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Fig.l The location of the China—Japan

cooperation mesocosm experiment in October,1997
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ZI4HE, MR RBEKRE4°, 15 B FTHRBEY
BBl P9 3 B 7E 2 9T MR BE T 3 AR A 1L R X,
HMTESERMATHRECARRHNA, BEIMER
WREER R (FR1.3—4). EENMESER
RGP, MABRARS  EEH AR LR
h—R. BRANKESREINKEHERF,
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Tab.l Observed light intensity at sea surface

B (d)
Fe ] 13 14 15 16 17 19
® JEIR BRI JBIR OBERMNM B FERAMER OERER BERNE R BEAE bR BRAK
5 180 617
6 1517 354 5521 1225 11730 591 2698 3600
7 1671 3600 11708 3600 12832 3600 7889 3600
8 12345 3588 14872 3600 14577 3600 15522 3600
9 18155 3600 19969 3600 20963 3588 22341 3589
10 10013 3600 26298 3589 25915 3600 25807 3600
11 27680 524 12185 3600 2700.5 3600 29338 3589 26578 3589
12 26606 2980 17215 217 28983 3600 29214 3373 24850 3600
13 22854 3600 12668 3523 9138 3600 28359 2588 26589 2920 26045 3139
14 17803 3600 8644 3600 4487 3600 26350 3600 24073 3600 2303.1 3038
15 1160.1 2863 5810 3587 227.8 3588 21023 3600 1807.6 3600 17756 3600
16 4185 3600 1316 3600 1473 3600 8938 3588 6931 3589  G08.1 3589
17 364 1931 121 2390 626 455 850 894 237 3600 9.9 3587
18 19 3600 06 1831
19 19 1491
121 EBEFREFE S HAEFIEFEREIBARNABE NS, B NO,~N, NO,~N,

NH,-N, PO,, SiO,, XK H—¥; B i H A B LR BH R K L HEARERN LEE
R 4t, B NO,-N, NO,-N, NH,-N, PO,, SiO,, & KR # —K, S5 Bkt T 2f lL Ak %

Ot BRI BE BER) o el [ R P R 5 — 0 R B 3T BT SR S A BR
MANEFHNER . b TR TR, AR T #REROCRTN, S8R

1.2.2 JtEREERER
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—K. XHFHERIFERHTEY, Z 1h AR 5% 10 A 19 H [ —Bf 6 A K6
RRE, W& 1.

BY: 8 3 B S /K T 48 SO

I=PAR*[+e " (1)

Hh PAR B OGCHREE sl $F B AT R AE A B 4, k= 0.043 + 0.0545 « TPM  (2)
TPM(pg / L) BAK P BRI EWE, HEE G EREHRE — 15T F BT IR R Bz i
5,

AEA BN EERKT Im AR EBRE;, ZEREEES M LIRSS
(Parsons et al,1977), A& A xS HE EEEBUK T 0.25m Ab# %R E,
123 EAPEBEMGEEKE BHEASEEREREREREERE EBEIR
FIEMEMBRSNE, HER  REHERBHERE - SHERRIEZTEMRATRELE.
EXBERNHESENGERERAR, B2 EE o WE T HPEEREEN
AT B, 15 3 0 ek R A0 BE B K AR O KA.
124 AYVBRERE  AHEEESRENEPNEREBRENHFR WA UBREEER
AVRB R BE/RIEE. Hb PN i ERIEH RS — T8 5T BR i A1k DT $R 4L,
2 FBERZNFEEE
21 ESHNERBERAGE

AR h LB SR 0 N PRI Si =28, B E Y A REBA B, HAEESH A
e R oh S P A MR B A0 6 B8 B (Skogen, 1995). AT AT &2 30 T AL AL,

dN _
=7 = diff(N) + Ry, + Re, + C,Det = (P, + Py) + o)

SP _ Gi(P) + C[Ry, + Ry + C,Det = (P, + Po)] + 0P)

asi .
= = diff(S) — C,Py, + (S

. ©)
%‘1 = diff(Dia) + P,, — R, — C,Dia

-qgﬁ—a = diff(Fla) + P,, — R,, — C,Fla

L % = diff(De?) + C,(Dia + Fla) — C,Det
Hrp

d—Aﬂ + u% + v% w%
dr ¢ 0x Oy 0z

. 0 04 0 04 0 04
diff(4) = EC(AHE) + a—y (AHFy-) + E (A;é';)

A%~ N. P. Si. Dia. Fla 8, Det PIEE—1.
FEBRE IR K R, =a,* Dia- g%
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WEFEFRE, R, =a,* Fla- e’
ﬁﬁﬁi&% PDia = PDia—max ' I/'I.Dia * NLim,Dia * Dia;

WEREAKE. P, =P * Viga * Nyope * Flas

Fia — max Li

iR TC R BB KA K (Kremer er al,1978): P, = ae™’;
¥R TC i 8B R R KK (Kremer er al,1978): P,

Vs = 5 % ki,
2(HEE);
BRI B RIS N, = min(V,,,V,,V,);

WERKEFRERH: N, o, = min(V,,V,,)

o(N), (P @(S)5HR N. PASi BRI G A A %),

&GN FHBEBFEHEL

BT ERMESINAT3cE, BRE S ERAEEE, BRI E R

= a,T,
a — max ae’

i=106R).2(INEF#HE).3IPEFHRL) . 4SiBEFREL), j= 18

R ENF, HIish

x2 &P HhFEHRDISR
Tab.2 Parameters used in the HAB dynamical model

M E X mE

a BROCH B ARERERREH (™) 1.22x10™°

a REERKREKBELREK(CT) 0.063

a3 WEROTHBRERERER ™) 1.12x107°

as R MR R AR RS (C T 0.063

as W YI0C BT B P IL& (s7) 12.07x1077

as TEU Y R R K R AR K (CT) 0.07

G FIRHEYBRARSENERL 0.3

G FHHEYARARSANERL 1.75

G EWEYIEL & () 1.6x107°

G HHBR B AR (™) 1.52x107®
Khy  RESEGERIREERMHE B (WE/m® - s) 96
kha, B SEDINFAR A E $ (pmol /L) 1.3
ks FE M DIPE 1 % % (wmol /L) 0.125
fhay REFEDISi ¥ A4 B (pmol /L) 1.0
khiz 5 G RURBE R AR B B (WE/m” « ) 150
khz BEF W DINF A X (pmol /L) 0.25
khy — SEEIDIPHHHNH B (umol /L) 0.094

PAR  PRUHEY AR G RIREE (%) 50
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Fig.2 The concept model of escosystem dynamics

JE B YR S5 BRI oh R BE TR (R, H BUT AR SR nt), BT RBERMEEKERHEHE
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Tab.3 Simulation errors compared with data

H3 N P Si WEH HEM
(d) (umol/L) (umol/L) (pmol/L) (x10%ug/L) (ug/L)
12 1.94 0.37 -0.25 0.11 -1.17
13 4,78 0.52 —0.24 0.86 5.01
14 5.88 0.21 —1.55 1.51 3.89
15 3.43 0.21 2.17 3.97 ~5.63
16 5.36 0.49 -1.20 -1.54 491
17 5.23 043 —3.08 1.36 0.15
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Fig.4 Growth rates, respiration rates and limitation factors of diatom and flagellate
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HAR /D,
3.2 ARSI EMERLLE

ST REAES R AMT REM T B, ASGHT T EREELE. Bt TREE
AR ARG Z G — 0 INR, A DAL 4 BB O HI 4%, o A R R B N AR
KEBEK. AXEEEEHKERIAGERINY 20pg/ LA G R E/ENFRBREN
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S5WERKEZMSG EPREAE, BAHKRKRELE. NETUES, KKER
AR R E R P WM 3.25umol /L KL% & B5& 0 K12, YRVBEREHR
&F 0.5umol/ LB}, — J& B (8] 35 i 4= 9 o B SR R R UK Bl (. BRI E N ¥R E 4 9umol /
L(BRE1:6), WEHA K XA K478 . S PWEMEM 1.6pmol/LfE, PYE R INA
B E YRR, BN R N B BRI EY R E EF. B NWEE R 4.5umol
/LURE1:7), it P E M lpmol/LG,. PRNEEFEXMRATLE M. RAHERK
AT 35 22ug/L, B, BT RLIA K RV O 38 & 4 AR ¥ LA E B E 4 4.5pmol /L, &
MBS E BB R 1.0pmol/L. RE 1.8 44 T ARIERAZMG THEEIRER A, AR
SREEMER 50% B, B SR E ZFBEKMBEE, BERBEE 35% LT, ASFHERK
BBRRE,

4 #iF

41 AXETHHEEEBFESEREBRTEN, 22T RKINEBHFNAESHHFEFR
B, RIS R AT TR, SSRFW, AR DEARENRERBREE TR,
42 KL O & A AR B A JTo AL UM T AL 8% K 9% 2R v B ME 4 1 24 4.5umol / LA
1.0pumol/L.

43 FHITHHRMELREREN, HEWE NEE WK PHRENEMAR M- SEKE
MsAe . SRR 35% UTE, AL X EHBEHREIASR, DL REAFEREREN 50%
B, iSRRI R & R 35ug/L.

4.4 ARG KSR AR{UA S0 5 R B I A 12 B B o2 A T K I B G
BREH, WA EERNATEKERS S LR FEEBREENER.
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STUDY ON HAB DYNAMICAL MODEL AND HAB LIMITATION
FACTORS FOR THE SEA AREA ADJACENT TO CHANGJIANG
RIVER ESTUARY

QIAO Fang-li, YUAN Ye-li, ZHU Ming—yuan, ZHAO Wei, JI Ru—bao,
PAN Zeng—di, CHEN Shang, WAN Zhen—wen
(Key Laboratory of Marine Science and Numerical Modeling, State Oceanic Administration, First Institute of

Oceanography, Qingdao, 266003)

Abstract From October 10 to 17, 1997, a marine ecosystem enclosed experiment (i.e. mesocosm
experiment) was carried out in the Changjiang River estuary area as a part of Sino-Japan cooperation,
25m® sea water was filled and the initial nutrient concentrations of total dissolved nitrogen, dissolved
phosphate and silicon are 24.8pmol /L, 0.65pmol /L, 40.2umol /L, respectively. By adding dissolved
phosphate concentration to 3.25umol /L, a Hammful Algal Bloom (HAB or redtide) was successfully
induced. Based on the experiment data, a marine HAB dynamical model is developed.

The model includes six variables, including three different nutrients, nitrogen, phosphorus and
silicon, two groups of photoplanktons, flagellate and diatom, and detritus. Nitrogen and phosphorus
are uptake by phytoplankton and added by phytoplankton respiration and regeneration of detritus.
Silicon is absorbed by diatom and not added. Phytoplanktons increase by uptake nutrients and
decrease by respiration and death. The dead photoplankton are changed to detritus and the later can
regenerate nitrogen and phosphate through decomposition.

The model results are consistent with available data. The present work analyses the influence of
nutrient concentration and light intensity to the formation of HAB. The main results are as follows,
(1) The created HAB dynamical model successfully simulates the whole process. The added dissolved
phosphorus is enough for strengthening the HAB process. (2) The threshold values of nitrogen and
phosphorus concentration for HAB occurence are 4.5umol /L and 1.0pmol /L, respectively, for this
area. (3) When surface light intensity is half of mesured sea surface light intensity, the maximum
chlorophyll concentration is 35pg/L. When the light intensity is 35% or below, HAB will not occur.
Key words HAB dynamical model Marine ecosystem enclosed experiment Red tide
Subfect classification number Q141



