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S B B BE A AR YN AR T R Y A T 3 (Richter et al,
2008; Huelsken et al, 2013; Penny et al, 2014; Su et al,
2014; Borsa et al, 2015), & [¥ 74 i 1 32 MR RE 4 A7 1
Wz—, WA 6 MFHHSE, 2015). FFEEEZ Y]
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£ 5 A A B3 (Zooxanthellae) (Todd et al, 2009;
Lucas et al, 2014; 5KERIFEE, 2016; XIFMESE, 2018).
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112°19'N, 16°57'~16°59'E), SEYGHT, Je L
ANTEF K S 327 d, PRk IG5 F1 i ik
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i e SR, BORZEedL(E), Harila
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Fig. 1 Different mantle colour of T. crocea

A: TERE(; B: BELL(; C: WE(0; D: &{0; E: (0
A: Yellow brown; B: Dark red; C: Blue; D: Green; E: Yellow
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(One-way ANOVA), #HHIMFFEREZLES, Hibfr
Turkey Z & i, 25 W E/KFH P<0.05. X521 .
7k e L. a. b Z A SEHEET T IR A DG AT,
225 1. E K P<0.05,

N SPSS 19.0 FRAF X B 21 HERE M 2R G R 2K 5y
Mr, kR Ward 3, TR CFEE B, ML
G — T 2z B EAL .

2 HR

21 BABRIINEEGEREBES S

2% CSE-1 MR 0 BE RN o3 Bt R e D 1275 31 S A 7%
LIREREANERI (S E L. a b (1), BIEE(L)TE 17.87~
4537 ZJa], Hod, D4l LAk, M 45.37; C4lL
/N, J9 17.87, 5 HABASHAY L (522 5 .3 (P<0.05),
afb7r—23.89~7.50 Z i, D 41 aftif/, H-23.89, i
FALT HA &4 (P<0.05); A4S C4MEH afl
ZRABE; B, D. E4lH affiz5 8 E(P<0.05),

b {H7E-24.60~30.66 Z[8], A 4] b{fif/N, ~-24.60,
i BAR T HA 45 2H (P<0.05); A 4H. C 201 E 4[] b
{5 22 5 1 % (P<0.05), A #H {5 & 40 (6 (+a) Fl o (5
(+h), B 45 N4 (o (+a)fE ffu(+b), C i el
o (+a) ik (o (—b), D 45 h Lk (-a)F B (G (+b),
E 20 A, R 4 6 (—a) I (3 (+b) o IZ 45 SR 5 TR IR L
)25 AP ERR S TR 1),

2 A L J/LLAERELE CIE1931 (A |
orAi . M 2 TRLE W, @R x il 58 s by
A TLLB A L],y il 5 A bR Al > T &% it £
MBI, 25BN, A FAEERSNE S ) —
FIAE X, Y, Z £ fEAERE E x=0.3~0.35 Fl y=
0.3~0.35 DX [H] o Herr, AR 4378 i e £ 2L it (8 X 3,
D D AR E AN A AR SRR (L D8, g ) 5%
S S

22 BEROMKRBEITE
MIE 3 ATLIE XA T 20 RERE AN E IR (6 2R

F1 FBHEBOABERIIEEHRESHL. a. b)
Tab.1 Colour parameters (L, a, and b) of T. crocea mantle in each group

415 Groups & Number PHEE L LLERRHT a WERHE b
A 44 34.75+12.15% 5.64+8.83% —24.60+10.13¢
B 42 40.31£16.58% -2.9849.01°¢ 26.73£15.22%
C 39 17.87+6.41° 1.14+2.37% 5.53+4.50°
D 12 45.37+16.73* ~23.89+9.05¢ 30.66+£12.91%
E 26 34.02+10.73% 7.50+8.85% 13.73+£9.41°

TE: [l = AR B ) 375 25 5 R 25 (P>0.05), N JA) - BE RN AR 7E 1 & 1 22 5 (P<0.05), Tl
Note: The same letter in same column are of no significant difference (P>0.05), those with different letters are of significant
difference (P<0.05), the same as below

CIE 1931 Chromaticity diagram

1931 2-degree: observer

05 06 07
K2 FELLREREAME IO @R A

Distribution of T. crocea mantle colour on CIE colour diagram

0.8 x

Fig.2
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Fig.3 Cluster diagram of different mantle colour of T. crocea

Forbr o, BN 6 KIHE, 2 KT AN E T
B 51 R, 5 2 ONLIAR A 53
FOMIRIE ;5 4 ZONTRIEE; 5 S KohsE; F 6
Ko,

BRIFH PO FLREETOFIEL . a, b4l
WR(ER 2), 5 1 BAMEBEEAR L EHElK, o 16.81,
I E AR T H A A AN E R E Y L {H(P<0.05). %6 6
FKOMERBAN LR, Hh 53.85, W& THA
KA EBEBER L EP<0.05), %5 2 B 4 254b
BB LT 25 58 1 M5 3 24
By a G 32 5(P>0.05), 552, 4. 5, 624}
EREGE ) a 5225 535 (P<0.05); 45 3 J5M%E 4 2
SNERR SR b {HTC % 2 % (P>0.05). % 1. 2. 5.
6 FAMEHE Y b 52 57 12 % (P<0.05), [AlRf, Hi%
FEERTTH, 5 1 BTN EREZ, J 50, &
TEIREY 30.67%; 55 2 BTk MAN 43, 5 26.38%;
o5 6 K EAMAN 27, 5 16.56%; 5 3 KR A
17, (HEIRR 10.43%; 55 4 RRE ORI 15, b
SV 9.20%; 55 5 EREARN 11, 5 EIRE 6.75%.

6 REFLMFERINER B 22 0% 3, WK 3
ATLEH, #FREMGOEE>15, R 6 K2 H A
PR AT DA A3 o, 5 4 RR%E 6 K22k,
T 74.68; A 3SR 4 K @RI, F18.98; 1
FEREE 2 Kz B2l 19.86, fUKRTH 3 JMH
4 B2 EMEE,

23 K, RENZRSINERBENHEXNE

X ELMERR 7 . 5298 . S L. a. b A
THRAHR TR 40 NEATTLIE, K. %%
5 L. a. b WX BEMEEP>0.05), S5ZHlLt,
5 LS B IEADE(r=0.2080, P=0.0190<0.05);
5 a {5 B E IEASE(r=0.2210, P=0.0125<0.05); 5%
5 b (S B 2 IE A 56(r=0.2375,P=0.0072< 0.01).

X AN [ 55 5 1) B LR A5 B (0 L R AT T B0,
MNE 4 0] LIEH, 5emN 30~40 mm BT LLHERESNE
B RIS (0, B FEBE MR K, A
TR AT 5 HBE TG NS IR LD R
(FER M 30~60 mm)A & LR W ANEIEAMA, e
60~70 mm TR EE (AN EREMA Ty 5.88%, FEiih 70~
90 mm HYFLLAEREREA D, TREE 5 50%LL s 4k
T LLREREANAE TS 8 h 40~60 mm FEA tp g /0B B
LI O R LIREREAESE 5 A 40~90 mm A (5 23.33%~
47.06%; #EARLE 40~80 mm <90 mm FEAH A

g Cigine

ot
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Tab.2 The morphological and L, a, b characteristics of each clustering T. crocea group (Means+SD)

250 Bk B Al SR B RRE Bk =g s

Groups  Number L a b Shell length Shell width Shell height
1 50 16.81+3.27¢ 0.72+1.82° -0.65+£9.61¢ 70.60+10.90°  36.17+7.66° 50.64+8.50°
2 43 29.30+8.38¢ 7.21£7.11° 13.36+6.48¢ 92.56+47.90°  42.80+11.91° 60.93+13.99°
3 17 45.81+4.71° 2.40+2.71°  —23.7246.59° 66.44+13.81°  35.44+9.20° 48.30+£10.30°
4 15 33.58+5.94° 15.21+5.20°  —30.55+11.53°  135.51+33.58"  59.89+6.17% 80.20+6.61°
5 11 42.45+14.66°  —24.79+9.23¢ 26.02+17.72%  75.84+8.14° 40.10+6.13° 53.99+4.59
6 27 53.85+8.95° -9.85+6.35¢ 36.09+9.42° 85.25+35.73>  41.07+9.49° 61.31£11.20°

R3 6 XEFELHRINERAE B EBEAE

Tab.3 Colour aberration AE among the 6-classe T. crocea

AE 1 2 3 4 5

2 19.86

3 37.09 40.86

4 37.22 44 .83 18.98

5 44 .94 36.84 56.78 69.85

6 53.89 38.05 62.30 74.68 22.08
3 it

AR5 X e 1R VA 35K T T R A1 R (5 R AT T
BT HERKRI, AR om0 A
@, REGC. RGO, &6, modtedt, S,
LR DYV A 2 1 T LU R BRI RSN E B A A
WO, OO, BROSCRE . SE/R
GRZE. KRR, AR E Z2RER

x4 HESHYL. a. b5=EK.

Jt: 8 24 (Todd et al, 2009). it LI FTLIFEH, 2 M4
[vi) DX TR AR AN L T €2 A7 A — 2 25 5, T REJE TR M4t
& 55 41 FEEREE L [E VR I = £ 1Y . Deboer 25(2008) 7 1]
CO/J FE XS A ENFE PG KV-7 485 DR LLMFRE L
ZREME BT I, iZ W Tl 2 D AEAE 3 ANl 7 BEA  Loto
2 (1998) 1 HEAT A (0 F s (0 /NES JRERE 1Y 22 38 BT 9 3
W, SNSRI T A% 1Y o T 20 REBR A A7 10 4G it
WIS RGE L S, HOGM | KGR R 77
i 4y 2 PR AL BT AR /N 55 ROBE TS BBl A 2R
A8 4k (Huston, 1985) . A fRIAFK, 4HERESNE BRI (7,
515 P @A i, sz B0E A Y i LR B FRAIG
(Palma et al, 2001; Wente et al, 2003 ). [Hifi, LI
RN W R 2 AR BREE , MEAL T A T ANE BBt 2 R
RS, DIZERr HF B AR 22 (Todd et al, 2009;
Lyod, 1984).

FEME SRR

Tab.4 Correlation between colour parameter (L, @, and b) and shell length, shell width and shell height

TR WIEE L LLLEEHE a PERHE b
Partial correlation P r P r P r
55K Shell length 0.2764 -0.0973 0.6057 -0.0462 0.3898 -0.0770
9% Shell width 0.8869 -0.0127 0.9705 0.0033 0.1679 -0.1231
721 Shell height 0.0190 0.2080 0.0125 0.2210 0.0072 0.2375

W ore HERREG P BEMAKF

Note: r: Correlation coefficient; P: Significance level

TLLERSNE B Z M 2R, 12O ] B>
B REEETHOR, RWIHBE G R, dE—22 b7
KB, LA AP B TR LR BN E IR
@, MR L. a, b EAREER AT LI N 6 2K
Xt AR R G R HETR KW, RERE
I @ 0 EE 3 JIRIE N 4 R G, RN,
B 418 (b b (AR E B RO 2 RALER
@, R RO A 6 RE (A, A 41 D 4LHAR
FEAAE, JXRIRT AR 1 JB @SR 5 ek ta, R

GERE N T HEMRG R,
RIS S EREEIESE L, a. b
ERmAHC AT R, AR S5EasEL, a. b
A AR (P<0.05) o HE BUX L A7 2 P,
e Y LR AN E R (0 5 15 S B AN R, X
THAHEE RGN B IR, Hit, Beime; Hk
S LR AR, Ll MR AR R A 254
ol Ak R R A ARk, dkim S B Kk AR
AR 1AM, W ETR 2 B A T LR
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Fig.4 Distribution of the six colour morphs in
T. crocea of different shell height
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b B AR LR 1 B B AR R e S RO TR
AR B E o X TFAELRNIEAE & B N 2 AR
PP DI HE VT e o Rkt s

& % x #

Borsa P, Fauvelot C, Tiavouane J, et al. Distribution of Noah’s
giant clam, Tridacna noae. Marine Biodiversity, 2015, 45(2):
339-344

Cuthill IC, Stevens M, Sheppard J, et al. Disruptive colouration
and background pattern matching. Nature, 2005, 434: 72-74

Deboer TS, Subia MD, Erdmann MV, et al. Phylogeography and
limited genetic connectivity in the endangered boring giant
clam acrsos the coral triangle. Conservation Biology, 2008,
22(5): 1255-1266

Dong Y, Li XM. Protection, development and industrialization
of Tridacnidae stock. Fisheries Science, 2015, 34(3):
195-200 [#ity, 451 R WEBRGEIRARY . FF R KAl
KRR, KP=RME, 2015, 34(3): 195-200]

Endler JA. A predator’s view of animal colour pat-terns.
Evolutionary Biology, 1978, 11: 319-364

Endler JA. Progressive background matching in moths, and a
quantitative measure of crypsis.Biological Journal of the
Linnean Society, 1984, 22: 187-231

Huelsken T, Keyse J, Liggins L, et al. A novel widespread
cryptic species and phylogeographic patterns within several
giant clam species (Cardiidae: Tridacna) from the Indo-
Pacific Ocean. PLoS One, 2013, 8(11): e80858

Huston MA. Pattern of species diversity on coral reefs. Annual

Review of Ecology and Systematics, 1985, 149-177

Ling H, Todd PA, Chou LM, et al. The defensive role of scutes
in juvenile fluted giant clams (Tridacna squamosa). Journal
of Experimental Marine Biology and Ecology, 2008, 359:
77-83

Liu CS, Liu XX, Wang H, et al. Effects of light intensity and
spectra on metabolism of ammonia, active phosphates, and
oxygen consumption in Tridacna crocea. Oceanologia et
Limnologia Sinica, 2018, 49(2): 314-318 [XIZ& Mk, X,
TENE, S5 SEREGR B AN X B LLAERE(Tridacna crocea)
A TEVEREIRE S A B IS, 2018,
49(2): 314-318]

Li YC, Han YD, Chen SQ, et al. Damages of coral reef
ecosystem by the giant clam excavation—A case study on
North Reef of Xisha Islands. Journal of Applied
Oceanography, 2015, 34(4): 518-524 [ZT0M, #iA &, W
AR, A5 TRBRRAZ N A A S R G R —— LAY
WALHES R ). IR 2244, 2015, 34 (4): 518-524]

Loto’ahea T, Sone S. Giant calms in Tonga. Nuku’akofa,

Kingdom of Tonga. Minstry of Fisheries, 1998

Loyd DG. Variation strategies of plants in hetero-geneous
environments. Biological Journal of the Linnaean Society,
1984, 21: 357-385

Lucas JS. Giant clams. Current Biology, 2014, 24(5): 183-184

Mercier A, Hamel JF. The secret of the giant clam. Freshwater
and Marine Aquarium, 1996, 19(5): 112-113

Merilaita S, Lind J. Background-matching and dis-ruptive
coloration and the evolution of cryptic colour-ation.
Proceedings of the Royal Society of London, Series B:
Biological Sciences, 2005, 272: 665-670

Merilaita S, Lyytinen A, Mappes J. Selection for cryptic
coloration in a visually heterogeneous habitat. Proceedings
of the Royal Society of London, Series B: Biological
Sciences, 2001, 268(1479): 1925-1929

Merilaita S. Visual background complexity facilitates the evolution
of camouflage. Evolution, 2003, 57(6): 1248-1254

Mingoa-Licuanan SS, Gomez ED. Giant clam conservation in
Southeast Asia. Tropical Coasts, 2002, 3: 24-56

Ozog ST. Balancing anti-predation and energetic needs: Color
polymorphism in the giant clam Tridacna maxima. UCB
Moorea Class: Biology and Geomorphology of Tropical Islands,
Student Research Paper, 2009

Palma AT, Steneck RS. Does variable coloration in juvenile
marine crabs reduce the risk of predation? Ecology, 2001,
82:2961-2967

Penny SS, Willan RC. Description of a new species of giant clam
(Bivalvia: Tridacnidae) from Ningaloo Reef, Western Australia.
Molluscan Research, 2014, 34(3): 201-211

Richter C, Roa-Quiaoit H, Jantzen C, et al. Collapse of a new
living species of giant clam in the Red Sea. Current Biology,
2008, 18: 1-6

Su Y, Hung JH, Kubo H, et al. Tridacna noae (Roding, 1798)-A
valid giant clam species separated from T. maxima (Roding,



182 ook B

2 R ERAES

1798) by morphological and genetic data. Raffles Bulletin
of Zoology, 2014, 62: 124-135

Todd PA, Briers RA, Ladle RJ, et al. Phenotype-environment
matching in the shore crab (Carcinus maenas). Marine
Biology, 2006, 148: 1357-1367

Todd PA, Ladle RJ, Lewin-Koh N, et al. Genotype 9
environment interactions in transplanted clones of the
massive corals Favia speciosa and Diploastrea heliopora.
Marine Ecology Progress Series, 2004, 271: 167-182

Todd PA, Lee JH, Chou LM. Polymorphism and crypsis in the
boring giant clam (Tridacna crocea): Potential strategies
against visual predators. Hydrobiologia, 2009, 635(1): 37-43

Weingarten RA. Tridacna-the giant clam. Freshwater and Marine

Aquarium, 1991, 14(2): 101-106

Wente WH, Phillips JB. Fixed green and brown color morphs
and a novel color-changing morph of the Pacific tree frog
Hylaregilla. American Naturalist, 2003, 162: 461-473

Yasin Z, Tan SH. Quantitative and qualitative effects of light on
the distribution of giant clams at the Johore Islands in South
China Sea. Phuket Marine Bio-logical Center Special
Publications, 2000, 21(1): 113-118

Zhang YH, Xiao S, Li J, et al. The artificial breeding and early
development of the fluted giant clam (Tridacna squamosa)
in South China Sea. Journal of Fisheries of China, 2016,
40(11): 1713-1723 [5KERIF, Bk, 27, S5 GFEERIA
TEHFMBLY LA, Kie247, 2016, 40(11): 1713-1723]

(hiE B P

Colour Polymorphism of Tridacna crocea Mantle and
Its Correlation with Growth Traits

HE Yuanyuanl#, LIU Ertian'", GU Zhifengl, SHI Yaohua', WANG Aimin'?, LIU Chunshengw

(1. Ocean College, Hainan University, Haikou 570228; 2. Sate Key Laboratory of Marine
Resource Utlization in South China Sea, Hainan University, Haikou 570228)

Abstract

As one of the main members in coral reef ecosystems, giant clams have important economic

and ecological value. The conspicuous, brightly coloured mantle shared by all giant clams is a unique

feature distinct from other bivalve mollusks and plays an important role in energy harvesting and privacy

protection. The boring giant clam Tridacna crocea is usually found at depths of 0.5~3.5 m and is one of

the most colourful giant clam species. In this study, T. crocea from Xisha, South China Sea was used to

study mantle colour polymorphism by CSE-1 imaging and colour-measuring system and cluster analysis.

Moreover, the relationship between mantle colour and morphological traits of T. crocea was also studied.

The results showed that the mantle colour of most T. crocea individuals was distributed in the blue and red

primary regions, and only a few individuals showed colour distribution in the green primary and bright

green regions. T. crocea were clustered into six colour groups (including brown, reddish brown, light blue,

dark blue, green and yellow), and the colour differences between each group were >15, among which the

difference between dark blue colour of the fourth type and yellow colour of the sixth type was the largest
(AE=74.68), while the difference between light blue of the third type and dark blue of the fourth type was
the smallest (AE=18.98). The L, a, and b values of T. crocea mantle had significant positive correlations
with shell height (P<0.05); the correlation coefficients were 0.2080, 0.2210, and 0.2375, respectively. This

study provided a basic reference for the conservation of giant clam resources and the recovery of coral

reef ecosystems.
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