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The effects of different methods of preservation and fixation in formalin and ethanol upon body size of juvenile chum

salmon
KryosHr KASUGAI

Hokkaido Research Organization, Doto Research Branch, Salmon and Freshwater Fisheries Research

Institute, Nakashibetsu, Hokkaido 086-1164, Japan

The effects of preservation (freezing & thawing, chilling, and chilling plus freezing & thawing) and fixation in formalin and
ethanol upon body size (length and weight) of three different fish size groups of juvenile chum salmon Oncorhynchus keta were
investigated. Body size decreased in most fish of all size groups after preservation, although body size increased in some fish after
chilling. Body size after fixation decreased in most fish compared to those after preservation. Decreases in body size fixed after

freezing & thawing and chilling plus freezing & thawing were larger than those fixed after chilling and death. Changes in body size

with preservation and fixation were different among the three size groups.

F—U— R Yoo, KE, K& AL~ e & —VEE, WK, B

AARICEBWTIEY 7 s (37 Oncorhynchus keta,
HZ 7 b~ RO. gorbuscha, Y7 7~ A0. masou) OELF
Fike UT AN LSRN EE L& 2 5O TS, I
IR EZ w2720, FEPEOHRIEN LI L I T
W5 (OKEF, 2009), FEEMEZERET 27200 EE LT,
RESRENGFHE I D IEMEIL, MECHAES L<H
WHNDFHERIEETH D, —h, ILFETIIEMED X 5
TR TERE R 7R FRREIC N 2. C, LR R 2 VW5 L 9
270, BRI OV T B A LRI IC L B ok
WKEEFAM ST S 4L, —EDOEIEEZH T T D (Misaka
et al., 2001; =3 &, 2004; Mizuno ef al., 2008), F7=, HIX
FUCIIT D EHAD 2 8 U T 2 BB DRI, TERDE N
IR DIRNTIZIN 2T, LERARIT K 2 082S -
bhoodbd  (GHE - #)11,2008), = DX 9 A Esy
Bricfts 24 o gk~ U CEENRTE =, 4
fif, HDWIT— B mHIRAE L, WA SARRE L
TOMICEET 2R B 5,

Y RAFADWHRELL, Stttk ORI TREN S
EWNHBIATWD Z E0G, ZOHEKEZWH LT D720

DOFRE DT IR H I R 72 i X 0 iThit T %,
D OFAE THREE S LTSRS, B TRIKIIE S
5 L3, BAOFIMAMIIS T, WK, M,
B~ U UREERR SRR e IR ETIRES D, FE
BIZBWTEY A ROBANEZ DT ERMERTND
Y, AERERF ISRV T B IERAEE 7 BT K D YA X2 bR
MHENTWD, BEORLY ) 0T v a— )L 8O
TENLE D B A AOEAGITE A RAETIRESNTEY,
EERTOMEE 7L (Theilacker, 1980; Hunter, 1985; Jennings,
1991), EEEOFEE (Billy, 1982; Fowler and Smith, 1983;
Hay, 1984; Glenn and Mathias, 1987; Kruse and Dalley,
1990; Morkert and Bergstedt, 1990; KB4 &, 1991; Hjorleifsson
and Klein-MacPhee, 1992; Karjalainen, 1992; Theilacker and
Porter, 1995; Shields and Carlson, 1996; Fisher et al., 1998;
Cunningham et al., 2000; 22 & « ‘B %, 2004; Joh et al., 2003;
Paradis et al., 2007), [57E & OWFE (42, 1951; FEE, 1972;
Stobo, 1972; Lockwood, 1973; Lockwood and Daly, 1975;
Takizawa et al., 1994), [EEROLE (NG, 1981), 4
4 X (Burgner, 1962; Farris, 1963; Engel, 1974; # i, 1979;
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Pepin et al., 1998) °F 15 DA HHIT I > TELH
B EPBRESh TS, $£72, WK, KK, Hif-
FRBUZAE D AT A ZDEAL AR & I B THlE S Tw
L0, VT BONMRE R > TR EITRH 25720 (Lux,
1960; Halliday and Roscoe, 1969; Sayers, 1987; Treasurer,
1990; & H, 1995; Armstrong and Stewart, 1997; Blackwell et
al., 2003; B T &, 2005; Chesnes ef al., 2009), —J7, #ii,
W PR DAL~ U CREE LIS E I nTiE
BLEOTHEN R, ZE DL LD EY A X~D
HBIIAHTH D, £z, MEZRDEY A & v TAR
DARY A ZHEE 24T 5 B &, T E THILE DO JFEIZ DN
THEHBRFENTZ o,

ARE T, Y OHEROBERMIRIC K DY A XD
ZAb, S HIZEN D OLIRE OEEIZ L DY A ZDZEL
EH LM LT, F, BRI ERBORETHWD Z &
T, YA ZOENHRIR - W ESCEED S 72 5T kI
FE T BRI LT,

HMB L UHE

WIBFE EAROAERERFOERE I L OREORIEMEIC
KT D, W - fREE, IR, B - R (LR, R
) HOWEMOEL, BLOZOHRDELYY v
s B ) — VEER DREME DA 5N T 57201,
WOLGRER X AT E LTz, SRR iR - I K52,
ARERIX2: MERIC X D28k, BRBRIX3: R & - RIS
X%, MK Fv~l X ) —VEHEDR, 72
B, AFRICBIT ARV~ & ) —VETE, FL
~ U VIRICRE U TR Z [ E L7 1%, SRR O %

B <72wh, 10% =% ) —VERIRICE LR TIR(FT D £ T
OimFEE U (ZHE - BIE, 2004), L& SCEF CIXEE &
DHFLT,

=V shffefaid, % EL70%, 200854:1H20H 5
ST FET - KK ERERY; 8RBV TI.SCTHK
HCHE L TE i, £RBRXICB W TIEORER T40Z D
WEEAT o7z, ERSOIEGRMEIZ L DA TE LR
VR CIZT 27202023 > % 7 el fkE: (FA100, DS
Ty =T =V A KR BT CRLIZE,
EL, HELICRFAE, F3EEEiT-7,

ARERX 1O UTR - ML, -20°C TLAFBEAE L7=#%, 5°C
TR T TREBE L 7o, SRBRX 20D HIT, 5°C T4 5]
1To70, RERXITIHBRX2 & FRFEICHE L7, 3B
1 & RBEICIR - R ZAT > 72, R E TR D854
WL, FEERIC X DG Z G <2, a2 A (BARR
M7 LT, ) RICEAZ20ME KN ~, FRE T
SR LERETT ¥ v 7 (&R VB ANEE LT
LTz, BB KIS W TIEAD, RAALER% S L <I33E
%I, FIRTS% AL~ U AR RS L CREE L,
W< AP LIZ%70% =% ) —)v (T~ /—/LNR, HHElk
SR, W) B LEZ, WEE ORIECHEMRTL
Too FEARVE, PRAFRECITR LIS~ TG L, [ e
WZIEMELS 56 TR > THER T SRR L 72, SiBrEIzis 0
T, Tk, RIFAEE GRERX3CILmEkL & m - i
%), BIUOEERIC, KR LTERXEEZT VAL /X
2% HWT0.0l mmE T, (KEITE T RKFFEALHVT0.001 g
FCHIE LT,

KRBIL, REOEWVCEDEIOENEDL LD, ¥
A R%EZT3EfT- 72 (A R F7)v—7 1: 943 mm, 2

Table 1 Means and standard deviations of fork length and body weight of specimens for each experiment (40 specimens in each

Body weight (g)

0.570 + 0.089 (0.365 — 0.822)
1.029 £ 0.193 (0.675 — 1.479)
2.326+£0.579 (1.513 —4.244)

0.568 +0.080 (0.366 — 0.728)
0.954 +0.152 (0.657 — 1.322)
2.298 £0.500 (1.403 — 3.444)

0.548 +0.072 (0.391 — 0.681)
1.003 +£0.178 (0.515 — 1.403)
2.426 +0.443 (1.625 — 3.674)

group).
Experiments  Size group Fork length (mm)

1 1 42.98 +1.99 (38.15 —47.53)
2 50.80 +2.96 (45.01 — 56.67)
3 67.81 £4.98 (58.78 — 79.37)
2 1 42.96 = 1.76 (38.11 — 45.95)
2 49.83 £2.75 (43.91 — 57.64)
3 68.41 £5.24 (57.23 — 80.43)
3 1 42.60 = 1.61 (38.93 — 46.23)
2 50.65 +2.70 (43.07 — 55.48)
3 69.12 £4.16 (60.39 — 79.41)
Control 1 42.57 +£2.22 (34.84 — 46.15)
2 49.73 £2.99 (42.24 — 54.30)

3

67.80 + 4.20 (59.45 — 76.63)

0.539 +0.088 (0.277 — 0.718)
0.960 +0.174 (0.587 — 1.287)
2.221+£0.370 (1.500 — 3.054)

Experiment 1: Formalin and ethanol fixation after freezing and thawing; Experiment 2: Formalin and ethanol fixation after chilling; Experiment 3: Formalin and ethanol

fixation after chilling plus freezing and thawing; Control: Formalin and ethanol fixation after death



LHBIE, A X7 —7"2: %150 mm, 2H20HH{E, W
A X7 NV—7"3: K970 mm, 4H2HMIE; Table 1; ABE, ¥
A XTI N—T2SGEERTLT D), HSGIIAERICENTIE
LN EERY P IRD 0T,

FTEAE ABEET L b LA O E S L OMEE O
224k (Changing rate) % LA F ORI K- THE L7z,

Changing rate (%) = (M, - M.) / M, x 100

M JLERFT O W E AE, My LB O W E i, alZ 134
(raw), MUK - fRIH (freeze), L (chill), MEHATE - fF
B (chill+freeze) 73 A % ; bIZIXW IR - B (freeze), @ik
(chill), #JE+H R - fiEBR (chill+freeze), [EE (fix) 23 A
%

TALRITHRETH Y, EHSPMAERETERNOT,
non parametrictf & C & 5 Kruskal-Wallis test T SGIH &\
DHEEERF L, Scheffé’ s test CHEM] OF & L 21T > 7=,
HEKMEILIS% E LT,

S

HERRX1 CoE - fRERICEE) ARETIE, ANEMEC
KT DR - R E B O 2R IISGH THE R E0
WO B (F =52.54, p<0.0001), FEIEIZSGINSG2E
FUSGIL V2% BRERELRADMHERL, /NS A R
TN R E 2 o7 (Table 2), —J5, i - fRaRig il
TEAEIZ RT3 2 B E % E I O 2 LR ILSGR TENFRD
otz (=248, p=029), ERIEMICEH T 5 EE
BIEMOEACET, AEREMI KT 2 - % R E
TEDOEALZE L FIERIZSGRI TEMNRD DL (=4899, p
<0.0001), SGIAH o & b RELADEEZR LI,
RETIE, ARREM T 2 M - fs s R E o 21k

RAFALEE & BT & 2 Shfefa o iRy 224k 13

RIISGH THEREN R LN (f* =38.74, p <0.0001),
PEIEIESGINSG2E L USG3 L W A EIC K& RADEE
RL, INSWY A X TP N RKE o7 (Table 2), &
- AR I E ML k9 5 [ E & E I D 22 LRI H0 ) T
HLSCGHEICAEREN R BN (fF =79.55, p<0.0001), %
- A% I E B k9 2 [ G 14 I E B 00 28 L3R 00 SR fiE
1E-15~-27% & AEREMIT T D M - st il E i o 28
(L O2~4FI272 Y, SG3, SG1, SG2DAIZ#axHE /s K
EDo T, AREMEICKT 2 EEZRREMEOZIELE
- AR I E B ) 5 [ E % E B O 2L &[RRI
SGHITEMNBD B (¥ =66.44, p <0.0001), FHED
REEHREIUIEFTH -T2,

HERX2 CAERBICEE) WKL 72V 7 dHEfI3E
P24 UL, B O KA, LB AEH LT
HEES o7z,

FREE, BRIV TE, ARSI 5 28 LR
REO/PNSRERTIXEDH AR L, (RENHE LI2HE
Hd o, KREBSTOEEITAOMHEZ R L, IWHEL 7=
(Table 3), AHEMZ 33 D e % I E 5 O ZE (L3R 1XSG
MTHERENALNL (¢ =92.85, p<0.0001), LD
PENIRE 2P A XAOSGIE EAICKERMEEZR LIZ,
A BN 3 D [ E B EE O LRI, FHIE AT
RTCOFCEB N TADEE LV, SGETHERAENE
LA (F=16.62, p<0.001), ARIEMIZRTT D@
BMEMOELR L TR, SG2RABICMOD2EEL Y
NS TR A & o7z, ARBE ISR D [ E 4 I E
DENFELSGHI THEERENA LN (F=7528,p
<0.0001), K&72% A ADOSGTRERADEE R LT,

RETIE, AEREMICKT 2 MIBGRE EOZE=RIT,
RELOER TITA DI %2 R LT B S o 7223, /Mo (H

Table 2 Means and standard deviations (ranges) of changing rate in fork length and body weight after treatments in Experiment
1 (formalin and ethanol fixation after freezing and thawing). M..: measurements after death; Miece: measurements after

freezing and thawing; Ms measurements after fixation

Size Fork length Multiple Body weight Multiple
Changing rates  group Mean + SD Range comparisons Mean + SD Range comparisons

Miaw = Mireere 1 -5.07 £ 1.08 -7.15 — -2.87 b -9.89 +£2.40 -1591— -5.56 b
2 -2.93 +£0.89 -4.93 — -1.07 a -7.32 +£2.06 -12.03— -2.30 a

3 -2.89+1.38 -6.38 — -0.39 a -6.24 +1.96 -10.66 — -2.43 a

Mireere - Mhix 1 -3.56 +£1.33 -6.81 — -0.44 ns -22.29+4.72 -32.27— -12.20 b
2 -3.15+1.05 -5.44 — -0.90 ns -15.51+2.98 -22.69— -9.98 a

3 -3.32+1.15 -5.43 —-0.44 ns -27.16 +1.50 -31.34— -24.54 c

Miaw - Miix 1 -8.45+1.44 -10.81 — -5.15 b -29.96 +4.93 -39.47— -18.42 b
2 -5.99 +1.03 -8.12 —-3.79 a -21.69 +3.30 -30.72— -15.72 a

3 -6.13 £ 1.08 -8.57 — -4.41 a -31.72+1.74 -35.43 — -27.38 b

Multiple comparisons followed by the same letter(s) did not differ significantly from each other. Letters indicate mean value, with the letter “a” indicating the largest mean

value, “b” indicating next to “a,” and “c” indicating the smallest mean value. ns: not significant.
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Table 3 Means and standard deviations (ranges) of changing rate in fork length and body weight after treatments in Experiment 2
(formalin and ethanol fixation after chilling). M..: measurements after death; Mun: measurements after chilling; M,

measurements after fixation

Size Fork length Multiple Body weight Multiple
Changing rates group Mean + SD Range comparisons Mean + SD Range comparisons
Miaw — Mehin 1 0.79 +£0.70 -0.56 —2.90 a 4.10+1.54 0.83 —7.47 a
2 -1.43+£0.92 -449 —0.23 b 224 +1.11 0.25—5.14 b
3 -2.76 £0.73 -4.11 —-0.96 c 0.95 +0.68 -0.68 —2.26 c
Menint - Miix 1 -1.82+£0.76 -3.50 —0.38 b -10.55+4.76 -20.60 — -0.67 b
2 -1.02 £ 0.80 -2.86 —0.97 a -2.97+3.55 -10.23 — 1.86 a
3 -1.67 £1.04 -4.39 —0.35 b -4.09 +3.08 -10.09 — 1.61 a
Mhraw - Mk 1 -1.05 £1.02 -3.91—2.20 a -6.87 +£5.40 -16.76 —4.43 c
2 -243+£1.21 -5.55—0.26 b -0.81 +£3.67 -8.32—4.22 a
3 -4.39 £ 1.06 -7.12 —-1.65 c -3.17+3.22 -9.83 —2.57 b

Multiple comparisons followed by the same letter(s) did not differ significantly from each other. Letters indicate mean value, with the letter “a” indicating the largest mean

o e

value, “b” indicating next to “a,” and “c” indicating the smallest mean value.

RTIXEDME AR L= (Table 3), AERIEMI 3T 2 ik
BIMEMOEALRIL, SGHTHERENRD LI (f =
69.42, p < 0.0001), Y ZH/NZ72SGIE EIED K & 72 -1
fliz R, VA AR NSWIEEBILDEENRE M7,
— 7, PREE OO A% 3 B [ 44 A i o> 28R
IIRED D ADMEEZ R LIz, KEREECIXEDME AR
FHEA S W BTz, RE O GR35 EE %

TEMEOZEALRITISGH THERENR D biv (ff = 47.52,
£ <0.0001), SGINPMLO2BEL W AT KERADIERL
Too REEOERIEMIZ T 2 B E&REEOZE(L=:E SG
MTHERENRLLIL (*=2824,p<0.0001), FHIHE
W3REE LADEE /R L, SGI, SG3, SG2DJEIZAICKE
iz L0, SG2H Y o & BN/ NS o Tz,

HERX3 CAE A - BRRICETE)  ANEEd

Table 4 Means and standard deviations (ranges) of changing rate in fork length and body weight after treatments in Experiment 3
(formalin and ethanol fixation after chilling plus freezing and thawing). M..: measurements after death; Mo
measurements after chilling; Mi....: measurements after freezing and thawing; Mnin-eere: measurements after chilling plus

freezing and thawing; Ms. measurements after fixation

Size Fork length Multiple Body weight Multiple

Changing rates group Mean + SD Range comparisons Mean + SD Range comparisons
Miaw — Menin 1 -0.73 £ 0.69 -0.64 — 1.96 a 416+ 1.51 0.97 —17.16 a
2 -1.35+0.80 -3.32—0.94 b 1.15+0.63 -0.50 —2.18 b
3 -3.18+0.71 -4.71 —-1.80 c 1.13+£0.55 0.30 —2.28 b

Menint - Mireere 1 -4.05 £ 1.56 -6.66 — 1.36 -14.59 +£3.34 -26.01 —-10.03

2 -2.224+0.69 -3.80 —-0.72 b -8.66 =3.41 -19.49 —-1.70 b
3 -1.03£0.75 -3.04 —0.72 a -3.21+£2.07 -8.38 —1.56 a
Miaw - 1 -3.35+1.58 -6.29 — 1.38 a -11.03 +3.69 -20.72 —-5.21 c
Mehitt+freeze 2 -3.55+0.88 -5.78 —-1.71 a -7.62+3.41 -18.24 —-1.48 b
3 -4.18 £0.55 -5.18—-2.98 b -2.12£1.90 -7.13—2.54 a
Mehittsfreeze - 1 -3.27+1.62 -10.43 —-0.15 b -18.88 £5.85 -32.34 —-4.57 b
Miix 2 -2.58+£1.15 -5.36 —-0.38 b -16.89 +£3.44 -22.57 —-10.72 ab
3 -2.03 +£0.55 -3.52—-1.18 a -14.98 £2.53 -20.25 —-10.33 a
Moy - Miix 1 -6.53 +1.27 -9.19 —-4.19 ns -27.81+£6.26 -39.36 —-15.00 b
2 -6.04 +1.19 -8.20 —-3.03 ns -23.28 £3.17 -31.29 —-17.44 b
3 -6.13£0.72 -8.28 — -4.67 ns -16.82 +1.78 -20.80 —-13.18 a

Multiple comparisons followed by the same letter(s) did not differ significantly from each other. Letters indicate mean value, with the letter “a” indicating the largest mean

value, “b” indicating next to “a,” and “c” indicating the smallest mean value. ns: not significant.



L NHEA R EMEOEHEL, (KR, REOWFG & bR
K2DPRAFAER & [7] U 72 O THME LT,

RE T, W% RS 63 2 6 Ak % 8 @ g o
AL, SGHTAHERENRD LU (" =7470,p
<0.0001), A EfEIZ 63 % MR B E I O AR & da
2, NERSGTHRDRE iz L7z (Table 4), AHIE
I3 2 A - B HEMOZLEIL, 13EA
EORENADMEZ R Uz, AR 3 2 B+
- fREIEME O ZE LRI, SGRITHERZENRD b
(¢’ =13.18, p < 0.01), SG3SGlE L USG2k » AlTKE
TRE AR U, VR - R I ER ST 2 B E
HEMOZEHIT, SGHITHERZAENRL O (f =24.46,
p<0.0001), SG373SG1F LUSG2L W AEIZ/NESRAD
2R Uiz, ARRIE IR D EE & HE O 20X
SGIIZHEREN R BNT (ff =2.83, p=0.2429), A1
RIZ X DWHEOFEE BN T2 0o T,

RECIX, WERME I E M6k 2 i - g 4 0 2 i o
AL, SGHITAHERZEZNRD LU (' =8831,p
<0.0001), AR ERBRIC/NS2SGTHDO KX REEZRL
7z (Table 4), AMIEMEIZKIT 2 M BHA T - fEHEZHIE
O LRI, KMOMKTEDMEER LIZEE L H -7z
D, KESDADMEA TR Uz, ANEMEIT 2 ms+h
W FREBNEM OZ LI, SGRITHREREN AL
(' =76.27, p <0.0001), Z5A{t = o -1 fE 1L SG1, SG2,
SG3IDNAIZEIZKE el zE &0, NS A KT ERED
WD Lino T, WIEHATE - fEEEGIERIZI 2
EHRBEMOEARIL, SGRITHRERENALN (=
12.32, p < 0.01), SGINSG3L W HEICKE RADMEER
L7, ZN S OMBE D TIXEERE IR 1o 72,
A E I3 5 [ E B REME O ZLRIL, T CoEE
WAOMHEEZRL, EREREL D 10%LL EbEEN D L,
AJE M 3T D [ E % O Z{EFRIE, SGRITHE
RIENRLN (=71.73, p<0.0001), SG3HNSGIE LV
SG2 L W ABICEALENI /N E <, B XAV S WOIE EUUH
MREN-T,
MEX (EEDH)

ARRFFEERICT N TOMKTEL

PRIFALEE & BT & 2 S o iRy 24k 15

ERAOEAERL, I L7 (Table 5), {KHE TIESGIT
XKy DA DZEALFE R L7203, KEOEER T
IEDIEALRE IR LT BE RN Z 0> 7=,

HER L OMEEOECRITEERICB WV TSGHICAE
mAENBO BT KKy =1941,p<0.0001; ff &
%'=58.52,p<0.0001), A& TIESG2A3SG13HB L UVSG3 LY,
BALRPN/ NS L, WHEDS/ NS o Tz, —F5, (KETIESGL
BSG2BLUSG3 LV FRICADKREfliz & v, /S
YA X TITIREOWW D N K E o7 (Table 5),

=B

AR OFER DS, REIS L ORI AR, 7,
WA - R K DRTFR E iR~ v - =& )
—VEER BT, IR ECARY A XOEWNZ X 5
TEEENREL B2 D Z LB SN2,

K&, IREORGC, LREMITT 2 [ E % R E o
ZEAL R A DR AT AL PR 14 0 1 i 00 A= 381 L2 o3 % 284k
ERIFALER R IE I 2 EERMEBOELFE DL
BLEOMEZ>THED, HRALEEL LOFEENFRES
T OMREICRIET BTN T E BN
7

RIEFNEC & Z5E

FHOEBOFHWICBIE SN A b E LT, ERME S
iRz & bR o Wb E oD (L, 1991), 7z,
B UNRTEOGFAREEICEENE LD LT TS
HEMELFHNTWS (L, 1986), AMFIEIZIHNT,
TRAFALER (VR - IRDR, Wk, MER+-m R - ) %IT
feZ ol R EB LOMEOZIL, EEOBSREE LT
WoHEEZILND,

AKBFZEC BT, Wi TIHAET NS W ER T E
L7Zoiext L, REWER TR Lz, —J7, (RETIk
W T X TOSGTIEEMER M LT, MPITIER R
XX Itk /(AN (AR L7 AOUNAE (WAl R N
EHEZRE TS (B, 1991), stk CIE A S b ik

Table 5 Means and standard deviations (ranges) of changing rate in fork length and body weight after treatments in control
(formalin and ethanol fixation after death). M..: measurements after death; Mz, measurements after fixation

Size Fork length Multiple Body weight Multiple
Changing rates  group Mean + SD Range comparisons Mean + SD Range comparisons
Mhaw - Mk 1 -3.79 +£1.00 -5.49 —-1.14 b -6.90 £ 3.75 -13.84 —0.37 b
2 -2.86 +0.80 -4.37—-0.38 a -0.31+£3.15 -6.57 —5.09 a
3 -3.27+0.76 -4.75 —-1.01 b 0.99 +3.45 -5.33 —17.57 a

Multiple comparisons followed by the same letter(s) did not differ significantly from each other. Letters indicate mean value, with the letter “a” indicating the largest mean

value, “b” indicating next to “a,” and “c” indicating the smallest mean value.
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ATV EEbNAEEL o TEY, /S e flE Tl
WIBRTORE 72 Bl L B> KU 7 THRAKOIRE D k
NORT L FHROENFEESL ETPREND, K&y
A XTI R OEAL D /N E WA X L0 1B 72 5
STt X XDV L0 AKREDNHE L 7= D2kt
L, /NSO ZTIHFRAOEAL S HEA 2723, (KEMf
E L& Bbiniz, oIz O FHHE D PR K )

KT 24 (B8, 1991), 7Ky ORI X 0 5 FRiHE
WK NERET D (5, 1985), ABFSE ClIecfisz b

T OITW AN ZER X TR D772, fhFHE D
INFAEDEA T & b D /NS W XTI, K O
HEDPRKERTA XL KRELS ozl LTk
D, REAEINLZ E Bbhiz,

W R (Wb ED) T, BRE, REITE
BB ORI LR TURE £ 72138 L TR0, /h &
TRARIRCIER X 2R X 0 IS D DR E Dro T,
BCFREIZ & 672 ) BN OZ L & LTiE, MR E
M R OFREEENMEN TS (U5, 1978;
PETT, 1986), ZALS DZEAGITRAT ZHFENER Y |, iR
I (B VPB4 B & [RIER I AT R D ATP I N3 5 Z &
(2 &0 AARHE AN R E & Je Wl LR B oISk L
(I 5, 1978), & /3T EOBREENMET S X7 EN R
L > T TAROEERIEES R HIcZb+ 2 G
JF, 2002) . ABFZETIE, WEL, HCHEEAEATS L b
AT BB T H M - B IHE DN R o= 2 &
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