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glal S shje) A 3= (whole water columnH A2 43 & F T4 (aphotic zone)H HEZFAE 2T 2
& QAL 7w g metaly] $ste] o] A5t (euphotic zone)o} M- TR oA AEEFIE A% A
& AL 25 gtk 1997w1 5954 11990 Fgulet Fgviol s LAF 55 AFH [t AelA 2
BEZegE] AAda grE 43 4L UNeE EXEl FHEA A R FAaE B 4EE 43
£ 7247t 1.8~153 mg Nm™ d Ur 50 132.2 mg N m™? d'¢) ggjod, A= duy JH o] dd 43&
Boh A SATHI.9~19.480). A o] ANE 2 dRE AHEL 47 29~22.0mg N m™ d7'# 15.7~175.5

mg N m? d7'9] 491&5 ‘/]'E‘rmu} A FFUe & 24 A& F T2 AESFIE A% A& AHec] A

A F= HlgS AAe] A9l 13.0~86.2%, YEES ol 13.8~67.8%2A], FHT X ABZIPTEY 9
3 A AFA7F AFTto] BAHIY. B 979 A TRl Aee FoE EEsiA d4E AHske 4
EEZgaEc] 288 ALEEE 59, 9F T, F2429 5405 5ol 93 fFt=E thA] TS (entrainment)
2 AS s3e B &3] 27 7198 7540 A AAket. DE 2, & A7 Adke ol Ak new
production)®] Z7]7} A4ty AH=ut 24€ 7S FAH/H sPeAe] don, drE A 2T A4t
(regenerated production)?] Q-7+ AAY4de] EgE|ojol T AT

To determine whether nitrogen (N) uptake by phytoplankton below the euphotic zone in the Yellow Sea is con-
siderable, we measured the uptake rates of nitrate and ammonium using *N-labeled stable isotope K'*NO; and
SNH,4C], in May and November 1997 at total 10 stations. Depth-integrated uptake rates of nitrate and ammonium
over the euphotic zone during this study ranged from 1.8 to 15.3 mg N m? d”’ and from 5.0 to 132.2 mg N m~
2 d!, respectively, and ammonium uptake predominated at 9 of 10 stations (1.9-19.4 fold). Depth-integrated uptake
rates of nitrate and ammonium over the whole water column ranged from 2.9 to 22.0 mg N m~ d™' and from 15.7
to 175.5 mg N m™ d”, respectively. The significant proportion of whole water column N uptake was attributed
to uptake by phytoplankton below the euphotic zone, ranging from 13.0 to 86.2% for nitrate and from 13.8 to
67.8% for ammonium, indicating that phytoplankton N uptake below the euphotic zone is at times considerable
in the study area. The results suggest that when phytoplankton below the euphotic zone in the Yellow Sea are again
entrained into the euphotic zone by a certain physical forcing such as turbulent mixing and the vertical movement
of thermocline, these episodic events may significantly affect the material fluxes within the euphotic zone. Fur-
thermore, the results suggest that a portion of regenerated production estimated from *N-ammonium uptake should
be included in new production estimates, which otherwise could be underestimated in the Yellow Sea.
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A48 (new production) 2 A 4H(regenerated production)y &
2P F Fo17 side] F3H (euphotic zoney o] &=+
H 335 E 718 A49GEE 239 oA Alegks
 22Y9EE 9EF 2 84 ) s fA=HE 4 I
Ao 2 Ao FAti(Dugdale and Goering, 1967; Eppley and
Peterson, 1979). o1&{gt A4t AL d-2 AaA FUE
HNEZHIE AL 2 24 2 export production) 52 XY
sk A ZHe] selAEe ARFEE eFelA AE7k) 2
At A2 E olsishad] oA SR 98 2@ddt

Dugdale and Goering(1967)°] <13} 21434k 7id o] =94 o]
2 Uge A, 37 FRAA AN 3715 A8t 4
F U A8 WHEC| AXHIZ 19 AP Fol EQH
S 9, Eppley, 1989; Platt et al., 1992). Z2]2 A &E%
FE 3] HE g ¢ dRFo] 557" i (dissolved
organic nitrogen)E A E-ZHIE A9 Z W& = A (Bronk et al.,
1994; Bronk and Ward, 1999), &8 AF5 <2t o} 24 (nitrite)
L= EH|(Collos, 1998), W4 Eet 919 7]AER Asir A
4 7 e PNoE #BAH PYEHE4e] 34 (Glibert e al.,
1982), 2L AEEFIEY A4 HH 9] dF7]1%(Cochlan et
al., 1991; Park et al., 1997) 53} 28 WHEH 38 A4 d4
o digt o 42 oldle ALt 271E AEsH sk
A 715t

S, B3] Y- sldolM e AT 22 42228 (thermocline)
o] Zr FA=o] L2} 3 BjdFo] TR JLEF THol
A& JFEF = (upper mixed layer)Zt 571 Wi gUdsgo] 7
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X}l o3k 7} @tH(Chung et al., 1991; Hong
et al., 1993). 22|31, FAEHF WIF & 2 °]3tl ¥95
E4F) & (subsurface chlorophyll maximum layer)o] 2 &&s}
= 5A4L B, 183 205 9 FHE gLl &
st 32 7 o}gf)e] F-E(aphotic zone) G4 ol A
25)o] Yrh@E, 1991; Chung er al., 1991). ©]
) 4ol EAlshs A EZHIE] EdsiA
AL AT B 4= e, AR ool
P AAolrt B A7 B3 &,
FjoA] AEZSHIES oot AidE 2
Sto 24, A 45 (whole water column)2]
el EAtste A EEHI= o8 A4 4
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AFR o2 o] dddl= 8 SUF A 19974 5
43t 1148 2z 1] AAAAM Fig. 1) RAEH Ag7)o 73
¥ CTD(SBE-911)%} 101 Y27 AF7]E o] g3t +23 G
o FARXE FSIY, 5Fe] FYETF, €54 0 2 A=
EHIE AAEF MG E S A% dTE ARSI slF AR
= 53 shkel 4o)(Z)yE Secchi disc depthol] 2,72 F3lo] &
A8k F(Poole and Atkins, 1929), +-3th<} T3] 5-87 =4l
A AF SR A £ siHe] Hol(Zwe delde s 5
A2 (sigma-n7t 0.05 ©]319] Zol2A] 28k tH(Levitus, 1982).

r = T
N
38°; 4
CHINA
3602
36°; BoHM
Yellow Sea
3503
csm
34°] D4M 34.01 -
304 Eom -
Fell
o 3201 . . )
329 o 4 Fig. 1. Map showing the sampling sta-
tions(stns) in May(®) and November
(M) 1997. Note that stns 3503 and 3602
in May are the same with stns C8 and
120° 1220 1240 126° 128° E B8 in November, respectively.
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AEEYTIES] MY ¥ EE MFE &H

AEZYTE o FAY &

NS 2218 o]8-3le] 243t HDugdale and Wilkerson, 1986).
¢ ABE 250 ml ESFFRMO|E HeldE)e] ¥ & HFF
=7t Z+Zb 1 uMF 0.2 pMo] E 2= KP'NO; EE “NHCl(all
99.3 atom% “*N; Cambridge Isotope Lab., Woburn, MA, USAYS
A7FIG A s AHE A W 208 BARE] 28
o)A HFE 1B 238(Stork Veco, Bedford, MA, USA)e|Ht
A% Holzg 73t} Wik -2 Aol X% ol A )
Sz EASIFR 22 ZAFEA AERE Bt
B AolA] ALEE o] uPAIZRE WA Bt FHEL 3y
2 2] W HF 53 53 JEE ZAES Lok 3
A = A HDugdale and Wilkerson, 1986).

ALAF A Aol AAA FFE TE 24T
PA7] W], ZE AR Sd3A H7HE SHEEE
A4 AR e A 5 F= 10%0]Ul sFse
o= 28 & 4 vt 19974 599 Aid AFHE AFA
E 59948 EXE Aade] Arike] 9 s s=
oA 100%°)137HAE UEA L, 4w A3 A8dAMe 15%C]
A 100%0147F3E VERATE 19973 11€0le dakd 4H A
oA L Bl T2 9%olA 100%01737HA], ¥RF 45 4
HoA e 11~44%7HA] S9D47F A7 A vk 3 450°C
A 4X7F B4t vlE] A4A17] Whatman GF/F 93X (3]73 25 mm)
o NEZ o738l4] (<100 mm Hg) HHAE A/delA 60°CE 2
z3lo] AT q3x o] A AEEFIEY PNMNHE

AR A

- F7NE AR - e

Europa Roboprep-Tracermass GC-MSZ -4 (Owens, 1988)5t3{tt. &
) A4 AZ -&(absolute N uptake rate)S Dugdale and Wilkerson
(1986)¢] 21& o]gsle AEdT & wgdET A7 A8
Aoz PNo2 EXE ALA Il FME e 2o 4
#g AXA Eppley et al.(1977)3 WEtA A4 HFH&L 243
Aok EZE A8 WGA] E AFdM e HEE HFEE S8
ZAsR7] W] F20] HEREC W AR AR 2 4
#&-& Cho et al.(2001)E WP B 22 Feidle] HASIT

dotel W B2 o BE 5E

Ao A EE Whatman GF/F QA2 oj7}st & 71 o
< YA B3 o Y=ol Parsons et al.(1984) WElA
Technicon II AutoAnalyzer Y+ Bran+Luebbe AutoAnalyzer
(Model TRAACS 2000)F o8-8l #4813t} 54 o =
Whatman GF/F &3] 93] A8E A% F £3IF=Y
(Parsons et al., 1984)2.2 E-A3I9th

4 I

2215 B4, ¢S4 o ¥ YV 55

1997 5€3% 1190 2z BolX F234 AFe] FHAREE
Fig. 29 UJeRdth 59dle +245-S 2EFo] o 2
oREo] 7w} Zlole FHEE Xo|7t Atk F FA 32017
34019141 2kEo] FEUY 10~20 m A S W
9, g2 3 AR SN F2UY olElE e FEUe 71A
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Fig. 2. Depth profiles of water temperature(solid lines) and salinity(dashed lines) in May(upper panels) and November(lower panels) 1997.

Shaded areas represent the aphotic zone at each of stations.
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Table 1. Summary of the depth of the euphotic zone(Z.), the depth of the upper mixed layer(Zn), depth-integrated rates of nitrate(pNOs) and
ammonium(pNH,) uptake over the euphotic zone and whole water column, and the percentage of nitrogen uptake below the euphotic zone to
whole water column uptake(%Aphotic) on May and November 1997 in the Yellow Sea. The Z, was arbitrary determined as depth where the

difference in water density (as sigma-f) against the surface was less than 0.05.

Euphotic Whole water column %Aphotic
Date Station Z Zn pNO; pNH, pNO; pNH, Nitrate ~Ammonium

(m) (m) (mgNm™d™) (mg Nm™d™) (%) (%)

May 1997 3201 33 12 8.5 22.7 22.0 27.7 61.5 17.9
3304 5 6 54 5.0 10.1 15.7 46.2 67.8

3401 35 13 12.0 36.5 18.5 46.3 35.0 212

3503 27 21 15.3 28.7 19.3 38.4 21.0 254

3602 19 8 10.6 48.1 12.5 55.8 15.5 13.8

Nov. 1997 Fé6 8 66 1.8 12.7 13.1 27.1 86.2 53.1
E8 8 41 5.1 299 11.6 61.3 55.8 51.2

D4 8 23 2.5 49.5 2.9 104.9 13.0 52.8

C8 22 42 3.6 422 6.2 56.4 42.5 25.2

B8 22 14 8.4 132.2 11.0 175.5 23.4 24.7

Fo} AAE 5~35m TGl EEEch 1€ i A3
Z 330A 2 E gEo| £F AAl AA #9% $AEEE
Bou} ¥ A €8 B8lA = F3 ol wig 2 4
o4 (50~70 m) eFstAE A FeokEo] At

B G717 51t e S9E sl fea) s 4420
£ 5m(529 AF 3304)04 35 m(SEl A 3401 7K 2 W
32 A3 H(Table 1). 4F EFF sl $£4(Z.) EF 2
A Wstsiied], 5990 A 3304904 6 molAFE 1199 =he

1=

1189 0.12~1.579] E2E veldo).

19974 599 HE4 ¢ v & AHE S A =8
Bel A4 3304)S AT 4l BF BTN 53 g =
E 71AFol A ZH 3} FE2A Sl (subsurface chlorophyll maximum)
E Jehlle £4EZE ByeH, 11848 30 ol=lalA
e Bl AV F6 & E8) o] S71el wle) adhe 4
g e ohFig. 3). NG w== eV 7 2
o] watE FAE(59 BA 3201, 3401, 3503, 3602; 118 A

A cg, Be)lXE 7l f2td oM E 2dHAY W2 T2
AL o] STl wet Ao oF 12 uM7A (118 A

9 Zel7kA) WAE Urehitk(Table 1. 3 £% sHael 4
of e 48 se] A9 M@z SBOlE 0.83~275,

Chlorophyll a (ug I'")
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Fig. 3. Depth profiles of chlorophyll a concentration in May(upper panels) and November(lower panels) 1997. Shaded areas represent the
aphotic zone at each of stations.
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Fig. 4. Depth profiles of nitrate(®) and ammonium concentrations(O) in May(upper panels) and November(lower panels) 1997. Shaded areas rep-

resent the aphotic zone at each of stations.
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FAlo] A 59 EF o] 2 o] R0l B SAME(GEA 3
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5 AA N AR FY3Y, 5900 E FHERE R 32017 3602)
NME FETY AR Z2 2 ol3lellA oF 15 pMel el Tk
E Ve, 1199 B4 D4} BN 5 WAl A o
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Fig. 5. Depth profiles of uptake rates of nitrate(®) and ammoniuny(O) in May(upper panels) and November(lower panels) 1997. Shaded areas rep-

resent the aphotic zone at each of stations.



o] Folr] ABEHIEY] A 4FEL T 65

AENA SEF *éﬁgﬂ A AL ARV B =
A 1770 7R AES vepd el f3dE =3 X*
o] AA A& *Hg# FRREEE AEY, ditgod F
A ooy 2E B3 2 ¥A ol & mol G E W 5~
10m ofu)elA Ho HH&E Bolz F4le] F7Il wet 2
&dhe 4TS Ueit od Aeelx B, 599E F
Fd &3l AA 32019 50 met A 33049 20 mellA 2
zl}\}Cﬂ (J.l:t] /K—]_Ag_,] 85. 5% )1;4 ?:}D_E_(Enq ’H‘AE‘-’] 141.4%
F)e] B AFSS By} 11299 4d F69 20me} 30 m
Aol Aae HAFE0] dRF JFAeRY A WERLGLE
W A3 &9 53.9~78.8%), A4 ES, D4 ¥ B8 T4 FAE
dais dagd AFAendd 58 45F 238S etk Ew
AF82 8.4~38.0%).

a
k-
z

2 ¥ M =Fo| E

fgel il A HES AAE 2
1.8(11€] A3 F6)-15.3(5¥ A4 3503) mg N m™ d'# 5.0(5
el AA 3304)-132.2(118 7 B8) mg N m™> d'¢] HHE

FTHTable 1). & 10702] HEF & AAGL B 3300
ALt BE AHAM 3ol U] 4 8 AR HFHE
o] A HHEHT 1.9~1948) T v} A4 HHEL A
o gis A AERE o, FAE AFAE2 290110 A
D4)-22.0(58] A& 3201) mg N m? 419 ¥$)8, 4=2F “%4
28 157580 AA 3304)-175.5(11¥) 7 B8) mg N m? g
o] B9E el A 5o v 4 AR A4 HFHeL
EE ARNA d=F g e A4E FF LR 4 Foh1.3-
35, 9HH)

ohmy Mg 77k

g5 el A AES & Ad HAFE FolA Frle
?EL AFHgo] Ak Hl&L B A7 A, T o v$-
£ W= el tH(Table 1). f A AHEY A 13.0(11
29 B D1)-86.2%(1128° B Foyt A 79 HHAL F 7
Frjellale] gl ot Aot FaelA e g2y dHE
g A ol et 33 vl aA) ek 58 (13.8~67.8%) X}
A3t A a5 dis) A2 ke vlaA] 23 gEHEl
A SR HEo] AArFe] A$E 22 A7) WolA FgEs &
WolZ it} whde] dRFe] A 59 Soldo® A
67.8%2 AT A4 3304F A3 Uex] FHENM= Ol
7N 25% oWellA 7L 71431693, 11l F A3 (B8, C8)
A= oF 25% 2| T UWX] 37) HHE (D4, ES, Fole= <
52%% FEu7t 25
E 9

9] Avle= o] T FAdM Y A EEFTE
A AFH 8] FEY B9 1611*1” ol F=xyel

Zg BAFRTh 2 A7eA] A 5000 gig) 4 A

p=H
L
s
=
I
3 Aa HHe F 7 Aﬁa ’& 2 ARE 434501
7}
A
Enl

nﬁl‘

= mua

[}

of
Oz

2T 9 gojt} o2 EW, Lewis et al(1986)2 ¥l
(oligotrophic) FTHA % al1<] (28°30'N, 23°0W)ellA] A 5(2F
m A7 A A3e8 245 A AREH] & 2 AH
F % o 33%71o] F3 olstolA (FEe] el 125
o H1gh vl Tk Probyn et al.(1996y F5 W72
) Qolr W i FhaEe] Aol W B¢ ZH—/F
o] A28 7122 ) 2 f90) 2 T3 FAloA A
Fes 24, vinsded, £ oMY 2 H g
AFgo) f3 B T A TET A A & AEG
e 27 6-19%} 4-55%%, 5 Betdlle 42t 3-86%%} 28-49%
& A EJHD}.

B Apdael d& ale] FRdA et A4 43S

< 539 "?'—*’" ) Q7R NEEHIE YA H(biomass)2]

n&_

F)nzﬂfé
Uirﬁrloopmgﬂ%

LA

J

Apololld 7191% 7FsAdol Ak 2y AAFeE mFEeH A
A A% &-(chl a-specific N uptake rate)S Ba e Aoz )
A2 434 (absolute N uptake rate)d FAFe S e oA

(Park in preparation), o= F-Ft] A der i *“-4
&o] gx AEZFAE A Fe] 2ol 7RISk Ao] obdE&

]/\PSPE} EA), 2499 vl olol] 23 A4 A F (Wheeler and
Kirchman, 1986; Kirchman, 1994; Kirchman et al., 1994)7} ¥
ATslg el T3 f4doxe] a4 dH e 719 7Fsol A
o B arset A4 4H8S %3] H8iA GRF 99A (3
B 0.7 um)E ARSI Wi, dElE okl g A4
A7 B A7A g HEEFEE A4 gFHE0) x8¢E
7FsAdel Juk 2y EFYAE B A5t vhE|glof] o8k
A 9 grEy GF o HE SHo| o|FAR|A] Yopr] 2 A
TollA A& XEZFHIE A HFE ol EritE 719 =R
HAZM s FEstA A F glvk. g = 9 FE %
_E,!_:grq]oﬂ _E_xﬂg}_“:_ H Eﬂg] o].7]. oJu]_g_]EL ;d/\%]_ _jx{ ;ﬂ)\].oﬂ l
SRES AMSSHER] 24 F 8t lom, dElgotd ot
A2 A7 3o FEYAA BE 2 272 dovkeA] 3
< FEdEdE 36l o ZA dFseA g AT 5
2 3] AiA FYgAe &5t AeA JdEE B A=A
olaisledl elA FA 719 A= FaET(RM, 7€ Y
oM B "ol g AA dFe] 7A=RE & A7)
Ao fgd 2 TR dEFoR AHEE AS, B ATl
d2 AEEHTAEY dh H4HEY I/ AFLE FolA
ol ot A AL £ Bxde vy 149 ¥
T Zch. 2 BEE o] Biof sjdd w7k FEulelM Fih
FHE 2 dvolAM e Ao A EEFAE o5t di 4
2 et

28 B A7 AHAERE AR 3] Fgu oA A
s é}%%%ﬂ% A HHEL FAE gulskarh? o= 39
A GeA A & A 8T b E3] AREEHE oF
THEAFONSE FAT AAY 9 dEwplME 7edes
ANE AHES AL dEF AFEE Ao sl
gkth(Dugdale and Goering, 1967; Platt et al., 1992). &1} &
e EFS 100 m oltie] 4do] L2 YES g e gk
Sk 719 (source)2] AAA GUHo] %“"’EHOﬂ TEE F W
2ol oj3g A4 E AALE AEE o2 BE3r)v) ofFH

=

b

o ru>l »

a5

j&m&l-ﬂoﬁrl
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(Paasche, 1988). A& S, UAIHQ Hlgol} 7 23] oF
&3 (turbulent mixing) B T20FE AH 9] F£H AR olF T
7+ E7% & (physical forcing)SE <siA FFulo] EA38)
= AEEZgIE] F2UE thA] HY(entrainment)E 75 ol
ZA)3c}, 0|9} 7he AhAQ) EelE #go] oA WIHEA
dojdra Qakgolwr 71zs) A HrHE AAAe] Z7)7) B8 A
A 7FsAdel Aok F, gRF AHd &AM @3] e
2 7Y RS & R e 2 only] AAstelElr] o
= 2] ZgtEojol & Rolu}. 3, HEH o= B}
AR om Fad 9 o= 4= oM (Liu and Chen,
1998), AA2ke] 7|7 AR e e AR ve e
7H<HsPH Home ef al., 1989; Iverson, 1990; Nielsen and Richardson,
1996), B A7ollA f-3tl9] & d=2F ARl & 2t
g AFe@AADHED drole o 2AEITE F(Table D2
A2 AFHe Aoz B, YA dge EF 7%
(mechanism)yEol] 28] F3u} 433 A4 HHFEE 71 4
EZFHIE0] T 3R HAYE A% olzd 94Ael 43
S o= A At g & AR wdEd. a8uv 7
FolM HEEFIE] ALEAET YEF F o= FE7H
HE HHT UL, Y AFE A= o AR, & A= 7t
TS AolE S da Aol ZA AgE vA
A 28 Ao g godn), B 479 Fae F, @rFoz 34
o) 448 FHaisla RdYshet] JojA TR FAldA
dovhe AEEFIE 23 A4 HH&e] A7 v ¥ §
& A7t zH7 asithe F-g AAg.

#HAlel 2

B a7 AR die @ sF o € 2dE
B3 &= - FF oA F Y AFBS A
PN97357-03)0] $E-02 FYEAFUT & FaS A4
o] Pz FFAYATLY A7 erese] A 3
SR e EPULE B =55 AlEsA ZESIAL AR

F21 o] A A =R,
Skl

%7, 1991. 33 57 AL £99] 2] HE EYIE
AN Bxo| X I SxaGEEA, 26: 223241
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