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SUMMARY

1. Title

Relationship and Dynamics between Climate Change and Fishery Resources

in the East Sea of Korea

II. Objectives and Significance

The northwestern Pacific is the most productive Ocean in the world
producing about 30 % of world catch, and four nations (Korea, Japan, China,
and Russia) in the area are the top-level countries in fisheries. From time to
time, however, it has been notified that abundance, distribution and species
composition of major fish species were altered by climate events. This research
team has always been to find meaningful ways to bring meterology,
oceanography and fisheries together, and the meaningful ways developed in the
form of studying the effect of climate variation on marine ecosystem inhabited
by fish.

Furthermore, primary productivity of the ocean is not stable under the
changing environments, so that carrying capacity of the ocean varies from one
climate regime to another. Due to the recent increase in greenhouse gas in
atmosphere, world climate is rapidly changing, and, in turn, the earth ecosystem
responds upon climate changes. Comparing the ecosystem in the past, the
present shapes of ecosystem have been modified seriously. Fishery resources in
marine ecosystem, which usually occupy the upper trophic level, are also
inevitable from such changes, because they always react to the natural
environmental conditions.  Through the retrospective analysis on data sets
collected from meteorology, oceanography, and fishery in the past we interpreted

the environmental/ecological changes in view of climate change.



The climate change over the Korean Peninsula is always connected to the
large-scale changes in the Pacific Ocean. The air-sea interaction of the Pacific
was investigated to identify the characteristics of climate over Korea. Some
physical properties such as temperature, sca-level, heat-exchange at the surface
layer of East Sea of Korea were analysed to reveal long-term changes. The
effects of climate changes were inferred from the changes in ecosystem
components (macro-algae, plankton, and fish populations). Also, because
ecosystem management principles for multi-species should be adopted for better
understanding and management of ecosystem, some thought and suggestions on
ecosystem management was made based on the results of this research.

We suggested the necessity of cooperative research with neighboring nations
for the fisheries resources management considering the holistic ecosystem
concept. In the first year, we studied variations in time-series production of
fisheries resources and the effect of climate exchanges to them. In the second
year, we conducted researches on the shifts of habitat distribution of major
pelagic species by climatic changes, the structure of the East Sea ecosystem, and

developed an ecosystem-based fisheries resource management procedure.

III. Contents and Scope

Major climate events such as global warming, atmospheric circulation
pattern, climate regime shift in the North Pacific, and El Nino event in the
Pacific tropical waters were introduced in relation to fisheries aspects. The
current status and future projection of fishery production was investigated,
especially in the North Pacific including Korean waters. This new paradigm,
ecosystem response to environmental variability, has become the main theme in
marine ecology and fishery science, and the GLOBEC-type researches might
provide a solution for cause-effect mechanism as well as prediction capability.

This two-year research project aims to understand climate effects on marine
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ecosystem. Some historic data sets were analysed in view of climate change.
Methodology for the GLOBEC research, Climate, physical oceanography,
ecosystem, fisheries, and modelling were the major components of this project.

To understand long-term variability of climate in Korea, wavelet transform
analysis was applied to the data sets collected from weather stations in Korea.
Standard Precipitation Index (SPI) was calculated using precipitation information
in Seoul. Also, to find out the relationship of climate variability between
Korean Peninsula and Pacific Ocean, analyses were performed using data sets
from the National Center for Atmospheric Research (NCEP-NCAR) of the USA
for 50 years (1950 - 1999). For the changes in ocean properties, massive
oceanic and atmospheric data around the Korean Peninsula were collected and
analysed for the climate variability.

To compare the regional difference in bleaching effect of macro-algae in the
coastal area of the Fast Sea, six locations along the coast were selected for the
collection of algae. Vertical distribution and species diversity by depth were
analysed.

Long-term changes in zooplankton biomass in the East Sea was studied
using data sets from bi-monthly oceanographic surveys (February, April, June,
August, October and December, 1968-1996) by the National Fisheries Research
and Development Institute (NFRDI). Zooplankton was collected using NORPAC
net, and a total of 35 stations were selected for the analysis. A series of data
was collected in Ilkwang Bay, southeastern coast of Korea, from October 2,
1991 to October 8, 1992. The stage-specific abundance of a marine pelagic
copepod Acartia steueri was re-analysed to estimate the secondary production.
Biomass of an individual A sfeueri was estimated from the length-weight
relationships in the literature. Production was estimated from the growth rate
method by knowing the biomass and instantaneous growth rate of each stage,
and specific egg production rate of adult female.

Depending on the purpose of the ecosystem models, a variety of structure

and process models are available.  This flexibility inevitably introduces the
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problem of model specificity and inter-comparison. ~ For the East Sea ecosystem
model, determining the model structure, model currency, process models, and
linkage with higher trophic level should be properly considered. In this study,
major issues in developing the East Sea ecosystem models are discussed by
reviewing the results of JGOFS and PICES-GLOBEC workshops on ecosystem
modeling.

In the first year, we conducted studies on the characteristic of fisheries
resources by year, fishery and species, changes in species composition and
mechanism of the effect of climatic changes to fisheries resources. In the second
year, we conducted studies on the distribution of fishing grounds of major
species, abundance, catch per unit effort (CPUE), changes in habitat distribution,
the structure of the FEast Sea ecosystem and an ecosystem-based fisheries

resource management procedure.

IV. Results

Fish populations have been adapted by oceanic phenomena through their
long evolution process. Their survival and/or growth depends on the availability
of food and presence of predators, and those parameters should be high in
spawning, nursery, and feeding grounds chosen by marine fish in ordinary
period. The episodic changes in climate/environments, however, result in the
changes in productivity and species composition of ocean ecosystem, and the
recruitment failure of fish population caused by high mortality of fish larvae
might be occurred. Most hypotheses on recruitment processes are closely related
to the plankton-based ccosystems, and  the concepts of some recruitment
processes emphasizing oceanic variability were introduced. Evidence and
examples on this issue were extracted from studies in Korean waters.

The trend in temperature increase in Korea was estimated as 0.23

degree/decade, and the frequency of unusual events in temperature increased after
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middle of 1970's and the frequency of unusual temperature variation with a
decadal variability increased after 1980's. Also unusual wet periods were found
with variability over twenty years at SIP;» in Seoul. The correlation coefficient
between zonal wind and SST over the Pacific indicated negative value. The
phase of zonal and meridional wind variation in upper and lower atmospheric
layers (1000, 850, 500, and 200 hPa) showed no phase difference of zonal and
meridional wind variation in each atmospheric layers within relatively short term.
To find the relationship between atmosphere and SST anomaly variation in
middle latitude region, we computed the local area wind index (AWI) and found
that there was a variability over twenty years in upper atmosphere and a
variability over ten years in lower atmosphere.

The leading interannual mode of sea surface temperature (SST) was closely
related to the variation of Asian monsoon. The SST change over the East Sea
was also connected to the El Nino/Southern Oscillation with phase lags of 3- to
9- months, which means that there occurs cold summer in the East Sea after El
Nino winter. Long-term variation of seawater temperature demonstrated the
interesting cooling phenomenon in the 1960s over the southern part of the East
Sea, while warming in the 1990s. Sea level data also showed long-term
variability found in SST. It was shown that changes of SST due to climate
variability could change the pattern of front and current system in the East Sea.

In the northern area of the Eastern coast of the Korean Peninsula, the
bleaching effect of macro-algae was not serious compared to those in southern
areas. The species diversity of macro-algae tends to decrease with depth.
Highest species-diversity was found at around low tidal level or upper subtidal
zone.

Zooplankton biomass was rather stable from 1968 to 1991, but it increased
sharply since 1991. First mode of EOF analysis for zooplankton biomass
indicated that zooplankton biomass increases from coastal to offshore areas, and
was the highest in the middle of the East Sea close to Dok-do in 1994. Also,

1st mode of EOF for copepods biomass showed that the copepods biomass was
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the highest in the middle of the East Sea in 1990 with decreasing trend in
biomass since 1990, indicating changes in zooplankton composition in the area.
For better understanding the relationship between zooplankton variability and
climate change, zooplankton species-specific approach is recommended in the
future study. 4. steweri (nauplii+copepodiditestadults) was present in the
plankton throughout the year with seasonal variation in abundance. Biomass,
excluding NI stage, was 9.96-4545.81 pgC m> (mean: 680.76 ugC m'3) with
peaks in November, February, May and July-early August, and relatively lower
biomass in September-January. The stage-specific abundance fluctuated greatly
with four distinct peaks in November, late February, May and July-August,
without the presence of sequential well-defined pulses of the stage with time.
Annual production of 4. steueri was 2521 mgC m” yr’1 (or 166.41 mgC m?
yr''), showing peaks in November, May, July-August with a small peak in
February, and low production in December-April and September-October. There
were no significant relationships between daily production rate of 4. steweri and
temperature or chl. ¢, indicating unknown other factors were also related to the
production rate. Species-specific abundance and biomass of zooplankton are the
most important initial parameters to estimate the secondary production of
zooplankton in Korean waters.

JGOFS workshop compared 10 models each with 3-7 state variables.
Characteristics of the models are that nitrogen was the model currency and that
phytoplankton and zooplankton were represented by one compartment respectively
disregarding grouping in the size, trophic status, and age structure.
PICES-GLOBEC models had nitrogen and silicates as the model currency.
There were two compartments for the phytoplankton and three compartments for
the zooplankton making the model structure more complex than that of JGOFS
models. The sensitivity of the photosynthesis process models was not
significant. Michaelis-Menten model was wused for the nutrient uptake.
Preference of ammonia over nitrate was usually modelled by an exponential

function. The growth rate was expressed as either a multiplicative function or
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the minimum of the photosynthesis rate and nutrient uptake. Grazing was the
most sensitive process model and Holling Type III model was typically used.
Microbial loop has been usually parametrized with DON decomposition or the
growth of the microzooplankton. Two methods are available for linking to the
higher trophic level. The first method is to define the subareas in the domain
and population dynamic model of the fish population is applied to each subarea.
The second method is to use an IBM (Individual Based Model) model to trace
the movement and the growth of the individual. Assemble of all the individuals
represent the population. The surveys made in the Ulleung Basin, East Sea in
Nov 2000 and Nov 2001 showed that the portion of picophytoplankton was
18-75% of the primary production. Such importance of picophytoplankton urges
that at least two compartments are required for the phytoplankton and that the
microbial loop should be appropriately modelled.

We detected the effect of global regime shift on fishery resources and their
ecosystem in the East Sea, and developed an ecosystem-based fisheries resource
management procedure. In the first year, long and short term shifts of fishery
resources in the FEast Sea were detected through the analysis of major
commercial species. In order to define the effect of ecological interaction among
fisheries resources, we analyzed climate variations in the East Sea and the
response in fisheries resources. Regime shift affected in particular to the
production of major small pelagics. In the second year, we investigated changes
in habitats of major species due to climatic changes. Different fishing grounds of
common mackerel, horse mackerel and Pacific sardine were found between pre-
and post- climatic regime shift. There were a lot of changes in the East Sea
ecosystem, after the 76/77 regime shift through the changes in the marine
environment. We used a Ecopath/Ecosim program to describe the structure of the
East Sea ecosystem. We developed a procedure of the ecosystem-based fisheries

resource management.
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V. Application

Various data sets from several organizations were collected in last two
years.  Those information would used for future study on climate change,
physical variability, and ecosystem changes in the East Sea of Korea. The
results of ecosystem study could be applied to identify the mechanism and to
understand ecological process related to the climatic changes which strongly
affected to small pelagics in the marine ecosystem. It could be also used to
establish the appropriate fisheries resource management procedure, considering the
marine environment. And, it will be used to establish the methodology of the
marine ecosystem analysis. The result of this study made an opportunity to
recognize paradigm shift in fisheries resource assessment and management.

This study recognized that a cooperative research is necessary to understand
the East Sea ecosystem among neighboring countries. The cooperative research
includes exchanges of data and information on the seasonal migration, abundance,
ecological parameters of major fisheries resources, based on joint surveys on the

oceanography and fisheries resources.
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0B, e R Az w9 WelAM sGAHAN A4 dFE AL Yo
HlmE e #2712 shXn JehdE @aesE ddEeREg oA 3-5d9 F71
= Jlx 3 HgstE dUn(El Nino)d 22 @4l . duxdde Ed &
HoF s Ao Pano 2-5% 9@ sjFrt A AR o AFHoR EA
= AL Teiy, o] AL HE UL FER ME Ad9 v wjA ] &sh
o] 5= 3R 5 (Southern Oscillation)# B #Ho] oz F d4E TA

5
ENSOgtm ®erh zex dd B9y Ao F A 8 E(Tahit) o 559
thol 9 (Darwin) Abole) sl 7ish ol & Abgste] @A TS #HASA HeH, o
2 x4 (Southern Oscillation Index: SODEH5L FA T
3 Aol Hl2e 37 dAVIZES AFHUI e VIF
:

AL
g @y @abo] wEEThE A FASACA & AAH 8l



A3 2 SY 9 ¢ ASHA 30 AR A e VIFEGEA
(climate regime shift)o] R I A =w(Francis and Hare, 1994; Beamish et al.,
2000; Hare and Mantua, 2000), H&25 & otz g HA A LA st= HEA
A NFEHS, SgE SN ExFd Ny TR HE LGN dYFY)

S V3 rdor aHor AFSA Eeta drd. HEHEGAA 1Fo] AAA
(index)2 &3] o] &H&= ZHole dFAA7IdA S (Aleutian Low Pressure Index),

58] 8 %A = (North Pacific Index),

PDO) Fo] glom, AR o& AFEL dyxe] AAAYL FHAF(S0DS &
22 4o AAAAE Bojm Uk ol FA @ R 715 F(decadal
-scale variability)& &= 38}(Thompson and Wallace, 1998), ™A % (Hurrell, 1995)
qAE RiEgew 53] S e S dWEA 5 (North Atlantic
Oscillation Index: NAODZ}F ®o] o}z JrHE 1). ‘E I'd A9d 7]FAF
ol gl = -5 efsd &7] 94 A 4 (Northeast Pacific Pressure Index: NEPPD), &1t
%712 Northern Hemisphere Surface Temperatures: NHST), =HHEIG<d
(Pacific Circulation Index: PCI) o] A Q853 glon, Az 7159
& Fstr] st Wake] ol uF iolHle] AHEE Fol ol&H
(Beamish et al, 2000). °]#3 AFEL ¥ (Cumulative Summation: CuSum)

o FHE aEFE A 71539 5o & YErdtHIY 2).
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E 1 HT Wol ol g3 e IFAF

715 A 24 o4 a9
(BoiMd e driedA s Bt BMF Beamish et al. (1999)
(Atmospheric Circulation
Index of the North Atlantic:
ACD
B AEA] 7] QFR] Bgsickel A7t Beamish and Boullion (1993)
(Aleutian Low Pressure Beamish et al. (1997)

Index: ALPD

29 7ol Ao A 2% IERS (1997
(Length of the Day: LOD}

EA A ER 4 ool W= A7 Hurrell (1995)
{North Atlantic ol A& IL7I%
OscillationIindex: NAOD

S
ul

a2 L e sjoke]l <EAF 2 71¢4| Trenbirth and Hurrell (1995)

{(North Pacific Index: NPD)

g FHIAEAT Beluicke] Sl EE4L | Mantua et al. (1997)
{Pacific Decadal Oscillation

Index: PDO)

R 4 HEegg ot tr] g Walker (1924)
(Southern Oscillation Index: AT AEH
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T 2. e A Akl A ATt A ArEw v A & ®(Christensen et al,

1996)
A8k AHE (Goods) w2 5t 3 8 (Services)
- 2 g (Foods) 2 o] £3H(Maintaining hydrological cycles)
- A& 2 A (Construction materials) « 71% Z 3 (Regulating climate(
- oF8 2 E(Medicinal plants) - 4=3A 9 7] A 3HCleansing water and air)
cE A2 8- AH(Wild gene for domestic| + G ¥ B¢ A &2 (Storing and cycling
plants and animals) essential nutrients)
- @3 2 o 7HTourisn and recreation) o984 F5s 5 (Absorbing and
- 7 7) (Electricity) detoxifying pollutants)

AR 20T A F S Aotk ol @ IS AY £HVIE AEFH
8r9] 93] (SCOR), X3t AUHLII0C), =ABAAZZIHIGBP)ol A d3dl=
A GLOBEC(Global Ocean Ecosystem Dynamics) Z213S ¥

A =AM E NFRFT fEFARgde] HEe] M d7ASe] s AP F
o ATHIGBP, 1997, IGBP, 1999, 7, 2000).

GLOBEC ZZ#lo] Z2Hog 23 E5F 2o g HIFAEAY
5S Asate Zolth, olAE we AR Eo] GLOBECE #HA¢ &A%
oz} $Ae A7t wsd Zzagolztn AZsta AW, GLOBECE 71&
FAF

T2 A Holde 2 ZraYPelty F oFAY £ TES
2

lo

M

il
off of

G wAE YA 74 a9 JEHEH, 7 2a50
g vlAE 99 BALAE Histn 7 AWSH HEE FITORA, A=
& 879 Asst opld Wel BEel A F Yk AL Exg dFE A

v, GLOBEC #3tA#(IGBP, 1997)1 A& “d A7 FAeA 4 F8 SHIAHA
o Tz 7l g olFE FAAAN L, A adel WE HFAEHA T
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GLOBEC #HA¢ dA32 $3s7] $3ld, FAGLOBECS 93l E 4714 9
g AFRorE ZxsYTHIGBP, 1999). ZF, 9A Ag, #AA FAE 7Y,
ﬁﬂc’c}i FAEY] e, 3L VIFE AEY 5 A ANE AR T& AHYsd
f’%?ﬁ o) Alztol A ThA] BEAEE FAXEY EA AT (retrospective analysis),
A REEZI FH] 37 T AuAY TAHALIEDY FergEgo] T
ol F(process studies), A AFZ WA mdo &3t wHE oF3}e dF
T(prediction and modeling), ¥38 AB A7 ThA] AF&AA wlxe dFE £
Aae 599 AdF(feedback) Folth. GLOBEC |79 FEHAL v dig
Zold), FFAEL HAo FAGAE AE BHTeEH, &

o] RFS APT £ gdvkzm B ol HARE EAdTE A
AEE FeE stE Aol oyl mEd vlmd A7urt HAA Eofzivhe Aol
glom, GLOBEC d7e z7)o] ol s8=gicy. stAx, AdA 74825 A
olof WAlstE 71ZL wEUa, vlgd 2T LS A¥s 44

B
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e #32AE dsy] FE0E ot AAR $H9 AArgoRe @
A @77k AAEAR A& £ ge Wolth A, VIFEYel T8 A
2 owrEED glthe ARl WX YA, HEAEL oFAATe] F= Wt )
F2) o F7147 oW d&S AT YEA BHE 2 Hdd Ad 10
d Eote] 71Fet Fad AdelFe] ALF Ateld EAsts BAC T ArE
zo] A QAW ofy VFEE 4L AEAAT] FHE FHAA o

o
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S ok e A, Bx, 1Eo], Fojg F9 adsMFRTAF pe

Aedel 2 TAYo|H(Kim and Kang, 2000). ®e AEFH €& 4L A3
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Arctic Osciliation index {May. 1957-Dec. 1998)
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200hPa Decadal Wind Vector 500hPo Decodal Wind Veclor
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Speices

Gosung Yangyang Gangnung Galnam Hosan
(Feb. 01)

(Feb., 02)

Ulsan
(Nov. 01) (Feb. 02) (Oct. 02) (Oct. 01

CHLOROPHYTA (5%
Enteromorpha linza(2 5+ &)
Enteromorpha prolifera(7+* &)
Enteromorpha compressa(s2t3#))
Ulva japonical ZE- 2 5}=H)

Ulva pertasa(T7 2 3#)

Caulerpa okamurae(S 9 &)
Chaetomorpha sakaii(Ab7Ho) g wle @)
Codium adhaerens(® A7)

Codium fragile(? 74}

Derbesia marina)(Z2E23 714
Cladophora sp.(dj=tc] )

PHAEOQOPHYTA (ZZH)
Ectocarpus arctus(g =54 4)
Sphacelaris sp.(ZAAE)
Colpomenia bullosa(7) &8 71 %)
Colpomenia sinuosa(Z#71%)
Petalonia fascial 747 9 4))
Endarachne binghamiae(? G 4])
Seytosiphon lomentarial 22 o)
Undaria pinnatifida(®)4)

Agaruum cribrosum(oF71A1E] FH4|

Costaria costata(3]v] & AFE)
Laminaria religiosa( R 71 oAl vh)
Dyctyotia dichotioma(ZF1E812E)
Dictyota divaricata(*& ZLEvIE )
Dilophus okamurae(7) 12 vhg )
Coccophora langsdorfii( 44
Hizikia fusiformis(E)

Sargassum Confusum(&6 ©] AR
Sargassum fulvellum(S.A4)
Sargassum horneri(33 A o] Z.a1gh)
Sargassum thunbergii(* % °l)
Desmarestia ligulata(AtE)

12.8

2664

384

554.8

%)
340.8
5,299.2
1272

609.2
99.2

4.0

220

120

45

46

68

0.4
20.8

6704
56.0

104
108.4 52.0

56.0

4.0
32.8
8.0

52.8

19.2
16 279.6 0.4

91.6 56
100.8
* 563.6 76
876 11528 44.0

328

18.8 55.6 472
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Gosung Yangyang Gangnung Galnam  Hosan Ulsan

Speices (Feb)  (Feb)  (Nov)  (Feb)  (Oct)  (Oct)

RHODOPHYTA (£%%)

Porphyra surborbiculata{S €7 20

Gelidium amansii{$%7}4 e]) 476 + 3000 480

Gelidium pusillum(d-$27 A1)

Gelidium sesquipedale(7y A ¢ 5714 E]) 5280

Prerocladia tenuis(7}-$3) *

Amphiroa ephedraea(d] ¥ =2+ A2 +

Corallina pilulifera(Fre-F &5 % 225.2 42 400

Melobesioideae(¥-4 3 8 &) + 13.2

Gymnogongrus flabelliformis(334) 208.0 + 252

Carpopeltis cornea(¥-&5-304h) 400

Grateloupia filicinal A otg]) + 20,4

Grateloupia forolongata( 7} =] oka]) 64

Grateloupia okamurae(d A ¥o}2]) +

Laminaria japonica(SHAvh 14816 ®

Grateloupia sparsal B FA Fole]) 44 *

Grateloupia turuturu(mE 2] o)) 88

Caulacanthus okamurae{ o} 71 7} A & &) + 20.4 36

Pachymeniopsis elliptical 2 =3} 140 464 56

Prionitis crispata{5F & 71944 5.6

Prionitis cornealF &7 2h4) 6.4

Glotopeltis furcatalE5E 74 ) 39.6 72

Gloiopeltis tenad E7HAME) 136

Callophyllis japonica(*® #-&4) 61.2

Plocamium leptophyllum(7}&HF£0]) 88.3

Plocamium telfairiae(7t =g % 0]} 16

Gymnogongrus flabelliformis(3 214 36 360

Chondrus ocellatus(Z 52k} 244 +

Gigartina intermedia(°} 71 & 7}A e]) 34.4 76

Lomentaria catenata{vto]ZEo] ) : 842.4 184

Lomentaria hakodatensis( o} 7}t g &o] ) 576 3.2

Campylaephora crassalF &4 5 ) 23.2

Ceramium sp.(81&E) 28

Acrosorium falbellatum(B- 8% ) 87.6

Acrosorium polyneurum(Z-28Z9) 294.0

Dasya sessilis(RIAFGEE) 152

Chondria crassioaulis(7§44) 40 282.4 64

Chondria sp.(X4) 40.8

Laurencia intermedia(>3 & 4) +

Laurencia nipponica(Z14) 75.2

Polysiphonia sp{#&4) 145 104 1084

Symphyocladia latiusculat 3 5 24 8 52 + 2.4 56
Total 9346.0 930.0 536.8 4670.0 1313.2 7720
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3 AEHAS 2467 A8 HAQES AT S wet F 1309 1%
o2 EEIYY. A7ldE Hm XA (Apex predator), A ©]F  (Benthic
demersal fish), # =% % (Benthopelagic), FZ%olF (Mesopelagic), £& 7
(Epipelagic), AAM%EE  (Mollusca), XAAASE (Epifauna), WAAAETE
(Infauna), %% (Gastropoda), FEZ%=E (Zooplankton), =+
algae), 212 EZF I E (Phytoplankton), 28137 ¥ A& (Detritus)o] XA THE 7).
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Trophic level

Group name
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Apex predator 3.4 3.4
Epipelagic 3.0 3.0
Mesopelagic 3.1 3.0
Mollusca 3.0 3.0
Benthopelagic 3.2 3.2
Benth. dem. fish 2.6 3.2
Epifauna 2.0 2.7
Infauna 2.0 2.0
Gastropoda 2.0 2.0
Zooplankton 2.0 2.0
Marine algae 1.0 1.0
Phytoplankton 1.0 1.0
Detritus 1.0 1.0
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oA, AR A Wl Aok WA AleldlE thdl RO dEzse] EAEH
= apdolth AEAE ©d Algtolu v F7he] Ao R oFatvlE ofdrh A
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F 14 B8 F2 AEF 713 A4 A oldI o] Feo] AAY W}
. A% (t/km?) _ g
CRS o|# CRS o]
¥ A=} 0.003 0.003 -
L 0.032 0.045 41%
2% doF 0.011 0.008 -27%
Ela= 0.006 0.006 -
B 0.239 0.086 -64%
7 of g 0.117 0.310 165%
F 2] 0.001 0.218 21,700%
2% FolwF 0.136 0.284 109%
& FolF 0.009 0.020 122%
3 el 0.427 1.169 174%
EFE 0.151 0.031 -79%
HEA A A o] 7 0.041 0.061 49%
A A 23 o 7 0.019 0.046 171%
FEF 0.431 0.319 -26%
A Aol =t 0.230 0.685 198%
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1. ¥ GLOBEC =719

b BE 2 AFEA
%3 A X (National Natural Science Foundation of China)e 1994de] S
GLOBEC =Z21#% AQAstdd, HS$A #AAE “F3de A4 987

A EALY AE5A o]4 (Ecosystem dynamice and sustainable utilization of

living marine resources in China seas)’2 A3ttt £ GLOBEC T2 199

EEE 71F9 A@Fe Wb Ak gAY viAe 9%E EeEH, ol
wet A Fadxtde] oj®A Wsteer dFsted St F
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g2 7MW (East China Sea and Yellow Sea Program)& 199943 ~ 20043 ol
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(1) Bohai Sea Program (1997-2000): "2ts] AejAl 95 2 AL A&4

olg“olgte FAE F2 WE(Program)d =71 24, FEZFIEY
AAT S8 2 A AAH gzt dg, Holwo <gHE 2

N

t

.,
2HZe) wol, A 29 o] ATE 2AYL.

O

- 186 ~



(2) East China Sea and Yelllow Sea Program (1999-2004): =
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Tl 4507 EElE FApste], 97fe] AvAet oF 10089 s P

i A sk olol whet
42 sFEAES 1993d  dE 2185 el #(Science Council of Japan) AFsho]
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(1) HUBEC (Hokkaido University Subarctic Ecosystem Dynamic and
Climate): WA o9 @it 11 F2 ol dupth Aol ol oo

29 2 APAges, F2 Esele due ATl ol
19039 e A&Hos FYFT gn FrolE A HARY, WPA=
A7 NG g Fol gon, UF Fekast o AW Qe I

7
aFE Fotol el Al @ A HMuE H5u Yot

(2) ORI-GLOBEC (Ocean Research Institute of Tokyo University-GLOBEC):
F2 TAYE med gstd dRed FRALY FHQ LopATL
Tt dlgolde 2@, ANE, £34 ofF A9 7MY 2 MY
5o oig dA7E Fstn g B Zzode i & AT
GLOBEC ¥ & =gzt A4FE Fdste Aojth

ol

(3) VENFISH (Comprehensive Study of the Variation of the Oceanic
Environment and Fish Populations in the Northwestern Pacific):
19973 %-¢ 20023 74 A] TR THATA AF-A Z A
FRAL/QEA L #fHo] HAste FX 9 HejAde A AF 2 4Hd
F7) WE] U e FEsts Aol FEAHo  ddd o 70¢
g A3 E B8t e, Tohoku National Fisheries Research
Institute (Tohoku NFRI), Hokkaido NFRI, National Research Institute of
Fisheries Science (NRI Fisheries Science), NRI Far Seas Fisheries,

national Fisheries University, Hokkaido Univ., Tohoku University7}
Ao Fodsta gk

(4) FRECS (Researches on the fluctuation of recruitment of fish eggs and
larvae by changes of spawning grounds and transport pattern in the
East China Sea): ¥& FAaHde] oste] /ALd E & ATFHARA,
AzF oF 80wt @Y E Fste] 2000~20051 Bt FA Vs diwbdi
oo Mgl 2P EFAFE A7t Z2adong. AA ofs} 2L
420k 478 F9%T Yk

Fh) EEFoFe e Ao dFE A BHLALY 73
b B2 &% 249 Fz9 W3l
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