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Salinity Tolerance of Pelagic Larvae of the Japanese Mantis Shrimp
Oratosquilla oratoria in Tokyo Bay

Keita Kopama'!, Takashi Yamakawa', Ichiro Aoki', Masaaki Fukupa®, and Takamichi SHiMIZU?

Our previous study suggested that the increase in river runoff that can cause a decline in surface salinity, could affect
decreases in recruitment of the Japanese mantis shrimp Oratosquilla oratoria in Tokyo Bay. In the present study, salin-
ity tolerance of the pelagic larvae of O. oratoria was tested under rearing conditions. A survival test for 72 hours on the
third stage larvae was conducted under 15 combinations of different temperatures (20, 25 and 30°C) and salinities (10,
15, 20, 25 and 31 psu) with two desalination methods (rapid and gradual). The survival rate of the third stage larvae de-
clined greatly at 10 and under 15 psu with gradual and rapid desalination, respectively. A survival test was also con-
ducted on the fifth stage larvae under five-salinities level at 25°C with gradual desalination, and showed that a high sur-
vival rate was sustained after 72 hours even in 10 psu salinity. Effects of low salinity on the survival of the pelagic lar-
vae under natural conditions in Tokyo Bay are discussed on the basis of the results of the survival tests under rearing

conditions.
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¥ % 3 Oratosquilla oratoria (% H AR ZIDIRFBIZ 010 5
ZHMEDBERNSETH 5. HREBIIRBOTRRAERNE
PO B TRESTETH D (Kodama ef al., 2002), FIZEIIIE
NI O KRBT RIETH 5 (FHK, 2002).
WHED Y v 2O L, 1980 FER P2 5 BIITAH
FTEVKREEIZ S - 724, 1992 FIESHIZ KT L, B
PRAKAUETHERE LT B (7K, 2002). FHIZ, 2001412
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(ZA0, 2003), BEFOREIRBICKE LBESRATY
5.

Y2 B A ET B D ITIEMARD FRIALE
RARTH 5. BEIEH» (2003) 1, ¥ v TMAR & BHR
T B & EER ST & T L, WRE OB
VT WA I A RIF LIMA R # R 2T 51
BEMEMH B LAIERLZ., ZLT, A A A A=A A
L LTCRO2ODEB &R L= ¢ (1) RS KIE
ST A 723, T & KBISHRARARA L Z2RHCAE D
BIEESEE T AR TR AV, Q) MIDKOFRARDHE
Mk, KBBEAFAOEERFEL, REIZHMHT
DEE BN S0, FOBRE L TERESAOM
ABMET 3.

D o v 70— Squilla empusalZi VT, 5T
ETFIC & g kWi EOERARP P2 L AR
H£XNTHD (Morgan, 1980), WEVED & » JIREAY A
Z BT ISR T AR ER & 2 2 REELAH S, T T
<. KTk () OREERIET 57201, BIETT
U BEHWIE OBIERAIRE E A5 2T L, 2RIk
TeESsnmARBREERE LTERTH S PHE & 1T -
7=,
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HEGROIRELTERE

WRIBMHARIZ T, fR)NEKERATIZAT - H0
BEPHE= 2 v 3% (20024FE8 A27H) 2k D 1A
i, B & O B T S 1 DAL A SRS i e oD /N
S HABIEAN (20024E9 F 1 H) (2 kb 7k, &l 8{EfkD
S TEIRE L, FEICE L Cd, Hamano and Matsu-
ura (1984) IZHEVEEIZEM & 0 IR OBGAE & & H HEBE
T5Z L1k D EEIIRGE & &5 B MEHE R A ER LA, B
EXNY v 2%, PUOREENIIEHTIEX KPEENFZEER (b
HINBREET) O 1oKkIZIE L, BREBARRAKT B
FUBAARBET CHEE &7 -7z, RO I3 % 3
%X, 720t il g7 o YLD 7 (A
iZ56mm, & X 400-600mm) %> v IO ATLMEITE L
TERELZ VKO TRIZEIEDOAER TS L5
L. BE&LT, £F7 3,
FEOFEAFHMEE L2, EINE Tk EET5
N4 TOMERE, RV T AFLE L b+ (A Immx
lmm), £2EAF L 28y — 2 (70 mmX70 mmx
100mm, HA&2mmx2mm) IZTH/N—=L7=, ZThid,
Hamano and Matsuura (1984) 12 & 0 #4170 2 BHEA
DY RMERIZ K 2D BEEZST-DORETH
%, faUpHAR SRR O TR, F S ERIC L 200
BEL DT =255, 2{ARDOE» 5 DAFEERIZHT 5
i RS 5 T & AT X 72 (Table 1).

Wt & T HEIEOKEICBE®EL TH D (Hamano and
Matsuura, 1987), Wb B & {EE 95 Z L 23A[RETH 5. ik
AL THSWALIZE 3 & TOHF AR O FHKEIE
27°C (range: 25-29°C) T& ¥, Hamano and Matsuura (1987)
DRI OB sl & D EIR A 5 R L E TO B
PELSRME > THRNIOHM TS B &HEE Xz, Lizdio
T, EINAA25 9 HMBB L ST, kDA - 7=
234 T & LRI 5 501D B R & 7 U 22N UK
(60 em*30ecmx36em) IZ{EFICWNE L, I3 2% T
TR CHIE & 17 - 7=, WL/ AR A & B % B
%KL, Kubo ef al. (1959) 127 5 Wik (BEMEEE L & FEH
I DULBAAR S % T) % 0.1cm O ¥A THIE L 7=,
WEDERERE
W% 1Rl d 72 D #3000 K & 2 B & 5 1B /NRKRE
(60ecmx30emx36cm) {2571 TUE L, 50/DFERTEK%E
Wiz L, ST (0.1~02/min) B X UCEHRHETICCHE
fTo7z, TT V=¥ 3 Vi08/min TiT»72. 7TATF 3
7 EAM 1S 7= 0K 500M@ Mk (SoofEk/) LaB &SI

HEEE L 72, RERERMEOMAIZY ¥ LD L § 2 72012,

TATFITEIY—F— FE215/0MWRE - L =)

WEBICTHEL, REX®7-, 7LFI7OMEE LT,

SUYHAA (HEYY YTy o8, &1, W75
¥ 2 & ¥ Phaeodactylum tricornatum % AN 7=, & v 25k

THY, ZEHEEBHEA .

DHA LB T, 523707 37094 XEHAL
7o WEEE KR O T LT I 7OME L LT, SERE
KEz= ) A AHF#25miBEEAL .

R ER

Hamano and Matsuura (1987) I2k 3 &, & v IEiE 411
WO 27— DERTHEY v TIZEBELHFIRT S, 2L T,
LR B 1, 552 WISha 1300 & UIEAHS IG5
T IERETAEE L, L3 HEDBRICEIHNE L
70 EHEEAE S A BRAA LIS R ICIEANE R 2 175 . AEROR
I, FEESEIZ OO TOES S ZFHET LI LICH
20T, 2TOMEPEIHIE L A2 LESHBRL
=W R BRI L2, F7, RESEAEDEIZONT
DIEATVE % FEl % 22012, Wb 17 B8 L 7294
IZDOWTEERETH 72,

IBRBEOKE (20, 255 K 1'30°C) 12 SERRED IR iR
(31 (WHEIX), 25, 20, 158 K 10psw) #HAEE-AE
15X AREL, DEOE MEEFHEL 2. 20,
25°CRIEAE R A TN EFNERENICRET S Z L THRE
U7z, 30°CIXIE, 25°COEIREMNICZ Y F — 4 — /N A &R
BLTHABEARARD S I LKL 0BEEL A, BEEIIE
I3LIIDIZERFE L 72,

FERFAMARTISW 151 D FOEHEAK (31 psu) &7z L 7o/ G
ek (37emX20.5emx28cm) #HEEAE L, 4 Himo it
B WESTE AR S B LT, A 1B 72 0 #9500 (@K
AIEL, SREXICERE U THEREIZ L B FEBIE X ¢
Fo. FLTCSHEBMSEL 28 ohp 5 | EoERMEEF
U AR ANIE o 38 38 2l & A7 5 (ffR 28R LT, BIT
DA TEEZB L. E2h 3B, SEERICfd
BAER & RITEE D 4 2O 10k EZEH L, 7D
MR (CL: RTZMIIEEEEES 2 & MBS £ ©) & 788
TREH LT 00lmmO B THIE L (FCL=0.96
mm, SD=0.05mm: 553 B IZHY) (Table 1). LILEOF
JEIZ &0, BFEREX & E300m/ ¥ —H —125 Bl % 20
RRE L7, WLEBOTLF I 7/ =T ) 2 &R
EAEMGEE L, 27 —va vidieE o7 #l
BHOBMACHNT, AL T w42V E20ugl
WL 7=,

BAORT I, RMEK Glosu) 2HBEKTHERTEZ
LICEDFERL, RO2MODFEE L -7 L EEEEKD
AT —H—~PEERAL, BRAY Ny  THEEKE
WINT 52 &2k, 1R 1 psud DERREIICIR DT T
(EXP-A), RER D OUKE 7z Lz — 7 — ~NELEAE
1S (B APET) (EXP-B). SEEREXIZDE, 4
HHENELIZE — 5 — & EXP-A T3, EXP-BTId2(#
RE L, FRCER AT,

KD 72 8 24 BERVEEIC BT 22 IS B RERR DKL, R0
BB KA L7=300mIE — 7 — & FEL, ZIZARiH»
SHEKL TV AMREREH] - BHRAE Ny NIk TH
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Table 1. Spawners of O. oratoria and their offspring used for the experiments.
Spawners Pelagic larvae used for the experiment
Body length (mm) Date of spawning Date of hatch Initial age and stage CL (mm) Experiment
mean=SD
91 1 September, 2002 11 September, 2002 5 days (3rd stage) 0.96+0.05 EXP-A,B
75 8 September, 2002 21 September, 2002 17 days (5th stage) 1.71+0.06 EXP-A+

WU, R AERERRO RS T 57, 2O, L
BEHROTILT IT /=7 2 &5 10{fE/mISS L 7=
FERFIA A 5 24, 48, F0 & UV 72 15 8 1 00 AR TR A R
AECeRL 7.

W ZITHEB L =88 ic>un i, Bz nEE
JED A XA ZE D UEBRIZ L7, (a2 E )
ICHRERMZERE LTIz I0MAZEN L, cLAEL
7= (FHCL=1.71mm, SD=0.06mm: 2 52 12402Y)
(Table 1), WHEDHEKEH D A& <+ L HER SR T 2
Brolt®, mﬁdﬁmﬁwﬁkb,sﬂ%@mﬁ%ﬁ
(31 (JHAIX), 25, 20, 15 BL U 10psu) DEERX % 25E
Lt.é%%E_thME&SWWWELtUE~ﬁ~
Z2MFE L, FRICERET -7/, £/, MBOLT
L=V g vl REEEE27TLFIT7 (KE
1.0-1.8mm) #H5MEF/mMFEE L=, AR TIZ >0 it
EXP-A DFHED BN L 72(EXP-A+), FOMiDEE, 4
PRGN B3 5 B O IZ DO TiF - - EER L ERET
HB.

BREXIZDONWT, EFREREO T & 7 OREiEasss

BRUEIREE 24 EMHIC R U722, EXP-A, BIZDWT
Amk&%%%ﬂ&Lt%bﬂb@@ézﬁ%%ﬁﬁ%ﬁ

&0, BRI O 2ERBEBAERE DL REL -,
7J\/n?19:1“’ “fx‘_u’rmbm&) SN, AITIE, KIREIES
DEFETITI T 2 72 REIROR A A KEEE L7 1T
W“%ﬂ%ﬁ KO RUER D ZEAME L 72, EXP-A+{ZD
mfi,ﬁ%%EmﬂnHﬂuﬁuiﬁﬁ@ =% | L
SEGHTIZ K DBEL . S Mdhmfuﬁmu
BERBUCERBLENSED S NBAI12E, Scheffe i
(Sokal and Rohlf, 1981) 124k b gilu&%ﬁo 7.

i AR D KR ISHRIREERL, HYB & ()pr lZR—-27
LEKAZEE - pHEF (WM-22EP, TOA DKK#) 12k D
WE L 7=, GEERMBPORKD pHIZ7.9% 5 82D
TdH-7=,

RS

%ﬁ%sEﬁLb#MEEOuTWﬁﬁmﬁiﬁ
SREHNZIR T IR T S E 254 (EXP-A), £TOKEXD
10 psu [XIZ F51 T 72 ERIARE % 0 £ R R IO K & 0

Time (hour):[J0h EA24h [J48h B 72h

20 -—% —?: . —-% @ 100

15 |

Number of survivors
=
T

25 20 15 10
Salinity (psu)

Figure 1. Mean (column)=*SE (bar) of survivors of O. oratoria
larvae at the end of 72-hour experiments of gradual desalina-
tion (EXP-A). The larvae were 5 days old at the beginning of
the experiments. Percent survival is read on the right axis.

K< (Fig. 1), 24 RBOEHICAETR L TSR ETR
ETHD , v —H — ORI THAbH 52Tz
LR &I - T, 48R HRICIE, 25°CX B &
U 30°CIXCid, ¥SERRES 5 [AI{E Uitk BT 380
ZOXEHTET 2 LD, 200CK TIREIE L 7~
EfRiE A2 < T2 RRR R IC XA FEC L 2 (Fig. 1).
15psull LR T, 2IFMEEEROFRBIIEL,
63.3% (25°C 15psulX) #*5 91.7% (20°C 25psulX) i
2% - 7= (Fig. 1). 2TCECE BT 21T - 72858, KiR&
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Table 2. Scheffé’s test for differences in number of survivors of
O. oratoria larvae at the end of the 72-hour experiment of the
gradual desalination (EXP-A).

Temperature Salinity

(row X column)

Salinity
10 15 20 25 31

30°CX30°C 10 — — — — —

15 ns — — — —
20 ns ns — — —
25 ns ns ns — —
31 ns ns ns ns —
25°Cx25°C 10 — — — — —
15 ns — —_ — —
20 ns ns e — —
25 ns ns ns — s
31 ns ns ns ns —_
20°Cx20°C 10 — — e — —
15 & — J— R -
20 *k ns — — —
25 *k ns ns — —
31 Hk ns ns ns —
25°CX30°C 10 ns ns ns ns ns
15 ns ns ns ns ns
20 ns ns ns ns ns
25 ns ns ns ns ns
31 ns ns ns ns ns
20°Cx30°C 10 ns * * ko ok
15 ns ns ns ns ns
20 ns ns ns ns ns
25 ns ns ns ns ns
31 ns ns ns ns ns
20°CX25°C 10 ns ns Hk ek ok
15 ns ns ns ns ns
20 ns ns ns ns ns
25 ns ns ns ns ns
31 ns ns ns ns ns

* Significantly different at £<<0.05.
** Significantly different at £<<0.01.
ns=not significant.

R ol 'ic‘EJ’rﬂi;& ¥ X s (P<0.05). RIS &4y
DEMETIZTIT 5 2R EE R A KEE LTI
e Slﬁﬂﬁ’frﬁo ToREER, KERMICHEBLZENR LI
m«mn.&m%mﬁ@%%,mmlwat,mmly
31psulX, 25°C 20-31psulX ¥ & U30°C 15-31 psulXDE T
72 RE [ B AR TR B B R A 35 A & 7z (Table 2). 20°C
10psu A D EBER OB THEEZRZR AL 57
(Table 2).
[ERIE 73 D ETE ARANFE I E % 155 L 7235 &4(EXP-B),

TORBXIZHBIT S 10B XV 15psuX T — 5 — ’\;be}\l_.
RIZETOMEEPEIERIEE 2 0 | R IZH=H D E %

(ERAGIEES

Time (hour): 1 0h EJ24h [148h EAT72h

20 T M 1 - : 100
30 cC°
ol b 0
4 60
10 - ]
i 440
°r {20
0 )i 5 1o
20 - - - 100
o 25cC°
§ 7 1 80
.E 15 + I ] -
3 {602
12}
5 101 1,5
<40 n
g 5 1.
[ T - 20
=} H J
z 1 0
20 - - - [—_——
5 20 C° 100
15t 0 1%
- 60
10 :
1 4 40
51 g {20
0 i i ‘I] 0
25 20 15 10
Salinity (psu)

Figure 2. Mean (column)=SE (bar) of survivors of O. oratoria
larvae at the end of 72-hour experiments of rapid desalination
(EXP-B). The larvae were 5 days old at the beginning of the
experiments. Percent survival is read on the right axis.

B> Tz, 10psulX Tl 24 RERERGE B IS @A AT L
7o (Fig. 2). 15psulXiTH T & 24 BF A I 13 KER 4
DEER2FEE U (Fig. 2), ERL TO B EKIZERE LT
R EITHT E— 7 — R CHICIRIEIZ & - 7. 48015/
FEMBBIZI2E VR & BT A A G W, 2ERRE S
21320 % KU 30°C X TREKRAIEL, 25°CKRTH 4 5%E
317.5% & KA - 7= (Fig. 2). 20, 258 KU 31 psulX T
72 RE R B A TR I E <, 55% (20°C 25psulX) A5
90% (25°C 31psulX) DBIZH 7= (Fig. 2). 2 TTEE7H
S EIT - 728K, KREESOMIZZBEERABRE X h
7o (P<0.05). KREIEDDEMATIZ B 5 72 ERERE
BAERKZKEEL LT ITLEE SR 217 - 2558, K
RSB AZENR S i (P<0.01). &heffe#«ﬁﬂ;@%%
FE—IREX N LU R 2EEXE & 2, 10, 15psulX
& 20, 25, 31psulX D 72 BRI E ’Lﬁjz-'—ﬂ)F’EJ R 2E
L& 4172 (P<0.01) (Table 3).
BMEE17 BB L AEIC DO T OESHIEESR
BRERICIR Y # B8 T & @ 7= W B (EXP-A+), 7215k
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Table 3. Scheffé’s test for differences in number of survivors of
O. oratoria larvae at the end of the 72-hour experiment of the
rapid desalination (EXP-B).

Salinit,
Temperature Y

(rowXcolumn)

Salinity
10 15 20 25 31

30°CX30°C 10 — — — — —

15 ns — e — —
20 EX 3 £ - — —_—
25 ek Hak ns — e
31 H* ok * ns —
25°Cx25°C 10 — — — — —
15 ns — — — —
20 e XS — . J—_—
25 e s ns _ —_—
31 ok ok ns ns —
20°CX20°C 10 — — — — —
15 ns — — — —
20 EZ ] _ _ —_
25 ek o ns - o
31 ookt ok ns # _
25°Cx30°C 10 ns ns o Hok Ak
15 ns ns Hok ok wok
20 ok ok ns ns ns
25 ek wk ns ns ns
31 Ak Hok * ns ns
20°CX30°C 10 ns ns Hok ok ok
15 ns ns ok Hk ok
20 Hk ook ns ns ns
25 *k ok ns ns ok
31 ok ok ns ns ns
20°Cx25°C 10 ns ns ok ok Hk
15 ns ns ok Hk ok
20 wk ok ns ns ns
25 ok ek ns ns ok
31 dk ok ns ns ns

* Significantly different at P<<0.05.
** Significantly different at P<<0.01.
ns=not significant.

HF360% (15psulX) 75 90% (3lpsulX) DOBIZH - 7=
(Fig. 3). KIEX (1086 LU 15psu) T, 24 BRAEE
IZEXP-ABLUBTHEEENA LS L HEIREIZNG S 1
FEBLT, ERELE» 572, | THESE S ORKR
BIEAXE T R2REMGERB AR IR S h A
Moz,

Z =

SHIOEED 5 5 HEOMEIC DT, BREIcES %
T & E 72256 (EXP-A) 1213220°C 10psu T, AR5
#FET 872354 (EXP-B) 2122 TOKERXIZE TS

Time (hour): 1 0h EZ24h [£148h E72h

5 - —

0 2] =1 100
5 : IZ5C
2 4r 4 80
g 160 &
7 3F 460 £
6 | 5
|- 2r 440 o
k] 1R
€ 1+ 420
=] ]
z, i i i i 0

31 25 20 15

Salinity (psu)

Figure 3. Mean (column)=*SE (bar) of survivors of O. oratoria
larvae at the end of 72-hour experiments of 5 salinity condi-
tions under 25°C. The larvae were 17 days old at the begin-
ning of the experiments. Desalination was conducted at a rate
of I psu/hr. Percent survival is read on the right axis.

psull T CHEKENKRELETT B EARHEE L 57,
BEMED ¥ ¥ 3 O—H Squilla empusa DIFBEFSHEIZ D0
TY, MALIRIFRBTCHE LR, 59 15% (%
15psu) T THBRHBAKRZSHD T2 i h
T35 (Morgan, 1980). M4 A BHIZ 15psu L FAET L
TR, SR I RNER IS SSEIRRE IR B Z & R, ERREAYIC
BT LEBAEL D SBOURSRENASVNI L, 6, 18
SO T HE A IBAITIE Y v DI D AR R D
ETARBEE N0 b5 EL 65,

17 HEOPEIZ DN TERENIES 2R T 2284
(EXP-A+NZIE, 5HEONEDEE L DB WERENES
N, ZOBRE, SELABET 312D EES D
WDEEDIEERELTNE, UL, BEICHES BT
SEHAER, EHITREOMA ZEICDONTDE S0
MEBRET > TAEWED, ZOMICELTZEIIRS %
By 5,

KIBIZ K BERROFENIOWTIE, BFERICIESRET
AT 5 2B EXP-AIZ BT 5 20°C 10 psuX TREEIZ 4 7%
BARERTLAZLERE, KELZIROALP 72, £
TORBEXD 10psuX 120 C, 24BHBBZ IR
HFEIRBEIC & - 7=, ARBFEEAHIZ 30°C B L U 25°CIX D
10 psu R TIdATR U T 2=l KE 5 A ETE U 7= D154
L, 20°C 10psu X TIHIZIF 2 TOMEHFIEC Lz, ZOHE
ENZ DT IEARNIZE TR LA - 724, KIBAEWIE
BIIESTENET T2 WREEEE LN 5.

Y EDERERAT S &, FEEERYIHERIZB VT
E 15 psu LI OEIESKISES L7256, BHCRMAaE
AT OB - 728BAIC, KERFESECMARDIKT %
FlEMEZTAREM D B LEAOND. FIT, BARAKR
TlzH W Ty v IOUREHSNAE A5 15 psu LI DK 4
AKIZHEE LSBT T B ATREMEIC DWW TRET T 5.

EARAKBIZB O THESPREETT20EERETH
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*WﬁFT@mﬁm ~30miZ g A AY, 8 H LI
g Ei@AKMmlﬁfﬂmuﬁﬁé(*m.m%L
_ﬂm, CEBIDER SN EBRFOREEET 5280
@ﬁ%kmméﬂfwé($BJ%®.—ﬁ,W%Km
EBIRIZEPLTHMHT S (L, 1987). 7, BURE
B WTHERGEO BRI AN AICh 5728
(757K, 2000) , FRNZ B 5 A R O KER S A R
10 mPBIZ G52 L1045, BloERBIZOmAES
+ B ERNC B O TCIINE S KISEE T TR R S &
LEZONS,

L#L&ﬁ‘,>¥3§E@%$@m%WﬁﬁdﬁﬁE
FE O HEREICH 5 (PE, 1986). ZOKIKTIEFE
o L!Sca)JJﬁL/JJ\(i(TJ”/j\fJ BRANKEIZHRALZESICG 15
psull FIZE T2 Z & id A< (M LIREFFBAEBIRE,
FAE), mH 1T bmfnatﬁmm R 6 & 20psu
PTETKTT2 BRI REERR & B
%Wﬁ@ﬁ%ﬂﬁ,%%Wﬁ%mﬁﬁgf—ﬁ774»L
L7t T, BURTE TIEIRIEAS) 4 D K ER 4 A ETERY & 5
SIS T & B 15 psu LT O KBRIZEH § 5 R K &
Zibh3,

F 7, WEBICHOTE, EBEOE SRR,
AR TR BN U 72852 10psufBE E TIKT 5 2
G R TWE (FEES, 2001). 20X 5 ki
2T Bl A AR IR A KT IS RO B T B W e A
HAM, AHREELTRERDEVDIMARDYIEIZHBE
HIFEEORBRBIIE > aAsEWEELIGNRS, —T,
4 DB T 7o b v LERENEIC BN, REOK
KA BT TRBASEBIT2 2 EARE SN TNV
(Lance, 1962; Roberts, 1971; Lougee ef al., 2002). ERTIZE
W v IR S A AV R O T A R AR
BLUEA, BERIS AR LHERENC L 0IESOE0
K@«ﬂ%uw*béT R EAS B, TOBIZELT

VIRAEEO H B KT IS CTRIEER AT, ¥ v I8
m%Miﬁ&m%A%mﬁw_Mﬁfﬁﬁtvﬁ%ﬂﬂ?
LHMNEND B,

—77, R TIREE OB KRB LIELISEZ 5.

LD FFFEOINE T, BN, R O B R R =
DERERHZ I T, R ORI & B35 (BLEIEREET)

ARIBZZLMMEShTEY, TOERE LTHE, %
REICR 2 TOMBIZE T 2 BB RREORE £ /-
mﬁ% X BHEMENE L 5TV B (Brock, 1990; Kur-
maly et al., 1990; Hamasaki ef al., 2002). 8502 W4
DORERFDOFEC Iz 5T 3 &L"’)’F&m IFRYE -6 A0,

iRz 45 J\O‘W'ﬂiﬂL N[ 0SS r- . B N O RN Nl = 4] L X1
FECER D E & 5 LUE!:ZEE) it, KT 2354 D
ERTZ#II2EI L, OB RS 5'?3"‘2,“*5‘
KE)L-&&C‘Z%)”I~U]:E&Z LTHEZGNS. AR TIE, 1§

I, ki

B A3 DR IO AR TR RUE T BB DL TIEEEHN L T
B5E, g®¢!<NVTi%‘ﬁh% L%ﬁfﬁ%%%#
b3, 7L, KUFEICET 5 PMOFEERICT, ML~
wiémﬂﬁifxm hwflmmmﬁhT i)
Kk mian & cRE L5, BIE M P IC IR 24
Uiz g b b T, W0psuilb 0 TEREAMEITIAS
Nhhotz. T2, ¥y AOFEHMHTH 2 HEIETK
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