate, 1M, and (f)
silicate, M in the section B (36°N) of study area.

HFoz T2 ZHE vig) 2, 299 472 H3Anh Chla
= 0.02~8.03 pgL '] HAE 71X AR Bloo EFH A
B139] AZoJA 7.00 ugl? o149 ¥ F=st vERTH o] %%
o T2 AR AR R 108 o B gelthF#dErE
2 1998). A7 B79I4 AF BIO7KE 84 EFl Chl-a® &
7} B9k F4l0] ZoR|wA hdhe A UERitH(Fig. 2¢).

22 JYIF dAde FEYE 0.11~543 uM o33 &
3], 47 B109) E20|A 2.0 uM oliFolm AZel|A 5.00 uM ©|
Aoz 9 FAE Bt BA ey dte g 44 F2rt
Azl 245tk $A9 7 AR B6, Bl4dA £ =T}
UEREA Y B4 B7, BS, B128] &2 A9 ZHILeH AF
M= 1.00 uMeI3ke] e FE= UEdthFig. 2d). JFES
0.05~0.71 pM] FEHNE Bow B7, BsZ B12914 0.20 uM
ol3ke] e 7he UEPATHFig. 2e). TAIEL 0.59~9.42 uMe]
=y els Jepilon AA B8 BA FEt 7.00 pM o)
ol <ok Zo @ yhHA FEr} ZASATHFg. 2). °1E ¥
dES9] 5 HYE UE AN 2AME T Bl
B Ao ZAME FETE B 3hg Holi sAs A &=
AME TR W s vERthEE e S, 1998).
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Fig. 3. Vertical distributions of (a) temperature, °C, (b) salinity, psu,
(c) chlorophyll-a, ug/L, (d) nitrate, pM, (¢) phosphate, UM, and (f)
silicate, UM in the section D (34°N) of study area.

24 Dol (Fig. 3) F&2 7.05~11.35°C, GE-& 32.17~34.41
psue] HE Yehgttt. &) F4812 (D6, D7, D8, D92 A2,
299 77 GAHUT T3¢ XS HHE(D1, D2, D3)
3} =gk X8 FHEDIL, DI2)¢ EFL A2, AFY
EAS AUE 37 Bxsigith g6 Sdsioe A il A
A 2220] 0.50°C, GE©] 0.40 psu =] ZL zpolghe YERA
tHFig. 3a, b). Chl-a& 0.02~12.38 pgl'e] T & 7™
A DeolA DTSl HFoIME AEZZIESY] UTALE
9.00 ugL! o9 wl$ ¥ F=rt UERGTHFg. 3¢). ©] ES
g Al7)o] 2ARE $R)(<0.6 pgll FE71EE, 1998)E BT
=2 glo|t}, FARAL 0.08~6.77 uM, 2AUAFEL 0.05~0.79 uM,
TGS 0.25~14.20 pM2] = WS JeRh A DeollA
D8 =431 iA e A&, A4 D10°1A DLI7EA S d=
Qoo A] Fatdo] 6.00 uM, 21AFEe] 0.50 pM, 3L FAFF0]
11.00 pM oFe] =2 7-& VeIt Chlad =7 52 A3
D6olA DO7ER| Sl &3 A4 D1olA D7 E Al SR/ IF
go] BE vre =xEA: <1.0puM, 14 <03 uM, TFAFE:
<B.0UME RASL UATHFig. 3d, e, ). FF DA At
3} Qg Ewst 299 AHERT A AN wA ves
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Fig. 4. Vertical distributions of (a) temperature, °C, (b) salinity, psu,
(¢) chlorophyll-a, pg/L, (d) nitrate, UM, (e) phosphate, WM, and (f)
silicate, UM in the section F (31.79°N, 123.25°E-33.23°N, 126.12°
E) of the study area.
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71&5, 1998).

24 F(Fig. 4014 523 G52 7.82~14.28°C, 32.49~34.67
psud] M2 Yehgth SeldRar)t Y= AFE 9] 4
A P9} Fll Alo]ollA & $&3 FGuas vepien Pt
9] g wom FHo] E2 HA Fl1it F4 AloloA] W& &
Uepdh 2 AHELS 4o e $HAQ Wyt e o
£ A¥AEQ A 542 AV U BH FaolM B3 F7
7HA] G2-2] 2}o]7} 4.00°C, FE2] Z[o]7} 1.80 psu 04 ZA
ERtTh(Fig. 4a, b). Chl-a& 0.29~2.84 ugl'e] 2892 71
A P33 F49] A& 2,00 ugl! o)de] e vEldon,
AA FrolA Florlelole 1.00 pgLe] W& kel A =4
24 ¥y Yk o] =L =4 BY &4 DelA yehd
#HETRe A5 O AR =AM g BlissstAY grhE
7145, 1998). AAEL 0.55~12.40 pM, QAAHEL 0.04~1.98
UM, THAEE 2.70~22.24 uMATel ] FEHSIE et ALk
B FAEL FAte] S v T A% A Fi 2
oA Zzh 9.5 uM, 19.00 UM o}de] B2 F=E e, sl
WF7E fYEE AFE Aol B3 ot F1001A4 242 2.00 uM,
5.00uM °)3ke] FEE HYTH(Fig. 4d, f). A4H9-2 FA F49]
AZNA 1.90 uM ©)d] & UERI HH FoFt FloAkel=
0.10 pM ©]3te] ¥ e Jelith(Fig. de). F4HY v= £
T AT B Aolg AL A, AFY BE& Ad &
A7 S AR FL FOEIAM B2 4Y9 v=F =2l 9

ZoEol 2XE5Y

Bl = IurbE o2 S R(YSWC, Yellow Sea Warm
Current), 23] J=(YSCW, Yellow Sea Cold Water), R}7-8]4]
“(CRDW, Changjiang River Dilgted Water), <d<F(CCW,
Coastal Current Water) 5 Y| 7FX 2 EFHclLie, 1984). =3t
Folle AF o2 A-ZIA G X5 A 2] JFE
of FEEHOE wig Bt P& YEPATH(Lee, 1990; Choi
et al., 1995). BAClE B AQE 23 713 7Y Yztas
2 $% AA7F ¥ o) (Nakato, 1977) Fa¥re A &
3L ARE ] Algo] oksf FeEdRsUE B2 KYEch
F71eA, 1996). sHAlE 743 Bl EAIE R Q3] ARE &
2opFo] JAE Y FHAQ Efol AFHH HZo] FaEFrt
FAE ArEe) SUIE $471d 249 f9) SRl @
QH=e} FR}7FE M Spe] M o) A A (Park, 1986; Kim ez al., 1991,
Gong et al., 1996) 3 HF9] Fol ). A A
Al AR AolHe 717k g FAY & EFE £3uF BF A
AF e ofsie} 2o g oz gFo] H7| Al&sHh(Lee, 1990).

B AN 499 G £ EEEHL T2-EE A
E(ES diagram)Z TS &3] 178 @ h(Fig. 5). FelgRoes 2
< 39 BAE RS T 2 s A, A &
AL U &8 S99 98 2 2y B3 gEds
429} At Alolo] SX)3 B dFaUt deteet E8EE
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Fig. 5. Temperature-Salinity diagram of the Yellow Sea Warm Cur-
rent (YSWC), Changjiang River Diluted Water (CRDW), Korea
Coastal Current Water (KCCW), China Coastal Current Water
(CCCW), Central Yellow Sea Water (CYSW) observed in lines B, D,
and F, April 1996 (A: water mass of Stn. F9, F10, B: water mass of
Stn. D9, and C: bottom water of Stn. BS).

Aoz AEHu(Fig. 5) FAH AFo] dojuA] &2 FA
E4e FA3L AATHFig. 2a, 3a, 4a). FALE NS Fl~
F)E 382 S92 98 2oz AAFINFig. 4a, b, 6a) Al
go| ¢ksfl B8l FINFle 2 o] AL AR ey
(Fig. 5). 723 G989 FHREELA 9°Ce] T5-2413} 3340
psu SEEM0] SN AFE 2R o IR WA
A3 44 50 mollAE 33.40 psu BHEA] IFET H & 9
=7 Lt G982 B = UUTHFig. 6a, b, 7b). ©|& &, 3L
a9 FadErl AFE Mg FeizEer1eA, 1992)
< wel BAST 9182 UelEt(Nitani ef al., 1972; Beardsley
et al., 1985; 5387184, 1995). &3] =U3s)d-& s Fall
Wl 23 @ dFANGT E8E 0] e FIHE AR EHT
T2 Ggge] £9E ExoM FALENFIE ARG F
A7) kel 22 AG@EA Fl, )l 7 B8 F5E JE
3 §2ANET §95E B DI, DIONE B& FES
ERlith 012 $39] e UL P ghitee]
g 5ol 71208 AeE, YA ol SFHEY] At F¥E
23 gRFIA AAkdo] 30.5X10°mol, $14FEC] 0.53X
mol, TFAFE o] 88.2X 10°mol®] 3L (Zhang, 1996), T=ALEHL,
27, 23 GAhHelA Z2akgo] 1.47X10°mol, UAEe] 0.3
X 10° mol, T 04X 10° mole.E X% tH(Hong, 1988).
AFz il 982 Qe B F9, F10004] FH Bt
¥ FES YEPAI(Fig. 4, 6) 341 Delld szl 9
= A4 DYlAME 2L, g EALS AYe £37t
ZSAGME e Hokd =52 eI THFIg. 34, e, 74, €).
1)
N

o

o

Y e

[ e
fd
0

o] 2 JI BEE AW FdFI) B Y= 118
Aoz 9UHT 9Je-e AA}sla thHu, 1990; Lie and Cho,

1997). =3+ 24 B A B7, B8l AZ| 33.2 psu o442 &
& Ve 7 ve dakg =8 22 A g 2b, )= 2
& JU¥Y T AL AT R 9%
o A2 o7 494 FdFe FF F9, FL004]

Az AR - A - AR

A&psle] 47 D9 AX I B8 AFoE Hd(Fig. 5
A ) QG FUdd BE & I MRS A2E A
g9t &, 4999 =7 B2 FdFrY fYel o) &
3 ZAs)e JUA 57T FNEE AR YT duky
o7 dRPFE NS} gadsyt Foe AYE £ FFL
o} 499 el TG
e AR A o] AL v 23 9 Aot &
HdFoe] ol FUHY] FAN BEE AAste 2T 2
o2 e
X xol B=EH
S &} AETPAEY] 9% 341 B 34 DY FHFY
oA JFEF FAETY) Chl-ad] FAEEE v T EH,
F2A F¥ge] zE FHAM Chled] F=7F 54 Ve
I Chl-a®] 57} Zadhe FA0lslA d¥de] =7t S71
e 2 5 AATHFig. 2¢, 3¢). FHEZANME B8] FYsid2l
FZ2M dUE 22 AL B & ANHFig. 6¢). Lk
2 F9E BF dAgoe FHI dUde TF e 5AY
3 £ F2o Asoz I AEFHIEY 32 UF
2]o] WA3THStowe, 1979). BTN AJEZHIEL] B U
Z22 £3)9] AZo] Wayr] Hoj dojubr 54 3529 74,
E4L 3~490) BT FYF e gT 2R dFoE
LEol} o8 oFd Al e Aoz BHiET vh(Harris,
1986). SHAIGA FAZIA AFo2 FHE f71E<] Fa=o A
Z5dlE dE¥EF7E £Fe) "ok 53], Y B1oS f7HIE
o] Br1go= 1998 olF ALA F/1&50] UL Fr1E
o] Frisl Aol FEP FH A3yt FrRIG EaE
A Qo]7)1% s}thPark and Choi, 1993; Park et al., 1998; 3]+
218 1998). F719] EFol] e BEe TAE VEh A SRR
ANEFA) 7 AFoz| F7E FYe] B Jem o]
E AZSd) 499 249 Z71E JESAE 202 AlEdET
EAN RS 92 £AH EFog ] FAHE JFEFE
FE52 90 983 dojut 3 AA7t FLd3iA Aokt
71%5, 1998). 499 3 FIGY FHE oF FA 44
< H3 glo} £33 EFo] & Fo At wEA AFFE
B oy Fo] 98l A9 FxAo] FHA BEF
o] ABZTHAE t)F2o] GA3IA Hrh(Stowe, 1979; Harris,
1986). 24 B2 FUslE BFoNA Ve AEEFIE 5
=7} B 3.69 gl o) &4 DY) EZoA= 6.57 ugl™ ol
oz et} o] ZHEL Choi er al.(1995)9] A1) 242 7
(0.16~3.20 pgL™, B 0.69 pgL ™Rt} T2 ol 1991 4€
2710 B FA] E55F Chl-ad F=CEd 3.61 ugl™)
HU} B8 22 BGthEsIEA, 1991). ol8lsk A EERIE
FZro YEE MEA Hlst 3 FIA A
2 JUd I4FFE FEBITHFig. 6). FAEL &
3 2 Go] Yx1E B8Y FZolA 7.00 uM ©]’39]
el Aagst Qakge 1.00, 0.20 uM ©]3t
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= JERATHFig. 24, e, f, 6d, e, ). 9FH &4 D9
A D5oIA D8 AtojdllA e Aaky, ik, ZEla e BT
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23t JYEE] XA ol B Y AESHIE ¢4
F@: =7, AHEF F)ol € o€ 222 ASE K Choi,
1991; Noh, personal communication based on phytoplankton
composition in April 1997).

FAAAe Q3 At gl FYEGY] 7t Thie 3
A D62 A AN Z AEHE B thSeung ef al., 1990;
Choi, 1991). 40 R YYHY T HHZF o2 U=
fF71Eo] A 2] FgOZ AR (resuspension)s L THA] Hhel| g
ofell o5 BajEEA FFo] HE A sHHolN w98 LG
Eo] 2 3 EF=o] AMoz FFHE Aog ByHY
THFloodgate ef al., 1981). 2AZA sjo) e dubzjoz ok
H AL FEH YA TL F2o) AEZHAE W
€ 342 fr=dl o 52 BAFE vehdtk(Pingree ef al.,
1975; Choi et al., 1995). ¥ ZAtlA HH D6l EZo)A

119° 120° 121° 122° 123° 124° 125° 126° 127° 128° 119° 120° 121° 122° 123° 124° 125° 126° 127° 128°
Longitude(E)

chlorophyll-a, ng/L, (d) nitrate, UM, (e)
phosphate, UM, and (f) silicate, pM in
the surface waters.

12.00 ugl* 0149 ¢ ¥& Chl-a 5= B LM (Fig. 3¢, 6¢)
o] AR FEU welglol A T3 F9o FHERTD &
Al YERgtHHyun, in preparation). ©] 3 D6o| FA1A A0
HARFL Y-S AASH Fig. 3a, b, 6a, b), Chi-g FE &} 2}
Zolo] EXE BEF 5ol FUYge 248 AHg s e F
2 ZA7} FtH(Simpson et al., 1979; Floodgate ef al., 1981; Choi
et al., 1995). AEZ o2 AR YA Ak} 9k s
o 57 JIHY ol AL Jom gdFel Xzl
Exo) 93 F3 I3tk A B114A B137-%= Chleo] &
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