42 4 Vol.42, No.4
2011 7 OCEANOLOGIA ET LIMNOLOGIA SINICA July 2011

75 7k Xt B3 ¥ i AT (Euphausua superba)
FREERZNG

1 1,2,3 1,2,3 1,2,3 1,2,3
(1. 201306; 2. 201306;
3. 201306)
1997—2008 :
, , 11t :
48 , 3—7 (48.1 48.2 483 ) ,
CPUE ,48 CPUE (7—11 )
, 48 CPUE (7—11 )
(r =-0.721, P<0.05), 9 (r=-0.756, P<0.05) 10 (r=-0.674, P<0.05)
57.1% 48 CPUE
S937.3
(Euphausua superba) (Smetacek et al, 2005),
(Hopkins, 1985; Nicol, 2006; Nicol (Siegel et al,
et al, 2008; , 2009), 1995)
20 60 , ( )
, 2003; , 2010),
y 70 1
, 1982 528 t ,
( , 2009) ,
1

(Marschall, 1988; Brierley et al, 2002; Nicol, 2006),
(Mackintosh, 1972; 11

Smetacek et al, 1990) , 48 )
(CCAMLR) (http://www.ccamlr.org),
(Brierley et al, 1999; Hewitt et al, 2003; Atkinson et al, () (h)
2004) 1997—2008
1 1 (2)
(http://nsidc.org/data/seaice_index/),
* , 2007AA092201 , 2007AA092202 ; , D-8003-09-0158 ;
, NSFC40876090 ; , S30702 , E-mail: fchen@stmail.shou.edu.cn

: , , , E-mail: xjchen@shou.edu.cn
1 2010-03-22, : 2010-05-20



496 42
, (3.8£3.4)x10% ( 2)
1996—2008 3—7 ( 3), 48.2
1.2 75.5% 2008 9.3x10%, 48
(1) 1997—2008 59.7% 1997 o8t, 48
0.1% ( 3)

, (Catch per unit of
fishing effort, CPUE)(t/h)

CPUE =CIF 1)
, C M, F
(h)
(2) (Brierley et al, 2002; Smetacek et al,
1990) , :
(7—11 ) ,
1996—2008
3) :
CPUE
CPUE =gy +aix+& (2)
, CPUE(t/h) . X
(7—11 ) ( :10%m?), ¢
2
2.1
1997—2008 ( ),
48 (10—
16)x10% 11.2x10% ( 2)
48.1 (50—65°W, 50—
65°S), 1997—2001 , (4—T)x
10t , 48 38%—64% 2002—2008
, 2008 , 2884t
48 1.84%, 2006 ,
8.89x10%, 48 83.4% (1)
(3.7x2.7)x10% ( 2), 3—7 ( 3

48.2 (30—50°W, 55—65°S),

48.3  (30—50°W, 50—55°S),
(3.7+2.1)x10%t ( 2) 2000—2005

181
16} 0481 [O48.2K M@48.3X EH48K
14
12
2 10
]
p 8
6
4
2
0
F 2
1
Fig.1 Regional distribution of Antarctic krill’s catch
141
12F
Fo<ieed
Evess
B
D - 25509
o 8 s
1 Salels
b PsS
Loer
¥eled
B
4r Satels
Salels
Satels
wees
2f
Satels
0 L Lo )
48
2 1997—2008

Fig.2 The fluctuation in annual catches of Antarctic krill in
subareas from 1997 to 2008

0481 00 48.2X [ 48.3X

FRESH%

1 2 3 4 5 6 7 8 9 10 11 12
B &

Fig.3 Monthly percentage of Antarctic krill’s catch in subareas



(Euphausua superba) 497
, (4—6)x10% 4—6 9 (r = -0.756, P<0.05) 10
48.1 75% ( 3) 6.7x (r = -0.674, P<0.05) 7—11
10% (2003 ), 48 56.8%, (r = —0.721, P<0.05) , (7—11
985t (1999 ), 48 )
1% ( 3) , 9 10
2.2 (7—11 ) ,
1996—2008 7—11 ( 4), (7—11 ) ,
(ANOVA, Fs;, = CPUE
389.22, P<0.0001), 11 ( 1),
(16.36+0.31)x10°km? (mean==SD) 9 CPUE (a, = -9.59, P<0.05),
(18.91£0.37)x10°%m? (  4) 57.1% CPUE (R? =
, 9 7 0.571) 2006 ,
(s? =0.26), (s?) sZ>si>si>  CPUE ; 1997—1998 CPUE ,
2 2 2006 ; 2008
Sg >S; 2006 9 19.4x
61 2. 6 2 CPUE , ( 5
10%km?; 2001 11 15.8x10%m
(ANOVA, Fpe = 012, 3
P>0.05) ,
2.3 CPUE (7—11 ) 11x10% ’ 48
48 3—7 48
’ 71.3% (48.1  48.2
201 483 ) , 2008
el 48.2 483 , 481 ;1997
E 48.2 98t (1)
"’g 18} o CCAMLR 48 CPUE
% .l 5%% , CPUE 11.9t/h, 2006
% R , 15.4t/h (48.1 48.2 48.3
2 16l 828 )CPUE L 48.1 CPUE  (10.6+
. NN | © 3.9)th, 48.2 CPUE  (14.8+4.1)t/h, 48.3
8 CPUE (11.4%3.2)t/h ,
7—10 , 2000
4 1996—2008 7—11 2001 , 17.1x10%?,

Fig.4 Monthly sea ice extent from July to November of 1996 to
2008 in the Antarctic Ocean

x1 EPEASHER

Tab.1 Regression analysis

(17.5—18.0)x10°%km?

P 95% 95%
ao 177.705 0.006249 62.86408 292.546
a —9.59428 0.008126 —-16.0886 -3.1
F =10.83, Significance F =0.008
R 0.755651
R? 0.571008

R? 0.528109
2.364379




498 42
< 12'(2): ' ] Ocean. Nature, 432(7013): 100—103
%‘ 17'8: ] Brierley A, Demer D, Watkins J et al, 1999. Concordance of
< 17.6fF ] interannual fluctuations in acoustically estimated densities
Eﬁ 17_4:_ _ of Antarctic krill around South Georgia and Elephant Island:
E 17.2} o biological evidence of same-year teleconnections across the
= 17.0L L L L L ] i i i 675
0 3 5 9 12 15 Scotia Sea. Marine Biology, 134(4): 675—681
CPUE/(t-w") Brierley A, Fernandes P, Brandon M et al, 2002. Antarctic krill
under sea ice: elevated abundance in a narrow band just
5 7—11 south of ice edge. Science, 295(5561): 1890—1892

CPUE

Fig.5 The relationship of average sea ice extent from July to
November and the CPUE of Antarctic krill in the next summer

, 48 CPUE
(7—11 ) ,
9 10 ,
CPUE ,
57.1% 48 CPUE ,

(Siegel, 1988, 2000; Brierley et al, 2002),

CPUE

(Nicol et al, 2003; Hofmann et al,
2004), ;

(Siegel, 1988) ,

, 2010.
. , 41(5): 692—697
, 2003. 2001/2002
, 34(5): 519—
532
, , 20009.
, 31(2): 88—90
' , , 2009.
. , 16(3): 451—458
Atkinson A, Siegel V, Pakhomov E et al, 2004. Long-term de-
cline in krill stock and increase in salps within the Southern

Hewitt R, Demer D, Emery J, 2003. An 8-year cycle in krill
biomass density inferred from acoustic surveys conducted in
the vicinity of the South Shetland Islands during the austral
summers of 1991—1992 through 2001—2002. Aquatic
Living Resources, 16: 205—213

Hofmann E, Murphy E, 2004. Advection, krill, and Antarctic
marine ecosystems. Antarctic Science, 16(4): 487—499

Hopkins T, 1985. Food web of an Antarctic midwinter ecosystem.
Marine Biology, 89(2): 197—212

Mackintosh N, 1972. Life cycle of Antarctic krill in relation to
ice and water conditions. Discovery Rep, Cambridge: Cam-
bridge University Press, 1—94

Marschall H, 1988. The overwintering strategy of Antarctic krill
under the pack-ice of the Weddell Sea. Polar Biology, 9(2):
129—135

Nicol S, 2006. Krill, currents, and sea ice: Euphausia superba
and its changing environment. BioScience, 56(2): 111—120

Nicol S, Foster J, 2003. Recent trends in the fishery for Antarctic
krill. Aquatic Living Resources, 16: 42—45

Nicol S, Worby A, Leaper R, 2008. Changes in the Antarctic sea
ice ecosystem: potential effects on krill and baleen whales.
Marine and Freshwater Research, 59(5): 361—382

Siegel V, 1988. A concept of seasonal variation of krill (Euphau-
sia superba) distribution and abundance west of the Antarc-
tic Peninsula. Antarctic Ocean and Resources Variability,
Berlin: Springer Verlag, 219—230

Siegel V, 2000. Krill (Euphausiacea) demography and variability
in abundance and distribution. Canadian Journal of Fisheries
and Aquatic Sciences, 57(S3): 151—167

Siegel V, Loeb V, 1995. Recruitment of Antarctic krill Euphausia
superba and possible causes for its variability. Marine
Ecology Progress Series, 123(1): 45—56

Smetacek V, Nicol S, 2005. Polar ocean ecosystems in a changing
world. Nature, 437(7057): 362—368

Smetacek V, Scharek R, Nothig E, 1990. Seasonal and regional
variation in the pelagic and its relationship to the life history
cycle of krill. In: Kerry K R, Hempel G ed. Antarctic Eco-
systems, Ecological Change and Conservation, Berlin:
Springer Verlag, 103—114



4 : (Euphausua superba) 499

EFFECT OF SEA ICE ON THE ABUNDANCE INDEX OF ANTARCTIC KRILL
EUPHAUSUA SUPERBA

CHEN Feng', CHEN Xin-Jun™#3  LIU Bi-Lin*?® ~ZHU Guo-Ping" %3~ XU Liu-Xiong"??

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai, 201306; 2. The Key Laboratory of Shanghai Education Commis-
sion for Oceanic Fisheries Resources Exploitation, Shanghai, 201306; 3. The Key Laboratory of Sustainable Exploitation of Oceanic
Fisheries Resources (Shanghai Ocean University), Ministry of Education, Shanghai, 201306)

Abstract Antarctic krill (Euphausua superba) is not only an important fishery target in the southern ocean, but also an
important species of the southern ocean ecology. So, studying the effects of oceanic environment on the abundance of krill
is vital. The study was to analyze the spatio-temporal distribution of krill catch and influence of sea ice on abundance of
Antarctic krill using the global krill catch data from 1997 to 2008 and the corresponding monthly sea-ice extent in the
Antarctic Ocean. The results suggest that the annual krill catch remained about 1.1x10° t in recent years, which dominat-
ingly came from Area 48 from March to July. However, there were significantly differences in catch and CPUE of Antarc-
tic krill in different subareas (48.1, 48.2 and 48.3), different years and seasons. Moreover, the analysis concluded that
CPUE variation of krill of Area 48 was strong associated with variations in sea ice extents of the previous winter-spring
(July—Nov.). Correlation analysis indicated that CPUE of spring in Area 48 was negatively related with the average sea ice
extent of the previous winter-spring (July—Nov.) (r = —0.721, P<0.05), especially September (r = —0.756, P<0.05) and
October (r = —0.674, P<0.05). Sea ice extent of the previous winter-spring could account for 57.1% of variability of CPUE
for spring in Area 48.

Key words Antarctic kril Euphausua superba, Atlantic sector of the Antarctic, Sea ice extent, Regression model



