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AT T 5 MKIZE L3R,

2. RREE SRR

e BT E AL, BRERA SN, SRS, AR,
MU, [CEE AT RACEEE S RAN EERA, B BRI,
KA TFE AR, MR, B, R IREE MAE YX RS, B—
AT R R PR RIS, SR — MRS M A S R

RTINS A S A R 10 DA, b 1 ASE AR TSN, 1A a A
FHO, e 8 MEAKERN, BERERHNIGLRIRITRTERRK 5 Sk
(36°06'N, 120°15'E),

B 5 B, AAXT T A AR R, BRI B A5 Pt T A
SR, R ARSI SR BB A SRR IRIE 1999 EEFEE
2000 EH FHTHEL R, S SUTHKIE 14.2m, RZFHH NH; -N WREH 7.83pmol/L,
NO; -N ¥4 1.93umol/L, NO;-N ¥REE A 1.14pmol/L, PO; -P ## 0.33umol/L, S
HUE(TIN)YE Y 10.90umol/L, TIN/P=33.03CHERIRILE R, FHIk BN 142, FLIE
BB 1.9m, B FAIREE N 17.79°C , LA 31.99, %2 AR FE4)(20~200um)
TR AR (2~20pm) 5 AR R R A (<2um) I TP R M 2 4350 1.58pg /L.
L30ug /L 5 0.67ug/l(F%& 1),

3. RHE% a oz

4 E a 3 =MB%(<2um, 2~20um, 20~200pm)JYE, FEH 20um WiH4E, 2um
) Poretics 4% ) BRHIRBEAE R KAESAT4M4%, APRIZI 250mL /KRE7E/NF 100mmHg”
{97E 7 F 14 () 25mm Whatman GF/F 34T 4RIBRSIAE MR R a), MBMETE-20°C By
174, MEE a S8 RF Welschmeyer(1994)y 58 . S5/ 90%H PIRRTE vk o 2
WSS T IRBUEE 24~30h, S S HATIR RE-5301 BISEEA e, bRk
MIZ2 A Sigma A FIRARMER-GEE a RESBINE, 1EXZRT, PhRERE R SHKBARE .

£ 1 BME YA B 008 34 R R Bk SRR (1999-08~2000-08)

Rk A BE L EYE NH,* NOy” NOy PO Si0;*
/m /C /m /f(pmolVL) /(umolL) /(pmol/L) /(umolL) /(umol/L)
199908 18 2471 31.86 13 2.0 3.08 0.26 0.49 0.19 1.77
1999-11 15 16.58 31.66 16 19 497 395 44 0.55 5.35
200002 10 3.20 32.21 14 2.1 44 0.26 0.38 0.16 0.25
2000-05 14 17.83  32.27 14 1.5 9.1 0.6 3.1 0.36 0.87
2000-08 14 26.62 3194 14 1.8 17.6 0.64 1.3 0.41 0.12
SEHMA 14.2 17.79 31.99 14.2 1.9 7.83 1.14 1.93 0.33 1.67

4. EFBHERNRE. RERSHHE
IKEERA VB ROK AR RS, BX 300~500mL A, FH#: 25mm f) GF/F(Whatman)
YRR, IRARGEAIRTTE 450°C THULE 4h, WYY 100mL 3BT 120mL 2K,

@® mmHg &R, 1mmHg=133.322Pa
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A 200pL & T-20°C F¥A LA, FF NH;-N, NO;-N, NO;-N, PO -P HJillE,

NH; -N, NO;-N, NO,-N. PO; -P i Skalar San & plus i & B sh43#f B& 3o
NH; -N RHAB-K &R, NO;-NRH Cd-Cu R EAMRMAD:, NO;-NRXHEA
BAY:, POT -P RAYIA M ER-BE I I E (B 4T, 2001),

5. &£¥Xigit

1 1999 4 8 H 2 2000 4 8 A/ 5 Mk, Bk FIRERIZK 30~40L, Hif
200um FEZ8 LA KRR R BI I s B B . SRAS SL RBEBEIXT N, P, Fe iy EAT
MBLHEATEISY, a0 5 FLabi®: OXIEC); OB M4 ERM 20umol/L
NaNO3); @£ ER R I R I 20 pmol/L NH.Cl) ; @B RS EL VR H1 28 (75 1 2pmoV/L KHoPOy);
OBEIMA RN TomolV/L FeCls), ¥ B T Ik B UM LIEF 8d, SRR
W5E 4R K a,

1. £YTRIAFHFEYHERR a SHRESTNN, PHFEDEL

TEVRACHAR], BRI TR T B R b 54k K a MBLGEA TR 15 5 il &+,
5 SRR TIN EH kiR, BRERIAE 1999 £R S, BefEh e 2000 45
&, 15 1999 FREA - BENREIEME; AT TIN, MEK a 5 P WFEHREAR
N, JEHR P, JLFERRFTE 0.2~04pmol/L ZE], KT AT, TIN S5H4E a
AR EEERR(0.579), H P SHER a AP AAMKKRE0.04DE 1),

21 : - : 21
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2 ES
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% z
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0Y ¥
1999 % 19994 1999 4 2000 £ 20004
k= HE &% #F HE

1 BNEEYTRSERHER a YRR TIN 5 P ETHEE{L

2. £YERIHEEHNEMHER a HRMHERK a LHIHFTEL

FE 5 BURE, B 1999 FEFREMBFIHEY SRR a EYER BB,
HA 4 KIBSHTER KB R IHEY SHENFIEY TR TR R 2 APBRHTER
4o 1999 ERKFEBMERER a EYRE/D, U8 1.61pg/L; R EH BE 2000 FE F,
IBENT 6.5u8/L(3k 2).
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|2 RO H A 8 SC IR A AR R R 2K TR HR(1999-08~2000-08)

REFEAY  SERFEAY  BMRREE  KRRREY SRR SRETE

Rk fa) MHEE a4y MEEa4Y PMEEa4  HSHMEE. HEHSEE: HEEHERE
# Aug/L) BipglL) YR /ApglL) H LBl HIHA % a %
1999-08 1.0 0.23 172 34.1 7.8 58.1
1999-11 0.75 0.53 0.33 46.6 329 20.5
2000-02 1.87 1.07 0.25 58.6 33.5 79
2000-05 1.42 1.78 0.34 40.1 50.3 9.6
2000-08 2.86 291 0.73 44.0 44.8 12
T 1.58 1.30 0.67 34.1 7.8 58.1

3. R E IR MAINE R R

1999 SEFFHLRETRER, 2d NEFHKRBFIEYHRR a TR, 28 K
FAMERE a B, NO; 5 NH, LWAUEMEI R, 2 8 KSWIHNS X thisr 5
In2.73 5237 f%; 2d 4 C &5 Fe SLIGAMANFIFEYM R E a TFE, HALSASEm,
FESFR 2~6 RSN, Fe SCRMTER 6-8 RNBSA TR, HASHIIN, NH,
KIWANIMRAR, % 8 KWLM 4.03 £5; 2d WEABHAF IR YT
RE a BT RE, 55 2~8 XHIEN, BMEFIFEYR EFRERNTH AL, Bt
MR 5L I0H 3 IR L — 2004 2).

3 | ok LO gty 4
0.8 /
0.6 /

MR a/(ug/L)

K¥d

B2 1999 FERFRMBARIRIEY . HERIFEY . SHERTHEY

5 E Y RE X B B R R A A R
C: Xt#; NO,: NO;3W#; NH,: NH;LH4#; P:PLIH; Fe Fe L

1999 FpkZE, 2d NAHRBIFEHEYIHHERER a WA, B NOs LA 2~4
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RZ WA T AL, 56 2~6 K, KAMEM, BEMRXSAY TR, NH, L5k
IR, 5 8 KSWIhRATRI LB N 2.45 1% 2d A C 415 Fe SLIRAIMANT I R R
a TR, HASESPEM, 5 2~8 RAHMMM, P 5 NO; KRAMMBENE, H8X
514t 2 LB AN 4.16 455 3.40 4% ; 6d Z BN AP M 4K a B3,
B PR NOy 5 P Scie s TR, Hpa4HhnE 3),

3.0

2.5

REVEHHEY AR

/V\ 2.0
AN
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@ -—eo—C
g —O— NOs
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FHrd Rigd

B3 1999 FFRKEBOMIE RRITENEY) . MENTIHEY) . BRI

IR B RETE S IR E IR R B0 B U R
C: ¥#; NO,: NO;%E¥4; NH,: NHjK®H; P. PXWA; Fe Fe WM

2000 4F4 %, FARBFWHEY SR a 76 2d NI T, Fe KRAASR 2~4 X
MeE TR, RE—HMMEEEREH, B CARMFHEYHER a EF 68 X T
FESh, HAbA AL 2~8 K—HE N HAMBRIHEYHERR a 78 2d N E TS
#, 74 2~8 KM, PIR4UMINENIE, B 8 KEWHH R ESEM 1.84 £
P 5 NH, LRSI YRR a 76 2d PN, HASH TR, SAES
2~4 RN, C A5 Fe SLRATESR 4-6 R TR, HAAHMM, FHES 6~8 XY
TR 4,

2000 £ %2, NO, 5 NH, SEAHAKENFHREYITHARE a 78 2d pofiin, Habssdl T
W, KA 2~6 REMAMBEM, 1E58 6~8 R TFE, P, NH, 5 NO, SLRs i g,
55 8 KPR ZI LB BN 1.54 4%, 141655 1.35 5 RABRFEHEYMRE a
7 6d PyfsiEIn, 7E55 6~8 REFTHE, P 5 NH, KBRADEMBIE, 2 8 XSymmZitt
BAr R 1.16 55 1.05 £%; SAEMBFIFEYMHRER a 1 4d NN, 75 4-8
KT RECE 5)o
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B5 2000 G=HFEMEREFIEY) . MENEIHY . BRI

S YIRS X I B SR B I A e i
C. XfH; NO, : NO;Q%BﬁiE, NH, : NH: LK P PSCIeH: Fe, Fe SCIG4H

2000 FHZF, SARMFWHEY SR a 1 2d W2 THEEH, 7 2~6 X
Yaxgehn, Br C 5 Fe LIRS, HAK AL 6~-8 RAkLEH M, NH, 5 NO, LA

B R, %8 XREWHM R LB S BN 1.79 515 1.60 £%; & HEEIFIEY
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MR a 15 2d W TR, 7558 2~6 RAHHEM, Bk C 45 Fe St s, Hib# A
FER 6~8 R4RZENE N, NH,SCIRZHIMMBIE, 55 8 X S5Fihmt 2 i in 1.79 45
NH, S5 4 M MR BF Y 7E 2d WO TRE, 185 2~8 K—Em, Hihs 4|
MBS SRR a £ 4d BT R, 125 46 REE, RE—HETHEEH
FREHR (A 6)o
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B 6 2000 4 E F BB AR FHAY) . BENFUAEY) . BT IAEY)

5 R A YRR A B FR R VR 0 A e oL
C: MM NO,: NO;%H#4l: NH,: NH; %4, P: P54l Fe:Fe Khal

=W’

1. XEERSH

1999 4F E & | Afik NH; -N S BE %, (N0, -N FREK, Hh TEFREEH,
KENFHAEY) SHENTIEYI X NH; -N 5 NO; -N FFEEHEK 1999 HikF, KT
WXt NH; -N A BB SRR, P 5 NO;-N RIS i i i
YL R K . BA 2 RS B — S RE A TR, 2000 4%, NO, 5 P %L
AR RIIE WA YIS IR B, Fe SLRALFIHM, X 5EFEARRIL B, P Xt
TR WA A A B B ARV R, AR R PRI 0 A K B 52 3 P sl NH. B o4
Mo P USRI S R IR ) R A R S E R LA R RO — B, &
TSEIVERE A YIXT NH, G506 0e B 7] 62 B O /N8 3 B SR R B 3R A 8 R B R TR
(Boyd et al., 1996), 2000 4£%Z, P X KEIFIFHEY) S5 AR IARY A SERER,
Xt BHLHTERE SR 6d P —EDNN, XYL BT A TARILE 2 7T DA B KB PR BF )
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S FFEENAE K. TR ENERLRHEHEEIRIFEYER, X5EFREARR
BLA—5,2000 SE R TR EER B , TEFRE R ARBF I Y S HENEFE Y R LK,
8 NH, X E#E RV R IR LB B R ER . AR NH; -N SRR, IR
B NH, WRREIVER, BARBEARE, ATRES5/NEIEEXT NH; -N ERHFEREX, @
ATRES PR IF R RN R LA K

2. BREFHFEYITE TR M AR

REVZ AP N E07E B SRR, XF P M A — K tLERE B m iy ; 4
RIFPUF YIS P AR N BCR BB ., Rl N St tha Bl B Ry, AT BE7F
£ N 5 P ILRIRGIMA R B A KB AL ; BEAZREYXT N, P in#e
WANE, {EERR AN KB FEE Y SRR I 8 /DT 200um B AZ I HE YRR
XN, PEIERA LB BN, SREATRERN T N5 P ILFREIER. 455
B, NE P RERIMEEHE TRyt @R YIS, Fe Rt e s T 3
P, BRI N, PEFRBMAR, LB Fe ST M E KR BLER S %t B
ZHAHML.

3. EFHMREIMNFTEL

BHERE, EEFERNEA LB EN N REER, EHMFYE P8 N+P flt
FIRRHER, SEaHMELREREE(EH, 2001), HELAES, KB EERSHERS M
ATRELLEER, TERCMBATREAER 2 N IRG| 54 ES Si REINSI Y2k, SRMNEE
FrER PR ZE R A B L 2 Bl A VT 5% B 70 . 7E 48 1K) Mesohaline Bay, &
FFELWHERUE LR FIAEYNAEK 2P P RG], ZEEBNZH) N #%5, BIGMP
R N BRI B AR L, X SEARIPIFEYIR R HAE Y 2 (Malone er al.,
1996), Fisher Zr(1992)7E BliAE W e S, VIR e R, BEFEEPH
Si RAFBAEN R, EEFNE N BHETFIHFEYNEK, FRONGIHERS
N, VIBEE TIPS Patuxent {0, ZEARIRE M E AR DINP @HIKT 5), FE#E N(NO;-N
B NH -NRESAN, B AR RE, ELARKBREBHNZOINPERET 90), P
BN W EHE T IR R K (D’ Elia er al., 1986), X864%5 44 BR BN EKFE
b, VIFE AR A E S P IRHI 5 EE N BRI E 0,

—HL PR RE a MR ER, ATRETEE SR P TR M, X — &
L B R, Rudek FU99DIEH, TR EIEEYIEMEE LA £ .
ARV, LIRBA KA DREE SH RS m SR ROE R R, XA
AHARERETEARTR S . MR H A — LI BRE, ISR &4 5B A4
[, —LbabBE rha /NG B 3% R AT REAR X SL 30 77 A T R AR 0 (Hecky er al., 1988;
Howarth , 1988),

2 * X W

5, 2000 HERAER R TIREY L . FAAWMNBS SRR LR T8, PERER TR
RIAT, 2001, WEASIBAMISEELR. . Blaedigg. 12~13
Boyd P W, Muggli D E, Varela D E et al. 1996. In vitro iron enrichment experiments in the NE subarctic Pacific . Mar. Ecol. Prog.
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Bottom-up Effect Studies of Nutrient Limitation
of Phytoplankton in Jiaozhou Bay

WANG Yong ZHOU Yi
(1 Institute of Oceanology ,The Chinese Academy of Sciences, Qingdao 266071 )
SUN Hekun

(2 Eincironmental Protection Bureau of Qingdao, Qingdao 266071)

Abstract

In order to invrstigate nutrient limitation of phytoplankton in natural marine ecosystems,
in-situ natrient enrichment experiments with nitrate, ammonium, phosphate and iron addition were
conducted in Jiaozhou Bay in August November, 1999 and February May and August, 2000.
Jiaozhou Bay, surrounded by Qingdao city and with area of 390 km?* and mean depth of 7m is
an eutrophic coastal bay. The concentrations of nitvate, ammonium and phosphate were 1.98,
8.01and 1.38umoV/L in the 1999s. DIN: P molar ratio was almost always over 16 (the Redifeld
ratio, also called “geochemically balanced”) in all seasons.

Five nutrient enrichment experiments were conducted to investigate nutrient limitation on
phytoplankton. Size-fractionated chlorophyll-a results showed that netphytoplankton (20~
200umol/L) showed most significant response to N addition; nanophytoplankton (2~200pmol/L)
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showed significant response to P addition, but N addition also stimulated their growth;
picophytoplankton(<2pmol/L) showed positive response to N or P addition, but this response was
not more significant than that of netplankton or nanoplankton. N probably Limited phytoplankton

growth in summer, but P and N nutrient could phytoplankton growth in other seasons in Jiaozhou

Bay.



