42 5 Vol.42, No.5
2011 9 OCEANOLOGIA ET LIMNOLOGIA SINICA Sep., 2011
*
1,2 2 1 1 2
(1. 266071; 2.
266071)
, 1977—2008
, 30 2000
0.361g/m’, 20 90 3.54 20
90 2000 ,
, 20 90
, 20 90 5
Q958.885.3
) ( , 2010)
(Beaugrand et al, 2003),
1
, (Bathmann
et al, 2001) , 1991—2008 2 5 8
, 11 ) 10 I
( 50cm, 510pum)
, Beaugrand (2002, 2008) Beaugrand ) 1
(2003) ; Edwards (2002, 2004) 5% ,
(ind/m”)
- (Shannon-
20 90 , Wiener Index, H')
* , KZCX2-YW-Q07-05 ; ““9737~ ,2011CB403601
, GJHZ200808 ; , 40876083 , 40631008 s R , E-mail:

sunsong@gqdio.ac.cn

:2011-01-21, :2011-06-26



42

626
S 4
H'= P1 P,‘
; Poe , 1977—1978
, H' , S , , , ; 1991—
P; i 2000 ; 2001—2008
12025°  12035°  12045° 12055° ’ ’
2.2
5 R 1991—2001
> R 2001
1000ind/m’,
200—400ind/m’ , 2001
1
Fig.1 Zooplankton sampling stations in the Jiaozhou Bay ’ 20 90 ’
2 b
, 5 8 (
2.1 6) 20 90 2001
2 1977—2008 , 7 ,
«C ) ; , 20
20 90 90 R 2001—2008
0.102g/m?,  1977—1978 , ,
( 3 0.8
), 2001—2008 0.361g/m’, =~ 07 -
= 0.6f
20 90 3.54 E osf .
= 0.4f
1980—1981 ( 330pum) g 0.3} -
, 0.33g/m’ # 02r
0.1 = I
10975 1980 1985 1990 1995 2000 2005 2010
F15
b 3 b
2 «C )
20 90 > Fig.2 Long-term changes of the zooplankton biomass
> , 2001 (wet weight)
5 2.5
3 —
2.3g3/m , 2007 1.4 ?E 2.0} 28 55
g/m’, 20 31.5' EsE B 1E
70—20 90 g 1.0
iH 0.5F =
2= e Wl B 0 s R B \:E' .-'-'.. -k'i'i.. SSEEE::
5 1977 1991 1992 1993 1995 2000 200 2006 2007 2008
F

3

Fig.3 Long-term changes of zooplankton biomass in different seasons



5 627
0.9 - 800
0.8 — 700 ]
o il d BH28 O58 BsHE B1AH o B00F B2R Os5 B8R N1E
'c 0.6 E i
£ = 500
& 0.5 2 400}
= 0.4 =
w04 B 300F
= 0.2 4 200F
ot 1oor 2NN = I
1991-2000 2001-2008
F {3

Fig.4 Seasonal changes of zooplankton biomass in different

+@&/(ind-m’?)

*&/(ind-m?)

2.3

4

periods

7

Fig.7 Seasonal changes of zooplankton abundance in different

5

F 5

Fig.5 Long-term changes of zooplankton abundance

T T T T T T T

028 Ns58 B

B8R B1A

6

F

1991 1992 1993 1995 1997 1998 2000 2001 2002

T T

N

06 2007

Fig.6 Long-term changes of zooplankton abundance in different seasons

, 2000

2000
2.4,

30%

F 1 REE RN T 0 B

Tab.1 Zooplankton species composition in the Jiaozhou Bay in different periods

g N

2000

=Rrrry.

periods

20 70
( , 1983), 80
( , 1992), 90
I I
( , 1995)
20 90
2000
, 70
80
20 90
20 ,
, 20 90

1.86

1977—1978" 1980—1981? 1991—1993% 2004—2005>
25 25 22 23
3 2 1 3
37 32 8 28
2 3 2 1
3 2 1 1
15 13 8 10
85 77 42 66

) ;2) ;3)



628 42

3.0 T T T T T T T T
2.5F ° °
2.0r o ® o .

T 1.5}
1.0 ®
0.5¢ 4 > s

0.0 L L L L 1 L L 1
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 I
F 1 ’

8

2008
Fig.8 Changes of zooplankton diversity in the Jiaozhou Bay ( ’ )

, 20 1
90

600

400

200f

FE/(ind-m3)

50%  ( _

, 1995) 2004 , oL
200

160}
120}
8o}
4of

F£E/(ind-m3)

2.4

160

120F

801

401

*E/(ind-m3)

100
80:
60:
a0f

20f
9 ol

s Sun

*£@&/(ind-m?)

(2010)

400
300 e HEZBHW E
1991 ,

200} .

100 1

FE/(ind-m3)

1994 2, B135811259112591125 81126 81125 81125 81125 81125 81125 81125 81125 81125 8112 5 811
578ind/ 3 1919911992 1993 1994 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008
ind/m’,

1995 11,

9
. 3
4ind/m Fig.9 Long-term changes of dominant zooplankton groups



629

2006—2007

107.92mg/m?, 1.47mgC/(m*-d),

11.6% ( , 2010)
2001 8 ,
2002 ,
, 8 , 2
, 1991 , 2000 2001
2007 20 90
, 2000
, 2000 20 90 5.4
( 9¢c) 9d ,
1992 12ind/m’,
2007 80ind/m’, 5 2001
2000 5.5
, ( )
2000 ( 9e), 2000—

2001 2006—2008 ,

3
, 40
(Beaugrand et al, 2002);
(Edwards et al, 2001);
(Edwards et al,
2002); (Purcell,
2005) Mackas  (2001)
20 )

3 7
2001 2007
(Shen, 2001),
( , 2005),
2000
(Trieste)
1992
, 2000 ,
1959 24
1959 5 ( , 2008)
, 20 90 ,
(
, 2008) ,

(Mnemiopsis leidyi) )
(Acartia tonsa)
, (Sullivan

et al,2007) 1989—2002 ,



630 42
(Edwards et al, 2001, 2002)
, 50 , , 4
, , 1977—2008
( ,2003)" , 2001—
, 2008 0.361g/m®, 20 90
, , 3.54 20
( , 2003, 90
2005) , 2000 ,
, (Phialucium caroli-
nae) (Pleurobrachia globosa)
(Phialidium hemisphaericum) ) 20
(Muggiaea atlantica) )
, 2000
, 20 90
, , 30%, 20
(2005) 90 5
, 2000 20 90
’ ( COBH ABR P HBLASRERAAET
20082, HFREFATTIENE BFEAESZAAR A

(Purcell, 2005; Purcell ef al,
2007; Richardson et al, 2009)

B

) ( ,2009) Purcell
(2007) :
, 10

1) ,2003. -

2) , 2008.

, 1—125

HHHIALASAE LI, FFAR HR=F Ao
“RIFT57 H#EAASR TAEAR 89 13, RS,

, , , 2010.
, 41(4): 639—644
, , , 2008.
I. . ,39(1): 1—8
, 2008.
. ,4: 137—144
, , , 1992. .
. , 170—203
, 2005.
, 36(6): 487—498
, 2005. L
. , 36(6): 507—517
, 2009.
,19(2): 3—12
, 2008.
, 39(5): 536—540

, 1—121



631

, , 2005. . ,
29(3): 373—378

, , , 2003.

, 27(3): 258—264
, , 1995, o
, 151—

158

, 1983. . , 13(2):
44—59

Bathmann U, Bundy M H, Clarke M E et al, 2001. Future marine
zooplankton research a perspective. Marine Ecology
Progress Series, 222: 297—308

Beaugrand G, 2003. Long-term changes in copepod abundance

and diversity in the north-east Atlantic in relation to fluctua-
tions in the hydroclimatic environment. Fish Oceanogr,
12(4/5): 270—283

Beaugrand G, Brander K M, Lindley J A et al/, 2003. Plankton
effect on cod recruitment in the North Sea. Nature,
426(6967): 661—664

Beaugrand G, Edwards M, Brander K et al, 2008. Causes and
projections of abrupt climate-driven ecosystem shifts in the
North Atlantic. Ecology Letters, 11: 1157—1168

Beaugrand G, Reid P C, Frédéric 1 et al, 2002. Reorganization of
north Atlantic marine copepod biodiversity and climate.
Science, 296: 1692—1694

Edwards M G, Beaugrand P C, Reid A A ef al, 2002. Ocean cli-
mate anomalies and the ecology of the North Sea. Mar Ecol
Prog Ser, 239: 1—10

Edwards M, Reid P C, Planque B, 2001. Long term and regional

variability of phytoplankton biomass in the northeast Atlan-
tic (1960—1995). ICES J Mar Sci, 58: 39—49

Edwards M, Richardson A J, 2004. The impact of climate change
on the phenology of the plankton community and trophic
mismatch. Nature, 430: 881—884

Mackas D L, Thomson R E, Galbraith M, 2001. Changes in the
zooplankton community of the British Columbia continental
margin, 1985—1999, and their covariation with oceano-
graphic conditions. Can J Fish Aquat Sci, 58(4): 685—702

Purcell J E, 2005. Climate effects on formation of jellyfish and
ctenophore blooms: a review. ] Mar Biol Assoc U K, 85: 461—
476

Purcell J E, Uye S, Lo W, 2007. Anthropogenic causes of jelly-
fish blooms and their direct consequences for humans: a re-
view. Mar Ecol Prog Ser, 350: 153—174

Richardson A J, Bakun A, Hays G C H et al, 2009. The jellyfish
joyride: causes, consequences and management responses to
a more gelatinous future. Trends in Ecology and Evolution,
24(6): 312—322

Shen Z L, 2001. Historical changes in nutrient structure and its
influences on phytoplankton composition in Jiaozhou Bay.
Estuarine, Coastal and Shelf Science, 52: 211—224

Sullivan B K, John H C, Keuren D V, 2007. Seasonality of the
copepods Acartia hudsonica and Acartia tonsa in Narragan-
sett Bay, RI, USA during a period of climate change. Estua-
rine, Coastal and Shelf Science, 73(1—2): 259—267

Sun S, Huo Y, Yang B, 2010. Zooplankton functional groups on
the continental shelf of the Yellow Sea. Deep-Sea Research
11, 57: 1006—1016

LONG-TERM CHANGES IN THE ZOOPLANKTON COMMUNITY IN THE
JIAOZHOU BAY

SUN Song"?, LI Chao-Lun®, ZHANG Guang-Tao', SUN Xiao-Xia', YANG Bo’

(1. Jiaozhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071; 2. Key
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Abstract

the long-term trend of zooplankton community in the Jiaozhou Bay was analyzed. Our results indicated that the biomass of

Zooplankton is an important component in marine ecosystem. Based on monitoring data from 1977 to 2008,

zooplankton showed a dramatic increasing trend in the past 30 years, especially in spring. The average biomass of zoo-
plankton after 2000 reached 0.361g/m’, about 3.54 times of the average biomass before 2000. The seasonal pattern of zoo-
plankton biomass and abundance also changed. In the 1990°s, the biomass and abundance were highest in summer, while
their peak time changed to spring after 2000. In addition, the composition of zooplankton species changed at the same time.
For example, both the number of species and the abundance of gelatinous zooplankton increased in the past 20 years, es-
pecially the jellyfish. The zooplankton biodiversity index after 2000 was 30% higher than that from before 2000. The av-
erage abundance of medusa and appendicularia after 2000 were 5 times of those in the 1990’s. The abundance of copepod
and chaetognath fluctuated during this period.

Key words Jiaozhou Bay, Biomass,

Zooplankton, Jellyfish, Long-term change



