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1.1 EEFESHE

2009 4F 5 HJIE, BEMLIE B 20 A PR 2
SRR B FEFAH K R (19 AR) , K R
TR 30 i, 3£ 600 M, #5157 00 5 1 R — AR
IR E (BW), MR & (GWW) |, if 7K 43
(GM) , PERR B (GC) : S FEE (L™ ) (LLFEfH
(a”) HEEME (b ), I I 14 A F R R
SO | VA RS 3 A, 0 LR AR v i T R
i, W SR IEIR

PR R« iV JIE O e R IR R, P AR
W2 P B R TH K G, PR T R

PR A8 < 38 ARG A R A A TC S PR eI

PERRAK A3 BT e (29 1/5) MR, & 60 CHE
MM 72 h BAEE, M TR E R E
W WEE K&

PERREIC R R PE R v Y 4 JEPE IR A B
4%, % A} CIELAB 1976 #71fE, | Ffl PANTONE
Color Cue® 2 it {X7E D 53X 8 1k it i £
BEAFE A 3 HBCF-4E

PRI (GI% ) =

BRI BRI - B4 R R IG IR AEAS 1 ~2 g,
60 ~80 CTHLF Z1EE, FIH H AL H GC-16A K
AFE TSI i A AT R B A B R T 7 i, o
AREEAME 1R 0. 25 mm x30 m, FEi 195 C,
HEFE AR TREE 250 T,
1.2 HiEHH

FIFH Excel X Ji 46 B4 3547 9] 2 48 SR ¢
o DIk (o (L =68.9,a" =28.7,b" =
60.4) fzE @ (L" =74. 6,a" =28.7,b" =
066. 1) AR, P13 1P B 2 € 5 o 2 € 1)
B2 (AE) AR A CIELAB 1976 frifE
AL" =L* —68.9 (5 74.6);Aa" =a” —28.7;
Ab* =b* —60.4 (8 66.1);AE = SQRT(AL*? +
Aa™ +Ab"*) P

% JH SPSS 16. 0 (1) Transform-Compute 3 #2
X PR K 43 P R BORA5 B R i IO
LI, DhSR ZR AN B A ] 2 %00, A - General
Liner Model 33 F2 43 B % 4 PR AR AR 22 5307, IF-AE
K Z A Duncan Z 5 HLEE , 45204 B35 PR K%
ok P <0.05,

CWW x 100%
BW

2 4

2.1 BEANSUREREITE

A PR AR A P s o 2 AR S R KK
WA TEFRRESE (2,53 £1.56) g, MEIR4E
BOh (11 £4) % 5 PR i BA BRI L 7 R AL
(37.80% ~61.73% ) ; P IR (4 T 2 (4 A 4L
@in], HAESEE , (H A DB AR 1o 2 K
1, RS 5 2 9 JIE PR R 6 5 o (0 1) (8 22 O
(35.56 +7.99) ~ (40.42 +£8.21) , LR B0
L™ e RN S8/ (5.83% ) STl a”™ F b°
A EABRNAZEST (27.93% ~30.33% ), B4
ZWABKIIAES (20.31% ~22.46% ) 5 PEARK
N (68 £15) % AR FHIR(21. 71% ) 5 P iR
BEH 1600 SE R (12.82£2.29) % , HIRE
20:5(EPA) (12.11 £2.65) % , IR ZE 20: 4 (AA)
(10.27 £3.40) % , = B A B KL 7 R
(17.88% ~31.44% ), 75 — fe £ AN AR RN B 1R
22:6(DHA) & 5(0.49 £0.64) % ,fEREAR AR
SRR (130.77% )

®1 BHEANSEREKSITE
Tab.1 Statistics of gonad traits in
the measured population

LEIN o WE R BRARK
traits N mean + SD CV%
PERE g_) 586 2.53 £1.56 61.73
gonad wet weight
HERRAEC 586 0.110.04 37.80
gonad index
EREME LY 573 76.74 +4.47 5.83
ALY 573 26.71%8.1 30.33
R b 573 26.92 +7.52 27.93
SR GR AL 573 35.56%7.99 22.46
(light orange-yellow )
FEREE AL, 573 40.42 £8.21 20.31
(light yellow)
PERR K> 586 0.68+0.15 21.71
gonad moisture
14:0( % ) 84 6.85+1.64 24.00
16:0( % ) 84 12.82 +2.29 17.88
16:1(%) 84 2.97 £1.04 34.92
18:0(%) 84 2.16 £0.64 29.75
18:1(% ) 34 0.94 +£0.22 23.84
18:2(% ) 84 0.36 £0.23 64. 27
18:3(% ) 84 2.30 £1.45 63.02
18:4( %) 84 5.40 +1.38 25.61
20:1(% ) 34 4.61 £1.17 25.37
20:4(% ) (AA) 84 10.27 £3.40 33.14
20:5(% ) (EPA) 84 12.11+2.65 21.88
22:5(% ) 84 0.14 £0.25 183.43
22:6(% ) (DHA) 84 0.49 +0. 64 130. 77
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2.2 HREMERMEIKEI LR
ZWRT7 750 M (GLM i &) 45 R 7R K
FNREXEIRE S8 K b7 A 2E
S A2 DL BRI 1610 SMA T A 5K
VRLRIING 7 R 49 7= A A S 2 52 (P < 0. 01) T Xof
L™ a” FENIER 16: 0 TCREZ MW (P >0.05),
SR PR 2 X R AR B B 0, 2% 1 i PR A
KA A1 22 F HO 4 (Duncan ) Je 45 PR 9 K & HE

ZHNFFR2 ~4, W2 ~4 fin IR E ok
MR FZGRAZ AR 1.305 g, MRS EUR
MR RS FEN 2R 2. 1% 5 PRk 53 e b
MR FR G EMEK 8. 3% ; 5o 6 8 4 25 AR K
REOPIEAL3. 64, T H O 2E RANN R R BT
{EAIG 3. 60 Z M F g iR AA \EPA F1 DHA I
R R R 5 B BE & 4. 32% . 2. 67% Fl
1.79% .

R2 RREMERMEIKEER ]

Tab.2 Gonad traits comparison among families |

TR TR 4R %L TR K 53 S A SO
[ETN gonad wet weight gonad index gonad moisture AE, (light orange-yellow)  AE, (light yellow)
traits KRGS B PEY B P &Y o= B AT B PEY B
families deviation families deviation families deviation families deviation families deviation
2f 1.305 8f 0.021 19° -0.083 13° -3.641 9 132 -3.603 6
1¢f 0.766 16 0.015 11 -0.064 18° -2.902 0 18° -2.963 1
129 0.612 14 0.015 132be -0.059 g2b -2.780 0 1° -2.864 7
4ede 0. 404 109 0.010 1554 -0.034 1 -2.570 9 98 -2.7554
gbede 0.169 2 def 0.010 17bd —-0.030 17%¢ -2.3154 17%® -2.250 1
1bede 0.160 g5def 0.009 14,54 -0.026 15%¢ -2.065 0 20 -2.0357
16 0.137 69t 0.009 4bede -0.017 20 -1.893 2 15% -2.034 8
EEEN 17bede 0.110 154! 0.007 1gbede -0.016 abe -1.3458 19 -1.439 6
X 77 bede 0.039 120def 0.007 gbede -0.015 192be -1.326 6 20 -1.3854
superior ~ 18b¢% 0.011 2()bedel 0. 002 12bede -0.015 gabed -1.166 4 3% -1.236 8
to ghede -0.018 7 bedef —0.000 16°de -0.013 14.20cde -0.270 8 1420 -0.366 1
the gbede —0.102 gbede —-0.001 gede —-0.006 4abede -0.163 7 48be -0.2176
inferior 14bede —-0.118 19bede —0.004 14 0.010 28bede 0.076 6 1280 0.217 1
19bede -0.167 18bede —-0.006 2de 0.010 5 bedef 1.414 5 5bed 1.618 0
6hede -0.187 4bed —-0.009 20% 0.018 6°def 1.852 5 6P 1.860 9
15bd -0.238 178bed -0.010 8ef 0.037 119f 2.843 3 104 2.800 5
202 —-0.435 1320 -0.013 6f 0.068 10%f 2.861 5 11¢4 3.0515
gabe —-0.481 112 -0.015 10f 0.068 7 3.370 6 7 3.304 3
132 —-0.788 1% -0.016 7f 0.083 af 4.962 8 169 5.050 4
112 -1.179 98 -0.030 5 0.083 16 5.059 7 8¢ 5.250 3

W —F A AR T RARC M R RFR 227 A B3 (P >0.05) Tl

Notes ; Families with a same latter or more in the same column mean no significant difference( P >0.05) ,the following notes are the same.

®3 KREEMERIERIEE T

Tab.3 Gonad traits comparison among families II

ik 14:0 16:0 16:1 18:0 18:1 18:2 18:3
Iraji: &R BE RXR OBE KR EE KE  BE KR HE & BE KR B2

families deviation families deviation families deviation families deviation families deviation families deviation families deviation

20 -0.0137 19° -0.0154 20° -0.0114 11* -0.0083 12* -0.0024 12° -0.0031 12° -0.014
19* -0.0124 1° -0.0106 11* -0.0099 20® -0.0053 1® -0.0015 6* -0.003 8 -0.0122
1 —0.01 58 —0.0097 19®* —0.0065 14® -0.005 11* —-0.0013 1* —0.0013 5%° -0.0111
13 -0.0067 12° -0.007 1* -0.0047 9® —0.0048 5%¢ —-0.0013 13> -0.0003 11**  -0.008 7

2% _0.0065 11* -0.0058 14* —0.0046 19* —0.0046 16*¢ —0.000 7 8" 0 17%¢  -0.008

4 11* -0.004 4 8° 0.0002 94 _0.0039 5> —0.0035 84 —0.0007 19> O 9be -0.007
EXX)N 122 0.0009 20* 0.003 12°4  0.0013 12°¢ -0.0003 24 —-0.0006 2 0.000 2 14%¢  —0.006 5
inferior 9% 0.003  16*  0.0048 2%  0.0022 13°  0.0005 19*% 0.0005 17°  0.0005 13  —0.0049
to superior 17%  0.003 7 2% 0.0049 5% 0.0026 8%  0.0013 14%% 0.0005 11*  0.0006 20  —0.004 7
4% 0.0037 13*  0.0052 167  0.0039 6% 0.002 4 17°%  0.0006 16  0.0007 19¢ —-0.000 2
g 0.0048 6° 0.007 13%"  0.0044 17  0.004 1 20" 0.0009 5°¢ 0.0011 2¢ 0.0129
16  0.0078 14*  0.0072 g 0.006 1% 0.0069 9% 0.001 20° 0.0013 16° 0.013 8

5¢ 0.0143 17*  0.0078 17 0.0094 2¢ 0.0083 13  0.0019 14° 0.0016 1°¢ 0.015
6° 0.0155 9* 0.0082 6f 0.0114 1682 0.0088 6" 0.0029 9° 0.0017 6° 0.035 6
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R4 RREMEREMER T
Tab.4 Gonad traits comparison among families III
18:4 20:1 20:4( AA) 20:5( EPA) 22:5 22:6(DHA)

families deviation families deviation families deviation families deviation families deviation families deviation
12* -0.016 11* -0.015 28 -0.0425 16 -0.0198 12*®  -0.0014 11* -0.0049
8* -0.0155 13% -0.011 16° -0.0423 2 -0.0198 11* -0.0014 9° 0.000 4
5 —0.008 2 142 -0.0101 1* -0.0363 1* -0.0142 13*® -0.0011 19% 0.001 2
11% -0.0058 17%¢ -0.0093 6® -0.0269 11* -0.0127 5% -0.0009 6 0.001 7
- 19 -0.0054 g -0.0046 17  -0.012 6®  -0.0098 17  -0.0008 20%° 0.002
m% 13% -0.0052 5bd -0.003 7 134 —0.006 13®  -0.0089 19®  -0.0007 5% 0.002 8
. ﬁj_E gbe -0.0047 9 -0.0032 g -0.0039 14%® -0.0013 g® —0.000 7 142 0.003 3
inferior be a od abe ab abed
17 -0.003 12 —0.0011 12 -0.0013 8 0 6 —0.0006 12 0.004 2
to_ 14° 0.003 6 20% 0.0027 5% 0.014 7 9%¢ 0.002 14%®  —0.0006 16 0.004 4
superlor c < ef de abc ab bed
6 0.0039 19 0.0072 11 0.0155 5 0.0062 20 -0.0001 8 0.006 2
20° 0.004 1¢f 0.007 5 14° 0.0255 12 0.012 16® 0.0003 2« 0.006 8
16¢ 0.0135 2f 0.0108 off 0.031 19%¢ 0.0132 2t 0.0015 13¢ 0.008 9
1¢ 0.0173 6 0.0119 19f 0.0414  20° 0.0264  9° 0.0031 14 0.009 2
24 0.0215 16¢ 0.018 20" 0.0432 17° 0.0267 1° 0.0034 17° 0.017 9
2.3 HERIETERR K AT LE B 0. 01 ) ; P Vi I8 P4 JBR 7K 4 (69 +10) % i EAIX

RTEE B PR AR 22 S W6 50 £ 5 W FHEME(TL £9) % (P <0.05) ; M fi g IE [ R A Fn
718« VERRE S AR R AR e ME AV IR (R) TC s 3 25 JRIDIAR EPA \DHA 43 A T # 25 % (P >0.05) ,
F(P>0.05) s PEMEEIEA (L a” b" ) fEMEREEIE  (HHEMEIFIE AA 434 (10. 67 £3.28) % B & @& T
L EAW R EER(P<0.01) , A\FIP R @EdR  #irE(9.87+3.51)% (P <0.05),
M 9 JIEL 1 T € 2 A N O TR (P <

RS MR EERRIER LR

Tab.5 Gonad traits comparison between genders

LEXN HER AEECE E bR P LE2N HER B BIE bR P
traits genders N mean + SD traits genders N mean * SD
P 264 2.70 £1.55 42 2.23 0. 74
m”‘mi ¢ 0.017 18:0(%) ¢ 2.867
gonad wet weight ) 268 2.73 £1.48 & 42 2.10 £0.53
PEARIEE ? 264 0.11 £0.03 ? 42 0.90 +£0.27
M’ﬁﬂﬁ 2.405 18:1(%) 4.163
gonad index é 268 0.12 £0.04 é 42 0.98 £0.16
" Q 262 75.50 £3.16 03, 646 18:2(%) Q 42 0.3520.24
p=NEiS 3. : .
b 5 266 78.69 +4.22 7o ’ 5 42 0.36 +0.22
TR a® Q 262 31.66 +5.53 R 18:3(%) Q 42 2.26+1.41 0,502
i3 * DD. i e i
AL a s 266 22.14 +7.47 ’ ] 42 2.34 +1.50
o Q 262 30.30 +£6.65 v Q 42 5.26 +1.35
HEMH b 142.709 ** 18:4(% ) 2.567
s 266 23.31 +6.53 8 42 5.53 +1.42
R )E AE, Q 262 31.63 £6.56 Q 42 4.74 £1.40 ,
) ) 190. 940 ** 20:1(%) 4.264*
light orange-yellow é 266 39.77£6.99 é 42 4.47 £0.87
U2 AE, Q 262 36.52 £6.51 20:4(% ) Q 42 9.87 £3.51 ,
178.596 ** 4.284"
light yellow 3 266 44.28 +6. 82 AA ) 42 10.67 +3.28
R 4Y Q 264 0.69 +£0.10 3 870* 20:5(% ) Q 42 11.77 £3. 24 1 876
gonad moisture B 268 0.71 £0.09 EPA & 42 12.46 +1.86 '
Q 42 6.63 +1.82 ? 42 0.12+0.28
14:0(% ) 2.189 22:5(% ) 0.98
s 42 7.08 £1.44 & 42 0.16 £0.23
Q 42 12.63 £2.47 22:6(% ) ? 42 0.48 +0. 61
16:0(% ) 0. 696 0.143
6 42 13.01 £2.11 DHA & 42 0.51 +0.69
? 42 3.03 £1.01
16:1(%) 0.716
& 42 2.91 +1.07

TE: = FOREFEF (P <0.05) , = FRZEFR L (P<0.01),

Notes: * mean significant difference( P <0.05) , % mean significant difference( P <0.01).
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3.1 BREMNMERER

PR R TR ) ME— n] B &Ry, e Hodm B Y
ZETFHAR R i T A R 1 I 7 5
M LRSI 1] o HEARPE R AT 43 2A s R
A BT PR , JHE v a AR 3 A A M R A
PERRFEHC T TR U 22, iz RE A =
AL A NTEPI ZE, 5 T TN B SR
PR €0, | R AFE MRS AWt Bt AR 3
SRR A A1 A2 1 o T B T 37 ot o 4 2 1) i 2 4
BRI L A RELPE R S R % S
iR A AR T Y, DL R
GG B MR ot B R e O AN AR B, T K 1
bk BRMUANAF A bR ™ ™ 5 kB 1 € 5 31
A7 B R IR 5 8 X (HR X — i K2
WLEZ i Ly G odRE > BRI, S 7 5 {0 P I 23
G Bl B 5T, BOR B 2 0 e I R R
CIELAB 1976 [E] 5 A5 1 %] 15 JH 4 i 2 e 25 17 %k
AR PR A TR TR R
—EESHHRUE, AR PR T i A
TR ST A B U £ e S sl A Y 5 RO
T BRI A b A RIS A R AR A
F16 FELIE ST 2 LR G AT R A
R TPRIR ] AR DG AN B T BRI &, 45 40
Murata 25" $& 1 23 96 i1 ( H. pulcherrimus ) M i
PR AN — R R LR A G, 1] McBride 46 4
th S. franciscanus ViR DVRFNE A — & A GTE,
Y A A D 38 e oA AT i R e R R 5 o N M e 5
O] DL i PR Tk

P it JBT B PR PR S A RO A L £
PR, Qi B 7K o s AN AR RIS D R 4 A 45 1k
JR K 53 X6 P Ji it B P AR A 3 (] 46 1) 2 i, Pearce
sl prasye i Y S. droebachiensis 1 Lytechinus
variegatus £ IR, 3 B B 5K BOEA G,
FEHEWTHER K 3 & & T e S 2 e i Ry 18
FHY MK A RZS T MeBride 46" ZERF 5T S.
franciscanus WIPENR 5 5T 45 H s P IR K &)
A 25 P AR o P i 1 S b R T W o X6 e AN 1 0 g
R R 72~ 2 W . EPA REAT 25 5 1k 5 IS 1M
i 14 A D80 A B T o8, /0 S ook sk 16
O L/ 114 9 %8, DHA 78 fili 200 ML Jid 7 vh
B HEAEAT, RESE = RN D BE , Y 5iRIC 12 T,

Bk KM e, S LEMARK AT TrE %, AA
T NI AR 0 268 7 04 T2 o, % 8 v
Sy AR B AR T R A R v
A B A AR HE R
FEARBLT U, Rt B IR 4 B o A VA I
FEAR
3.2 NRSEGHEMEBERESHTEANTSE

AW TR B 19 H BB SRR &
FER, BT B IH R 0 38 21 BT HAS (GI%
10% ~20% ) . MR o H 28 Vg JIE-1E R 20 €0 oAy ik 1)
WO, 2 R A2 A TR R,
PR B A T AW HE IR AN E. chloroticus™ |
Paracentrotus lividus">" LS. droebachiensis'*"**"
LI X Psammechinus miliaris"® 2 {8 [&5] i 954 {2,
75(35.56 ~40. 42 ) b, 3% W] 3¢ £ 26 1A 19 1 i
B H AT 7 B bR HE Al A R 2288, A LT
a’b"BUHARAE , ZH W b S, AR 3
TR R B B (IR O BIAR S b7 1 1/2)
B " FERHAN I S R BEKR, EA KT
WJ1o AN IR R B2 B ERR K 0 B
BRI 2B, HA BT Pearce 25! Xt S.
droebachiensis {255 | i 5 McBride 25 1
B S. franciscanus [P)VERRK 7 AHE  (HZ2EKT
A o ] A A L g 00 45 R 3 AT B R
TR & & B AR K o3 Bt 25 55, T
AR AL TN RN B . ABFgeH iR R 5
FEIFARE R TR Z A AR T R S B (R T
30% ), 3 B 5 N i R AR U7 B2 O EPA (12,11
2.65)% il AA(10.27 +3.40) % , DHA % AR
BAIK(0.49 £0.64) % ,3X 5 HEEIE", E M
25190 Chen 251 Xt i% 7 JIE K HEAth i 2% 19 #F 5 4%
B3 M4 T EPA Rl AA,DHA 78 BURERE(A
22 5 R EOCOR (130. 77% ), iX 2 RN IR R
KBRS EE 2 B A A RS R K i DHA 43
o TEFREA B FRIE R FE BT, LT
Fi A B PR R AR BA BRI 78 5 R, 3 1 ]
PR B 8K i 5t 4% 7 22 , 76 Ay b
PRAEIRFATIE B W T E K.
3.3 RS EFGERZFEERERBILEER

K AR S 08 K R VR 5, 0 L8
B EAEIRTER R 22 5, 7T LAWIRA EH Ak
R FZHEAL, ik Fh R AR . ABFRAG T
7 PR 20 I o ) 2 0 R R PR AR B 5, 25 2R
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TR s PR FARR LT oo™ SABNTIR 16: 0 Sk
PRl P R ot BT PR IR TE R AR (A 3 B 35 25 5
X SR Z K7 Sl A R AR IRTE 2K AR (A1) I 35 22
S AN R B R RS
3P RR P R R BT IR ) 2 S F R IE T R R
(], [a) AR AR —FF , F R R B TR R
VIR K . TR L™ Ja™ RARIWTIR 1610 fERX &
] TG W 5 22 57, X0 B T B TR AR PN 10 28 S ¢
VANE R 3 i S R N N e I S
SRR L™ F o™ 5 hRES €8 22 BEAR /1N, i g
iR 1620 AN HARPEAR , BT Dhax —45 SR i it
TEB MK Tl % K R AT AT 15 31 &
TERE RS MEIRRE R REFR R 2.1.12
SRR R BIR R RN 8.16,14.10 .2,
5.6 .15 F 12 SZ R, WEIRK T I VIR ZR N 9.
11 FI13 SRR, HERBERIFE RN 13 .18,
9.1.17.15202.193.14 4 f112 55K K, AA 5
R KRN 20,19 9 fil 14 55K EPA i
HEMR RN 17 .20 19 il 12 55 5 ,DHA & &
KEMERNIT SHKR, E—HERTEN KR
IRFNE B A . R FME RN MERA BN
AL A BRI Y R I 5 2R 0 45 190 5 Jo A e R 7 i
B LA S AT UL, B IR A N i S A A
AL RIEIRIEER B (K R) , B ST &7
B R AR A e SRR R R R AT A AL A,
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Comparison of gonad traits among families and between genders of
the sea urchin Strongylocentrotus intermedius

CHANG Ya-ging " , ZHANG Wei-jie, DING Jun,SHI Sheng-bao, ZHAO Chong, ZHANG Bo
(Key Laboratory of Mariculture & Biotechnology, Dalian Ocean University, Dalian 116023, China)

Abstract; 600 sea urchins Strongylocentrotus intermedius were randomly chosen from 20 families and the
gonad wet weight, gonad index, gonad moisture and fatty acid composition were measured and then
analyzed. The results showed that gonad wet weight and gonad index were both significantly different among
families( P <0.01) , but not between genders, and there was a large gonad yield variance in the measured
population; The gonad color of S. intermedius lies between bright yellow and bright orange red, the color
was quantified by CIE L"a" b " standard and then ANOVAs were conducted. L* and a* components were of
no difference among families,but b component, AE, (light yellow) and AE, ( light orange-yellow) were all
significantly different among families. The L™ a” b components and the two AEs of the female were
superior to male; The family and gender had significant effects on gonad moisture( P <0.01 and P <0.05,
respectively ) ; There were relatively high EPA(12.11 £2.65)% and AA (10.27 +£3.40) % contents, but
lower DHA(0.49 +0. 64 )% content ( with high variation of 130. 77% ) in the gonad total lipid of S.
intermedius. The HUFA was significantly different among families (P <0.01) ,but there was a significant
difference of AA between genders only with the male higher than female. The present study indicated that
sex and family selection should be conducted to achieve the goal of the gonad enhancement.
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