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Fig. 2 Gonad developmental stages of golden shell color strain of Crassostrea gigas
Al, A2: early development stage; B1, B2: late development stage; C1, C2: ripe stage; D1, D2: spawning stage; E1, E2:
spent/resorbing stage. CT: connective tissue; FW: follicle wall; OO: oogonia; DO: developing oocyte; MO: mature oocyte;
RO: residual oocyte; SN: spermatogonia; SP: sperm; RS: residual sperm; bar: 100 pm.
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Fig. 3 Seasonal variation in gonadal development of golden
shell color strain of Crassostrea gigas
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Fig. 4 Monthly variation in oocyte diameter of golden shell
color strain of Crassostrea gigas

Different letters denote significant difference between different
months (P<0.05).
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individuals of golden shell color strain of Crassostrea gigas
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Fig. 6 Monthly variation in the glycogen content (dry weight basis) of four body parts of Crassostrea gigas

golden shell color strain (G) and control group (C)
Different letters denote significant difference between different months (P<0.05).
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Fig. 7 Monthly variation in the total fat content (dry weight basis) of four body parts of Crassostrea gigas golden
shell color strain (G) and control group (C)
Different letters denote significant difference between different months (P<0.05).
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Tab.1 Two-way ANOVA comparing the effects of month (M) and group (P) on total protein content, glycogen content and
total fat content of Crassostrea gigas at different body parts
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bojlil {Zart Sourzz ﬁ, gfjr}ition i of BEJE glycogen content S IE Wi 7 & total fat content | tot‘aulhfoi?f Ic;)ient
Y MS  F P W MS  F P ¥y Ms  F P
HNEE mantle BEAR(P) 1 58.436  6.064 0.016% 1345 5.834 0.018* 250.909 75.670 0.000%*
JERVN ) 11 1393.675 144.624 0.000* 11.849 51.404  0.000* 320.232 96.577 0.000*
MxP 11 74221 7702 0.000*  1.504  6.526  0.000* 20.801  6.273 0.000 *
i gill FEAR(P) 1 0.166  0.077 0.782 0.594  9.833  0.002*  8.002  3.029 0.085
H M) 11 409.513 189.850 0.000% 2952 48.866 0.000* 86.951 32.914 0.000*
MxP 11 6.675 3.095 0.001* 0326 5394 0.000* 2802  1.061 0.401
P i — PN A A JiE2 N 1 20.044 1.849 0.177 0.012  0.035 0.851 11.789  2.073 0.153
gonad-visceral A1 (M) 11 1195.983 110.319 0.000* 11.792 34.330  0.000* 669.251 117.701 0.000%
e MxP 11 24.189 2231 0.019*  1.064 3.098 0.001* 14.873  2.616 0.006*
52 AL HER(P) 1 0.560  0.177 0.675 0.001  0.006 0.940  13.997 2473 0.119
adductor muscle H (M) 11 156.090 49.269 0.000*  3.999 42.880  0.000* 152770 26.995 0.000*
MxP 11 7.643 2413 0.011* 0528  5.656  0.000* 18460  3.262 0.001*

e * R 2 5 W # (P<0.05).
Note: asterisks denote significant differences (P<0.05).
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Fig. 8 Monthly variation in the total protein content (dry weight basis) of four body parts of Crassostrea gigas golden

shell color strain (G) and control group (C)
Different letters denote significant difference between different months (P<0.05).
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Il = =)
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BEABUE R/ % .
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total protein content

T F R A TE Bk B R 1A 5 0 I 4 1) 22 55 B 35 (P<0.05).

Note: *denote significant difference between golden shell color strain and control group (P<0.05).

3 Wit
31 Kzt TR ErNEERER

VEZ W5 R, T VE DS B0 8 301 32 45 il
W R R 2, KR EE . $hE DL
DX R AR gy 0T oK L Ao B I T AR I R
SRFE i W7 DU B E - & R B 45 AR B 1% 3 .
BE & KR 0 TR, — 5 T DL 2 AT R AR R,
X HAE R R B B AR BRRAER; — e
Yy E R, (D EReR I R e T
St RIS R, KW 4 1 T AR A I
FTREGBTRERAMN 2 A, X588 (Scapharca
broughtonii) F1#8 41 W5 (Crassostrea plicatula) ) %%
R GAREARRN T e 6 H, MR A3 19.8°C
W, AR BT IT R AR, HEI 19.8°C O K A4 i
T4 VB AR AR BN IR - Mann!"SBIFST & BLK:
A5 4 SR AR DRIy 18°C, X RIIE T 4 i i
AR E MR S T ERMAR, 5
ENTERESE D K (Y

o AR AU R B, KA Bk E
BER A MERR & B BA W A 20 91, s AR 1k 0 A
ZOEW . KA EE A — S A, W
PEVERR & T RN, 787 AR HEk, 209

FUBAHER, 305 45 DU AR — 8 KAk
PRI B IHECR) — vk, 340 T 32 R5H R] RE
RIS N T2 i AR B 1A A2

B A 9 78 At T AR e i S e DL 2R B P 1
BRI AR A R AR R B, BRARRE
Bl A B AR OR, e GAIIIA Bl R OR(E, Z
Je BEFE BE T AROHRI, ORARRIR B o AIFTESS
RN, KAWE G RV LR 10 1,
e R E RS
32 KEGEEEETHELEETIEIERAS
L

WFFE M, T DL 3835 IR il Y 221k -5 L
FRABYIARCE 2, R DU A
A, TR TR M SR A &, XA Tt
R I A R PO O 5 AT 2B S B A
FEASREW, B e 2URRE I e HE O s Ak
THAA, 12 AIFRT, 4 ABBIERCR(E, kb
Bl kB TR, XU Tk 7 o
BEAF ORI AR B . AR STaE R B, M
i — DA AT 60 A/ ) i Dt 5 e 5 o T B A
Fe UL, W5 7S R — PN JUE AR A1 5 R R 2 i A M
JEH) T E AR E .

4 AU BRI 5 A E A FARAL TR R K



5514

ABAA A A W5 6 1 RER AR IR K 1 15 98 3R 100 19 A AR AR Ak 47

F, BERFHET, TERA SR &RETE 5—6
AR s KA, e HEE SAE I & m B E T
Fe, XRWEIEN S ®5RFMEETA B X
Z . Marin 2P E R 5T SEHE R R 50 08 (Tapes philip-
pinarum) W 3, Jg T2 B Y B B SR, X
Bl ¥ &8 AEEZMEM, 5 5A0 500U 45
Wo ARG, PR R Y S RE D7 i
T8 RSN ER 3 A8, RWHE —EA
AR EE AR

A B A DR R B A Y B —,
BN Y B AU Sy, WORMEPEVERR & B hE
RPN AR LB, EARTE 4—6 H ¥
ETF, MEZE, X AR R A T R,
X 5t B A A D 32 BRI - & B T BB R, M
RS I TR TP AR, SR
e, IR ARt R R IR AR, RPN
JoT B T HE O T B, R B AR 1 B AR e 4
BORAy, 5K A A R AR OE T A
k= YNy, EE A RS TR, W
ME— ) TR R RO IR . Whyte 0S5 & B,
KAWEIUREE LRy EZ 0, EHREH
RE LN 1Y FEORIE, 5AMIR SR —B, Xk
4102 (Rapana venosa)*® . Wi i 1] (Glycymeris
glycymeris)PORIRF S LT ZEMUBLA Ak, A
5T 4 B 7e LY 28 1 5 3% £ 10 3 o TR -
WERAT | SEAAMERE 3 N2, HARXS e, &£
B DA e UL A g B ot A v v R A SR L 1
Jit, AL Sh SR IR AR AT 5T Pt Ay & B
33 KHWGixEcEFHESXNBAERASAE
FTHHEER

CAMREY, KHWAESEET =S,
Fo e B RHAEA B MK, 1A, Ge
25 OV o F 90 K AR5 00 4 5 (i AL R, R
oo R AWM S A2 — M B 2 DAL
SRR, SR R A e, DL R
SCAR i RIEE BRI AT YRR AL TR . AP IR,
ARG 7 4 V8 B R 5 % d o IR B AR L, Ab
BB BARE, 76410k T BRSNS
ok E (S A R SN R e e e, (HH
B ETC B 2R 2 DRHATEINE R

),

)

P A I E R E RS R, SEaik

PR S 1 T B o R T R, B R D
FORE o TR R, AR A 2 A Ak
WOy 2R R E . IMERREER 2 5 5 H AL
I3 1 25 5 Z R AR IR R IE A F ik — koY

SR, KATWGTESE Ak F I R BRINE RN,
HABZ A — M TR A K W B AR Bk 20
TERF S A B3 M (Haliotis discus hannai)W)E 37 AL
I3 S BRET 5 A AR £ 58 MR 10 2 1 5 R A D77
G AT, HARMITEE R,

S &30k

[11 Zhang Y H, Wang Z P, Yan X W, et al. Interspecific hybridi-
zation between two oysters Crassostrea gigas and C. Ariak-
ensis[J]. Journal of Fisheries of China, 2012, 36(8): 1215—
1224, [3KERFF, EWHME, FER, % KPR S5
RGP 24 3E[T]. AKP=244R, 2012, 36(8): 1215-1224.]

[2] Langdon C, Evans F, Jacobson D, et al. Yields of cultured

oy Ty
B

S OB

Pacific oysters Crassostrea gigas Thunberg improved after
one generation of selection[J]. Aquaculture, 2003, 220(1-4):
227-244.

[3] Guo X M, DeBrosse G A, Allen S K. All-triploid Pacific
oysters (Crassostrea gigas Thunberg) produced by mating
tetraploids and diploids[J]. Aquaculture, 1996, 142(3-4):
149-161.

[4] GeJ L, LiQ, YuH, et al. Identification and mapping of a
SCAR marker linked to a locus involved in shell pigmenta-
tion of the Pacific oyster (Crassostrea gigas)[J]. Aquaculture,
2014, 434: 249-253.

[5] Brake J, Evans F, Langdon C. Evidence for genetic control
of pigmentation of shell and mantle edge in selected families
of Pacific oysters, Crassostrea gigas[J]. Aquaculture, 2004,
229(1-4): 89-98.

[6] Nell J A. The history of oyster farming in Australia[J]. Mar
Fish Rev, 2001, 63(3): 14-25.

[71 Zhang Y H, Yan X W, Zhang P, et al. Research advances
and prospects on shell color polymorphism of mollusks[J].
Fisheries Science, 2008, 27(12): 680-683. [FKERIR, EE R,
sk, . USROS MPITE M RER]. K REE,
2008, 27(12): 680-683.]

[8] Cong R H, Li Q, Ge J L, et al. Comparison of phenotypic
traits of four shell color families of the Pacific oyster
(Crassostrea gigas)[J]. Journal of Fishery Sciences of China,
2014, 21(3): 494-502. [AH I, 23, Bae, % K45
4 PR AR R TR RBIR LT P EDK R,
2014, 21(3): 494-502.]

[9] GeJL, LiQ, YuH, et al. Mendelian inheritance of golden



48

Hh K R

F 24 8

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

shell color in the Pacific oyster Crassostrea gigas[J]. Aqua-
culture, 2015, 441: 21-24.

Wang W J, Yang ] M, Li Q, et al. Development of calibra-
tion models for rapid determination of chemical composition
of Pacific oyster (Crassostrea gigas) by near infrared reflec-
tance spectroscopy[J]. J Shellfish Res, 2015, 34(2): 303-309.
Cross M E, O’Riordan R M, Culloty S C. The reproductive
biology of the exploited razor clam, Ensis siliqua, in the Irish
Sea[J]. Fish Res, 2014, 150: 11-17.

Suja N, Muthiah P. The reproductive biology of the baby
clam, Marcia opima, from two geographically separated ar-
eas of India[J]. Aquaculture, 2007, 273(4): 700-710.

Liu W G, Li Q, Gao F X, et al. Effect of starvation on bio-
chemical composition and gametogenesis in the Pacific oys-
ter Crassostrea gigas[J]. Fish Sci, 2010, 76(5): 737-745.
Serdar S, Lok A. Gametogenic cycle and biochemical com-
position of the transplanted carpet shell clam Tapes decus-
satus, Linnaeus 1758 in Sufa (Homa) Lagoon, Izmir, Tur-
key[J]. Aquaculture, 2009, 293(1-2): 81-88.

Dridi S, Romdhane M S, Elcafsi M. Seasonal variation in
weight and biochemical composition of the Pacific oyster,
Crassostrea gigas in relation to the gametogenic cycle and
environmental conditions of the Bizert lagoon, Tunisia[J].
Aquaculture, 2007, 263(1): 238-248.

Ruan F T, Gao S, Li L, et al. Gonad development and bio-
chemical composition in the ark shell Scapharca broughtonii
from coast of Shandong Peninsula[J]. Journal of Fisheries of
China, 2014, 38(1): 47-55. [BL &I, m#k, 254, 2. LR
T b B AR R ) 5 A A Y R AR R AR 0], K24,
2014, 38(1): 47-55.]

Li Q, Liu W G, Shirasu K, et al. Reproductive cycle and
biochemical composition of the Zhe oyster Crassostrea pli-
catula Gmelin in an eastern coastal bay of China[J]. Aqua-
culture, 2006, 261(2): 752-759.

Mann R. Some biochemical and physiological aspects of
growth and gametogenesis in Crassostrea gigas and Ostrea
edulis grown at sustained elevated temperatures[J]. J Mar
Biol Assoc UK, 1979, 59(1): 95-110.

Ke Q Z, Li Q. Annual dynamics of glycogen, lipids, and
proteins during the reproductive cycle of the surf clam Mac-
tra veneriformis from the north coast of Shandong Peninsular,
Chinal[J]. Invert Reprod Develop, 2013, 57(1): 49-60.

Li Q, Yang L, Ke Q Z, et al. Gametogenic cycle and bio-
chemical composition of the clam Mactra chinensis (Mol-
lusca: Bivalvia): Implications for aquaculture and wild stock
management[J]. Mar Biol Res, 2011, 7: 407-415.

Yan H W, Li Q, Liu W G, et al. Seasonal changes in repro-

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

ductive activity and biochemical composition of the razor
clam Sinonovacula constricta (Lamarck 1818)[J]. Mar Biol
Res, 2010, 6(1): 78-88.

Pérez-Camacho A, Delgado M, Fernandez-Reiriz M J, et al.
Energy balance, gonad development and biochemical com-
position in the clam Ruditapes decussatus[J]. Mar Ecol Prog
Ser, 2003, 258: 133-145.

Joaquim S, Matias D, Lopes B, et al. The reproductive cycle
of white clam Spisula solida (L.) (Mollusca: Bivalvia): im-
plications for aquaculture and wild stock management[J].
Aquaculture, 2008, 281(1-4): 43-48.

Marin M G, Moschino V, Deppieri M, et al. Variations in
gross biochemical composition, energy value and condition
index of 7. philippinarum from the Lagoon of Venice[J].
Aquaculture, 2003, 219(1-4): 859-871.

Bayne B L, Bubel A, Gabbott P A, et al. Glycogen utilisation
and gametogenesis in Mytilus edulis L.[J]. Mar Biol Lett,
1982, 2: 89-105.

Mathieu M, Lubet P. Storage tissue metabolism and repro-
duction in marine bivalves—a brief review[J]. Invert Reprod
Develop, 1993, 23(2-3): 123-129.

Li Q, Osada M, Mori K. Seasonal biochemical variations in
Pacific oyster gonadal tissue during sexual maturation[J].
Fish Sci, 2000, 66(3): 502-508.

Whyte J N C, Englar J R, Carswell B L. Biochemical com-
position and energy reserves in Crassostrea gigas exposed to
different levels of nutrition[J]. Aquaculture, 1990, 90(2):
157-172.

BiJ H, Li Q, Yu H, et al. Seasonal variations in biochemical
composition during the reproductive cycle of the veined rapa
whelk Rapana venosa (Valenciennes, 1846) from the north-
ern coast of China[J]. Mar Biol Res, 2016, 12(2): 177-185.
Galap C, Leboulenger F, Grillot J P. Seasonal variations in
biochemical constituents during the reproductive cycle of the
female dog cockle Glycymeris glycymeris[J]. Mar Biol, 1997,
129(4): 625-634.

Ge J L, Li Q, Yu H, et al. Selection response in mass selec-
tion of golden shell Pacific oyster (Crassostrea gigas)[J].
Journal of Fisheries of China, 2016, 40(4): 612-617. [# %2
Je, ZEBL, P, S KA A A A KR Y i
PRI, K224k, 2016, 40(4): 612-617.]

Chen W, Meng X Z, Tao P. Comparative studies on nutri-
tional composition of abalone Haliotis discus hannai be-
tween two shell-color stocks[J]. Journal of Fishery Sciences
of China, 2004, 11(4): 367-370. [[4kh, #2814, FE. 2 #
SC ST AR I S 1 LU (D], TP EKEREE, 2004,
11(4): 367-370.]



LA AR A AW E B B AR IR & F 58 TR Y A AR AR 1 49

Seasonal variation in gonadal development and nutritive components
in the golden shell colored strain of Pacific oyster (Crassostrea gigas)

DENG Chuanmin, KONG Lingfeng, YU Ruihai, LI Qi
The Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China

Abstract: Seasonal variations in gonadal development of third-generation Crassostrea gigas golden shell colored
strain were investigated in relation to environmental factors from November 2013 to October 2014, and the gen-
eral nutrient components of the mantle, gill, gonadal-visceral mass, and adductor muscle were examined. In addi-
tion, the nutritive content of the golden shell colored strain was compared with that of commercially cultured oys-
ters. The histological analysis showed that the female to male sex ratio was approximately 1 : 1, and the gonads of
both C. gigas sexes developed synchronously. Gametogenesis began in February and spawning started in June and
appeared to continue until August when water temperature was high and food was abundant. Mean oocyte diame-
ters increased gradually from the beginning of gametogenesis and reached their maximum (36.99 pm) before
spawning. The biochemical analyses showed that total gonadal fat content was relatively low compared with that
of total protein and glycogen, but fat accumulated as the gonads developed, indicating that lipid is a major com-
ponent of bivalve oocytes. Glycogen content decreased significantly during sexual maturation, whereas total pro-
tein content increased as the gametes matured. Golden shell colored oysters had significantly higher protein con-
tent, but significantly lower glycogen and fat contents in the mantle than those of commonly cultured oysters (P<
0.05). General nutritional composition was not different among the other three organs. These results indicate that
nutritive content was similar in the common and golden shell colored oysters and provide data for breeding the
golden shell colored strain in the future.

Key words: Crassostrea gigas; golden shell colored strain; gonadal development; nutritive content; environmental
factors
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