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Fig.7  Annual variation in phytoplankion species number in different seasons
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Tab.1 Long tem changes of dominant phytoplankton species in Jiaozhou Bay
1954 Coscinodiscus asteromphalus ~ Rhizosolenia stolterfothii Skeletonema costatum Coscinodiscus asteromphalus
(25.6%) (33.3%) (79.3%) (16% )
T halassionana nitzschioides Coscinodiscus radiatus Chaetoceros gffinis (9. 3% )
(16.7%) (12.5%)
Asteionellajgponica(17. 6% )
1981  Chaetoceros dffinis(12. 8% )  Chaetoceros densus( 40.3%)  Clmacodium biconcavum Skeletonema costatum
Chaetoceros ompressius Rhizosolenia setigera(10.3% ) (9. 6% ) (25.4% )
(11.9%) Asterionella jap onica
(11.9%)
Chaetoceros gffinis (10. 7% )
1992 Skeletonema costaum Asterionella japonica Coscinodiscus granii( 88. 4% ) Biddulphia aurita(21.5% )
(40.4% ) (36.8% ) Chaetoceros debilis (20. 3% )
Rhizosolenia alata £ indica Pseudonitzschia pungens

(17.9%) (14.3%)
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1993 Rhizosolenia delicatula Psewdonitzschia pungens Chaetoceros curvisetuus Rhizosoleria stylff ormis
(70.1%) (69.5% ) (62% ) (12.6%)
Astaionellajaporica(8. 9% ) Chaetoceros compressus
(10.5% )
1994 Rhizosolenia delicatula Asterionella j qponica Pseudonitzschia pungens Skeletonema costatum
(96.2%) (36.6% ) (30.9%) (32.1%)
Skeletonema costatum Coscinodiscus asteromphalus
(22.3%) (18.4%)
Chaetoceros curvisetus Eucampia zoodiacus (11% )
(15.9%)
1995  Skeletonema costaum Ditylum brighwellii(30. 6% ) Chaetoceros curvisetus Rhizosoleria stylff ormis
(46.3% ) Coscinodiscus perforatus (71.9% ) (30.3%)
Asteionella kariana(22. 5% ) (24% ) Actinocyclus ehrenbergii Asterionellaj g onica
(12.7%) (15.7%)
1997  Chaetoceros compressus Pseudonitschia pungens Rhiz osol enia fr agilissima Skelet onema costatum
(46.3%) (28.4% ) (17.6%) (73.5%)
Chaetoceros densus (14. 5% ) Skeletonema costatum
(17.2%)
1998  Aseaionella kariana(57. 8% ) Asterionella kariana(74. 4% ) Actinocyclus ehrenbergit Coscinodiscus perf oratus
Skeletonema costaum Skdetonema costatum (75.7% ) (39.7% )
(30.9%) (21.3%) Skeletonema costatum Chaetoceros cumisetus
(13.2%) (10.8% )
1999  Aseaionella kariana(97. 6% ) Chaetoceros curvisetus Skeletonema cost atum Rhizosoleria stylff ormis
(40% ) (91.8%) (19% )
Actinocyclus ehrenbergii Eucanpia zoodiacus (7% ) Chaetoceros lorerzianus
(17.4%) (14.2%)
Eucampia zoodiacus (16. 7% ) Skeletonema costatum
(13.3%)
2000  Pseudonitzschia pungens Chaetoceros densus(74.3%)  Chaetoceros curvisetus Skeletonema costatum
(45.3%) (81.3%) (57.2%)
Eucampia zoodiacus (24. 2% ) Coscinodiscus wailesii(9. 5% ) Nitschiap aradoxa(16. 6% )
Astaionellajaorica(14% )
2001 Thalassiosira nordenskioldii Psewdonitschia pungens Skeletonema costatum Skeletonema costatum
(76.9% ) (65.2% ) (96.7% ) (55.1%)
Skeletonema costaum Chaetoceros eibenii(24. 8% ) Thdassiosira rotula(30. 1% )
(18.1%)
2002 T halassiosira nordenskioldii Skdetonema costatum Coscinodiscus asteromphalus ~ Rhizosoleria delicatula
(32.6%) (15.5%) (79.4% ) (18.5%)
Skeletonema costa@um(56% )  Chaetoceros debilis (13. 5% )  Chaetoceros curvisetus Pseudonitzschia pungens
Nitzschiap aadoxa(11. 5% ) (11.3%) (15.2%)

Nitschiapaadoxa(14% )

Skeletonema costatum

(11.2%)
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2003  Skeletonema costaum Chaetoceros decp iens Chaetoceros curvisetus Nizschiapaadoxa(27. 1% )
(71.3%) (27.3% ) (21.4%) Skeletonema costatum
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2
Tab.2 Evens of red tide in Jiaozhou Bay
199 6 2 .8 m? ( Mesodinium rubrum )
1997 8 ( Sheletonema cosatum )
1998 7 3—8 ( Biddulphia regia)
1999 6 ( Eucanpia zoodiacus)
1999 7 ,26km?
2000 7 , 2km? ( Noctiluca scintillans )
2000 7 8—12 ,9. 8km?
2003 7 4—11
2003 7 ( Cas. asteromphdlus)
2004 2 ( Rh. delicatula)
2004 3 25 , 70km> ( Th. nordenskioldii)
2.3 7.26 5.1 PO+ P
50 . , 2.43 3 (2001 —2003 )NOsN
, 90 , NH+N 90
2002 2001 —2003  SiOs Si 5. 798mol/ L,
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Fig.9 Lome-term changes in PO+ P, Si0sSi, NOsN, NH+N and DIN concentration in Jiaozhou Bay
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Tab.3 Average air temperatures( ‘C) and their changes in Jiaozhou Bay area n the early and late 20th century
20 - 0.01 15.48 24.93 8.39
90 2.63 16.49 24.49 9.81
2.64 1.01 0.56 1.42
1) ,2001a
) 0 9 ) )
1981 1992 —2000 2001 —2003 15x% l(fce]]s/ m3; 10 , 9
3 ( 4, 1/3 R 5
) , 20 , , ,2003 6 ,
2°C, , , 298 x 10°cells/m’, 1981
, 20 ( Ch. loren-
s zianus ) ,
3.2.2 , ) , ’
90 2003 9 9046 10°cells/ m’,
. , 42. %%, 11
, 1981 6
4 (C)

Tab.4 Long-term changes of the average water temperatures( ‘C) in Jiaozhou Bay

1981 2.61 13.56 25.78 12.50

1992 —2000 3.9 15.94 26.18 14. 16

2001 —2003 4.40 16.27 25.65 12.71
137—141

2

1) . ,2001.
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LONG-TERM CHANGE OF ENVIRONMENT AND IT S INFLUENCE ON
PHYTOPLANKTON COMMUNITY STRUCTURE IN JIAOZHOU BAY

WU Yu-Lin, SUN Song, ZHANG Y ong Shan

(Key Laboratory  Marine Ecology and Environmental Sciences,
Institute  Oceanology, Chinese Academy ¢ Sdences, (ingdao, 266071)

Abstract Long term variation of environmental factors and their influences on phytoplankton were revealed by
data obtained in 51 quarterly cruises ( February, May, August and November) during 1991 —2004 in Jiaozhou Bay
combined with the historical data over the past 50 years. Phytoplankton were sampled with nets (37cm diameter,
140cm length, 77Hm mesh) from bottom to surface for subsequent counting of cell number under microscope.

Jiaozhou Bay is a sem+ enclosed bay situated in the western part of Shandong peninsula, China, which is sur
rounded by Qingdao City, with an area of about 390 km” and an average water depth of about 7m. The bay mouth is
narrow, only about 2. 5 km wide. The distribution of phytoplankton that characterized by derse area appeared main-
ly in northeastern and northwestern parts near shore area, and in the middle and southern parts, the density was
low. The phytoplankton abundance was higher inside the bay than outside the bay. Clear seasonal variation of phyte-
plankton was shown. The peak in phytoplankion abundance occurred frequently in winter and summer; and the
trough value occurred mainly in autumn. Human adivities have greatly impacted the environment of Jiaozhou Bay.
Large amount of industrial and residential wastewater concentrated with N, P and organic matters discharged into the
bay every day. Large scale maricultures of filter feeding bivalve, fish and so on have caused serious ecological prob-
lems in the bay. Nutrient concentrations had been continuously rising since 1960s. NOsN, NH4+N and POs+P were
doubled by 7.26, 5. 10 and 2. 43 times from 1960s to 1990s, respectively. The mean contents of these nutrients in
2001 —2003 were obviously higher than that in 1990s. Significant long-term environmental changes have affected the
succession of phytoplankton community corstructure. The phytoplankton species composition, abundance and dom+
nant species have also experienced obvious variation since 1954. Dominant species have considerably alternated.
Some species such as Chaeoceros qffinis, Thalassionema nitzschioides, Rhizosolenia setigera, Coscinodiscus radic-
cus have been replaced by Asterionella kariana, Thdassiosira nardenskioldi, Nizschia paradaca and so on. Some
eutrophic species such as Skeletonema costatum and a warm water species Lithodesmium undulatum increased abum-
dantly. The phytoplankion diversity index ( Shannon’s H /) has slightly decreased during past 50 years. From 1977
to present, red tide events have been increasing in mumber, frequency and intersity in Jiaozhou Bay. Marine
eutrophication is widely believed to be the major cause of red tide.

Key words Jiaozhou Bay, Environmental, change, - Phytoplankton, ; Community: structure



