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Genetic Parameter of Chum Salmon Fry (Oncorhynchus
keta) Caught in Moheji River, Hokkaido

Yasuji Kanno*

Abstract

The genetic parameters of eleven morphological traits in six broods of chum salmon fry
owing to six pairs of parents caught in Moheji river in 1986 were calculated by using the
matrix operation. Phenotypic correlation matrix between traits were divided into two
phenotypic correlations based on the formula, K-*CK~'=K-'CK~'+ K~'CK~', from which
genetic correlations and environmental correlations were calculated.

The heritability of the eleven traits examined were distributed over a broad range ; i.e.
0.844 (BW/BL), 0.576 (PF), 0.547 (DF), 0.538 (PV/BL), 0.438 (VN), etc. Eighteen
combinations (349,) of the traits are over the coefficient of correlation of 0.6 in the genetic
correlation matrix.

The rate of determination due to environmental causes is generally a high level; i.e.
0.834 (AF), 0.756 (PA/BL), 0.749 (PD/BL), 0.637 (ED/BL), 0.632 (BL), 0.626 (HL/BL), etc.
Three combinations of traits were over a coefficient of correlation of 0.6 in the environmental
correlation matrix, of which the correlation structure between traits seems to be simpler than
the genetic one.
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BEOWEFIVECERIREEOBIN OB A b, KEFEWHED ETEEREL
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BREOERY, BELBEOHEAGEBEL L5 & TAHEIR, BEEHOSEEFDOBRNERE
LBIET AR ZKBDTEELE L ODND, AWERRZOBOWREOERIER LT 51D, ~
Y rfEREHEE L CRERLLCCBEHEBER Y OEER 7 2 — 22 HETH L ExRAAL
HTHD,

ML FE

e HEhci3 1986 £ 11 A 17 Hicdb#gE R O i) | TEE L 72 6 O R A LI
L7c 6 @AV, BB TEEERIC X T, EREZ OB CH)IIKFRAEL T
B L, ItBEAFEREABRCBERL CHBT L, AT B L TEBALHE
HU, - OfRoKBEEE, LH128-10°C, EL12-13CTh -7, BMLIX 198741 A5 H
ZihED, 1A IBHRKET Lic, #EX3 FUA»SERAENZHEL, — A oHEEE I
ik 4, Bz 2| e Lic, BERNEK, 2 TCOBEFELBIELD, 20 FEOHRAKRD
AEHOKEZBL, 2TOoKEYR—&4TREL, 8 A3 AKERL BRSOV T 11 E
EHEIL 7o, 1 KO R T EIEEF O NS EEBUIH 300 B TH » 1o, WEOMEEBEIRD LB D
TH5H (Fig. 1),
*HE (BW): ABR L CERERYSU2AOEER
& (BL): Uiis b RIRSO WE RN £ COMERE
ITPARTEE (PA): Yrsid SELFIhREEE coER
B (HL): WHs» bEEEFoBmE TOERE

RE (ED): REDOKPE

Tgpik (PD): Yn» LETEIIR T COBERER
JEEERTR (PV): Upes: & EEERIVR ¥ COERER
FHEH (VN): EFERE2EUTHEHO2HK

EEEER &S (DF): Bk CHBECOH# L - FiggRELoK
ISR (VF): Eficis\ Tl o8 L - EREREOK
BIEE SN (AF): Lo\ Tl S8 L - BEREO K

R (ED) HMESROEAFERFECER I 7 n 2~ 2 - HBRTHE L, $E (BW) 51U
*#@ 5K (PA, HL, ED, PD, PV) RGO A X IKBTIHE RO T, FEZSOWTILEER
DIFTHRLTIEBECEICBREL, FfHIsRC o VTRERIENTHCBELTUTD
HEFER L, FREOMEOERE & LTk BW/BL, PA/BL, HL/BL, ED/BL, PD/BL,
PV/BL L LCEb LT,
NAGYERIEE FEA L BEFROBMGRYIE > BEROB AL, W< i Wright® o <2 £&

BL

Fig. 1. Measuerments of six morphological traits
of chum salmon fry. BL: body length, PA :
pre-anal length, HL : head length, ED: eye
diameter, PD: predorsal-fin length, PV:
preventral-fin length.

K
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Fig. 2. Two causal path models showing genetic
W, w, W (f) and environmental effects (¢). (a) : causal
Teij model of one trait. (b): causal model of two
T traits, both showing the relationship between
@ phenotypic traits (p), and genetic (f) and
~— environmental components (&), simbols of h
fai and w are path coefficients, 7;,; and r,;; are
h h h. J J
! i } phenotypic correlation coefficients owing to
genetic and environmental components, and
fq @ @ r*:;; and r*g;; are genetic and environmental
> correlation coefficients. Subscript ¢ and j
Faij are assigned to each of the traits or compo-

nents.
(a) (b)

¥ CBIGHIRE (genetic determination) DRIE & L THRB LI T\ 5, ¥, Wright D
HIxFEYEHL, BREAAFEREBREROBEEYREERDLITH S,
BEEOWEOXEMNEY P E L, ZhieNETrEETHEY £, BEEY ¢ L T5&, RE
RE P, i—BCEEFRE L BEBECL > C P=fi+e tRbTIENTES, ZhHLOEHK
DOBIfR%Y Wright® ft - C Fig. 2(a) K AXA Y75 4L LTELT, 2 TCOEREFHNO,
SN LIzl b X 5w EEH#E{l (standerdization) L, S HIEBRETRME S L RIEME ¢ BEVIZHE
MTHHEMEE25E, EREOSEROBMKRR, KOEBERE L TRbLT I LATED,

Pi=hfi+we (1)

b BI0w BAAREERTRBRETHD, F4«OBER LR CHFEL L5 &,

E(Pf))=hE(?) (2)

E(P,2)=hE(Pf)+w,E(Pe,) (3)

E(e,P)=w E(e2) (4)
3) R, (2) K& (@) KeRATZL,

E(P.2)=1=h2E(f;?)+ w,*E(&,?) (5)
SHESKEXHRZ S L,

V(P)=k*V(fi)+w*V(e) (6)

BB V(P), V() BIUV(g) RUTHhIEBELEELINTHS200, L1 TH5, -
T, b2 & w?id, ERBSEHPC 555 BETFREOSEH V() ¢ BEMEOTE V(e) DEIEY
Fbtzliehkhs, o hizEREFHCRH T BETRSBOKTER I h 3 BIEERC—HL, ¢
ARED 2FE b BRERY, w? QAREEFLER (1-h?) vERbTZLthsd,

—RIEE T OBEFHERAM ORIV DT, SARKEHET LI, ~RAEFALLELT
BR S h A RETEAVERMOBRRYEFIH S, K, BFEOMHBERE, 2iEdbs ik
A BRI DB RES L CERREAEV-ORB Z NS, L, REHAHLLEEONE
BEfBTAL5 kT —20B/KE, BRACERZFIRTHL-HSBIIICL 501 E8
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Thbd, 22T, TIHECIYEHECHKLLEES T A — 2 OHEOHELRDRN5,
SHBEDHE RerREOBHICOVWTEEVEONEEY b - TV 584, WEHEE, —#
WEDHWER L STBETH, RBEAE p, BEFHES, FLIORBE & CL->Tp=fite &
FbhEAh?Z L3Il V¥, COHEZ 2HEKLALEEYE 2, “RF1¥ 754
o7& Fig. 2(b) L3,

Hashiguchi and Morishima® i%, n @& 2>V TOEK (k) OWEL£EOREEDOITI Pays
%, BETFHMEOTI Fuw BEEOTI B,y 12X » T P=F+E THRb LK, Z0XOWHI
DHEIEFHTINL C=Ce+ Cs BRI, b hiL, - oRAMEOBREREYHRT &
TEHATH K il 5T,

K- 'CK'=K-'C;K-'+K'C:K (M

EELTENTEDLZ LR LL, E3EEFRBMBTZ (Re), HZIHE 1 HIABRERSIT
I AERBEEETT (Re), X U 2HIRERSIC L AREMAETY (BRe) 2KRbT, 20
R; & R OXRARS DT FHBER M LBEFSE (1-0) ¥ 525,

ZORIE, K, BETREOE « DERFELX ARG £ T50AT7 Ko X CREED
ERREYHARS ETHHATII K ¥AVWEZ LI - T, BEHBERES X OBEHER
BEOBRERD X 5 CHATRHIKERbLTZ L3 TCE 5,

K 'CK'=K'K; Kc'C; (K'K; Kc')
+K'Ks K Cs (K K; Kz 1) (8)
:K-IKG R*G (K—IKG)t'FK_lKER*E (K_IKE)t

FUE1ED B*o(=Kc ' CeKo™') 8L UH 2D R* (=K' CeKe') RBETFRMER S X U
BEEROMBIGETFI2Fb L, ThXREEHEBTFIR L OCREHBETS L FiEdh3, 2o

1004+

80

Fig. 3. Growth curve from hatching to
August of chum salmon fry. Verti-
cal lines show the range of brood

60
means measured in body length.

Body length in mm

1490k

20 Il I 1 I i 1 I
Feb. Mar. Apr. May Jun. Jul. Aug.

Month
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Table 1. Three statistical parameters, means, standard deviation (SD) and skewness (sk) as to reference traits.

BW/BL BL PA/BL HL/BL ED/BL PD/BL
Brood -
Mean+SD Sk Mean+8SD Sk Mean+SD Sk Mean+SD Sk Mean+SD Sk Mean+SD Sk
1 12.87+1.12 —-0.34 104.48+5.50 008 68.01+185 —0.47 22.94+0.76 0.48 48.40+3.43 0.68 46.294-1.42 1.30
2 11.87+0.56 0.31 102.74+6.41 —0.33 68.50+1.81 025 2358+1.32 —0.08 45284283 -0.40 45.69+1.59 0.13
3 11.60+0.64 0.24 10644+6.89 —0.44 69.24+1.48 —0.29 23.22+0.87 0.41 44.02+2.95 0.31 45.36+1.90 0.05
4 12.75+0.89 1.18 107.77+5.34 0.31 69.46+135 —0.29 24.01+095 —0.36 46.47+3.19 0.24 46.34+1.17 0.28
5 13.36+0.98 147  98.70+794 —0.45 69.26+237 —0.11 24.12+1.01 0.41 47.60+3.33 0.05 46.45+166 —0.99
6 13.48+0.76 0.33 108.12+883 —0.70 69.91+143 —0.01 24.14+0.97 0.58 46.83+3.34 0.19 47.25+191 1.14
: PV/BL VN ' DF PF AF
Brood
Mean+SD Sk Mean+SD Sk Mean+8D Sk Mean+SD Sk Mean+SD Sk
1 50.85+1.53 0.45 67.28+0.79 —0.02 1556+058 —0.94 15.80+0.58 0.00 1852+051 —0.09
2 50.28 +1.46 045 68.171+0.72 0.54 14744045 —1.17 1548+0.51 0.09 18.714+045 —1.17
3 51.41+1.31 0.53 68.04+0.68 —0.05 15.64+0.57 —1.34 1512+0.60 —0.03 18.76+0.52 —0.30
4 52.2241.92 044 67.86+0.83 —0.27 15.04+0.58 0.01 15504051 0.00 18.91+0.61 0.03
5 51.59+2.10 0.98 67.17+0.58 0.02 1543+059 —0.45 15.04+0.47 0.16 18.65+0.65 —0.63
6 53.26+1.29 —047 67.9640.79 0.63 15.64+0.57 0.14 14844047 —0.57 19.00+0.50 0.00

¥
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¥, K'Ke 8L UK 'Ky THHEIHh 5 22073 AFRE (h L0 w) 252575 i
b, Rc & R*c D« DERITOVT, 76:;=7r%; * hihy DBARS Dich oo 2 L b2 5,

& R

KROBFRHEOER 2AnbL8 BEcor ey r FRAOKEBEY Fig 3 10RT, BRKE
DHAIT 4D BT 57, AFROMEILZ OBPLRRC I BRKTRE Licld, KRB
DYXY5ALUBEORENRI RV E T B EELZLRS,

AL 1 BHI>\C, BFEEOERY Tablel KR+, £ COHMBMHE D OERNLR
bhie, WEZ L BEX#&RET5 &, THiE s EERECIERANERRL, 20
BB b D ThH oot BETRErLLAE AN BENEEL, BFCL Y HHE
MR bbb, BADWEZT Licib &, BW/BL, ED/BL, PD/BL, PV/BL O X
5W&IEF, BL, PA/BL, DF, AF © L S &AM sth 58, LT HL/BL, VN, PF O I
SIEANRET AHEL L LR, Fisher'® iz X 1ul, SR OBLRERCE ST 5 /EFO
Firv AR IBZBENRDY, BHCEEYETS bR 5,

Wiz, WEZ LGB CEHEOH—HORERTY &, 11 BEEL CIK 1% KETWTh

LERENRDBhI: (Table2), Z Dz &, BIFFOLTOBED, WTFhiBADEBLEHE
BEYZFTCWBI ERTT,
FRIRIHRAITH] R, DEIH E X NHE =¥, 2EFCOWTCOHET — 2 2 HEEEELL,
ThEd i UTERBEEEBETYI R 5 E L., PV TRp% Re KX U Re D 20DRBS
LT 570, BWE(1=1,2,-, k) KT EFHOEHBEBETRE () & LIEEFHEOEY
EXER L THTF (Fuxx) &Y, BIEME (o) L L TRBEE p »OFHBETRMES 22
G 12FTF) (Buxs) & & »C, FREDOWTHHEEFTHITI M BI U M) B L, 202
DSDfTFNE, &5 (fullsib) BOBEHRSOLSEDF +» v 2B EThE, HINAEEHE
(additive genetic effects) IZB§ L T (7) AD Cs, Cr L RDBAZRH D H1112

Table 2. Results of variance analysis as to homogeneity of brood means of traits.

Trait bobwens hevods withiy, e iuals df F ratio
BW/BL 14.4332 0.7203 5, 137 20.04*
BL 298.8451 48.3665 5, 137 6.18¢
PA/BL 116157 3.0515 5, 137 3.81°
HL/BL 6.1839 0.9782 5, 137 6.32°
ED/BL 61.7802 10.1715 5, 137 6.07*
PD/BL 10.5613 2.6813 5, 137 3.94°
PV 26,4995 2.6281 5, 137 10.08*
VN 41555 0.5413 5, 137 7.68*
DF 32179 0.3118 5, 137 10.32*
PF 3.0937 0.2788 5, 137 1110
AF 0.7291 0.2939 5, 137 9.48°

* Significant at 1%, level
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Table 3. Phenotypic correration matrix owing to genetic conponents (bottom triangle) and
genetic correlation matrix (top triangle).

Trait s BA/TL/ BD/ l;li/ T/ VN DF PF AF
BW/BL 844 —097 331 575 823 938 617 —.585 .330 —.269 .160
BL —054 368 373 —.04T —277 179 541 575 203 —059 647
PA/BL 150 112 244 784 —248 453 812 313 247 — 849 856
HL/BL 323018 237 374 108 611 .663 .070 —.169 —639 .679
ED/BL 456 —.101 —074 040  .363 673 132 —814 199 281 —.347
PD/BL 432 054 112 188 203 .25l 54 —289 208 —.352 A8
PV/BL 416 241 316 298 058 277 538 094 458 —.668 .780
VN —356 231 .102 028 —.324 —.096 046 438 —.365 —221 652
DF 224 091 090 —076 089 110 248 —.179 547 — 403 — 057
PF _188 —.027 —319 —.207 129 —.134 —.372 —.111 —3226 .56 — 606
AF 060 160 172 169 —.085 085 233 176 —.017 —.188 .166

Trait BN/ pL RA/ HL/ ED/ FD/ FV/ YN DF PF AF

Co=2M;, Co=M;—2M;

Th@z, ZOBfLLEhERBERIBISBATI Co, RETHTBTT Ce HEL, 35
2, (1) Rk - THIET 5 2 20RZHIHBIFTFI Bs (Table 3) 35 X 1 Ry (Tabled) ZEHEL
7o R OXAES reu(t=1, k) CRE+~OHMEOREER NR S h, ARSI

Table 4. Phenotypic correration matrix owing to environmental causes (bottom triangle)
and environmental correlation matrix (top triangle). .

PA/ HL/ ED/ PD/ PV/ oo 1o pp A

Trait BL gL BL BL BL BL

BW/BL  .156 073 157 086 —.482 —278 —.417 628 —316 525 .194
BL 023 632 054 —.603 —.727 —.3056 —.213 —.190 —.228 .137 —.226
PA/BL 054 037 .56 —.080 061 —218 548 —115—.234 283 —.225
HL/BL 027 — 379 —055 626 537 129 —.199 030 051 .203 —.062
ED/BL  —.152 —461 042 .339 637 —0TT —002 .388 —074—171 .107
PD/BL  —.095 —210 —.164 088 —.053 .749 313 012 —.055 —.119 —.006
PV/BL  —.112 —.115 .324 —.107 —.001 —.184 .462 020 262 A72 388
VN 186 —.113 —075 018 232 .008 —.010 .562 164 —.014 * 070
DF 084 —.122 —.137 027 —.040 —.032 —.120 083 453 436 351
PF 136 071 .163 .151 —.089 —.067 .200 —.007 .191 .424 —.030
AF 070 —.164 —179 —.045 078 —.005 —241 048 216 —018 834

Trait BW/ o PA/ HL/ ED/ PD/ PV/

BL BL BL BL BL BL Y'N DF PF AF
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i * By 3B Z BT\ B, & 2T, 16, =1%o hh, DB LHER ORGHEBRE r*c,; &
HELTHRTE Table3 o FHo=AEO X 51tk b,

¥9, R OfTFIOMARSIRENBBEEY LD L, BW/BL 720844 L Rb &<, Tk
PF (0.576), DF (0.547), PV/BL (0.538), VN (0.438) 2B\ METH », T DOl 6 FHEIL 04 LT
DEELYRT, EAOZARCRIN S BEHBEREE 2% &, 0.8 L Lo LBWE ELRT
WEDOHEEHEH, BW/BL-PD/BL (0.938), PA/BL-PV/BL (0.872), PA/BL-AF (0.856), PA/
BL-PF (—0.849), BW/BL-ED/BL (0.823), ED/BL-VN (—0.814) © 6 &2k Habh b, 2R
BVWEEbLNS 06 ULoEARTIHEOEAREIX1I DY, £558488HD 34% ikisb, =
DBREABTIZERT 2 RETFEEROMHEBEESE R, »h)EH CEHENCHTEEZRIET
B ELIREETH A,

Wiz, Bl X 2REIIBEATS Re (Tabled) 45 &, ZoOTFIORARSHEES SR
(1-h?) %FbT, ZOHLEEE (Table3) L XEOBENFI - TWT, BESEROMED
KEKRWE (BECEEOMWLE) 3, AF (0.834), PA/BL (0.756), PD/BL (0.749), ED/BL
(0.637), BL (0.632), HL/BL (0.626) DIE & 725, HEREDOE-FLE T BW/BL (0.156) iz 55
noH, EWEXHRL LBEGERI VEEHNEEV, 202412, WEOERILHEDLHEED, &
e L CRENARERTIIREVC E2RBET S, 7, BEMHBITH (R*:) (Tabled o =
A) i, BENEWEYRTHFEOE S ¢ BL-ED/BL (—0.727), BW/BL-VN (0.628),
BL-HL/BL (—0.603) iz 51 % BEEHERE L v WEROHEBBENETHMO X 5 ekt 5,

% =

TF—YNEHEN WEI LORFEHECEE T2 582 T - 2R (Table2), & CoOHE
KM AERE RSO, O LRBAYRCTHEIFHY, BERSOEVCIY £
REhBREVEYRT I EERT D, CORTERE-HECBRENEZR1/FETS L
EES ZLATEIR, - TR, BRAOERENLYRLFHET 500, BERYHBED LT
BBIEST A -2 OHEEHLEL IhD,

FHEC L BDEBENAT A - 2 EEOEBT 502, MWHEOSHSHTIOLETHD,

2, BEESC L 558ES8T5 C S, TORBETHEIRASZENEETHS, CONAR
BLTAMRDOT -2 6 HOBRBRLLOFRBICIBZDIDOTH AL, EROFELIZL - T
3, RO EOBELTIHIENEZORD, 5T, KRR THEINLBEAT A —Ritovr
Fr#ERACOVTD I ODBEBEL VI BERYAEXIBLE I &30,
HEORE FHka, EETRECI »ECHBETAIRRET 0K, WEZ L EFROF
BHERGEL, ThEEL LT Fu, ZFIBT 5 HEC I o T %, Lnd, B UEHELF
FT % one-way layout O 58D HED LiX, FHE S, *EFHOBRLIOL D E LCHTE
L, BAZ L CEAHRER L L TR > T ETRES, 2Fb, 202 LRERELRY
BTPHEXHELTCVAZ L LAERDOT, MEROBEICIREST 2 — 2 2 BAHET S
EEEDD EELLRD, LL, —7, HOBEGKEMEYRR > B, SHEILBEMT
by BRI OMBIEE AR ETE D LW 5 o R R VERY S »> T\ 5, EFE (b)
BIUBEFREHK o) oFE»XE < khlE (b, n#ic30 L), BREOERZIELTEX LB/
W

bz &k, KFENNMNEROBESIRINTEH, BRFHOBEY»EEHETHZ DT
AP EVTIRLEHIRBE L BB T A -~ 2 OHEMEY 5 2ERYRL TV 5.8 T
BECBETAEE T A~ 2 DBEYERTLZ LNEELEBREE R VT, —EOREYH&ET
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B eV rHRAOERE.T A — 4 OHE

BLLOTEXARGELEELLRS,

MEAERE & BB O RER BEFIFRHERNEO ST s BETREOSHOLTH S
2D, B, ZEEEC T2 BETHMEDOES X (ratio of contribution) Db owFE
b, Chie LT, BREFSFE (1-1) @, BEFHEUAOERS (BHERS) oF50EHEL
FbTZlicicd, Table3 iR R fT7IOXNART & LTERLINDBEEY D L, HEH
EoEW 81X, BW/BL, PF,DF, PV/BL, VN @ bh 5, WEEGOBEGEROTHE IR
$02-06 2hbh, HROMETHE I L BEOBEREFELULTWBDAb,1ES, —F, B
BEIC L » TR EhHBEEFEE (Tabled) DfELX A% L, 2TOBERCRCTRERLFAZE
DEDERELI, BECLI3EREBICEENERI DK EZRIDOTHD T LRBEEhS,
COZERI, FIof, RO SEEROBEAREORVERBLAERTHIH LEbRSD
2%, ZOBRCOWTIIEREERETY Re 0fEHRCHEE T MBEY SR, HROWRFERL
LTEIh 3,

wiz, BEHEBRE R (Table3) 4% &, 55 MEHD 19TE (34%) 0.6 LL LoE i
BnLbh, MWEMOEMCHEREGRERLTCV5, ChiBEFOLEARE, SIUOBEHE
ST BETHRBEYIETH Y vy - CHERCERTZEE2 LR BH, oG
WK CEHMABRRET I Lt Loy,

AHFREETTHH Y, RKERLEBAEFRRORLEDHE, 1o ORANTSHE
BER ey r ORBCELCERRIHIEB -, BAEHOBLXELET, ¥k, KR
XD ZBM T - e ALK K EESE B OAFE—EL, 7o b O HZS 0§ H RE#E
LCBRER#HEERL T,

X 79

1) ARZERF (1956). FHFICR O3RN0+ &y B OKRME, JLAKERER, 4, 266-270.
2) Martine W.R. (1949). The mechanics of environmental control of body form in fishes. Unsv.
Toront Studies Biol. Ser., 58, 5-72.
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