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Table 1 Analysis of variance for components of phenofypic

variation
: HEE FTHM B 5 Mean  HEEN
PES_’?‘ *3? Degree of Sum of E! Expected mean
UTE freedom {df) squares {SS} (M5} square E{ MS)
3
Matemal Mx(F-1) 88y
) i3 ol kol
Paternal M-1 Fn M +hyoy
#E:Eim Mx{F-1)  S8pay MSp o, +kat
B ot
-1y S5 w
{F] Progeny MxFx(n-1) 35, MSw
BE 4o s,

T M R AR, Y A,
Note: M = Male; F = Female

AT N 3 KPR AT HAR, W
SEAEYE PY 5 G BBV PRUS (RAE de, EMEME)E
REE FUREEMEMEREE M AFERIE
R, ERFAEBOTHE R A BT R ART
.

N SRS MR AR E RS E M
Kl %%:K\ = [N_E(nijz/dni)]/(F—M)
MRS A ROP IR A E L K, R

K, = [3(n;*/dn,) - Z(ny'/N) /(M =1)

R ERASCERERBER K, &5
K, =(N-Zdn2/N)/(M-1)

AP RE RS TEERREGY R
EHEREEM,

FHETT 2 (Ve ) A LU ( Falconer) “® a9 J7 35
SRR S i, M4 M IntERfE 2 (V)
IR 3 (V) R (V) R T 245
7% 2 P A R R B M B 22 S O B AT

BREEFEEAFEHS SHFEZMEXE,F

[E A Tk SLag % 7 A RS A A S R R 4
5,80 : Ry =4 %oy (O3 +0; + 05 ) thuyr =4 %
o/ (o + oy + ot ) 2 R RAGTHO B GRS 1 b2
I BAH AL R 2 £, B ki =2 x (ay + 02 )/
(oh+or+ay)e
13 REHhY
1.3.1 REFHPHRENFE FAEERET
B bR KK AR M R R B e, BT
PRIRIRTE 18 ~22 CHILL BN K D , SRR HI7E 500
Ix, TR LA 3 8¢ 38 57 ( Laminara japonica ), EHBT2 h
RiE EL B KK P el SR K R e 54 Y
FARE S REERE™.
1.3.2 AIHRN UBATRENEABEHE AT
30 min, B S MAATERE O EAREEF 0.5 mol/L KCL 75
WL mL 7=, gL T B T AR R IR K
250 mL B O - SRR B RIER KD, HHES
min FFAEHEBOE R GR , T 04 4 DX 23 JT 3K, SEPEHE
SRR AR R NI A A B A, HE
30 min 27 53 BIWERMERATHN 7,

%2 BEFEMNRRAAKNSEMEEERHTES BHSFNRXE
Table 2 Relationships hetween covariance of full- and half-sibs and causal components of phenotypic variance
HEER B 2 5 [REHA S HELHIE
Component of variance Covariance components Causal components Calcalation of component of variance
oy COV 174 V¥, iMSy = [ {MSpou, —MS, 1k ] Xk —MS_}/ky
o COV - COV g 1744 V, +174Vy, + Vie ( MSg e, —MS, )7k,
o V- COV 172V, +374Vy + Vig MS,
crEon o)t Ve Vi Vg # Ve + Vg5
ahy + o COVyg L/2 V, + 174V, + Vg

B COV s — RERH 200V, - 2B A SV, - REFEV, - MEREN 2, Ve, - SIERET v, - BERENE Ve - —

RHELPRAE TR vy - SRR TR .

Note ; COV g - Covariance of half-sibe; COV g - Covariance of full-sibs; ¥y ~ Phenotypic variance; ¥, — Additive genetic variance; Vy, — Non-additive

hetic variance ; ¥y, = Dominant genetic variance ; ¥y, — Commen environment variance; Vg — Special environment variance,
gel sbp £e FEe VES
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P IR £ 15 x 10° MO FHCE T 100 L B 3F
S DDA AR T A S B I
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B F RIS AR BN ER,
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Table 3 Wet body weight and test diameter of offspring at

N X 3 and 5 months of age X £ 5D, Wet
i Fﬁﬁ)ﬁ[ﬁﬁﬁx’ﬁ%ﬁ%o HTERLEZNET, Py P pevym—
iﬁ%ﬁxfyﬁﬁﬂ“jﬁﬂ: ' %: g“ 2~3 ”_( > ﬁ%ﬁgﬂ%giu B Growth phase Body weight Test diameter
j(ﬁ{ﬂ:ﬁl:}:! JE17 ~21 CTTEBEH ,W’L‘S%EE%“E 10 3 menths 13.622 £9.729 2.726 £0.957
5 mentha 2724.511 +971. 184 B.701 £2 843

~20/mL A BRI FHRIE 30 ~35 h K F 3K
FAA .

1.3.3 WifsHA FH— T HEEgERERE
BALIIERKE 100 LA, AREEHE 16 CE
SRR T I B\ A B AR ) E 2/mL A
WL RS K 2 IR, (2545 B 2T 4ty T 38 ( Chaetocer-
os gracilis) | G I8 35 B 4RI AE 300 Ix, FE PSR 2
HFEABE TS, 2 HEMBHEATEEA DR
MEFBFREFARBANP, SE2 A%
W, ERE TR,

2 gH

2.1 HREHXFBPEENZRORMAER

BR e TEENEIH 3 HIg A5 Rtk ERRZEER
£ B FRERIT R AR S,
22 HROHEFHEAENREHTESH

I A LL3EEIE 3 A S ARRGBHENRE
R AT 2 R4,

SR HTE R R, e 3.5 AR
(1) i P (1) D24 A o P e 4 L ] 500 36 PR R AT S AR

B 3 A B ERTHERSEHAITE
Gi5R RN SAECAUMERE TE AR R B K,
=[N=-Z(n,/dn,) 17(F - M) =39. 61 ; #f#Eh 0
HFHTPHEREK = [ 2(ny'/dn,) -2 (0 /N) ]/
(M-1) =41 38; M MARM A M HEREK, =
(N -3dn2/N)/(M-1) =127.09,

WE HEREEE S A AT HE BN Ry B
I, R M K, =35.06; K, =37.01; K, =112.55,
2.3 RBATRPNERAZEASSERARMLER
A EZ BB XE

FEMER S EE N H E2E 5 MR,
A LA EE ST i 2 ) BT R o 2 SN RE
EZHHMRRR KB LERES,

2.4 GRE#FEFHEENTHSNBEENET

BB S HENRKREFR. SR L2
[FIRE % 2 Sl IR R B3 H 3 AidHus A
BEEEMEAENBRENERRL KRS,

T4 MEDNMEIS ARRVERBRNFTENH

Table 4 Apalysis of variance for components of phenotypic variation of S. intermedins at 3 and 5 months old

1A /mg Wet body weight

THRER

##5/mm Test diameler

Source of varance =f:: ;s HFE HFH b3y o). g4
Itegrees of freedom { df) Mean square { M3) F-value Mean square { MS) F

3 AE 3 months
#EHE ) Winthin watemal 34 1071, 259 11.318** 9.077 9.909" *
H1ER) Paternal 10 2048. 562 21.643%* 17.212 18.760" *
A B A) Muternal within paternal 24 719. 431 7.601" " 5.688 6.210**
W -ain] B EF Full-sibs - maternal 1371 94, 653 0.9146
B F0 Total 1405
5 H# 5 months
AL ) Maternal 31 9438 x 10° 10.008 " * 80,523 9.962*
HETE ] Paternal g 18759 x 10* 19.893** 151.334 18,723
SEEN D] Matemal within patecnal P 5625 x 10° 5.965** 41558 6,379
M P 2 RS Fuli-sibs matemal 1074 943 x 10° 8.083
B Total 1105

e s TRAREFREF(P <0.01), Note; * + % "means highly significant difference{ P <0.01}.
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Table 5 Relationships between covariance of full- and half-

sibs and causal eomponents of phenotypic vari-

ance
FHEHFHHEER Result of variance component
FrEAS
Component 3 Hi® 3 months 5 H#y 5 months
of variance {*E/mg 5 42/mm Wg/mﬂ FR/mm
Wet weight Test diameter Wet weight Test diameter
o 10.239  0.089 114 x10°  0.865
o 15.773  0.121 134 x10°  1.240
o 94.653  0.916  943x10°  8.083

D'f,:a'i‘+o'2,-+o'i

ok +0§

120. 665 1.126
26.012 0.210

1191 x10° 10,188
248 x 10° 2,105

3 itip

BRFFTA AR R DML 3 BT S A sk
BRI SORE T3 T, REA KA
N E R 0. 399 B 0. 523, R4 K5
FFETHEE D 0.316 3 0. 483, 24 H 81, HiAF)
BESRBEKT. ALRRAEIHTEEIH
W5 ( C. virginica) SR 1 3R 9345 71 F024 17 a4

KA AT s AR ( C. virginica ) Sl #4343
71 AR A I AR R AT T B G T A
{ M. mercenaria Y"1 ¥ /K ¥F ( Macrobrachium rosen-
bergii ) ™) F FLEA S 4F ( P. vannamei ) 4§ B # 15
NTHRE, Benzie 2™ B2 R AT 36 43 97 7 3k
3T FLA XS IR ( P. vannamer ) #1450 £ X 4F (P,
styliroseris ) L (SRR 1% 1. FTHGHRI B L5
HIHEERE0 2 ~0.7 i, AWREREEAN
BREEYERKETNREIRE 8. BEARE
KirBWERER FAFER, EREHOFRES
S, BRI N AR EEERNEHECRES
BEAE RSB F, F— -2 e AR K
e EW LR . AR EE T S BN &
FEEMETT. —MASE, BT 2R YRS %
B Bt B RS, b R T B A
BB, XA DL R B B, AP
KRS RO R RS, 5B T H
2[RI B PR 138 o JT 8B SR FIREAL A, 103
HiE G EREHEHE,

26 MEDIEWHETREABFEENRLL ERRNS R RS EEMH S HRER
Table 6 Heritabilities in narrow sense of paternal half-sibs, maternal half-sibs and Full-sibs of wet weight and test diameter

in §, intermedius
e Ntk BN HAR 3 5l 3 months 5 A# 5 months
f,‘ifxiﬁdgﬁ_siba Rasom =4 xo%/ (o +o% +02) 0.339 0.316 0.383 0. 340
ﬁi :f fhﬁf_aibs Rer =4 xat/ (ol 40k +a2) 0.523 0,430 0,450 0.487
l?ufﬂfg B =2 x(oh +o2)/ (oh +or +al) 0.431 0.373 0.416 0.413
BT, RIEL R TR B 0w, BEYE.
WRAm G EH AT B E SR, BERE
B, TR R A R T B M R 11 Hagen N T. Echinoeulure; from fishery enhancement 1o closed-oy-

A, HERBERA, WRIAh, LR LR A
MR E ARG S R AL I MR THE, B
e RA M E B H TR R,
AR X TFRENORRELERERN, ETH
HREFI RO MR A5 T 28K, R O Tt g

EEEREFREIEX,
M AMALALA TR AR it EPAsTE,
PNEA ZEME AREFRINFY A~ HEFEN,
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Heritability of juvenile growth for the sea urchins
Strongylocentrotus intermedius

LIU Xiao-lin'?, CHANG Ya-qing’, XIANG Jian-hai', SONG Jian®, CAO Xue-bin®
(1. Experimental Marine Biology Laboratory Institute of QOceanology, Chinese Academy of Sciences, Qingdae 266071, China;
2. College of Animal Science and Technology, Northwest Sei-Tech University of Agriculture and Forestry, Yangling 712100, China;
3. Key Laboratory of Mariculture and Biotechnology, Ministry of Agriculiure, Dalian Fisheries College, Dalian 1126023, China)

Abstract; The parents Strongylocenirotus intermedius were employed and the method of unbalanced nest design and
an artificial insemination technique were used. Eleven half-sib groups and thiny five full-sib groups of the sea ur-
chins were obtained by the design that each male mated with 5 females so that each female could reproduce many
larvae. The wet body weight (mg) and test diameter (cm} of the young were measured in 3 and 5 months after the
metamorphosis (n =40-50). The maternal component estimates were significantly larger than the paternal compo-
nent estimates for both weight and diameter at both ages. The greater maternal components suggest the large non-ad-
dilive genetic effects that could not be differentiated from the available data. The estimates of heritability in the nar-
row sense calculated from the additive genetic component using a paternal half-sib correlation analysis ranged from
0.339 to 0.523 for wet body weight and 0. 316 to 0. 487 for test diameter. The resulis emphasized the presentation
of the significant maternal effects. By strongpoint of the nest design and a paternal half-sib correlation analysis cho-
sen in this study, the estimate in this study is precise and unbiased to have been reported to date,

Key words; Strongylocentrotus intermedius; paternal half-sib; prowth; heritability
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