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Research progress of factors influencing the growth of 7ridacna and its artificial cultures
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Abstract: Background, aim, and scope Giant clams (Tridacna spp.) are the largest marine bivalves of any
ocean. They stay in one location and live in symbiotic relationship with zooxanthellae. Many environmental
factors can affect their growth over their life time. In recent years, the number of Tridacna individuals have
decreased dramatically, and some species have come close to extinction due to overfishing by humans.
Artificial breeding and release of giant clams have become important elements in giant clams’ conservation.
In addition, the carbonate shells of giant clams can provide valuable high-resolution paleoclimate research

archives, however, the full environmental implications of shell geochemical proxy values are still to be fully
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understood. Laboratory controlled culture methods to reveal the environmental implication of geochemical
proxy formation is an essential part of increasing our understanding. In recent years, some culture experiments
have been conducted to investigate the effect of environmental factors on growth of the giant clams. Here, the
influencing factors on Tridacna growth are reviewed, providing reference points for further culture, conservation,
and geochemistry of giant clam shell carbonate properties. Materials and methods Here, the culture modes of
Tridacna are illustrated and the environmental factors, such as temperature, light, salinity, pCO,, selected metal
ions are reviewed. Results Studies have shown that the Tridacna culture modes can be divided into primary
environment culture: semi-natural culture, and laboratory culture. The 7ridacna survival rate under the first two
culture modes and the influence of various environmental factors on the third mode are analyzed. Prolonged
temperatures above 30°C can cause damage to the Tridacna and its symbiotes. When the luminous flux exceeds
1061 pmol-m>-s™", the Tridacna shell will dissolve more than calcium. Tridacna gigas could adapt to lower
water salinity by adjusting its respiration rate and zooxanthellae density and volume. Discussion Primary
environment culture may be the most suitable mode to quantify Tridacna growth, but the survival rate is hardly
guaranteed due to the presence of predators and unsuitable climatic conditions. Laboratory culture can solve
this problem. However, it must be noted that the environmental factors still influence the growth of Tridacna.
Studies have found that the Tridacna have the ability to adapt the changes of environment in the short term, and
maintain physiological balance by changing respiratory rate, reducing metabolism, and adjusting zooxanthellae
density. Some studies have also explored Tridacna genetics. It was found that Tridacna may control the up-
regulation or down-regulation of differentially expressed genes, and adjust amino acid composition to adapt to the
environment. Conclusions Although Tridacna can adapt to the changes of surrounding environment; if changes
of environmental factors exceed certain thresholds, the adaptive capacity of Tridacna decreases. Eventually, when
the growth of Tridacna is interrupted, the shell dissolves, the mantle is bleached and can be life-threatening.
Different species or sizes of Tridacna have different tolerance ranges, and may have different responses to the
same environmental conditions. Recommendations and perspectives In laboratory seawater tanks, it is necessary
to introduce normally co-habiting animals to help the growth of Tridacna, including mint shrimp to remove
algae, sea cucumbers to help turn sand, and trochids to resist Oncomelania. Thus, in addition, it is important
for researchers to recognize that in nature other organisms are essential for healthy Tridacna populations.

Key words: Tridacna; zooxanthellae; Tridacna laboratory culture

BERR R L R RGGE DS, IR Hr LA
e 58 2 AT RV R — B VTR I IR R b
L AR Y o WEREE R AT LUK 2 35—40 cm, H:
HR B K A RERE AN @ e ICHRRE, KT AR R
1 m DA I (Rosewater, 1965) . %% 7% iy —
HBCHAE, B ATIA 100 a 2247, HIHABRGE D12
G, RERR SR R AU 5 om e B 3R 7R
HEE N BURTERE G A2 I8 e, Eid s
OO BIEAD AR E SR e R A 5, HAMERA
BUP A — AR R 5% L R0 /N
R4, HTHREEmLes, —UERYRNASH
A Z RGP 5E N, ( Yonge, 1936; Fisher et al.,
1985; Norton et al., 1992 ) . HE J& B B9 fE A= 2

ARG rhREEEMEHEEY, BT HARKRK,
AT DL R S At 2R 0 v 1) 00 28 D R/ INBU A g AL e
I LRETEHEK B 8 IR AL o HAS B 1 8K
DIRERR B AR B SR I K R RE A% 7 A2
I RIRBRIRES 7 AR, 5 RESS &, 3
WIS R (Neo etal., 2015) . HATEH
PIREREEZA 11 Fh, Nk 1 s,

FERREY NI, PR . PSS K diih— &
BAETT TA99EE (Lucas, 1994) ; FEEMEZI4;
KRR, WEREFRB iz T hifERR S . 2
G0, HNWMATE, — Lol VRS 36 A0 o R
ZIEME 2135 70 oo ( ARM ) (Larson,
2016) 5 ULAh, WEREIE KB T A8 32 W i XL
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e, SRR AC Ty i A B+ W F oA HE
¥z — (Wabnitz et al., 2003) . FEEEEJFH K
MDA BRI T AL BEY, BN Cy)
Tl 5% rh RRRE AN B 2RI D, ER s m A 2 AR T
WifaE . AR, BRI 7 AN AL
Tl i) P FPREBR A B AE 1999 — 2016 4F ik /L,
JLF K45 (Ramah et al., 2019) , v T3 K21
AU Y S 2 AfE A B A K W B AE TS ((Ullmann,
2013) . HEIHTAFE B REERSL T Ao AR F 4R
PRAPECE Wi e M Fh 21 (844 5% (https://portals.iucn.
org/library/sites/library/files/documents/2017-001-
v.1-Enpdf) LR CWifs S5 A= shas W #h (5 B 52 5 28
21 ) Bt % 1T Chttp://cites.org.cn/citesgy/f1/201912/
W020191212554434119153.pdf ) .

1 HEEERNERIA

Tab. I A brief introduction to Tridacna species

GES = FNIALINY R, W[
Species Maximum adult size Discoverer, date
FAN LRy 1
ELLEER 9em Lamarck, 1819
Tridacna crocea (Knop, 1996 )
KRR 40
KR hem Réding, 1798
Tridacna maxima (Kinch, 2002 )
Wi FLHERR 35
.75 i . o Roding, 1798
Tridacna noae (Militz et al., 2015)
TCHERER 62
TR coeem Réding, 1798
Tridacna derasa (Lewis etal., 1988)
[ 41
) SHEEIR e Lamarck, 1819
Tridacna squamosa ( Rosewater, 1965 )
TR 137
F:FEE iF% e Linnaeus, 1758
Tridacna gigas ( Rosewater, 1965 )
5 VAT 5%
. B Y TR BT Ladd, 1934
Tridacna mbalavuana No research
% [CHERE BTG Sirenko and
Tridacna rosewateri No research Scarlato, 1991
JeH Sy Wigs
,ﬁ EPIuDZ. I Shurany, 1899
Tridacna squamosina No research
i 5T
) ﬂﬁé' EABR Linnaeus, 1758
Hippopus hippopus No research
& 5%
. R B Rosewater, 1982
Hippopus porcellanus No research

B TR S LR, https://www.marinespecies.org/index.php.

Detailed species information is available on the website https:/www.

marinespecies.org/index.php.

BRASTE SN, BRI AR R 7 R

SAEie s E ., HERESUE ) SCA ek, lE AT
AR K2 H 2 HAERKE)Z, SFQUZ 5 n] ik
1 cm, HLZTEZ) 5—60 um, &I B S e
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F15%

HRAFFE R BAEAS R (Welsh et al., 20115 Yan
etal.,, 2017; Maetal, 2020) . T +&4EK, T
AN ERTEREFAR ] — R — /NS R AR Y)
IR 2 FR R AT 000, RPTH T — R —/Nif 43
R A U IRAC AR R A . U SRR N
S, ST IR AR (CAngER . R FEIE
#Z5 . ENSO %[ H & ( Watanabe et al., 2004;
Elliot et al., 2009; Sano et al., 2012; Yan et al.,
2013; Yan et al., 2015; Yan et al., 2020) ., {H
&, BT RERE T R MR A2 48 A X IR B A
A I 7R B SGRAFAE G, 0 Sr/Ca /& 75 RE
FVER R IR 4845 (Elliot et al., 2009; Sano
etal., 2012) . EAWIFERE : FHETGIRIERE,
HEAT — R SR 4 0 L5, [ I R R R
PRI TR AR HEAT 51 53 BRIk Ak 27 43 A 2 JE
T R b 35K AL~ 46 Bn PR AR s o ARG R 2
— (Yan et al., 2013; Warter et al., 2018; Liu
etal., 2021) o HHFI, FTIFRA%HEEEHBK 1k 2= bF
EDEISRTae= P 57 i i 11 7 S STTDS B2 AR AW L R 4
i, 2 E R KRR, PR S R
FPRE, PR THREBEM N T REEE, WAsHUS T
AHTRYHERE, NREEE R SE R = SRR TR A
NS o AR SCK X RERE A R R P i — R A1 BR
eSS R R A TERR , T RS TR I 55 454
DI BRAE SRR BERE R 55 5% L DA 512 30 2 8%
Tl .

1

20 {22 80 AU C A w3 HEATIRERERG IR, K
ZHRR TS RAEA AT N T FUA B SR 55
FPEA S IREBER:#: (Alder and Braley, 1989;
Pearson and Munro, 1991 ) ; Ay i KA (208
S S S A B X B R A A R, ER A I
NREBERINE T CJEAPE” . SRR 5 (Foyle
et al., 1997; Hart et al., 1998; Waters et al.,
2013) , KERER'E THZAN W HRT M
Bige, BEIR, BORBZ MU RA e A
TR IR M A RIS T B 3%, RE A% B 4 42
WE ARG, AR [R) BREE PR R R R AR K i 52
i ( Elfwing et al., 2001; Jantzen et al., 2008;
Maboloc et al., 2015; Warteretal., 2018; Lietal.,
2022) .

HT T & & AR TE 5 % 5 U A R R
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FESRAERS HARBEFRAAOE T, BERRAE 16 R0 A8 IR 48
K, X G EEBEAARFI /N BAS B X 35 11 35 17 BE )
B Blhn. HREERRE T RIEPERT B AR
SN P THE, 18 d SR REREAIAETE RALA 17.3%
( Waters etal., 2013) ; # 50 BK %y 19 mm 4h
AEBRRERRR B R A F RIS, HAFIERAE 2 h
JRERZE 0, i@ M RR I, A RERE 2Rk
M4 (Heslinga et al., 1984 ) , KAEHE
X R )5 R S B A Y, (EER A R R X R R A
NI E A —EW HEN RS, KRR R
84.13 mm (1) 1000 H 4 FORERR 5 45 5 A 21 M4 12
( Cymatium muricinum ) & T R—EFE R 5+,
A3 Ak, JERFERRIAEIE RN 83.7% ( Perron
etal., 1985) o FBEREERAIAS 200 A B2 1/10
MRS TR R 25, 182 d )5, WEAERE
TR R 82%, TR BT L JC KRG T i 9%
(A W ST (AR o 5 B 5, L 5o AR gl P ) JE 8 o, 2
H4fn (Neo and Todd, 2011) . HAREBRGHH
WEHEMRE L, FEEELE TR AR R K ) a2l
EHARMEAIG, Ik, A AR FRRERE A X
B o

2 R T AR AR HERE A AR IR AN H
SREEFREN . NTHIER “EdiE” .« “EmH”
VAN RE TS BB B S A b IR I B, R
H5 Bh B R o R 2 DR A ] S O A
g5, G I i R AR A e L R s W DX s, [
Ib, W H RIS T B REREAE G = T A
SREEFRZANE, Foyle et al. (1997 ) 7EfAr % | 1S %
SEPIAEIAT T H4AE ] 8 A A A BERERERS S5 5256,
S APl SRR BB, S RN
0 ARK R R R R R E 2 A~ H, LB
ERERE AT R 32.4% $2 75 2 66.6%. Hart et al.
(1998) TERTZ T IHES AT T 24 A H I TCHERERR
B RS, ARAESCR BTN H B T 2 JR R,
45 R O RERR A AFTE R R 92.2%,

TR, R OM JEPE” W
i FH AN RE AR UERE BR 552 BT A P05 PR 28 1) 5
7E Foyle etal. (1997) Mysgarh, SH—4FSCE0 I [H]
HELT S AR ) R RRIR R, RIS E 0 Wi
SRR T /N HIRIR, XA R A A R
FRERIAAG %, FECE—FIEE BT 24,
eGSR, R IR AERR S T LR RE P /N
FERRBIAETE MK T IO AR, X 530l 2 i n)
THERBREB/ NS X (Hartetal.,, 1998)

Elfwing et al. (2003 ) FEFEFZE R — 05 Y=~
HUX AT A E” AT T IRRERESS 7R 50 50
R rh— KAz B A R T KI5 3, REGZ0K
3 25% W [RHERRAET . Bl 5 e e R 55
pieni| il TR 1K< 90 W N I3 e A K (W AT O i
W H AR IEFR AT BEREAE G R O 42 3 T 90%
HEE S (Elfwing et al., 2003; Lebata-Ramos
etal., 2010; Mohammedetal., 2019) .

SR R AR AN TSR T
B, HU7E 20 tHag 80 AR AU IS I 25 Ak, AR
FEIE RS H) TR PRIIE . W TR 5 AR ik
2 ANTHFRY, 90 d J5 ZF BAER %4050 100%
(Heslinga et al., 1984) . TE/5HRYSEE = B RS
gorh, WFROCTE R N RERE AR TG 2854 4% 21 52 i il
BRAE R AR A B b L

2

N T3 B 45 77 W R T LA 3 o W 27 3] 855 97 M
MR S S B B SE AR R R 2R, 25
DB LA R kM, SRR RS T rT Ry
W, BRI, JCRERE . $hF . pH %, 2
WERRIE 7 WA . AR B 85 3% 45 1 2 i i it
BRAE R WU | FE ARG 10 R T R 3 AR KA
[ B ] R 5 | b 2 A B R B Y R R, S B
BEAfEEE ZBET
2.1

AKX R A R A SR BRI, R s
ASEAR AR Z — o T RERR 32 2L 36 7E iy — 1
PRI, RENEIE N A TR X RN, R A
I AR FA 2 X R B R S Ay 8 R e 1 T
WF5E M LI W IR, R T A FFp
TR X Tk 8 28 b, 174 i 7 4 o5 R A 3HPE 338 1 ML
Blidberg et al. (2000) X =FhHEREDETT 24 h (5
A (30°C, @ YA RRE 3C) , &k
PAERGRIBCR , R ICRERE 5 B R R 1 O 6™
it (P,) FIREHEHER (R) B, P/R 3G, H
WA ZPLEIMIZ . Elfwing et al. (2001) [AJFREXT
EEREREHEAT T 12 h A9 iR SE S, A IR R
SOGCF RGN, PR SS, Po/R BRI,
TR ST 445 SR U I < R S ) 1 7 ek o 95 R e R e
J& PR TR) T = AR R TR A R B R . AN, TE
REFEHK R 12 h T 24 h (PR scgi b, SR & B
HEREH LRy P4 (Blidberg et al., 2000; Elfwing
etal., 2001) .
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2 TAERFETIRE HAREEFRANE H AR TR Z 101
Tab. 2 Recent Tridacna culture cases
EEIIEN eIy el HiE e WK TG 7% 3k
Culture mode Duration Site Species Initial number ~ Survivalrate/%  Reference
EESHE
Primary MA55 SR RIS Heslinga
. 2h T. squamosa 50 0
environment Malakal lagoon, Palau etal., 1984
culture
EESIEI ek iy DRART 162 2
Primary 181 H Watson’s Bay, Lizard Island T. gigas, Alder and
environment 18 months MR 3R T 5 R T. derasa . " Braley, 1989
culture Palftrey Island and South Island
IREE . .
5 - i 5a bl IR AN 2 R 17 S ) 3 T. gigas 1120 68.2
Primary . Pearson and
. Michaelmas Reef, central Great
environment . . Munro, 1991
7a Barrier Reef, Australia T derasa 46 67.4
culture
NIAEEZS -
o 8 4~H FF % 1 1R 14000 o Foyle
Semi-natural ) land T. squamosa
culture 8 months Solomon Islands 4500 66.6 etal., 1997
W ESREEF: 247 H 24 months R T. derasa 8800 92.2
o = FF T TRES) ; Hart
Semi-natural 19 4~H 19 months T. maxima 8800 38.9
Solomon Islands etal., 1998
culture 17~ H 17 months T. crocea 8800 39
B[Rt e Iy S S E A
T kbR Silaqui and Cfigui;futan Channel, .
. 6 1A Philippines . Elfwing
Semi-natural T. gigas 90 94.4
6 months 16°26.806'N, 119°55.352'E; etal., 2003
culture
16°26.263'N, 119°54.751'E;
16°23.325'N, 119°54.851'E
AR . VAR B
A ESEAL e {/%i‘ﬂd‘??\ R
. 74H L etk Guest et al.,
Semi-natural . T. squamosa 144 80.6
- 7 months Pulau Sakijang Bendera, Pulau 2008
T
cuiture Satumu, Pulau Hantu, Cyrene Reef
RIASE/S =S RIEMEARE
. . . . Lebata-Ramos
Semi-natural 382d Southeastern side of Carbin Reef T. gigas 605 89.1 tal. 2010
culture 10°58.74'N, 123°27.89'E el
EESEEE
Pri S = Apte and
many 2a BISEREF T. maxima 2044 915 piean
environment Lakshadweep Archipelago Dutta, 2010
culture
DA/ SEER
Semi-natural 450 66.7
culre PRI T I
"""""""""""""""" & TR T Waters et al.,
S 18d " T, maxi
ARSI Aitutaki Marine Research Centre axima 2013
Primary
) 150 17.3
environment
culture
DAL /S Abu-Sadaf Jiif
E- REi 18 A u-Sadaf HiHH] _ Mohammed
Semi-natural Abu-Sadaf reefs T. maxima 48 100
18 months etal., 2019

culture

27°17'37"N, 33°47'10"E

FISAEETR . (OMREBEIEATIRMC s WA ARIESR . N TOREREAR AL —E e, (BATE RV EFR B h i 3R

Primary environment culture: only 7ridacna is labeled; semi-natural culture: provide some artificial shelter for Tridacna, but still cultivated in the

primary environment.
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Buck et al. (2002 ) X ¢ B R BE 47+ 1 15
3%, BRAETEDLAhER (>30C) H#,
8 J& 5 B RO AR 1%, SNERR R D TR
30%, HAMERHTFLEEE a, % o 78 8 A
LI ZE R L A . (HIZ I IR o 2 5
5, HSZR R A CRE L L SRR B 2 — 3 £,
AN BB Z D' B X2 S 50 i 5210 .- Junchompoo
etal. (2013) W& T REY FHAH SR LR S
CLRRRR Y R R A2 M, R BLAE b KR T 32°C
J&, WA EERETT IR AR Ak, 90% [ REBETE B2
33CH RN LA EZeAk, B2
K, TR 30CLURRT, 47 40% BYREREE 8
F, A 60% MRRRER Sl mistT, BiAlRES:
R HSF [ P g X T e B R ) L A R o AN R
R R RRRE A ST 4 (o, REABERERR . FHLLik
BEEA ARRKE . S5 Ry A R W
CEWA

Bl 5, A8 2% R R 1 I 5 AR R ) A= BEAIL
H5E4T THF9% . Zhou et al. (2019 ) X LT HERE
TR R SR, eI 24 h e, &
CLRRERADE N o A AL D B AL (SOD) it 4
L& (CAT) WEMHBL T H R4, FLk
BERBLSA AL RE TR II 6 IR, T L0RERE SN g
o S AN A T A BB caspase3 AL FEE T
SANERANIE BT, BAh, ZLRE KM, T
ZH) 32°CHY E RIS, AR R OB ) % R
K. Dubousquet et al. (2016 ) X HERESAT FHIR
RSl ms, RIMAEZBITHRAIFS W =K, i)
JEh 29°C Y, REBEANE IS N AR A5 A1 7 17 1R
(R e 2 A T AR Ak, BRS80S 1R D i 1
AR (C16 :0) W/, KBREEZ A0 A G 5 iR
Beohn, R A W, R TR
RG0S 5 d, TR 31°CHE, X =P aisr KA
T RG] AETHR L, NIRRT 1
BN 23 X RERE P AR G RS, i L A 3 B
PR RRAR, {F A [ B £ 1 185 0 BB A% 2% fidk X o 171

20, BRILZ AN, Dubousquet et al. (2016) it
R, HATHE 3 dJE, 7FESSIRREESIEER
THERAY RNA F41 o SOD Fl CAT 2% F R ik KL
B LA, fEIRS s d LR (32°0)
S X A Y AR AR B R T A
RNA ¥4, T 76 POl 345 R 5 24 h 8 XK =
JEA KA, F A 5k 2l R AR B A B e I

LR, SR, b3k SOD 1 CAT i) i 15 &
5 Zhou et al. (2019 ) RYSEZIRZE A FrAE, 7]
AE-5 T ) B DA R RE R B A . IEAR,
TE 32°CHOEEFR A RS SR 5 d Bf, Dubousquet
et al. (2016 ) XL 2 Rl RE K A Bk Aig 15 1R 2 ot 43
hn, FEBIFE X SRR, KA EE IR T PR A A
TR A A B W HL R B AR R, AE
A, ANREIFE R DR AR BT ARk
Ja R AR, UL AR E 2 A3 N I AR Ak
Bl VL B R, S A0 R R AT A T AR A
ERAEWR, SRS, Hix s R A
FIHRAS AR S AR IBAFTE, SRR S0 5 iR AT g xf 3k
ARG R AER . 25 b, TOR R R Y
S 2 A B IS AL, e i S e
T T S A I SR AR, A RICR, REER
£ 38 R AR Y RE T, B N e R
PR, BB R LI A (R AT R 25 37 3k A MR -
A, AR RS B R RE Y ik I K A2 32°C & L
Ry, R FEERAE 29°CHE BT & Bl A
FiME45 475 ( Dubousquet et al., 2016 ) . HEEEAS B
R, AR TRPHE—EERE, %X
IR 4316 200 = T 23°C ((Junchompoo et al.,
2013; Yanetal., 2013) , {H T EH AT IO
AT FR A 5250, HREAR 6 LA 3% DXl il i
Qe v il 4 5 S 0 23 BN e R R A K A IR
S 23—29C,

2.2

WRRE 5 d v e s, R o G E A
FAEAALE A A B AR, POt BT RERE 1Y A=
KEICHEE, HRE AR AR TG S E B
AR R R HIBMER, WBOLREHITEEAE
M, MR AR K & F R RERE (Norton et al.,
1992) o A FEXHERDGAVE SR R &
o7 LR T A0, R IR A B O A I PR A Y B
i, JEA AT DI R RN 5 R B R oK, K
I, FREEUAE A AE B 10 A IR A 1 1 T
A€ E (Klumpp et al., 1992; Klumpp and
Lucas 1994; Ambariyanto, 2006) . YEHESEREREA:
KEBMIEERZR, TEARRTRERCEEMLT,
WG EERREIARR], $eALA R e
HMAKZS (Lucas et al., 1989; Jantzen et al.,
2008; Rossbachetal., 2019) .
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221 OGHGGRFGXTFREREA: K KA1k 52

SRR TG X RERE AR e, AT
FHUAS DO 30 P 4 i o 4 BRI & ) il i, SR
AN TADG 3 5K ERR 1 A K A FE TS . Guest
etal. (2008) FEA[AIGIE i 25 1F N X BEREREDES TN
W10 JH GRS, S5 R . #E800 pmol m *s
G AT, SR R ST AR A A B N E Y R
180 pmol'm >s™' 5044 F 1Y 2 4%, HAE 800 pumol'm s
DA, A% 55t & K E A ¢, Adams
et al. (2013) SRHEPCL 1Y 7 ik X i e 1 7
Ko, KM SR 4G, ARDGE A0
T EEREEE A AR R PR ARG, 5
Guest et al. (2008 ) MBI 45 —2L, Lucas et al.
(1989 ) R FHAK I $4 H S 9 751k X 122 FR e e
1T A BRI, EMAEHCTER (J6
W hE 1684 pmol-m s ') 5 50% MRS (OfE &
732 pmol-m *+s™ ) M, WEBESSIRAI AR EA
Wos UL 25 5, BT R [CRERE 1Y % & VE HIFE
1 P GIE AR T CaR R (BAE H OGRS
90% MIARMET, R IRRERER A AE T IRRE, 3
JEAA 20% 174 o

Warter et al. (2018 ) i# i< {d FHAS[R]DGIE & 19 =i
FHT A FLLREREIEAT T 16.5 d YRR SLH, A
SeRIG K 5ot 5 2 IEA G, HIAS RS L R TR
100% Yl it ((162+7) pmol-m *+s™') 5429%
it ((68+6) pmol-m*s™) Zff FLHI W25,
T2 F RS, IR, )RRt
T8 i e 2498 HOGOGiE 5 19 1/10, T 7E Lucas et al.
(1989) =g, FELGIE KT T TR LD
WEEE BAR AT s A, IR AEME3 DN H L L,
Rossbach et al. (2019) {5 F#& WHEFYS 1T Bl AE
FELEA R IR R I B poiE /e, iE
4 530—561 pmol-m >-s”' (K 3—5m) I, KHE
BRI SO IR B OLim) |, HgisieR
W IAF A 1EGE K T 530 umol-m™-s™ i,
FAERE A BOG A i 5O R A DG St &
BT 561 pmol-m>-s B, T FH B AGUMISE, HED
SEim R T 1061 pmol-m -7 5, REREF AR M I
TR K TSR . Ll Fse R . Stis
£ 500 pmol-m - s Z¢ A7 Fe ik K 4 il 2 e
A, BE SR ICRE R A5 B B K B R W] 36
2B & 2 800 pmol-m >+s ', X T A R
PRERE, AT R IIG SR, 2/ LRI
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5%

KT 180 pmol-m>+s' (Lucas et al., 1989; Guest
etal., 2008; Rossbachetal., 2019) .
222 JEIRNA R R RERE B 520

AN TR o 26 A [R) AR/ N 1R Tl R X 1 B ) 75
SR 538 1 FE AN TA] (Lucas et al., 1989; Adams
etal., 2013; Rossbachetal., 2020 ) ., Jantzen et al.
(2008 ) XF7E4 11— 12 em (B RERE 5 K RERE
17 VRO TR, RO & 44T
FigR 10 d Je, SRR A9 SO0 RN R 2K B
(f 12, WAk, FEEE i (128+59) pmol-m*+s™
B, 0% R B Ah 25 L rh A BT e R R AR 4K (468 +
104) pmol-m s ZcPF FEEAIL, JHEREAY Hu o e 25
JEN 522 2 . Yau and Fan (2012 ) 204 [EIAFR
KRERETE R G IARIE T D 3, RS
MR >50 g IR, HOtE 1R L P AL
AR, A, HZURE <50 g MK ERRE,
T TE 21 A F 48 5 B8 e i BF (1700 pmol-m2-s7') S
PRI N, X5 Jantzen et al. (2008) 11
SR AERAL, HLNWRE <50 g HERR, TEZ 3
ferEtsRST (1000 pmol-m™>-s™") B, JeiE o
QRS IRTA O o SR

RIREGE A B WRERA K R, Bl HAA
UK, AMERNIE, RERE T RE 2 90 iy 2 vl e gk
ORI Z, (H- 1R 5O B A Y v Rk
it BERERRAA TR KM% 2> (Fisher et al., 1985;
Griffiths and Klumpp, 1996 ) ., Xf 3 21t BE & i
FERM, TE=FANFDGE & AT, R RA
AT B 2 B AR TR BB NS R 1Y B e
J# (Liuetal., 2020) . Btob, AR ILEEE
R ARG, AMERINE, R FEFLEL
MYLHZUA BE 238 HUE BB IR R 40 (Trench et al.,
1981) , HRUCHEM, FBor RIATRA R T 2 211
R TCAVER, BRI SE OG5 I g 1 T
2.2.3  REEROGHION BERE K H BB

TEBSPOUEEFRFEMT, BRTAIWOG, —ufE
TR G AT BE X B R A AR S, L AN R AR
( Ishikura et al., 1997; Rossbach et al., 2020) .
Ishikura et al. (1997 ) & I T L VERELEHF UV-B £
A (Kl (312+6) nm ) il 20 min 5, HAK
WD A RIS 22 26l B UV-A 250
2 (PKh (356+6) nm ) #li#% 60 min Ji5, HAEHE
B AR RN E T 50%., (EXF T34 FAME IR
) O O UL, 24 87% K 310 nm A 90%
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A A 320 nm 1Y 58 AP OGTE 2 o T 21 AR RE A 45
0.2 mm W Z AP, JFRX AR TAbE
JIE v ) PR B SE  AS RE  HR  HE  AC 55 Ak Y
WA AR TR INZ SN E R R R M R 2 5L R,
R 2 B o ARG I A7 T B ) DL R A TG
Hus et AR S A I h, B R B R TR
WERE S ANEANE R R A R, R IR R
Z RN AN GLIT , 2R P &5 ) EALE A
HREUF5E (Ishikura et al., 1997 ) . Rossbach et al.
(2020 ) FEHEHDT T OLIR MRS TR AERE—
ROV, RIS SRR AR K
CRESE A T AIMNAS I — i FR B A 52 AN RS 2
23 TR R RESE AR RS TR T IR B AR /N | FR
() AR, 7F [ B 3232 06 IR 5 SR AR il e, SE 0
H 525 X A K ERR P 46 | 54 %
P RN A RN s AR A AR B R ke A
WA, OGRS MR A B R,
A 1 O SRR A sk, 1 I e D
Ak R IT AR R R s K APE 5. BEREAR
S HAMPUEINKNGE ), BEUSIRLr MO 4 v
PR, 5 58 AN R B ] ) o9 2 S R
BE= AR PR G LB mIR NSRS, MINiRE
MR A A, BRI EE v 9 IS T ML R A R b
I RS A Rt AT SR BRI RE T, AT LKA R TR
BEA A 1 2 AN IR AE b 5l e Ak il B W R A
Bt (Fatherree, 2019) .

2.3

T RERR B0 AT T ENREVE . RV TR,
HZ0FAREERZ S m AN, AAFREW 5 % 3]
FETK RS20, A IR ) (B ) K S, &5
R MK AR R FEREAR, DU S M R B 1 E # AR K
%% (Morton, 2002; Nakano et al., 2009) . ¥
YA IO R B T () 3k B2 i K AR v iR A7 85 5%
RIRAEER R 18%0 KIS 4 d J5, ST %
K] 100%; 2R 25%0 B, 550 2 B R BEAE 1
EUHC IR I %6 g 2 v, AT B R i B A R B
%, X A]HE S AR S IR ER B i ik FE (Maboloc
and Villanueva, 2017) . 7 25%0 MREREE ST
AR 14 dJe, JFE ICRERE A 1A B e 2% B I
HE A s — e BE R, (HE CHERRN
FOLEER . SPERPRIAE PR, HgKa,
GER o TR AR AW A (Maboloc et al.,
2015) o BbAh, AR XSE D2 7E A2 Bk B il

BF, 2 e U ik A v a B AP K A R A 1)
BRA . S MBeR 0y Aok dE R AR B, (HE
PR B D 5 2 3 e 98 4 6 54 55 P IR o
WG ER AR ML (Maboloc et al., 2014) .
IKERBE g 35%0, A LRSI ZE R KR ER B
S IS 1) PN ARG 28 25%0, /N2 06 T2 ER R BER 335 ol A K
SO, PR TR RE 8 A R P I G R | i R
B FAAR ) 7 =8 R A

2.4 prCO,

B SRR, fbaEHR G R E S Co,
WREBEN, VR LN H 25, Wit E] 2100
AR JECRT 2300 47, TR R IZ WK Y pH AN
[%0.3—0.4%10.7—0.8 (Lietal., 2022) , WVERR
At 25 X6 At 22 e Hh B RE R MR ( Watson,
2015; Brahmietal., 2021 ) . Watsonetal. (2012)
F 5T A TR pCO, 258 6 Bl B A9 A= BRAERHE AR 1L,
KIRAE pCO, Hy 103.25 Pa 1544 T 5555 60 d )5 i
WERE O AE 15 RNl 19%, HFe IR s e 4,
R R A R 37 S50 T B A A 38 (A
65.1 pmol-m *-s™', BEAKT A REHRAKF-, [HILHE
BEA S PET R e AR RESE 2048 T8 pCO,. Bl
Watson (2015 ) K6 425 % 304 pmol-m s,
RISEARGS AR IS0, UiRA 78 2 A6 R L
WS AR TE B pCO, WRIE T AR AEE . Kurihara
and Shikota (2018) 7 F SR GIEN X 2 21 0l i 7E
T NTH R, R & pCO, KT 101.33 Pa i 7
CTRERESER I PSR , M TG , VAR e
A, WEERRYAFEIE R IF AR Z BN, Syazili et al.
(2020) . Brahmietal. (2021) 5 Lietal. (2022)
ATt — DR R pCO, XFHEBEFE R K & 14
HlVE . FEA R pCO, 45 14 T 55 55 i W 6 6 J]
R AE pH=7.6 /KM 85 2 1 S HERE, LV 454k
R I BN B AR IR KR R
I BEERE ( Syazili et al., 2020; Brahmi et al.,
2021; Lietal., 2022) . Lietal. (2022) FIRAE
il Ak 55 7 25 U8 T 2 BUI W R 11 RNA I %o 7% ¢ 41
HEATIY, WG SRAh IR 5 1624 22 3Rk
LR, Hp 1199 ANJEE T, H2ERRIRMIER
FEDAREHER N F, IR R A
B AR AR AR, SRR BERERE R FH
WA, $EZ% A K AY I W X R4k, Kurihara and
Shikota (2018 ) MYEEFRIE K K Kik pCO,
OGN, FRELCRERR h A B BB = e, (A7
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CLRFBRRAOG A B IREE A K .l I HEAE =
pCO, 7K, MR FRAR AL 7= ) S5 BRAIR, ik
NARHY pH, FRLLRERE S 3230 S A4 Y H e i vy
AR UG 5, X5 WIS NI pH
W77 A A 25 BT, 545 e DG 5
#3300 pmol-m *-s™',  H IR AL T 26 —29°C,
I 60.80—70.93 Pa [ pCO, Fufi A7k & ; #HA
REFRAL L 82 ERR, ] 30.40—40.53 Pa 1) pCO, 4
HETE
2.5

20 T2, BFFEN LT AR TERERE RS SRR AR b s
TNGEEREL . BEh . BRRRERSFENY, IRITHERE B H A
VAR T RBSZFNE IR0 (Hastie
et al., 1992; Ambariyanto and Hoegh-Guldberg,
1997; Grice and Bell, 1999 ) . Hastie et al.
(1992) H4 FCBERERE Y ) & T4 T 50 pmol - L™
i R 6 A1 50 pmol - L' £ 3R Y 15 F5 K M rpr, R B
TCERERR I PR A K 7E 60 d 5 Hezs FT4L 43 3l
61% 1 68%, A1 S ER AN B JC WA BRSNS 5 2
s, SEASKIMR R, (RIEEInE SRR G 1Y
90d N, XFHezs 2, PO IR 0 T il
AR, Fittetal. (1993) HabfT T IIAY
SR, kB ICEERERETEAN N T B AR S A IR ER i K
bR R, AR KRS A 175%, [A)I)
BB A 22 53 BLHR B T WA AR 3R T
Ambariyanto and Hoegh-Guldberg ( 1997 ) ) 5L K
2% W0 5 Hastie et al. (1992 ) # Fitt et al. (1993 )
Kl RN TEFRER AR, K RERE RN T %
PRRR A dUBE e s A i |, MR &
WA B AN, Grice and Bell (1999 ) 41X} A ]
FER KRR ST, R AERE e KR
s (5 mm) , BEERASMEIHARKRKE, it
B FRER RIS AR S . se R, (HiX S
Fitt et al. (1993 ) MUBFFELE SR, HATmEHIm
YIFETEERERESE KA T 2—8 mm, ERKIFARZE
BRI, HEDN X AT BE 2 AR 0 A] 25 S 2L
FHAA TR, AR AR FR A TR 1Y 8 D B R I B
BEAE LN AR I X 78 FR 3R T 32 Ph e o 28 BT IR,
EBWIESRE, Wiz g 37 5 % IR RE Y
TSR 57

B T AEK AR TP S g IR ER A, A S
FRAKA P A AT BERERR IR B AR, R X R B
B A T £5 . Toonen et al. (2012) 7£PM
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FIEEER BRSO S Il s, 98 1ala, K
WRRE | 7 Z1 0 R R 8 1 R ) A 6 R 8 8 T o ek
wompgx R, HREMs LKW T4, T
e T B ) A0 AR O HRAG, AE A R R
TR AT REALIR) 3 %
2.6

&R B AR A PETS L ), SXPETEAE
Yre 552 ( Aydin-Onen and Oztiirk, 2017;
Lozano-Bilbao et al., 2018) . H&J/EEAHGY
FTAEME K P ARMERE S, W Dyl A e SRR 7
OO Y R T, TR AR IR SO H AR 8
FEASE T, KRG W NS HE A A T V5 K R Tk
JEOKTG 3%, WA 52 M R ) AR K AR A FUE, 3
A3 S I 1) K R KA TR I 4 B s AR A R
BT, DAHEETS Bk ik, $R5575 YR iR A
HAERY5M ( Duquesne and Coll, 1995; Elfwing
et al., 2002) . Duquesne and Coll (1995) [a] k%
TR AR IUORTRR BE /Y Cu™ F1 Cd™, 4 Cu™ ¥k
JEHR 0.2 mg L B, FTA FWLORERRAE 3 d NAETS;
FLLWEREAE KR Cu™ VRN 0.06 mg L™ 1514 F
FigR 18 d Jm, HUBse iy B R e 2= 50k I 20%;
R T 02 mg L' Cd™ J&, 7 L0RERE SN M5
Cd™ W JE7F 20 d J5 TH = T 3L 20%. Elfwing et al.
(2001 ) [} EERERE A B FR K AR FP i 50 pg- L' Y
Cu™, 12 hJF, RMEFREEERCEHR T, P
HOREE R, UL R P 4R B T O A R )
IEE AR T W, 76 QR S IE 1 55 5%
KRR EREAN N Cu™, (ECKE R R ZE S gL,
2 B Fh R ) Po/R AT BT B, E— 20
W Cu™ 23 5% W BEBE 19 IE 7 £ K (Elfwing et al.,
2002) o & JEE TS YF RS BT, TR Sk
A RERR SR FR B, S AT b 25 N ARG
XATAIX .

3

G546 O 2 Sk (1 55 5 9206 5 Ay K A
B H ML (Watson, 2015; Maboloc and
Villanueva, 2017; Fatherree, 2019; Liu et al.,
2020) , HEREREWE A AR, SCE0 S 5 IR 0V FLAR
BT, AnER 3 s,

SMAR R, R Y B R A5 PRI T AR AR
T SRR /IM— 5 X 43, Z56 JCPRIG IR 41
Hrg, R E A R A R g — s S REWAE,
W ONRERR S R B AE R RS, TSI G
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BRSO T IR 1Y By i R A5 o 3070V /K A ) 45 1 B
AR 4 Fin .

Fr, HET RS AR S R IR AR IS
BLAE LR EERRMATIR . BV IS

*3OMEREFRRIEE AN (HENEAA . SSRERTR)

Tab. 3  Suitable conditions for 7ridacna culture (semi-natural culture, laboratory culture)

EiE(2 EEpLiREN| #ik
Index Reasonable range Remarks
HhEE FREHETT: 1.025—1.027 (25C)

34%0 — 36%o

Salinity Density hydrometer: 1.025—1.027 (25°C )
:El P
AL 23—29%C -
Temperature
g o HEKHT Ca i —f%oh 420 mg L™, HIAGE & Ca 1] DMEFEAK
. - 400—450 mg L™ The content of Ca in seawater is generally 420 mg-L™', adding proper amount of Ca can promote
Calcium content
shell length.
- Ty TEREE SR R AE IR 251 T BRI pCO,,
g ’ ’ Without regulating pCO, under conditions that provide enough light.
S8 e e 1 1 BRI ARG SRR Al SRR/ INRIE S R, — AN 1000 pmol-m*+s7',
. RS . 180—800 umol-m*+s”'  The upper limit of the luminous flux should be considered in light of the species and size of
Light condition . ] 2, -1
Tridacna, generally not exceeding 1000 umol-m s .
B <0.03mg-L™ =
Phosphorus
fil§mR LR <Img-L"' (ffE)  ZEIMHE<10mg-L',
Nitrate <1mg-L" (optimum)  Ensure that at least <10 mg-L ",

N TCEETRE S PE SRR BERE SR b, Bh IR X 45

10—50mg-L"
e Ammonium addition is relatively high in culture of 7 derasa and T. gigas.

WERIESREHAT B, R D ORI, (UMD,

Ammonium salt

V=S
thz:i:t K 12h: 12h/14h : 10h If there are many algae in the sea tank, the white light exposure can be appropriately reduced and
. only blue light can be used.
x4 WY SRR CR (RYE Fatherree (2019) )
Tab. 4 Relationship of some organisms with 7ridacna (according to Fatherree (2019))
FELD S Fh
Relation Species
WAL | ARG, AR flifn | MSMEM . GE . SlaMm . B BRMRER . JRIF. RIEF. EA . SRR, Fh.
ENIET e

Butterfly fishes, boxfishes, cowfishes, filefishes, parrotfishes, porcupinefishes, triggerfishes, crabs, mantis shrimps,

Cannot coexist i . X
lobsters, carnivorous shrimps, octopuses, carnivorous sea stars, sea turtles.

A RESLAY PRl dlhifh . R, SIS TR

Possible coexistence Pygmy angelfishes, blennies, peppermint shrimp, skunk cleaner shrimps.

HAE AEfiE . Rz, NHf L, BEM, fRH

Non interacting Anthias, cardinalfishes, clown fishes, comets, damselfishes.

T 10 % [A]— PR A8 AR T BEA AN R A S B B A
[l . AN AR BR ORI B il B A i 52 M AT —
5o

F R A S 39 A ) B 358 PR 3R ) A8 AR AT — R 1Y
WENEE ST, ISR AR AR A
U A T SORZE R AR By, 2R R
B L 5 TR R R o 7 A S S B
X PRI B3 N (H 2 PRI AR A K B — s R

FIERE (135 B BE F1 WSS, B R Pl A Ko Adams A L, Needham E W, Knauer J. 2013. The effect of shade

FeRIE R SNERAERS, R KA.
e AR B, AFERNE . SRR BUR N 1 B

on water quality parameters and survival and growth of

juvenile fluted giant clams, Tridacna squamosa, cultured
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