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Fig. 1 Sampling sites in Jiaozhou Bay 12018 £ ’
, 1 3
: 10km®> 7 4—5 . .
5 ’ ’ 7 8 N a
2.1
a 3. 46mg/ m’( 1. 84 —5. 44mg/ m’),
: ( ,1985) 22.7°C(21.8—
23.4°C), 31.24(31.20—31.26), pH 7.85(7.83—7. 89)
(D
, NO3;- N NHi-N , NHi - N
1 (Hmol/ L)
Tab. 1 Concentration (Hmol/L) of nutrients before occurrence
of red tide in N gushan of Jiaozhou Bay
NH; -N NO3;-N NO;-N TIN PO - P Si02" - Si EN- N/P SV{EN- N
10. 42 12. 16 2.74 25.32 0.51 5.64 49.6 0.22
h 7.5 1.3 0.69 9.49 0.36 3.90 26.4 0.41
1) , (1997)

1) Average concentration of nutrients in summer in Jiaozhou Bay (from Shen Z L, 1997)

( , 1986 , 1992, , :
2.2
2
2.2.1 , :
6 30 7 1 :

NH; =N . NO3s - N
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, ,NHi- N NO3- N
11.51Hmol/ L 15.54Mmol/ L 10. 39Umol/ L 7. 06Mmol/ L,
, PO - P
Si03™ - Si , 0.51dmol/L 5. 64Hmol/ L
0.06Hmol/L. 0. 724mol/ L; ,POI - P Si0F - Si
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Fig. 2 Varnation of environmental factors during the red tides
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(EN- N/P= 16) , N/ P , 25
56.7, ,N/P 938, 3639, PO} -
P : LN/ P
Redfield , N/P POi - P
2.2.3 (Fe Mn) \ (Fe't)
0. 24dmol/ L. 0. 194mol/ L, s
, 1 6 , )
2.2.4 6 30 7 1
31.24 30. 59, 22.7C
26.5C, 4°C , 30. 31 —30. 78
25.6—28.0°C DO pH \
) , CO2 02, DO  pH
: , , DO CO,,
DO pH
2.3
2.3.1 (2 . a
pH DO, PO;  SiOF; a T COD BOD Fe™*
NH; NO3z , Mn?* . NO3
2 a Spearman (n= 47)

Tab.2 Spearman rank coefficient ( n= 47) of chlorophyll @ and environm ental factors

Chl.a PHV T s DO? COD BOD PO}~V Si03~? Fe* Mn?* NH;f NO; NO;
R 0.52  0.20 -0.49 0.29 0.19 0.18 -0.42-0.32 0.00 0.22 0.06 -0.21 0.07
L, 407 1.34 -3.81 2,02 1.31 1.23 -2.92-2.15 -0.02 1.52 0.39 -1.47 0.44
a <001 0.19 <0.01 <0.05 0.20 >0.20 <0.01 <0.05 >0.20 0.13 > 0.20 0.15 > 0.20

1) 0.01 (1. 01.45= 2.58); 2) 0.05 (tg o5 5= 1.96)

1) Significance correlation for the 0. 01 confidence level (¢ o1, 4= 2.58); 2) Significance correlation for the 0. 05 con
fidence level (7 ) 45= 1. 96)

R Spearman sty t— ;a

R is the Spearman rank correlation; ¢ is the ¢— test critical value; and a & the significant level

2.3.2 1998 o6 17 —7 17
47 ,

2 2

, ( 3 4 (
79.5%): Chl. @ pH DO POi™ SiO3 ;
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Tab.3 Factors loading of each principal components
Chl. @ pH DO POY Si S T NOj3 NO; Fe* Mn? CRY (%)
Z1 - 0.71 - 0.88 -0.73 0.68 0.92 0.23 0.30 0.08 -0.03 0.20 - 0.12 31.47
72 0.42 0.35 -0.44 0.13 0.04 -0.90 0.72 0.12 0.15 -0.04 0.24 53.76
Z3 -0.11 0.04 0.03 0.44 -0.12 0.08 -0.40 -0.90 -0.85 0.15 0.20 70.70
74 0.09 0.04 0.15 0.28 -0.04 0.01 -0.26 0.22 0.15 -0.88 - 0.81 79. 49
1) CR
1) CR is the cumulative proportion of principal component
Chl a , pH DO ( a)
, pH DO Chl. a , pH DO
: . PO siOF :
,POI Si03 a ;
Chl a s s
3
3.1
, 0—37°C 13—36
, 24—28C 20—30 6 7
) 23.0—
28.0°C 31.5—32.3 ( ,1992); 1990 6 9—25
5 ) ,
21.8—25.1C 18 7—23.9( ,1993); 1991 8
, 24.0—26. 47T, 21.5—28.0(
, 1993) , 26.57C, ,
31.24 30.59 Yamamoto ( 1995)
) 6 30 7
1 ) )
7 3
3.2
, 25.320mol/L 0. 51Hmol/ L 5. 64Mmol/ L,
( 9. 49¥mol/ L

0. 36Hmol/1. . 3. 90Mkmol/ L) ;

)
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, PO - P Si0O3 - Si

( , 1994), (1997) ,
, a NO3 a
. 1991 (
,1993)
3.3 Fe Mn
:Fe °
: (
, 1996) ( 4, ,
4 Fe Mn (Hmol/L)
Tab.4 Concentrations (HFmol/ L) of dissolved Fe, Mn before occurrence of red tide near N gushan, Jiaozhou Bay
(. ) 05.18 05.24 06. 08 06. 17 06. 23
Fe 0.36 0.82 0.31 0.24
Mn 0. 87 0.75 1.05 0.29
4
4.1 )
4.2 ) )
, 1
4.3 ,
4.4 , ,
4.5
4.6 Si05° - Si
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OUTBREAK OF SKELETONEMA COSTAT UM RED TIDE AND ITS
RELATIONS TO ENVIRONMENTAL FACTORS IN JIAOZHOU BAY

HUO WerYi, YU Zh+ Ming, ZOU Jing-Zhong, SONG Xiu Xian, HAO Jian-Hua
(Institute  Oceanology, The Chinese A cademy of Sciences, Qingdao, 266071)

Abstract A Skeletonema costatum red tide occurred on July 3—S8, 1998 in Jiaozhou Bay. V ariations of eco-
logical factors and their influence upon red tide organsms were determined. Relatively high contents of nutrients,
iron and manganese were responsible for the growth of Skeletonema costatum. The outbreak of the Skeletonema
costatum red tide has a close relationship with the strong rain on June 30 and July 1, 1998. After the rain,
warm, low-salinity and eutrophic w ater resulted in the rapid proliferation of Skeletonema costatum. In terms of
the nutrients structure, compared with TIN ( total inorganic nitrogen), the concentration of silicate and phos-
phate w ere relatively deficient. At the developing stage, the concentration of various nutrients and iron in surface
water as well as TIN were dedining due to the dedination of nitrate. Among the three forms of TIN, it is posst-
ble that Skeletonema costatum preferred to absorb nitrate. At the blooming stage, the exhaustion of phosphate
and silicate led to the death of Skeletonema costatum and disappearance of red tide. After the bloom dkappeared,
the contents of TIN and silicate returned rapidly to normal, but the concentration of phosphate still remained low-
level and renarmalized after a considerable time. Two statistical methods ( correlation analysis and princpal com-
ponent analysis) were used to determine the mechankm of red tide. Combined results show that temperature,
salinity, silicate and phosphate were the critical ecological factors affecting the occurrence of the Skeletonema
cossatum red tide.

Key words Jiaozhou Bay, Skeletonema cosatum, Environmental factors, Statistics analysis



