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BRE T 19854F 8 H—1986 4F 12 A A1 1991 £ 5 A—1993 4F 11 H@d s MERZEK
ERBHNEE, R Justic F (1995) B VA FHHAYERKRKOALFTRRTEEFREBHEER
WU, HERWHERBERFTHN S, N, PZREMNEFL, ABFEEH IR TRMNE
REGKEREEH, SRR, FAFERRILHENBNEBME, SIPHERT BENT
B, R e Si:DINFI DIN: PRt R B H F R %, ERME KR EFRREHMRAETHER
b, BMNERTZAREHNE R, BERTFHEADERZERCMEHMARTREEE
K,

*x8i1 BMNE EBERE SEFL

XTRMBERLENHSEMLERLSENFHEY LB Z EHMHEXENTIRE
BAARLXERQEER, 1994, HLW%, 1995 BiZ#,1991). R T B8R THE, AR
B G B3 BN 7 1985—1986 4EH1 1991—1993 4F B BB+ fa] 9 & R 3h &5 Mg i A8
AbBEIT T 2B MBS, DERE VB TR M S E RIS R SRR
MR BT T — & AL,

1 MRBEBERREESHHE
1.1 B XHEN

JBE M 5 7 F AL 4 35°55" —36° 187, R4 120°04° —120°237 2 [6], E A 390km’, F-3
KR Tm, B—AEHAREGE, AL AHE ST X, TRAET K™ IR R h TS
K HEB B M B NEMAKRERNERY .

1.2 SREEMS T T 1%

1985 4E 8 H —1986 4F 12 A XM B 12 DNt 9 K 2K AT 16 MIKATR
BE; 1991 4E 5 H—1993 4 11 A s B B 0 9 b B9 R Z WK HAT 11 DMK KA.
KERREMBBIRAKERE, M03% A REFETRLEHEN, T - 25CTHRBERNER, £
LREMAER EZHERNE. BB (NO, -N) Fl 4 # 8 )i % 1 BSPB % (I 4%,
1985), YAl Bk 3 (NO,; -N) I &8 & %, R (NH; -N) il KIR B /AL 3%, BE R 3
(PO; -P) B4R, REM L (SiO) -Si) AR, 2REFRLERYMNERL A
4 ¥4 (Technicon AA—IT B M€,

* pEFEBREE AT E BB KYSS085. kM, B, H/ET1963F48 , BIEHR 4.
WeHE H . 19968ESA3H EZ M 199741 208,
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2 {EFIT B R BRI RE R E TR AR BR Bl AR AE

BN EFRLEB R REFEENERENFTRMEER., YEFRKIKF
REFHHYERN, BHFEREN SUNPHIEFEH 16:16:1. Hecky % (1988) A1 Dortch
45 (1992) 48 35 W W 19 85 35 545 ALY L3R R g K AT R B SR b A ML, 31 4 R ie Y
AR HBATRER Si, N, P BIRR B &4, B EFRRN N ERBOOIR, FEFEREX
FHEMFHEEYERTFERRBEMREFLEME T I (Levasseur et al.,, 1987; Harrison
et al., 1977; Goldman et al., 1979). TEL AT NG R EAL £, Justic % (1995) 1 Dortch
FARE—NMARKTFHE - FERLACATERBKRE: (1)FSiP > 22H
DIN:P > 22 W @R ARG E %, (2)% DIN:P < 10 f1 Si:DIN > 1 M # LR MR
B E; (3)% Si'P < 10 M Si'DIN < | WAL AR E R, 8-/ EFRLBNILFE
T ERHEEN AL, A —E LRSI HE SRS, aTREM R EHE R A8 LR E
FEMKEMTREMRFEFRERUMKEZEARBHRE. BT XEFERE SN %6t
%%,Si = 2umol / L, DIN = Iumol / L, P = 0.lumol / L Af¥E R F i tH Y14 K ) B AR R {H
(Brown et al., 1979; Nelson et al., 1990).

3 ZRMTL

WA B SRR AT RE B SRR R AR M, #F 1985—1986 4F B¢ 1991—1993 4E M 7
WK AEBRIEIE. AHRITIBEMER TN B ET LA GRNTERL B
Si‘P, Si:DINFI DIN:PZ B EAE R i B (B 1, Hvb a, ¢, e 4 1985—1986 4F45R; b,d,
£ 1991—1993 G455 ) , N 0T LUF A [R B [6] ¥ 45 F & SR 3h 2 18] LU (8 i 28 1k,

M 1B SR UE L, 0% EAF TR R H AR HERT, 80 451X 1 e M 75 77 U
MWAEKZETEM L - ERLREEFHOHIARS N BEHERE N 6.7%; HEXL
HLEAR N 3.0%; B ITHLEE N 63.4%. YEERNZSFHILIEREWBRMEN, REG 1% KK
R IH B 2RI EE BN 0%; i Z B TCHL R H 0 36.6%. WX P
MBIEATUES, R BN SAKFREER THHFEYE KN RRTE, BHHA. BEA
WA K R BRI B

90 FRVBIBMNBEIFEVAERKRZETE-ERERHE O ERAFRLSFHN: BR
FALBE A 3.9%; B ILHLE R 0%:; B R TALEE N 84.3%. HEERFIHHEYAKITES
FEFRORMAEN, ZA. BEEH O LIRS 0% MZHERITHEREH G HARE R
69.6%.

Fe A B RIRA S A W, M 80 F R IAE] 90 FEA WM, BMEBRKHERLEEH
BEAEMCIRRE X KA T BEN T, USRI AR EERENEMNSE T2 EE, K
o RB KRBV AMBEA RN ZHHEYERYRHEZ ARZLETRMNEE
f# TCALEE BAOK T80 B35 TR, A 80 4E 15 90 RV M B W W AE K Z I
% JoATLAE BR 1) £ b BE N 36.6% R I K B 69.6%, JLFEWK T | A%, IR AL
BEAERSEEARBEST 20 MA 5 A

gesk, WB 2 R LE H, 7E 80 SRR, & A 13 B M ¥ 7K S8k 7 i 1 4 LA 1 3% JCAL R
VAR TCALBE R &) R 7 #4 B AR, 76 12 DMATIR A UATA I8 TCALBE M BR BRI T4 2
W, LR A 8% LA, BRI ANRHEHEFHE 1 K, BAER R 25% EF. MHHBL
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F1 BHERESBKDIBTHNE (DIN) . B (P)IEE SHEFRBEHL—EFRE
P& EFRHERER (%)
Tab.l Historical changes in relative frequency (%) of phosphorus, nitrogen and Silicon limitation in

surface waters of the Jiaozhou Bay

1985—1986 1991—1993
PX R HEHE T
DIN:P>22, Si:P>22 6. 7(n=134)" 3.9(n=102)
P<0.1umol/L, DIN'P>22, Si:P>22 0.8(n=134) 0.0(1=102)
NYBRHET
DIN:P<10, Si:DIN>1 3.00n=134) 0.0(n=102)
DIN<Ipmol/L, DIN:P<I0, Si:DIN>1 0.0(n=134) 0.0(n=102)
SiNFRE AT
(SitP<10, Si:DIN<I) 63.4(n=134) 84.3(n=102)
Si<2umol/L, DIN:P<10, Si:DIN<I 36.6(n=134) 69.6(n=102)
#=107.98
o L d f=5
P<0.001
Si:P<10 64.9(n=134) 84.3(n=102)
10<Si:P<22 25.4(n=134) 11.8(n=102)
Si:P>22 9.7(n=134) 3.9(n=102)
DIN:P<10 3.0(n=134) 6.9(n=102)
10<DIN:P<22 23.1(n=134) 29.4(n=102)
DIN:P>22 73.9(n=134) 63.7(n=102)
Si:DIN<I 91.8(n=134) 97.0(n=102)
Si:DIN>1 8.2(n=134) 3.0(2=102)
¥=15.57
< KR df=1
0.025<P<0.05
1) nABEA K.

HLEE 4 BB ) B FAE e M S K b sy i A KRR EE T EERE W, AE 3 AL
BE, #EA 90 AN B KR T B F S, (15 20K B Y LA M LA
B BERR GBI FROM B R &4 T BENL, H LB ITILE B R H R 3
RILFRF, T H TR R & B F i BRI .

Brzezinski (1985) Bl WA K it . BB FR LM T RK AN SilN'P=16:
16:1. ME 1 TLLE H, 80 4EAR s 1A 90 £EARF1 IS M 75 Si, N, P 2 [ i JR T LA AR AR Y
Ay Ao HRAR, R, B RVE SRR M AR F LA BT FHFE. 10 < DINP < 22 f1 10 < SiP < 22
76 80 SR P B B 4> B R 23.1% 1 25.4%, M FE 90 FALHT AN i B4 5 R 29.4%
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Fig.2 Changes in relative frequency of phosphorus, nitrogen and silicon limitation in some

months from 1985 to 1986
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Fig.3 Changes in relative frequency of phosphorus, nitrogen and silicon limitation in

some months from 1991 to 1993

A 11.8%. LA EZEREE, 10 < DIN'P < 22 7ERM 7 3R 2K B B2 90 4R 1L 80 4
REFLEFAMI0<SIP<2MHERARMEET EEFO TR, Ak, MLt B2AE,
aAE H, B 80 FE AT 90 VB, KM B R B KR AR LB A E B TALBEE e
TAEEEKWTE, RN EFRICILEENRE W EE TR, 168 55 TR F 67 % 2
HEEARKOEIARAEREMEK. BRHNEHESARTIEABNRERRELSHEREERFT
R B IREL, B, RN BN R RN R R A KT E., WNE 1 ERTLUE
FH—ANEEHLER, B 80 ER W E 90 F R4 WM S R Z KB 4 Si: DINAY L1 K&
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4 #R/NTF 0.6, 18 Si:DIN < 1 YR 90 ERBBILL 80 FRP WA B F LF, I3
XRE—NHEEL,SIIDIN < 1 BB A, X T 5 8 A KOR LA B TTHLAE AR X T3 T
PLAMENZST, YEBEAXEEAMBANBERICIERXZHFE, ENEESNERLE
BERLVBEZ A LU, H g R R B A, RE B AR K ) SO K 4R L
HERENAR, FRMBENEKEELAETEARAET, XEMHEN T REEER
LTI EYE. Conley %5 (1992) FEBF 53 & SR 3 B S 19 YI T B2 72 ¥ (Chesapeake) B & B, ¥ 4
KT HE R EH THRBIENETERN, HERISBENBRLHERETEL. &
BLBTRMERARERE ST KERYEEFRAAR, B BERAKEEEKENAR
HEBREBE., KNEEEXE R BEFEENRENEETL, BEEERMESN
BORBEE R EB AR EARIT,

4 i

41 ARREEEAFTRFBHER, EZ2FEFIHEYE KT BRI EME# T
HLBE I R, 80 4FEAX TR AN 90 SRR, B M V8 R 2 M /K T A AL B AU IS 8 TTHLBEAE
Y R E 0 B EREDNSEETE,

42 HEEEMIAEEN RS, fbFF B AR SRR, 80 £ LAE i AL N
PR 1 5 B9 B3 36.6%. T 90 SRR W 7 69.6%. B BLAE# Ay B 75 2R J= 7K 38077 U
YA KZHETEROIEN D RRERBEY K,

43 BMNEEFRBZLEHNETR, LEFEEMNEFHMMESEARFERTH, B
WHELERFBRMEEREEWEELEMZEXRAOPAR, L EFRESHWSEE
BB FHBFER, RN = E SRR A .
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A STUDY OF CHANGES IN NUTRIENT STRUCTURE OF
JIAOZHOU BAY

Zhang Junshun, Shen Zhiliang

(Institute of Oceanology, Chinese Academy of Sciences, Qingduo 266071)

Abstract Some months' nutrients in Jiaozhou Bay in the mid-1980s and early
1990s were determined. According to Justic's criteria for stoichiometric and probable
nutrient limitations, and the atomic Si:N:P ratios of marine diatoms, we analysed
extensive nutrient data sets from Jiaozhou Bay. The main results were as follows: First,
silicon: phosphorus ratios in surface waters of Jiaozhou Bay decreased significantly
from the mid—1980s to the early 1990s, while silicon: nitrogen and nitrogen:
phosphorus ratios also decreased. Secondly, the relative frequency of probable silicon
limitation in the mid—1980s was about 36.6%,but increased to about 69.6% in the
early 1990s. On the other hand, because dissolved inorganic nitrogen and phosphorus
concentrations were higher, relative frequeny of nitrogen and phosphorus limitations in
Jiaozhou bay was zero or nearly zero from the mid-1980s to the early 1990s.
Consequently, we believed that the nutrient structure in Jiaozhou Bay surface waters
underwent significant changes, and the potential for silicon limitation in Jiaozhou Bay
increased. .

Key words Jiaozhou Bay Nutrients Eutrophication



