Kang, Young Shil

National Fisheries Research & Development ngt_te _qe




Contents G

£ Background and Hypotheses
& Method and Data

& Results
— Geographical difference in Seasonal variatio
— Seasonal variation in response to regime shift:

& Conclusion




Background & hypotheses

& Background

— Three Seas with different physical characteristics .

— Respond to regime shifts

& Hypotheses

— Seasonal cycles will respond differently to Sp
scale with different physical characteristics

— Seasonal cycles will respond differently to regi
shifts - 5




Data and Method

& Zooplankton collection
— Hauling vertically with NORPAC net (0.33mm mesh size an |

December)
& Zooplankton biomass

body size per cubic meter



@ Data
= Zooplankton biomass : 1965~2000
— Abundance of four zooplankton groups : 1978-2000
(Copepoda, Amphipoda, Chaetognatha and
Euphausiid)

& Statistics

— Duncan’s multiple comparison test (Based on one-wa
—test; SPSS Version 10.0)
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Fig. 1. Map showing the survey area.



%% Characteristics of three seas , s

& East/Japan Sea:
— Deep

— East Korea Warm Current ( Branch of Tsushima
Warm Current)

— North Korea Cold Current
— Polar Front
— Coastal upwelling



& Yellow Sea
— Shallow (Mean depth=44m)

China Sea episodically in winter

— Large tidal ranges, strong tidal fronts and i
currents |



@ Northern East China Sea;
— Shallow (less than 100m depth)
— Tsushima Warm Current

— Low-salinity Yangtze River water

— Coastal fronts
— Strong water exchange with East /Japan Se

— Weak water exchange with Yellow Sea
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Seasonal variations in zooplankton biomassin
three seas combined (Korean waters)
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Different letters indicate significantly different mean (Duncan’sim
comparison test; p<0.05). :
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*Different letters indicate significantly different mean (Duncan’ 1j

comparison test; p<0.05).
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Seasonal variations in abundance of zooplankton groups

In three seas combined (Korean waters)

February April June August | October | December
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«Different letters indicate significantly different mean (Duncan’s multiple comparist '




Seasonal variations in abundance of zooplankton groups

In the East/Japan Sea
February April June August | October | December
C A B C C & v 4
vnss | o | g | o | o |l
C C A B B
pmenipoda | (55| T | T | G
C C B A A
chactognata | (5305 | 5225 | |G || £
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Fuphausiid | TS | foiag) | 1si4z) | 18248




Seasonal variations in abundance of zooplankton groups
In the Northern East China Sea

February April June August | October | December
C A B C A A
Copepoda | o000 | sorasen) | 21aieh | srene) | mewan) | 1o
D C B B A A
Amphipoda | G550 | (808 | saary | arery | 47ee) | 4rsed
E E D B A C
Chaetognatha | 7500 | (5505 | 30s59) | o2:102) | 8a140)| arsee
D A B BC
Fuphausiid | 0YE | gokuag) | szsre) | 27ens)

eDifferent letters indicate significantly different mean (Duncan’s multiple compariso




Seasonal variations in abundance of zooplankton groups

In the Yellow Sea
February April June August | October | Decembe
r..
C B A B B CLall
(n=542; (n=545; (n=568; (n=567; (n=565; (n=46
Copepoda 73+94) 146+178) 399+576) | 140+249) | 160+243) 63i79’
A A A A A A
- (N=542; (n=545; (N=568; (N=567; (n=565, | (n=46:
Amphipoda 0.8+5.6) 0.1+0.6) 1.0+7.4) 31+152) | 73+141) | /' 16+8.
C D D A B | ©D
(n=542; (n=545; (n=568; (n=567; (n=565; (n=461,
Chaetognatha 94.6+2483) | 42.4+107.0) | 32.9+1374) | 205.3+648. | 144.0+376. | 73.1+223.9)
3)
B AB A B
+ (n=542; (n=545; (n=568; (n=567,
Euphausiid 92+645) |263+2750) | 434+3342) | 4.0+280)




i
PR

> el ) | e — 0
¢ Synopsis : Seasonal peaks of abundance of .«
| four zooplankton groups ‘e i

April April/ October,
December
W June October,
December
w August, October
October




Seasonal cycles in zooplankton biomass in three seas
combined (Korean waters) in response to regime shifts«
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*Different letters indicate significantly different mean (Duncan’é
comparison test; p<0.05).



Seasonal cycles in zooplankton biomass in the
East/Japan Sea in response to regime shifts &
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Seasonal cycles in zooplankton biomassinthe = N
Northern East China Sea in response to regime shifts# |
A

700

m
()
()
(@)

500

N
o
(@)

Zooplankton biomass (mg/m’)
w
(@)
(@]

200
100 [
g ¥a .
0 M ! 4
February April June August October December o
Month = ﬂ/"
\—0—1965~76—0—1977~89—0—1990~OO\ k) l

*Different letters indicate significantly different mean (Duncan’ '
comparison test; p<0.05).
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Seasonal cycles in zooplankton biomass inthe
Yellow Sea in response to regime shifts « _
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Synopsis : Seasonal peaks of zooplankton |
biomass in response to regime shifts

February April/ August,
(weak) October (weak)
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Self -Organizing Mapping (U-matrix) with &
zooplankton groups |
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Clusters, SOM map, Ward algorithm

2 clusters

3 clusters

5 clusters
7 clusters
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Capepods

Cluster | | Cluster Il | Cluster Il

Copepoda Low Middle High
Amphipoda Middle Low High

Chaetognatha Low High Low

Euphausiid Low Low High
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Frequency of sites for Cluster |

Month 1stperiod (1978~89) 2" period (1990~00)
East/ Japan Sea February 339 (97.7 %) 237(85.3%)

April 348 (98.0%) 195(67.2%)

June 314(89.7%) 225(78.7%)

August 318 (86.9%) 188(63.5%)

October 349 (93.1%) 149(55.0%)

December 366 (97.3%) 203(70.0%)
Northern East February 231 (97.5%) 125(82.2%)
China Sea April 223 (92.5%) 93(51.1%) .

June 214 (88.8%) 102(62.6%)

August 204 (91.1%) 99(57.6%)

October 198 (85.3%) 84(42.9%)

December 204 (93.6%) 122(72.2%)
Yellow Sea. February 156 (60.2%) 88(34.4%)

April 132 (47.1%) 90(30.8%)

June 149 (49.5%) 81(28.6%

August 164 (55.4%) 70(2

October 138 (45.8%) 56(18.3

December 163 (57.8%) 73(36.1%)

* %0 indicates sampling site frequency in each cluster over total sampling




Frequency of sites for Cluster Il

Month Istperiod (1978~89) 2" period (1990~00)
East/Japan Sea February 3(0.9%) 2(0.7%)
April 0(0%) 1(0.3%)
June 2(0.6%) 2(0.7%)
August 8(2.2%) 12(4.1%)
October 8(2.1%) 8(3.0%)
December 1(0.3%) 6(2.1%)
Northern East February 2(0.8%) 2(1.3%)
China Sea April 0(0%) 1(0.5%)
June 1(0.4%) 4(2.5%)
August 2(0.9%) 21(12.2%)
October 12(5.2%) 16(8.2%)
December 8(3.7%) 2(1.2%)
Yellow Sea February 81(31.3%) 137(53.5%)
April 94(33.6%) 99(33.9%)
June 64(21.3%) 71(25.1%)
August 96(32.4%) 176(61.1%) ; g:
October 109(36.2%) 203(66.3%)
December 86(30.5%) 88(43.6%)

* 0% indicates sampling site frequency in each cluster over total samplin




Frequency of sites for Cluster Il1

Month I1stperiod (1978~89) 2"d period (1990~00)
Fast/ Japan Sea February 5(1.4%) 39(14.0%)
April 7(2.0%) 94(32.4%)
June 34(9.7%) 59(20.6%)
August 40(10.9%) 96(32.4%)
October 18(4.8%) 114(42.1%)
December 9(2.4%) 81(27.9%)
Northern East February 4(1.7%) 25(16.4%)
China Sea April 18(7.5%) 88(48.4%)
June 26(10.8%) 57(35.0%)
August 18(8.0%) 52(30.2%)
October 22(9.5%) 96(49.0%)
December 6(2.8%) 45(2@%)
Yellow Sea February 22(8.5%) 31(12.1%)
April 54(19.3%) 103(35.3%)
June 88(29.2%) 131(46.3%)
August 36(12.2%) 46%)
October 54(17.9%)
December 33(11.7%)




Conclusion

@ In the Korean waters, there are two peaksin = =
zooplankton biomass, a large peak in April and:
seas: February in the East/Japan Sea Aprildl
& After 1989 regime shift, seasonal cycles was

a small peak in October !
Northern East China Sea and June in the Ye
more clear, and seasonal peak appear& /{

— There are differences in peak time according.y -"
the
Sea.




