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Estimation of the heritability for growth rate in the Nikko strain
rainbow trout (Oncorhynchus mykiss) using the individual identifying

method with passive integrated transponder (PIT) tags.

2 .. 2
Ryozo Sato *1, Teruo Azuma — and Koji Muto *

Abstract The genetic variations in growth rate of Nikko strain rainbow trout were ana-
lyzed. Eight males were mated with 20 females using a hierarchical design. Fish from the
20 crosses were raised separately to an average standard length of 11.5~13.0cm and aver-
age body weight of 25.9~37.3g. Five hundred and ninety-three fish were then individually
PIT tagged and reared in a pond for the growth experiment through 90 days. In this study,
one fish died, and 22 fish were not able to be identified. These 22 fish included fish that had
lost the tag and also fish that had ingested lost tags. However, information concerned with
the growth rate was obtained from 570 fish. Mean values for the ratio of the final to initial
body length and body weight were 1.215 and 1.686, respectively. From analysis of variance
of half-sib, heritabilities based on the sire components for the ratio of the final to initial body
length and body weight were estimated to be 0.242 and 0.261, respectively. These values in-
dicate that individual selection may be effective to improve growth of Nikko strain rainbow
trout to some degree.

The method of individual identification by PIT tag is considered to be effective for such
genetic studies based on a hierarchical design, because all the examination fish can be
reared on one pond after installing the tag and the individual number can be identified from
the outside by the detecter without damaging fish.
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Table 1. Description of parental stock used
for hierarchical matings in rainbow trout

Parents
Lot Male Female
B.L(cm) BW (g) B.L(cm) BW (g)
1 332 655
2 375 1155 368 890
3 35.8 867
4 34.0 680
5 356 945 33.5 780
6 345 770
7 . 335 720
g M8 07 o £50
9 352 890
10 362 880 36.9 895
11 35.6 860
12 34.0 760
13 325 735 35.0 835
14 345 790
15 . 33.7 685
6 22 700 342 835
17 . 37.0 985
g 30T 340 755
9 . 36.6 850
0 42T 348 850
Mean 345 863 34.9 812

SDY 1.89 156.5 1.23 85.5
Y Standard Deviation

mykiss) O 3k HEB 8B (CF¥HAKE34.5cm, F
Yk ES63g) & MEH 2002 ([F34.9cm, [F812g) #%
FAWTH S 2N E %17\ (Table 1), 20%ELHl %
B A& DX C KA (65x30x35cm) (ZINE L Tk
F 9T TR - NI Z2IT o720 SLE TOKEIZ
#5cm, FEAFTLAREDKERIZHF20~25em & L, Tl

reader

msert of a tag

Fig.1. Illustration of the PIT tag, handwand detector and reader. Each tag is 12mm long by
2.1mm in diameter coated by the glass. If the detector is brought close to the position of several
cm from the tag and switch is turned on, the code number which is combined with the alphabet

and Arabic numerals appears in the reader.
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ORAEfE 252 THE L7z, &b, ZMEBAHOFY
ZPN 32,1458 (1,626~2,710%7), F¥PNEI1X52me
(43~59mg), FIH5LFE1269.7% (17.1~98.8%) T
o7z 198810 W], hit%104 A& #H8 L 72 0
EA30R T D% SR A & HAEAITED (A75H600
B), E#EmHRE s3IV ) TS5~ 2mm B L,

K [# - Identification Devices 1 # PIT tag (Passive
Integrated Transponder : Fig. 1) % JEFEPIICHIL A
A TRERDEE % 1T\, 200 ¢ @ FRP RN 2 212
WA L7z 12H PAICEIEAN3ITM 2, PIT tag H3li
Lo 72593B DR, RELEME L%, ot
ith (1.8x1.8m, K#0.5m) ~F L7z, RO 4
RELAL O EAR R O FHil1312.37cm  (FREHLOF
R EIX11.49~12.95cm), RE DIt I1£31.776g (%
ZHCHL O IR 1225.854~37.304g) Td - 72 (Table
2)o KA 9C, WMEEH60L, FHITTIROE A
* HEFERZRC L D 52 COOHMfE L7z, Btk
BHEZ5.69kg/nd, FAKEIE2.31] / FERCTH - 720 #
TRCARE, REZHIEL, REOBRERE (KT
DR/ RGO KRE s DBREROREREHT),

REORERE R TIROAKRE / BEROMKE ; Dk
REOREFLEHRT) 2KD, HYRLEIRLL=

3

TCHELE O 73BT AT BT B HEBUR R 5575 5 % 4 D
EREHEE L7 (Becker, 1975)7, ¥ 72, hEOKE
REMBKEDORELRE OB OBIEHEIZOWTHFE L L
Becker ®HEE” 12 & g L7,
w R

ANWIEEE, BB EE A R OB A REE A :

ALt T ORI C KRR 4 o 1R (eftilf
D0.17%) AINWIEL, 12%EAHIC BT 55122 (3.7
%) O PIT tag »Sak k722572 (Table 2)o T
DBREMITIXAROBHNPTE R, EXEMOH
TwbE D o7 ikl TE b o 2flkiE, PIT tag
DI U7, sividE o L7z PIT tag % I
LT 2L Eo PIT tag & b DA 5%, 22BD
HFORL/3HHEITE L L Tz (W Zaksl L7z
FRiZE > TnRv), BRI, 1 ROBEENDS K
5 4 8@ PIT tag BSHOH 5720 200 ¢ O EHNKM 2
DRV T 72 P E TIE, 6008095 H 7RO
PIT tag 2Wiv& L7248, ZOBIZE% L 72 PIT tag i&
AT L 72,

Table 2. Initial, final and ratio in body lenghts and body weights in each rainbow trout cross

Lot Number of fish Mean of Body Length (cm) Mean of Body Weight (g)
Initial  Final Initial Final  Final/Imitial x100 Inmitial Final Final/Initial 100

1 30 28 12.38 15.05 1.217 £ 0.053 ? 32.044 54211 1.696 + 0.18 ?
2 30 30 12.43 14.84 1.195 + 0.040 33401 53.897 1.621 = 0.14
3 30 28 12.50 15.14 1.211 + 0.049 33199 55298 1.670 = 0.16
4 30 29 12.02 14.74 1.226 + 0.032 29.084 49.628 1.711 £ 0.13
5 29 29 12.28 14.53 1.183 + 0.033 31.497 50.012 1.590 + 0.12
6 29 27 12.37 14.79 1.195 + 0.029 31.826 51.090 1.607 £ 0.13
7 30 30 12.45 15.60 1.253 + 0.032 37304 57209 1.831 = 0.12
8 30 30 11.82 14.43 1.221 + 0.038 27519 47972 1743 = 0.14
9 29 26 12.95 15.40 1.190 + 0.038 35247 57365 1.628 + 0.13
10 30 29 12.27 14.92 1.216 + 0.034 29.782 50.595 1.699 + 0.13
11 29 25 12.49 14.53 1.163 + 0.045 31952 48.179 1.506 + 0.16
12 30 29 12.66 15.53 1.227 + 0.036 32.610 56.558 1.738 £ 0.21
13 30 29 12.30 15.37 1.250 + 0.036 31.263 56.096 1.799 + 0.16
14 30 30 12.20 14.80 1.214 £ 0.037 30491 51418 1.690 + 0.16
15 30 30 12.49 15.47 1.238 + 0.032 32,703 57.154 1.744 + 0.13
16 30 29 12.92 15.46 1.197 + 0.032 35873 358341 1.629 = 0.12
17 30 29 12.14 14.84 1.222 + 0.038 31.327 52.681 1.678 £ 0.15
18 29 29 12.49 13.87 1.207 + 0.034 25854 43.032 1.660 = 0.12
19 29 27 12.50 15.58 1.246 + 0.032 33434 60268 1.800 £ 0.11
20 29 27 12.89 15.76 1.223 + 0.027 34919 58.856 1.688 + 0.09

Total 593 570

Mean 12.38 15.03 1.215 31.776 53456 1.686

YDifferences in the initial number of fish and the final number were due to the loss of or consumption of
a lost tag by the fish. One fish in lot 4 died during the experiment

»Standard Deviation
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TR B 5 25 O/ 1315.03cm (%
R O 31K 1313.87~15.76cm), FIEE I
53.456g ([43.032~60.268g) T&» 0, hE Ok E
LA HAL O I E TL.215 (4% 2B ML o - 35 4
131.163~1.253), KT @ B £ %131.686 ([F1.506~
1.831) THo720 TNOHLDOMEDHN %I HHIIC
R Z L ICHBROERE L RENENZN O E
RIWBE 527208 »POMF 2T o 720 O
B, BHIBREORE L 2O ER L OMIITHBERE -
0.068%3 % 51, t, =1.62 (HHEIF568) &l
WCHIBD W2 EASE Sz —T5, BAMGEFOKE
T, WEFELOMICHBERE -0.11225% 5 7z,
CofEIZOWTIEHEOMEEZIT) L, t, =2.69 (H
HEEIE568) & 1 %/KETHETH ), MalZ=nIcH
BAWEIRER B o72. LEL, HBHOKED
FERADHEGHE (R?) 120.013TH5 I 05, B
MR DRE D RN RHFANG- 2 2 BT L AL
MTEBb0E L, AFRTHSNAERUKRED
WERIZOWTHEERE L N EEHEZHEE L. 2B,
4 )& T PIT tag Ol 2SR 7 22 o 72 R Bl Ok K
FOREOHERIZERIMOH CT—FLNMETH -
720

*FR, HREORKREICETIEGEOHERVERE
FEOECHEEOHETE :

HEOWERIZOWTELRE DS 2175 72
R, HEBLAR ] B O ] — HEBL AR P EBLAR R o0 P39F- 5
([l — R B N S B RRAZIH) P39I L
T, TNELNF=1440 (HWE {,=7, {,=550),
F,=8.74 (HHE {,=12, {,=550) THDH, &b
1 %KH#ETHBETdH o7z (Table 3), Table 375,

Table 3. Estimation of heritability for
body length of rainbow trout cross

Wk - aCRRE ]

HEBL AR 5 D3 J57130.00011, B )K 55 0 -3
SFJ57120.00037, 7] — bl B AR N S o T R 43 (RR =I5
DFFT7130.00136 & %2 ), HEBLF O 5L S
REOHREROBEMEREZRD2E A, 02398 HEE
EN7z (Table 3).
HREOREZFRITOWT S FHHRIC ZITHE O 5 85
W& AT o 7265, MEBUAR R T OF W) — 1 f Pyt L e )
D75 (L 7] — W A B A N S o B O S35 D7 L L
T, TNFNF=11.69 (HWHE f,=7, f,=550),
F,=5.8 (HHE f,=12, £,=550) THH, &bl
1 %/K#ETHZETH -7z (Table 4)o Table 455,
HEBL AR5 DI 5130.00174,  MEBLAK 55 0 F-35
F151%0.00364, [l — e MEBLA N B B 0 (FRZETH)
DFIFF130.02128 & g S, REOREFRICO
W CHEBUE O B S HEE S M7z (5 130.261
THho7z (Table 4)o U EDOKRE, HER=ZV<AD
RE I MR E O R RO BRI AREIRND D 5 F
WFFT& %0.2~03ThH 5 2 EHEE S NIz

WU, R LR E OB RSR M OB Z e L7z,
TAZAH B O 2 NV YT D BEIK 55 D 53 B0 o5 D13
M 2 TR O 08 Ked 2 BN 5o HEBLARK
53D 365582130.00043, Table 3OEEDKEF O HEH
RS O 43 E130.00011 )2 OF Table 4DKE D R D
HEF A D 4 §0120.00174TH Y, 2 E B o ElE
HBI1X0.983TH 5 L S 7z (Table 5). F 72,
W E M o FRAAEIX0.893TH 1, BRBEAHEI130.844
THY, LHICEWETH-7 (Table 5)o TD X9
12, AREEAREORERE ORI TEWIEOM
BI2SER O I, REOREFR O R WEAZ #IRT 2 &,
REOREFROFH ARSI TE 2 2 LWL 2
ol

the ratio of the final body length to initial

Source of degrees of  Sum of

Mean Expected Mean

Variation freedom Squares Squares Squares Fe
Between sires 7 0.1371 0.01959 E«+28.59Dx+70.87Sx  14.40%**
?Viefl‘l‘;ﬁe;‘irg:‘ms 12 0.1426 0.01188 E.+28.44D, 8.74%*
Between progeny 55 0.7479 0.00136  E

within dams

Estimation of each component:

Variace of the ratio of the final body length to initial body length in the sire component

(Sx)=0.00011

Variance of the ratio of the final body length to initial body length in the dam component

(Dx) =0.00037

Variance of the ratio of the final body length to initial body length in the progeny component

(Ex)=0.00136

o . 4S8«
Heritability:hs =

————— =0239
Sx + D« + Ex
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Table 4. Estimation of heritability for the ratio of the final body weight to initial
body weight of rainbow trout

Source of  degrees of  Sum of Mean Expected Mean F
Variation freedom Squares Squares Squares °
Between sires 7 1.7415 0.24879 Ey+28.59Dy+70.87S 11.69%**
Between dams 12 14976 0.12480  E-+28.44Dy 5.86%*
within sires
Between progeny 55, 117051  0.02128  E,

within dams

Estimation of each component:
Variance of the ratio of the final body weight to initial body weight in the sire component
(S)=0.00174
Variance of the ratio of the final body weight to initial body weight in the dam component
(Dy)=0.00364
Variance of the ratio of the final body weight to initial body weight in the progeny component
(Ey)=0.02128
4Sy

Heritability: hs'= =
Sy + Dy + Ey

0.261

Table 5. Analysis of covariance and estimation of genetic correlation between the
ratio of the final to initial length (x) and that of body weight (y) of rainbow trout

Source of degrees of Sum of Mean cross Expected Mean
Variation freedom Cross Products Products Cross Products
Between sires 7 0.4783 0.06833 E«128.59Dy+70.87Syy
Between dams 12 0.4511 0.03759 Eq+28.44Dy
within sires
Between progeny 55, 2.5647 0.00466 By

within dams

Estimation of each component:
Covariance of x and y in the sire component (Ssy) = 0.00043
Covariance of x and y in the dam component(Dy) = 0.00116
Covariance of x and y in the progeny component (Ey) = 0.00466

Variance of x in the sire component (Sx) = 0.00011 (From Table 3)
Variance of x in the dam component (D) = 0.00037 (From Table 3)
Variance of x in the progeny component (Ex) = 0.00136 (From Table 3)
Variance of y in the sire component (Sy) = 0.00174 (From Table 4)
Variance of y in the dam component (Dy) = 0.00364 (From Table 4)
Variance of y in the progeny component (Ey) = 0.02128 (From Table 4)

Genetic correlation based on sire component : Re =

Sxy + ny + Exy

Phenotypic correlation : Re=

Environmental correlation based on sire component : Re =

E
ANWIEEE, EEBEEE, BT REE G R UEEE
BEDRE !

AHfFETIE PIT tag \2 & 2 KD 247\, BER
D BARIENT AT o 720 T Hili i F W A 12 F5H600 @ 5
H 7RO PIT tag A WivE L7225, EHNO FRP KT
Tolzlz, W% L 724 To PIT tag 2SENLT % 72,
B AV CAT » 72 RIFZE T, 593D ) B 112 (0.17%)

v (S#DAE) - (S+D,+E)

4Sxy
————— =0983
v 4S, - 4S,
=0.893
Ew - 2Sy

=0.844

(E-28) - (E,-28)

WNWIEL, 222 (3.71%) @ PIT tag OikplAST &
Lol ZOMR, B0 NIEEERITEFDT02
25 &7 o7 (Table 2),

FCH 4 BRI TE Do KA1, &%E
HHCTHRER OERED PR ERP—F/NE 0o 72,
RECAH11 D BRI O IR R O N E 23R R 7 %
H, “FHEREIZIEHCTH o720, NSRBI M
ROKEEDHRID L) BREROMRE 2 EHEIZH N
T2EEEZ SN, BRI, B ok
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OEENE 2722 & WIRTHERR L7228, JREA% »
57272012, BHOMERN 15 TE o kDS
572 EBEZOLNL, EHIT, =TV ADMEEITR
PRI 3o TV B 720, G E->THZEI N5
WFEL-ZEBEZONL, T, EkORA IR
HMTEWZF LD TTH 72720, REMINI BT 5255
VHEERY, ZOL) BRHREELSELIEIEZ
SNAD, ZOFHHIZOWTIEIAHTH 5%,
Prentice et al.® 1, PIT tag DR L E66
~100mm DX R /) A7 OREEBEE 52 o7z
TLEMEL TS, HHIE, PIT tag #KICA—7
—FROENEEMH L, tag OBEEHFEI0.13%
(0~1%), ~WIEHENPTFIY2.19% (0~5%) &,
ARUFFEA IR TRE RIS, NIRRT Wi R L
BTWVDe 15 DNIEFRIARAFIE & R D 728
HIE, AR/ Eno7zZ &R, (EEEHNC X 5
NOBAFF RO F—$HMEHIC X 20BN~ ¥ I 0%
AbND, PbiE, SHICAF—UAY FFT7RR
~ A/ AT PIT tag #3512 & 5 WRER RO ¥ —
FEEEICBAL L o 2l E BRI LTV D, BB,
ARWFFE T, PIT tag 2Widk L7zfifk s, ZoBi%L
7z tag 2RI L THERA L T 72k 2 X L <Rl
LD o720T, HOBKERERDLI LN TEL
Motze ML TDH, ARWFZETERM L72EHEHR%E
B3 V)T E DT tag ZIEFENICHI LA D204
HEEWNENOBEMH T OEBIRRTEL DELEE X
L, ZOHMEICTHICEN, EEBOBOORE
T CHERR L 72 LTI 21X, tag OIS R UM
WOBEID L YRR TELDDEEZEZ B,
AAFSET PIT tag 2ARE BT 5 (5 - BHAIF
BANENMEZ L ZERHSNIC R 72 DD, tag
DR DEEN L h 6T LN 5%,
tag TAEIZ L B2AMENOEEL IS L, BEFE
2 & B IE R 2 8D 7% < T 2T TH
59 Lad, PIT tag 238 HI/MULE N, Zli%
WA 7L, AWFSER Prentice ef al.® 2SH\ 729
A XL EHITNE BT A ZDMDOBIEFRRL B
DMEIMERZ DL THH ), el &2, PIT tag 2°
B SN TLE, T T/RUYLD FRIANO KA IIAT
DRTVRWVE ) THb, 5%, TOHO tag & M
DEAR - BHPIIEANOBAZRAE S E TV 7201
&, tag O/NEDRLETH A9,

FRREVCEEODREKEE :

AWFZETIE, 90H M OEE L MEREDO KRR DY
HiZ 7N ZN1.21665, 1.6861 LIV ETH o720 G
=(1+g)oRY ThEOKEE (G) 1.686% LA

Wk - aCRRE ]

TAHE HHMBEER(: %/ H)I30588 %%, 22T
t IZFEHHOOHTH D, =V~ A0 HMEERIC
DWTIIEL L DHEDD HH, AFEOFE &ML
BB L T 2 O E IR E LSO W Th A
Vo THITE B E, BAMTOME, FiHKIRS.9C,
il FH R84 H T 5 M7= ¥ H I R 32%0.90 (0.87
~0.95) THho72"" 1721, ZoREGoiRHmDF
WKRE IR RO 4E5DT73.5g TH Y, FHEHEIZ
AKIFFEDRI2/502.17Tkg/mi & Blg o Tz THHD
BTS2 IR 5 &, AR H KD o
HERERI VKo 2T 2B K E L CHERED
MolzlehELONL, 72, AWI%ETIZ, HEW
fHERZ W THRE 21T o 72720, BT ONT
WMEREDBD R o TV 2T RMED D 5. KD
FERIZE S5 TBST, ZOHIZOVWTHFIHETE
WA, Jlo X 91, % L7z PIT tag #ILL 72
ZVRADHEIKA ROV S ARIBELTEY, K
WFZEIC BV T H B EREMMEVERK & L TR R4
HELEZILNL I,

AR, REORERERICS T ZEEEOHERVOERE
BOECHBIDOHTE :

AW TIE, HOER=Z VS AOKE, REOKE
I T 5 EEEIZE 4 0.239, 0.261 & HEE S N7z,
BRI RHAOCFAFTREICL > TREL L
SbhB, oo idnndofE ST o
BNAHNR= VY ADHEETH 2, BB LUE
Y T3S L OB DOBERO—EEIMEL N T
%o BWOPIZOWTIE, REHEOBEFEOL A MT
I LADE—FIF0.3~04THY, KEOKEVWH~D
SRR RIGRIE DFI30% LA b & 72 B Z L A S H
IZERTWEY, ZDXIHIT, BELOF— ¥ BEM
ENTLBE, L ZRMRFAERES R 2> TD,
H LD B 5 OBEERDPIIIZEOBREDOMED %R
FTIENTEDL, VY ADEEORERIZONWT D
HETOMERNL L, ThozTLdThRLE,
3THITT3% 2 3 72 5 2TH DEAZE AT 0 ~0.30 GEIEZE
HHIPICT/R SN, 030 EHL TWB 561Xk L) T
HY, —MICFNEILEBNMETRNI M2 57,
72, ThHoREESE LT H8E121E At
E & TASEN BT 5 FE BB R O FE O E S
CHUPRABEORED Y, TNODOFMEIEIEFEIZE
DI BT POV TIERT 2 LB H S,
Choe and Yamazaki® 1&, ¥2 9 < 2D EMED
4IREOBIZR 2 LRI SHEEL, &K, hEIZo
W& 4 0.38 (0.26~0.47), 0.39 (0.21~0.65) &
ZVRALIDRREOOEEHRE L T D, HOIH
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WA SHEET 5, BRI FRITEER)
B ETFRMAEIE TN TV D20, BMIERIRR
FHICHEE SN TV B WEEED D 5. RIFFETHEE L
TTHGR= VR ZADKRE, REDOWMERIZHET 28
FIZE DI AOWEDOR 7T HH YU T 50.30K
WThh, REZMESEL00MBERIZIZER
FEREGMENTELRVWI EAVRB SN, K5
TIEHERZD L DIZRL o 72%, ZO/IRFIZ
OVTIFHIEO =YV R EIFITHBLTWwAEZ &%
FEREL, =YY ADOREROERE LV HESEL T
ENRTET

PIT tag IC & 2 BEFHIEOE DRV ERADEDE
=

RIFFETIE, AHB107 HICBI 5 =93 ZADKE,
REDBIRHE R ORE L REO R OB 2w L
Birolze UL, KEMBEOKE, KE, INEEE
FOBBRINIZ 5 2 AR, R OBED NEh
=V AOEMATEN HE % 5 2 CTRBLHL T - 72
WY AT AR Lo/l EThb, TD2D,
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