
Regional differences in responses of Regional differences in responses of 
mesomeso--zooplankton to longzooplankton to long--term term 

oceanographic changes in oceanographic changes in 
Korean sea watersKorean sea waters

Young Young ShilShil KANG & KANG & SukgeunSukgeun JUNGJUNG
NFRDINFRDI



OutlineOutline

To understand responses of marine ecosystemsTo understand responses of marine ecosystems
to climate change in the Northwestern Pacificto climate change in the Northwestern Pacific

To understand regional differences in To understand regional differences in mesomeso--
zooplankton responded to longzooplankton responded to long--term term 
oceanographic condition oceanographic condition 

Possible regime shift in 1997/98 Possible regime shift in 1997/98 



DataData

NFRDI, KoreaNFRDI, Korea
-- Water temperature and salinity at 10m Water temperature and salinity at 10m 

depth(1967depth(1967--2006)2006)
-- Zooplankton: vertical Zooplankton: vertical 

tows by NORPAC net tows by NORPAC net 
with 0.33 mesh size and with 0.33 mesh size and 
0.45m mouth 0.45m mouth 

•• Biomass (1967Biomass (1967--2006)2006)
•• Abundance of four Abundance of four 

zooplankton assemblages (1978zooplankton assemblages (1978--2006)2006)
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Schematic diagram of oceanic currents in  
Korean  sea waters with characteristics

- 3 distinct sea regions (East/Japan, East China and Yellow
seas)

East/Japan Sea (EJS): a deep basin 
weakly  influenced by the Tsushima 
Warm Current and the Liman Cold 
Current

East China Sea (ECS): the intermediate 
sea between East/Japan and Yellow 
Seas

Yellow Sea (YS): a semi-closed sea 
mainly controlled by riverine discharged



LongLong--term changes in sea waterterm changes in sea water 
temperature temperature at 10 m depthat 10 m depth
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LongLong--term changes in sea waterterm changes in sea water 
salinitysalinity

Eas t China Sea

-3

-2

-1

0

1

2

3

4

5

6

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

Year

Cu
Su

m
of

an
om

a

February April June August October December

Yello w  Sea

- 1.5

- 1

- 0.5

0

0.5

1

1.5

2

2.5

3

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

Year

C
uS

um
 o

f 
an

om
al

y

February April June August October December

Eas t/ Japan Sea

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

Year

Cu
Su

m
of

An
om

a

February April June August October December

August,
October

June,
October



LongLong--term changes in term changes in mesomeso-- 
zooplankton biomasszooplankton biomass
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LongLong--term changes in four term changes in four 
zooplankton assemblageszooplankton assemblages
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<Ordination of  year from 1978 to 2006 calculated with 29-yr four zooplankton 
assemblages (Copepoda, Amphipoda, Euphausiid and Chaetognatha) 

caclulated by Correspondence Analysis >   
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<Ordination of  month calculated with 29-yr four zooplankton assemblages 
(Copepoda, Amphipoda, Euphausiid and Chaetognatha) by Correspondence Analysis >   
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Extending the warming periodExtending the warming period
-- February (to late 1980s)        February (to late 1980s)        

April (after 1989)    April (after 1989)    

June (after 1997) June (after 1997) 

Decreasing trend in salinity after 1997Decreasing trend in salinity after 1997
Occur episodic events in zooplankton Occur episodic events in zooplankton 
biomass after the early 1990s, in biomass after the early 1990s, in 
particular April and Juneparticular April and June
More close between both seas, East More close between both seas, East 
China and East/Japan Seas in four China and East/Japan Seas in four 
zooplankton assemblages after 1997zooplankton assemblages after 1997

ConclusionConclusion





SummarySummary
PeriodPeriod SeaSea TemperatureTemperature SalinitySalinity ZooZoo--BiomassBiomass

Late Late 
1970s1970s--

late 1980slate 1980s

East/JapanEast/Japan Dec in 2, 4/ S in 6Dec in 2, 4/ S in 6 Increase Increase --

East ChinaEast China Dec in 2, 4, 6Dec in 2, 4, 6 IncreaseIncrease --

YellowYellow Dec in 2, 4/ IDec in 2, 4/ I--D in 6D in 6 IncreaseIncrease --

19901990-- late late 
1990s1990s

East/JapanEast/Japan Inc in 2,4/ D in 6Inc in 2,4/ D in 6 IncreaseIncrease Inc. in 2, 4, 6Inc. in 2, 4, 6

East ChinaEast China Inc in 2,4/ D in 6Inc in 2,4/ D in 6 IncreaseIncrease Inc. (episodic events Inc. (episodic events 
on 4, 6 in 1993, 1997)on 4, 6 in 1993, 1997)

YellowYellow Inc in 2,4/ D in 6Inc in 2,4/ D in 6 Increase Increase -- SteadySteady Inc. in 4, 6Inc. in 4, 6

After  late After  late 
1990s1990s

East/JapanEast/Japan Inc in 2  (weak), 4, 6Inc in 2  (weak), 4, 6 DecreaseDecrease Inc. in 2, 4, 6Inc. in 2, 4, 6

East ChinaEast China Inc in 2 (weak), 4, 6Inc in 2 (weak), 4, 6 DecreaseDecrease Inc. (episodic events Inc. (episodic events 
on 6, 2005, 2006)on 6, 2005, 2006)

YellowYellow Inc in 2 (weak), 4, 6Inc in 2 (weak), 4, 6 DecreaseDecrease Inc. in 6, 10Inc. in 6, 10



Four Zooplankton  AssemblagesFour Zooplankton  Assemblages

Similarity among seasSimilarity among seas
-- Similar East China Sea to East/Japan SeaSimilar East China Sea to East/Japan Sea
-- Differ Yellow SeaDiffer Yellow Sea
-- EuphausiidEuphausiid and and ChaetognathsChaetognaths in Yellow Seain Yellow Sea
-- CopepodaCopepoda and and ChaetognathsChaetognaths in East China and East/Japan Seasin East China and East/Japan Seas

LongLong--term changeterm change between East China and East/Japan Seasbetween East China and East/Japan Seas
-- Similarity is gradually increased after 1997 in dimension ISimilarity is gradually increased after 1997 in dimension I

OthersOthers
-- In 1980 and 1981, strongly positively relate to  In 1980 and 1981, strongly positively relate to  EuphausiidsEuphausiids
-- In 1982, strongly positively relate to In 1982, strongly positively relate to ChaetognathsChaetognaths
-- In the 1990s, weakly positively relate to In the 1990s, weakly positively relate to ChaetoganthsChaetoganths
-- In 2000s, positively relate to Copepods and AmphipodsIn 2000s, positively relate to Copepods and Amphipods
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