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FETHEBERTREFETH A L ZEREVOEHIT WD,
EREMEL L COEROREER, #WEZD b 00K
& oT, BERERENRONL D - 72KRABIC $ T
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Fig.1 The hysteretic effect on lake eutrophication and restoration.
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pike FOREMDAEEAT S (Lammens ef al., 1990; Fig.
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Fig.2 The flow chart of biomanipulation.
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7-biFTld % < (1 213 Pekkarinen, 1990), F7z, —IKFH
EERD 2 — A TH, ZORMBEEIROFHIEIC
DWTid, SEMOS&HAH S (Shapiro, 1990).

Z 16 biomanipulation % & @7z, WRAEREROEE LR
HE~OAR 2 EIIAT) 720121, RERRICBITS
B TR A LEND L, Thbb, HEERE
RO EENICEETE 2 BT T VI ORifF
BHFELNL, THIVoERNS, ARTIE, WELRE
REHEEFVOBRIRESHBOBECEL CORERET)
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Fig.3 Comparison between annual mean chlorophylla and annual
mean total phosphate concentration (OECD, 1982).
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Fig.4 An example of lake ecological models (Jorgensen, 1982).
Only Nitrogen circulation was considered in this model. 1: N
uptake by algae 2: photosynthesis; 3: N fixation; 4, 6: grazing;
5, 7: fecal excretion; 8: non-predatory mortality; 9: mineral-
ization; 10, 11: precipitation; 12: metabolic excretion of
NH,-N; 13: elution of NH,-N: nitrofication; 15, 16, 18, 19:
inflow and outflow; 17: denitrofication.

DENIT: denitrofication; NA: algal intracellular N; NFIX:
Nfixation; PHOTO: photosynthesis; SN: N in upper layer of
sediment
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MBEFVIEKRAILT, BRETNVEEBRET VO
S E NS, [EEETF VI, Vollenweider (1975)
FUCREENG, FEBE (YY) BELEMTI Vb
VEEBROMBERRTHY, W 2PDAPHREINT
Wb, #le LT, Fig. 312 OECD (1982) %R L7z. i
DEFENHSTERNLHE,P SRR LFIRTIE, 20
BURRZAERDZFBERD 5. LeLENS, ThbHD
EFVEHL FTEHRRTH S 20, REIIZETOWME
ASHBE IR UREBICH B b D &\ ) BRI 2 E
PHEAET A, LA LS, LTHEHLMBAERON
FEWI) b, MBERBRZODDEENLIELEDT
Hb, FOFHETHI LT, I o BRETFIVIERHE
YTHhs.

—FH DOVbW B ERRE FIVITHIEOERER  YEIER
EVIHBRAISEFHICERLZbOTH Y, MoiER
BICLoTFoRBEARFERBESINS (Fig. 4; Jorgensen,
1982). ZH VoL S, AREREOD ODOBEELELL
RERT B 20120, ERREEE T E W BT 24T
) UERH D,

3. WBERRETN

BT TIIHAERERTETVFREINTETNS.
—ORERBREFTNEVSTE, FREFNLDET VLA
B o - HEBR» OBEIN TV LY, FhEH
HOWEEZBELTWS, INOHIBARREEE T VO
% Table LIZE &7, L OEFIVIGEEREDRRE
M ZFOMEZ B2, WhiZE RO E 7L HES
NB5 4T ThHDH., —F, EETHBEBREFOREC
HEHLTBAERATTFUNERINTETS, T,
EFNVHILEEEEINLBNEN/ ST X —F OREILER
EBWRHEELH L. UT, ThEIIonTHRRE.
3.1 EEPORETI

MBEX# Lo LHMER, BHEOKERETDHS.
STV EEBLEE L L, COBEEREOTEE
FLHME LTRESNLZLDOTH S,

BB A ANBNEFEEANSORZEBOTHZHEY
12, U.S.International Biological Program ? 4= B85 & U3 £
FLOEMFIZX o TYER S 72 CLEAN (Comprehensive
Lake Ecosystem ANalyzer) (Park et al.,1974) (%, LPAEEDM
BEEIBEETFVOEENBELZR ALV,
CLEAN EF Vi3 28 DIREEREHEL, 7 KEFENR
AV —T 2 A RAEMET S LT, Bi LKFERRAN
DOISEOWEEEZE LTWwA, FICEMEARERT S,
George #l (=a—=— 27 M) KU Wingrail (71 2Aa ¥
SUM) OF—F BRLE L2ESBOMBENELE b &I
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MESNTWE, BRELLT, BUESY —F— LD
FHIZTRETH o 7275, ZFHEBCH L TOERIZ 5L
BER o7z, COREE LT, BAMEAICRAE LT
LREMWLBEELDHIFTWVAE, CLEAN EF VL, 2% -
U UOBROER, EEEOBEEREI LV S— AV MO
ZR, RUSTHEROAEROKB LR Y2 & T,
CLEANER (CLEAN for Environmental Resources) (Scavia
and Park, 1975; Scavia et al., 1976; Clescheri er al., 1977), R OF
MS CLEANER ( Groden, 1977; Park er al., 1978, 1979;
Desmodeau, 1978) ~ERREL Twvio 72,

DiToroet al. (1975) 3, Ere#iot 75 > 2 v > -8ty
T2 N RBEEOMEBROEFVLE, 700
AFH X% ZE LR L2, KEBOWERE Y
LT, EAFVERHCA M= —EBIC L - ThR
BEEL T\ 5.

Thomann (1976) X Ontario# (7 X U #) %t LC#
HEERAEMDEBOELR LI LANVDET L 2L
7z. Chen et al. (1975) b $7:, AMDMEHE, 40BN 7
Fy7 b, 3ODHEREREETLAMOAEEEALR
WMOEFVEER LD, TOEFTMIE, BIEERL72K
HEHETLEOEERRATVAS.

Biermann et al. (1976) 13, BEREORLE O RET % AT
5 HMT, Saginaw B LTOEFVEER L, &
DET I ORI G THIE, BEORBEIGA L BEE % 451
TETMEL72ZLTHE, ZoZbidthby, iy
SN OREA L=V a v FAF I ARFEERTL S
ETHY, ZOBPHEICHE L T Jorgensen (1976) HSEF
fifiL7z, i, MoK LAZMBEFVERWT, 247
v TORMERERE (BGA L BFED758E) & Bijl 7 Monod
AEBORE 2TV, HRELT2ZA7 vy 7EEHO %
HOFHEE % L ERTIER2R L. ZoBHS%ERY
HBEUBEOEFIVICB W THEEICHENS. Nyholm (1978)
bHKENDEER - ) V% FNFRHIZGT 2 EF N %1k
L, Fryx—70130#EC#EBELE. 22T, /8
T A= FZERMIEFE—-OEEEHLTEY, —Ho
TA=FDHRFEIRCEATOMEEITIICE LT 5
7o, WERE LT, FROKEZMHEERE OB VT I
LUHMEHER ST,

Canale er al. (1976) i%, Michigan ¥ & E 448 % &
TN L7z, TOEFVHTIE, =3 v O—F Alewife 25
NWEHEFE LTERERTW A,

Richey (1977) i, Castlei#iD 1) Y EERE TN % HESE L
2. ZOETFNVTIE, VU, HFICREBREE pH KRS
R OEA * R ERAER L T2,

Ikeda and Adachi (1979) %, BEMICEH L T5o05%4
BEXRY 7 A% EZERBLIEFVE/ER L.

CLEAN & [A#£1Z PCLOOS (Kouwenhoven and Aldenberg,
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1986; Janse and Aldenberg, 1990; Janse er al.,1992) & OF
PCLAKE (Janse et al., 1993; 1995; Janse and van Liere, 1995;
Aldenberg et al., 1995) b —ED I ) - THh5. LMD
BTN, T 25 OEMEBEFIEN Loosdrecht 5] DK E R
BRERO LV ERERNE, &5 TITHLEE LTOY &
SNEBEMRBEONETF MO 720 I ER S, 208 »
PEROWRE SHENICRET 28 E4IML T, WBY
BEERRBEEE TV E R o /.

Matsuoka et al. (1986) i, AIZHA T, KEIDHZE
(LEH) 2EALREFVEE s BT L TR L. &
BE LT, ERMICETDINT X =5 Din sitw EERIC &
S>THRLNEZFEHALTEY, 2ho0EREEOIE
EPHREINZETH A,

Varis (1988) X, EXEE/Rk* A+ 2 B H
Aphanizomenon flos-aquae DO BEIE L DS+ RH T 5
BT, YL LTRERLZOMMOBED A 2 &
Kuortaneenjiavii#l (714 > 5 ¥ F) OEF IV E{ER L 7>,
COETFVERACT, K, whws [ E V) Ban
bz, BO1HIZFD 1AMICE L] Lo 7= 4
BICBWTERWICHIRY 270, YHEREMESI DR &
FOREOBEGrETVEEIC L o THHM L. —FT,
¥4 (reservoirs) D€ 7LD & LCl, Théault and
Salengon (1993) 2 & % Pareloup ¥4 (75 2 RA) OEF
MEPFHIToND. ZOEFIVTIR, REKEEBKO
B2 e 7 MEd b, BB B EREE I
B L7
32 BEBERBRETN

MBEEROBREEE 2B LT, BT 07 bR
ROBHEZBENICHO LT ILERH L, 22 Tn
IMAERBEET TNV EER, TALOEYWOELIZELTY
HREBWIEETNVCTH S, F 7256080 biomanipulation %
Fhe L 72K L CETF VR L, +DBEHT %47
27 Blb 5.

Patten et al. (1975) IIWBERRY DEME S ATEE TN
% Texoma Cove |ZXF L TR L7z, ZDEFNVEREET 5
12Dt T =5 5ED L2 LIZEE RS CHETH
B0, KREBRENEDO—DODRBWERE VLD,

Scheffer (1989; 1991) KR AERRADKEN 2 E 8T
B2, LER/NEDIRBERE GALEETFVE AW
zero isocline f#HT %47 o 72, bream, pike, AEIKEHY K
UREEOHBAKEZERLAN-VaroxFu
(Scheffer, 1989) Tid, RBEEANOBEEIZL > T, W
B ZERED R 2 ), BVEM T bream B 5 D& - 7=
REED AD, KA Tt pike % S I KREIK A4 B
HOEWLREOLPLEREL LTHEETLZ LR
L, 752 vy, 8752 M, bream, KOS
REWBALZEE L 72N—Y 3~ (Scheffer, 1991) Tli,
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Table 1 Lake Models in previous literature

Name or SV*  Phyto- Zoo- Fish Nut- applied lake /
# Researcher(s) plankton plankton rients  other special features
1 “CLEAN” 28 1)nanno 1) cladocera 1) Bluegill N, P Lake George (NY) etc. /
2)net 2) copepoda 2) Bass Macrophytes, benthos, decom-
3) predatory 3) Carp poser and sedimens dynamics
were considered.
2 “CLEANER” 40> 1)nanno 1) cladocera 1) Bluegill N,P,Si  Sarasota lake etc. /
2)net 2) copepoda 2) Bass limprovements of the CLEAN.
3)bluegreen 3) predatory 3) Curp Circulations of N, P, Si were con-
sidered.
3 Chen et al.,1975 15 4 groups 4 groups 4 groups with3 N, P Lake Ontario /
life-stages A model linked with a 3-dimen-
sion hydrodynamic model.
4 Di Toro et al., 7 1 group 1 group = N, P western Lake Erie /
1975 A model with 7 sgments.
5 Patten et @l.,1975 33 Dsmall 1{ small Deggs&larvae N, P Texoma Cove /
2)medium 2) large 2;""8‘3"1“8,5 Other considerations: aufwucks,
i)g’l'ge 32“3“"‘?"&5 turtles, herbivorous and cannivo-
Sgﬂ;ﬁl:’;""lm igg" Pects rous vertebrates; suspension and
6)attached 5) minnow deposit feeding invertebrates;
6) carnhivorous invertebrate predators and scaven-
gers
6 Thomann et al, 15> 1 group 1 group 1 species N, P Lake Ontario /

1975 A model with 3~7 layers and 67
segments. Sediments dynamics
was considered.

7 Bierman, 1976 14 1)diatoms 1)small 1 species N,P,Si  Saginaw Bay /
%%Iret%?SBG 2)large (*’;Zd . 1)"13'13' A model with two-step growth
o alors,
ot N-fix BG p processes.
8 Canale et al, 25 g.lsmall[l))ll: i ggau}zii. Alewife N, P,Si  Lake Michigan /
arge apnnia i 4 R
1976 Hblogreen 3)Bon & Holo. A model with 2 layers
4)green 4)Cyclops
S5)Diaptomus
6)Lepto. & Poly.
7)Limnoc.&
epischura
9 Jgrgensen, 1976a 12 1 group 1 group 1 group N, P Glmsg S¢; Lyngby S¢ (Nether-

Jorgensen et al., lands) /

1978; 1986 A model with 2-step growth pro-
cesses in algal dynamics.

Algal intracellular N,P and sedi-
ments dynamics were considered.
10 Jgrgensen, 1976b 4 - = 1 group (trout) NH4 11 m? fish tank at 16°C /
A fish model based upon mass
balance.
BOD dynamics and oxygen con-
sumption were considered.
1 Richey, 1977 9 1 group 1 group = P Castle Lake (California) /
A model of P circulation.
Effects of pH and Fe, and sedi-
ment dynamics were considered.
12 Nyholm, 1978 7 1 group 1 group - N, P Danish 13 lakes /
A multiapplied model.
Algal intraceflular N and P were con-
sidered.
13 Ikeda and Adachi 8 1 group 1 group N, P Lake Biwa (Japan) /

, 1979 A mode ! with 5 blocks (3:epilim-
nion, 2:hypolimnion). A model of
N circulation.

14 Matsuoka et al., 14 1) bluegreen 1 group 1)Neomysis N, P Lake Kasumigaura (Japan) /

1986 2) green 2)goby&shrimp A model with 4 segments.

3)Carp&erucia Parameters from in situ experi-
ments.
2-step growth process in algal
dynamics was considered.
15 “PCLOOS” 3 1 group 1 group E P Lake Loosdrect (Netherlands) /
(F.F) A simple C circulation model.

11
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Name or SV*  Phyto- Zoo- Fish Nut- applied lake /
# Researcher(s) plankton plankton rients  other special features
16 “PCLOOS v.2.4” 18 1) bluegreen; 1 group 1 group P Lake Loosdrect (Netherlands) /
Janse and Alden- 2) green; An inprovement of PCLOOS.
berg, 1990 3) diatoms The circulations of C and P, and
sediments dynamics were consid-
ered.
17 “PCLOOS v.2.5” 20 1)bluegreen; 1 group 1 group P Lake Loosdrect (Netherlands) /
Janse et al., 1992 2)green; An improvement of PCLOOS
3)diatoms v.24.

Applied for an actual restoration.

18 “PCLAKE” 54 1)bluegreen 1 group 1)zooplankton N,P,Si Lake Zwemlust and the other 18
Janse et al.,1993; 2)green and  benthos Dutch lakes /
1995; Janse and 3)diatoms 3 feedf An improvement of PCLOOS
Liere,1995;Alden yzooplankion A mulitiapplied model
berg et al., 1995 phytes feeder The circulations of C, N and P,
3)predatory fish sediment dynamics, and macro-
phytes were considered.
19 Rose et al., 1988 62 1)Nitszchia 1)Daphnia-egg - N,P 0.075 ~ 3.0 L of microcosms at
2)Anab.& Lyng. 2)small D. 20~24°C/
3)Chlamydo. 3)medium D. A model based on laboratoy
4)Chlorella 4)large D. : t
S)Selenastrum S;Rolifers gxperiments,
6)Scenedesmus  6)Protozoans The temperature dependency was
TStig.&Uloth.  T)Ostracods ignored
8)Ankistro. 8)Amphipods
20  Varis, 1988 15 1)BG - - N, P L. Kuortaneenjirvi (Finland) /
2)others An algal competition model
21 Keesman and van 3 1 group - - P Lake Velue (Netherlands) /
Straten, 1990 A model calibrated with a set
membersip approach.
22 Scheffer,1989 2 = - 1)bream 1 group  a theoretical study /
2)pike (EF) A fish competition model.
23 Scheffer, 1991 2 1 group 1 group - 1 group  a theoretical study /
(FE) An algae-zooplankton competi-
tion model.
24 Nielsen, 1994 13 1Microcystis 1) cladoreran - P Lake Vang (Denmark) /
g)};tl’h’;l"iz- . 2) copepods (FF) A structural dynamic model.
epnanod. H
4)Astgrionella EedinTents
5)Pediastrum
6)Scenedesmus
7)Dinobryon
8)Peridinium
9)Cryptomonas
25 Thébault and 8 1)diatoms 1)herbivorous - P, Si Paleloup Lake (France) /
Salengon, 1993 2)non diatoms | copepods (FF) A 2-layer model.
2)carnivorous
copepods
3)cladocerans
26 Jayaweera and 18 1)Diatom-E 1 group 1)bream N, P Lake Bleiswijkse Zoom (Nether-
Asaeda, 1996 2)Diatom-P 2)pike (EF) land) /
3)Flagellate-E A model based on an actual biom-
4)Greens-E anipulati
5)Greens-N anipulation.
6)Greens-P Three types of phytoplankton
7)Aphaniz.-E such as nitrogen limited, phospho-
8)Aphaniz.-P rus limited, and energy (solar
9Micro.-E radiation) limited are considered
10)Micro.-N
1)Micro.-P
12)Osci.-E
13)Osci.-N
14)Osci.-P
27 Jensen, 1996 5 - 1) copepods 1) lake herring - Lake Superior /
2)cladocerans  2) chub A fish competition model

3) rotifers

SV* : total number of state variables; F.F.: forcing function

“CLEAN”: Park et al.,1974

“CLEANER”:Park et al., 1975; 1978; 1979; Scavia and Park, 1976; Clesceri et al., 1977; Young-berg, 1977; Desmodeau,1978; Groden, 1977
“PCLOOS”:Kouwenhoven and Aldenberg,1986; “PCLOOS v.2.4”:Janse and Alden-berg, 1990; “PCLOOS v.2.5”:Janse et al.,1992
“PCLAKE”:Janse et al.,1993; 1995; Janse and Liere,1995;Aldenberg et al., 1995

BG:bluegreen; DIA:diatoms; Bos.:Bosmina; Holo.:Holopedium; Lepto.:Leptodora; Poly:Polyph 5 Limnoc.:Limnocal, ; Anab.:Anab H
Lyng :Lyngbia; Chlamydo..Chlamydomonas; Stig.:Stigeoclonium; Uloth.:Ulothrix; Ankistro.:Ankistrodesmus; Aphaniz.:Aphanizomenon; Stepha-
nod.:Stephanodiscus; Micro.:Microcystis; Osci.:Oscillatoria

]
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bream DB ST 7 U —HWT T 0 b BIOERESE
BRI 2T 5 2 &, bream ORFE T CILRIEETA
EmEEgw sy ok eEnEEs b, #HiC
bream O FAEYETE FCIEBEEOAYFEMNT 5 2 & 2R
L7z. Jensen (1996) I 2B DM OMEFS % £ 7ML
L7,

Nielsen (1994) 1%, 7> < — 21281} % biomanipulation
DFERBI O 1-D DR EET V%, Vengifk b &1
TERL L7z, #RELT, 9BMOBEERL I 2BOEY 7
T Y7 b ORERREE T RRTE DERREEET
WASKESE S L7z, Jayaweera and Asaeda (1996) b ¥ 7=,
4 7 ¥ ¥ DEETIT b7z biomanipulation D ZE i F %
EICBEETFNVEERL, TOBEE@T L.

—77, AROBRICEL T, 20O 1 XE & 1H
R REEXE L CEFliT 2 LB RR SN D, KESE
DHEFTIE, INbxENZTEER (REFL L THER
3\ ; von Bertalanffy 3\, ; Robertoson 7, ; Gompertz 3) &
UHEFRET IV (REF & LCBeverton and Holt3\,) & LT
GELFERALCTYS (HP, 1994). 0% 1 ZKEEZ
ERLZZETY 7 OBlL LTI}, Jorgensen (1976b) 2F
EIFond., i3 1l m* o fish tank 2 VT 75205 301 g
D trout & 16°C IZTHE L, FOBUEKELZ LTIV D
DPOXBELZEIL, A AKEREET 2ROREET N
ZEBL L7z, (Table 1 IZIXFEHET).

SHI0, ERRETIVOFEME LIRS, BEWEH
BEBROBESC, HELI- WAy —T x4 A%
REZDZLICIABRSRTTVENE B E L TR S
N7z, Wbhbwa7rurs a6y 5r—% LT, “SIMSAB”
(the Simulation Modeling System for Aquatic Bodies: Voinov and
Akhremenkov, 1990), “MASAS” (Modelling of Anthropogenic
Substances in Aquatic Systems: Ulrich e al., 1991),
“DELAQUA” (Deep Expert System LAke water QUAlity:
Recknagel er al., 1991) } UF “Lake Life” (Thébault and
Salengon, 1992) 2581 ¥ 515 (Table 1 121X EH ).

33 /NT 4 —SEHE

HEM OB % RIS 5 RN € 7 V%L, CLEAN
EFN, &5V Bierman DE TV, KE2EL%
WEBZ A, o TEHHIE, EFMEBRIZBWTRDKE
yzd b EOBEER, ZOBNENIT XA —F OF
fiCTHb. EFNINT A=Y FFHOERN LAY ¥ AU,
ENEBREREDLULENTA—IDOBBLZOHEHF LR
EL, BRBOBERREL D LIV OPOBRED NS
A=F Xy ) TL—2arthrIeTHE. TDFyY
Tl=varilBnTid, BRRFITFT—5 %&b LRz 7
4747 RBETLHE (B2 Rose er al., 1988)
2, BEEREOFHELHVEFEITET Hik (B
(% Janse and Aldenberg, 1990) 2S—fE9CTH L. Lo LEN

& E W R 101

b, REOHENLZFEHEOEICEHEROTTERE O L
FPOEABINT A= I I HEFRESNTETVES,

REEZH OB, 2085 2 — & g0 ElE S5
Wind 22 LIEEWATH S, Nielsen (1994) ko €7
NV QFEOKM ST s Y RO2HEOEM TSI 7 v
REt, WhWAEEHRET L) ICBVWT, FO8T R
— Y REIEEA O N A FENLFES T AR EE 2 5
Rlprolzl LIZERL, #FONTA—=FFx ) TL—¥
g o, SHERTFELLTEZONE/89 A —F [CBE L7
AHEEMIC L > CHFBICEBE 252 LERLAELET, &
I\ o BRI E T UERICB VLTI, S80S 20
goal function ( % % i exergy; Nielsen, 1995; Jgrgensen,
1992 a,b) DHAPNETHE I L 2REL 7.

Rose et al. (1988) W&, EME»rLELNETF—7 D
LOXIRET S, EFVIST A —F REORTHHEICE
HL, =2 d620&0BHTHHR W, 0.05~3LDER
KB A EHERPEERERL S L, P77 27 b
VETIT s N ERTIVEER L, SOEFVHT
i, BEEEOEEBIEIE > TRV, YENERER
DTS 3 IR S 7z,

Bayesian #i3H%# % Ve F VUL OBRES (PCLAKE:
Aldenberg et al., 1995) %, TV F LY T U FENTN
FA=FREDORYNY y THEFHIEFIR L8 XA —F
DPE (Keesman and van Straten, 1990) 1%, /S5 X — % D
FrUTVL—TaryEITH) LA, TORHEERICHET
LIEMOBHIENTE, FEICEMTHS. 4HESHIC
9 o REHEM BB S D8T A — & OFEE D
FREISHIEINS.

4. £LHESHDEE

PLERRTE & )12, BAREREEETFVICELT
3, BRAGRBREPLEOERPITOITETEY, Zok
FHEECELTE, BI2—BRWEBEIEoN b DL
Rohs, .

o T, SROWMBLEBREEETVHIEEDOT Y Ty
PELTRDONDL L DX, FOBITIFHIINT A—F T\
PIZEEMICRETEEPENVHI T ETHE, Thbb,
HRRDEERET LG T BN A =53 1CHh
(35 X — 5 DEERRIT), $HFDNRTA=F 2L E
NERWLETFTVFHEROBERIEIEOBRETH L OH
(X A =5 BRVE TV ORFEEERHT) %Pk L Tn
A EWSBOBEELD.

NS DMEIEN LIENICBWTEER Z Lid, 3%
FELBREHRTERE L BEETVEERL, INHD
B 2o T2 THD, BBz E, R5A—%
WEDIODINY 7 7T v FF— & OAREERIERT
B ETNVAKEEME % HRL BRI T 2 2 L5 HROA
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ERABEETTVNREOKRE LRBEETH S, Rose e al.
(1988) @ microcosm & H W 7-#Etid, T EI2Z D BEICHE
HLZZETMEDBITH D, ST E HITKB DK E
FER (Vb w5 mesocosm) % vy, X0 HRICHEVIREE
THRONLGEREOB WERIEZ E I LETMER ST
WZZD8T A — 5 Gl SEIfE S5 (Nielsen, 1995; Boyle
and Fairchild, 1997). Z) W o/EEN L, &4, BH
REOERM (Eff4m, KiFE045m) % BREER
No, EERETFTNVOMERLR S TINT X — & 5l % KA
(Suzuki er al., 2000; Sagehashi et al., 2000), ¥ 5122 2 TH
BNTINTG A =8 2B, EEOEREBHB~DAT — N
T v T M7z (Sagehashi et al., submitted) . AT 9 Vo
TBEERRZEDOETFTMEERYETZ &Ly, B
HRERRBRO 2D DEIFEMNT A — 5 OEBEEEED T
W Z e, BERBREFVIIESE L L TR LK
ELRBEO—DTHA ).
(11412 A 9 HZH)
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