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Seasonal Variation in Zooplankton Related to
North Pacific Regime Shift in Korea Sea

Young-Shil KANG
Marine Ecology Research Division, National Fisheries Research &
Development Institute, Gijang-kun, Busan 619-902, Korea

In the seas around the Korean Peninsula, the seasonal cycle of zooplankton related to North Pacific regime
shifts was investigated to understand the reaction of the ecosystem to climate change using long-term data
on zooplankton biomass (1965-2000) and the abundance of four major zooplankton groups: copepods,
amphipods, chaetognaths, and euphausiids (1978-2000). In general, the zooplankton biomass showed a large
peak in spring and a small peak in autumnin Korean waters, but there was a slight difference in the peak
time depending on the location and the period before and after the North Pacific regime shift. The zooplankton
biomass showed conspicuous seasonal peaks in R-III (1990-2000) compared to R-I (1965-1976) and R-II
(1977-1988), and the seasonal peak shifted from the autumn in R-II to the spring in R-III. The peak
of copepods and euphausiids in abundance was from April to June, while chaetognaths peaked from August
to October. We postulate that the time lag between the peaks for copepods and chaetognaths results from
the predator-prey relationship. The regime shift in 1989 did not alter the seasonal cycle of the four major
zooplankton groups, although it enhanced their production. The seasonal peaks of the four major zooplankton
groups did not shift, while the seasonal peaks of the zooplankton biomass did shift. This was not only
becausethe zooplankton biomass included other mesozooplankton groups but also because the abundance
of the four major zooplankton groups increased significantly in spring.
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Fig. 1. Map showing the study area and sampling stations.
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Fig. 2. Seasonal variation in zooplankton biomass in the Korea
Sea (combined East, South and West Seas) for 1965-2000.
Different English letters written on the graph indicate

significantly different mean (Duncan's multiple comparison
test: P<0.05).
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Fig. 3. Seasonal variations in zooplankton biomass in each
sea for 1965-2000. Different English letters written on the
graph indicate significantly different mean (Duncan's multiple
comparison test: P<0.05).
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Fig. 4. Seasonal variations in zooplankton biomass for each period divided by after and before regime shifts. Different
English letters written on the graph indicate significantly different mean (Duncan's multiple comparison test: P<0.05).
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Fig. 5. Scasonal variations in four major zooplankton groups (copepods, amphipods, chactognaths and euphausiids) in each
sea for 1978-2000. Different English letters written on the graph indicate significantly different mean (Duncan's multiple

comparison test: P<0.05).
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Table 1. Average and standard deviation of abundance (inds. /m) of major zooplankton groups, copepods, amphipods,
chaetognaths and euphausnds in each clusters. ( T Very rapid increase, | Very rapid decrease, . Slow increase, « Slow

decrease)
Copepods Amphipods Chaetognaths Euphausiids
Cluster | 97.3 (+380.2) ! 2.8 (+41.1) v 1.3 (¥2.1) ! 0.7 (x1.7) 1
Cluster i 197.1 (£359.9) 7 1.1 (29.1) ! 231.1 (£502.1) t 1.8 (£7.0) s
Cluster Il 334.7 (¥1,227.3) 1 9.3 (£50.4) 34.4 (£248.3) i
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Fig. 11. Percent composition of major four zooplankton
groups in each cluster demarcated by SOM analysis.
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23S i TH (NFRDI, 2001). wha}x ol &9
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Fig. 12. Percent composition of number of stations occupied
by each cluster per total stations in each regimes.

Holz Zoz Fadrh Yoo et al. (2008)2 H-e) s kol A
F2rYe] 7aE F2 4590 doju, FESHAE o
€ FE 4890l dojvrin Kiaskgd)
TEZHAEAEY] WS SEH gl 2T AAA
S AR 3 ot e AR WHH T (Table 2).
TEEEAE Hu dEFo] 53] & 1965-761 (R-D),
1977-89%d (R-I) A7)l AE F217F F88HA vehlA
Stot, Pt dEFe] 53] &2 199020001 (R-I11) A
7iel= AR F717F o) - F3iskdo). A o} <dte] A
T, A FEEEAE dEFo] U A7) (1951-19854)
o= A F7|7t Fask o), dE o] Wkd A7) (1986-
1998\ 3)yoll = AAF7)7F F318HA AT (Yoo et al., 2008).
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ol

Bl 55 QF A A g gl S o

ol
i
i
ol
W
e
2,
)

1l

d57] HE 54 501

E

A Fo} 2Aote] FEEHAE WS BB 10d F7IW
% (PDO: Pacific Decadal Oscillation)d} 47§ 5%
Aoz By @ up vk 2 B As el 22
F74E gol B & Il
B F kA A A gl wE a9 wAA 7Y Kol
At ot go), G ER B4 S da27] W&
of Yehde Fdolst dadnh w3, F3, A8, dal
T RIT RO A9 Bl3E % AfEold 1 gho] wl%
vhol B3B8 EPAE HEFo] woy Aart & vehA]
ErhE AR (Yoo et al., 2008)2 2 wHdahgieh Maiv} @
3o Ag, R-II Al 7)ol 2 71&Q) 1088 TAoR &
2 A3z 9o, R A7 o E EalldAe 48 18
L Asfolr s 6ol tiTtE vt dojytt o) few B
o), 19893 BejH FAANAE-E 71H 02 she] st A8
AME 7he B4 A2elA B A Az AdF7IE A
3t ® Aoz AET Chiba et. al. (2008)2 T3l A 3}
ooketA gl A AgH 3 T Aol A
o, 1990 o] FHoAEUAM ALH FTEEFEIAE &Y
| 27kt s Bodvka Btk e
o
2=

N

.

2

s

o
SLE
& g5ael

L

o
:2
k)

19767773 BEi A AR F AH
eRL7] Al ZEERE AT 1989 Al A A E Sl o] # & A
Aol o2 Fo= 2 H ) (Rebstock and Kang, 2003). whehAd
R-II Al 71o) 234 S718l7) AAe SEEHAEC] R
A7Vl FAsA Fvietd, 3] § w=vt FEdAE A

A £ e DHS FBAol e e r A

o} 3 BEE G FESHAEL FE 49 8
A7l At dojuks AL E 9EA HF 9o (Yoo et
al, 2008), AT o} At M AA] 4890 FEEHA
Eol wlmy} Yoo, BE Havt a3 Aew JeEgth

(http://calcofi.org/newhome/data/ zooplankton).

SHYANMMEN F2 SEZYIAEIE ¥ 8
o A& HE

27V (Copepoda), ©ZHF (Amphipoda), #-5Z-¢A ok
(Euphausiid)®] 9 =A718 HY £2 4 4969 vAE
Holm, GalolAwr @2h737b RS e 1 ghHe] PR 9
38 Bt} 2o (Chactognatha)= T2 8¥ = 108
938 AT (Table 3). £AF} 939 o/} F2 24
Aol ALt Z2A41Q1 A (Bames, 1986, by @ & ), AEZH
g Eo] iAol dojuh= B e 7Hed HaE dodle
AL ARl Akl Ao WP BoHRY A9, 87

Table 2. Seasonal peak of zooplankton biomass in the Korea sea and each three seas in the period divided by after and
before regime shifts. Resulted from Ducan's multiple comparison test {(£<0.05)

) Korea Sea
h West Se
period (combined East, South and West Seas) East Sea South Sea °s @
R-1 (1965-76) No No April/August-October August
R-ii {1977-89) October February Qctober June-October
R-iI (1990-00) April>October February-April>October April>October June>October
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Table 3. Seasonal peaks of major zooplankton groups in the Korea sea and each three seas during 1978-2000. Resulted
from Ducan's multiple comparison test (P<0.05)

Korea Sea
(combined East, South and West Seas) Bast Sea South Sea West Sea
Copepoda June April April/October-December June
Amphipoda June June October-December -
Chaetognatha August August-October October August
Euphausiid April-June April April June

Table 4. Seasonal peaks of major zooplankton groups in the period divided by after and before regime shifts. Resulted
from Ducan's multiple comparison test (P<0.05)

Korea Sea
Period (combined East, East Sea South Sea West Sea
South and West Seas)
Copepoda R-lIl (1978-89) June April - June April/October June
pep R-Ill (1990-00) June April April/October - December June
. R-Il (1978-89) October October December October
Amphipoda R-Ill (1990-00) June June October - December April
R-1l (1978-89) August - October August October August
Chaetognatha o |,/ " 1990-00) August October October August
Euphausiid R-il (1978-89) 'June Jung - August April .June
R-HI (1990-00) April - June April/October April April - June

F9 H327t dof ¢ Foll AZAE AL 938 doFrh  AEEHAER 2P Aol ok #a v ok EF,
Bohie 440N, F2 aARE He A2 ¥49A 3l SHHY T8 i ER2EL F2 Fo a7} dojdt
o} (Bamnes, 1986¢). Weba] @7tF 9] HIA) 7|9 AHAE B thE= A (Yoo et al., 2008)& @] & uj, B 27}F7}
ol AL ZoF7t 4R 3-EABAC AV WEQ] FUEle Aol HolWEY Frie #HRAC] 5S¢ F
ALZ FHHY, o9 dstdxe o g B A=gle A ok @4F 2 B, f3 AR e, FldAE
F7} o]FolAol & Aoz By ], R-II A7)0 BISke] RL Al71e 57} Z7ete S
B ARG AE2 obe] 27HFE R-I1(1978-89 & Ho|n, 9AE Kol Al7|& fAIATE 2eu A3jdl
), A1 719k R (1990-001) A7) B st Al7)e] HA2E AMe b sidae g8 92h 2 F9aeAokie 24
Holn, R (1990-0013) A 719 A BFEgho] FokAHA  7]E FARFA Y RO A)710] 1Is) R A)7]e] F=7F Srob
=7 o T35 JEFATH (Table 4). 919 28 AHES Ae F4E BAth o8 IA 2479 Zo] SugFAA
aHT 0, 1989 T2 sto] LA 7)FAA RG] o7t HFOIRE AEFVI S DA &L FoE Ady
7Y AR HEdle AR IS vARE 2 Ao U At doANE G T2 Ao Addrh
2 ddEn Jepg Aike) Sddle 24 9% v 5, A, gel sgEE 4l T FEESEAEE 1Y =
2 B, 53] B dFS Be] v AoE Bt & R A7) HIElY RII Al7)9] F7lstg o, 2 it
TS FRHH A EAAAE T ALH 5L A @Y B g3 AVIE BHE R A7 R A7), 5 FAREA
< i 23 £ A @4 F subolth (Rebstock and Kang,  Th. 23y $EFHAE ATHY AL, 7HE dZ0A E
2003). Chiba et al. (2008)2 A&H o] £A AEEFIE  FAE Afste FFS EU0a &4 B3 v ot o9
Aol A FEE WG Bag AMLS 1 o, 3E Po] FEEHAE JEZY 4 FTESTFIAE 2F
T FREGONA 7 FAAAE F ol 877 F= FA% 1989 JIFA AR Foll FIAA 7|9 W) o] ThE AL
7 ASE Feded 3 52 AEEFIE AN AA T 294 71 Ao AdEnt A, 55
W3] FEFE B Ao goE T TR GA E @EF| 4 TR F
A 52350 B8 AEEFAE AN vAE Q¥ FAES ¥ TFH Z
e HHHQ AdrZEAE fiok 23 Yoo and Kim (2004)  HEE 9GS wr] wiiojch €E 59, 19973
o] HEFFAEY o] Aol T3 AR FAdA A BH) FEEZHAE E
2 F FHol 8747 F=7) 5718, oleld aAtR®e] St 4l BEEFEAE VI @ o] ofg} Aute] g £
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T8 VN SEEHAETE FIXAL BHEFAA A
& AFs H9gEE G2 5L RAd S8 dele
A, AF me| vlgo] R Al71ell= 242} 5, 7%t} R
AZVel 242} 28, 35% = F7Vete AT WHEo| T
AAoA dAYES & 5 A} F, )9 F8 FEEF
AE ZFo| RO A7l B Srvsh, §3) 824571 3%
St {-ug-AotRrl Frlehe FHOR F2 47| BEES
FAE 73 240 WES Aoz ekt oo ubks) 3|
= 3 07} R-IL Al7]00 48%9)] o] 28], BobgF-o Z7lrt
FEHAE AR Uehsith o9} go] Fal9} Jdale] o
TEEYAE AR A% A o) Asje o
Ao Z VEFITE Rebstock and Kang (2003) F3) 9} Fal=
71FHEol et EA ol HEFH R FALSHA W
sh, Msle thEAl v-gsitka urelnt ok B A=
R-II A7)0 = 23] x/4d0] 3ok dall= fALE whd ol
Al ggtom, R A|7]o= 1 Zfol7) ¥ & Ao e
stttk ol o 2 RE FeH A A A S g s w3l
A Al Gy Safeks xhol7t e Aoz Ve
ol& 3, T3t 2l Azl wesiA sl Gelw dinpd
Fob 22 & Y4 slFY 9% A9 vA g B F
5745 7HAaL 7] wE-o] 2} (NFRDI, 2001) Tet=v), o]
et e go g A3rt Hag sloz wudd,
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