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Growth Rate of Giant Clam 

Tridacna gigas at Bikini Atoll 

as Revealed h~ Radioautography 

Ahstract. At !Jik ini A toll, radioactiv­

i1_r fro111 .1tron1i11111-9() dcprn·i1cd in !he 
growing 1·/iclf uf <I "i<111/ cft1111, prl'1111n­

ah/v during rhc 1c1ri11!.? of n1rclcar 

wcapon1· in 19.'fi (//}(/ 1958. produced 

un111i11akahfc !inn on radio111r10.;rt1ph1· 

nwde fro111 rr11n.1 u·nc 1c11io111 of !lit 

shell. The rc.;u/<1r hr1111li11g 1cc11 i11 rlic 

sections i1 i111c1prc1('(/ 111· r1111w/11r 11: 

na//rrc. 011c 11n111ilu1· 1•1Tccdn· rlic /9.'() 

larcr of r11dior1c1i1·in. /l\'11 i111c1T1·nc in 

1958, !111tl 1i.r fnfln11· In !he 1i111c 01 

colfccrio11. so 111111 1hi1 c/11111 (/cngrh .. 'l 
cc111i111c11·n I 11·111 in i11 CJrh .1·,·11r of lif<'. 

\Vritten 1-..:cords of the giant clam 
Tridanw !.;igl/\ l.innc· ha\e exi-.tcd for 

centuries. Con-.iden:d remarkable at 

flr-.t 'iimrly hccathe of ii' large -.ize 

( 2 Ill in gre;1te-.t length :ind -.cveral hun­

dred kilogr:11ll'i in weight I. the clam 1\a' 
later (I) found to contain svmhiotic 

algae withiri ih tis-.ues. Yonge prorosed 

that the clam attained such size hv 

"farming" the zouxanthellae within the 
greatlv expanded tis'>Lrt:s of the sirhons. 

and h\' utilizing the rhutmvnthclic 
rroducts in nutrition (]-.Jl. How.:ver. 

in sritc uf an almn'1 1llliv.:rsal curiosit\' 
about the :we of thc'ic gi:1nts ,,f the 

coral reefs. no studies on their rate of 

growth have been reported. The rate of 

growth of T. gigas over a period of 

several years can now be estimated 

b\ reading the annulations in the shell 

and relatrng them to marks introduced 

b\· radioacti\ it\· frt'lll nuclear detona­

tions. 
Althuugh the .1bility o)f T. ~·igt11· to 

CLlJlCentratc CL'"" in its S0ft part\ has 

heen emphasized (51. littk is kmJ1\n 
concerning the uptake ,,f radionuclide<. 

by the -,hell. 11 h1ch i' 'htm n here t<' con­

tain Sr''''. T'' elucidate lhe pattern 11f 
dero-.itiLlll of nuclides in the shell aft.:r 

nuclear detonat i(ms. on.: Yah e <'f a 
<;pecimen 52 cm in length ( 6 l f.0111 

Bikini Atoll \\as tran'5verscly sectioned 

with a 51-cm circular diamond saw. 

Figure l shO\\S a section. fi mm in 
thickness. from the regi!ln immediate!\' 

anterior w the um ho. Figure 2 \hO\\ <; 

a radioautograph resulting from eXJlO'i­

ing the section ll' """•' Screen" x-ra\· 
film for a period L'f 3 months. Two lines 

each about 2 mm wide. representing 

layers of radiuacti\e material. arpearcd 

on the film. Other sectit'ns farther from 

the umho al"' 'ihm\ed these marks. Re­
cords ( 7) re,·e,tl that tc<,ts of nuclear 

devices \\.ere <.:l'nductcJ at Bikini Atoll 
only in 19-16. 195-1. 1956. and 195!<. It 
is reasonable to attribute the la\Cr'i ,,f 
radioact1\'it 1• w the t\\<' nwst recent 

test series. The 19.'o Redwing serie' 

at Bikini extended fr<'m 20 \la\· 
through 20 Juh, and the 19:'8 Hardtack 

series from 1 1 !\fa\ thwugh 22 Jul\. 

The po\itions of the byers contain­

ing radioacti\ ity were determined h\· 

surerimpo<>ing the radioautograrh t'n 

the 'hell scctit'll. and arc ~hown as 
stiprlcd linc'i in Fig. J_ top. This view 

h\ lransrnittLd light accentuates the 
cl1mpicuou' alternating tlark. rel;itivel\' 

OJ1;14ue. Ja\Cl',, a'> contrasted with lhc 
lighter. more tr;rnsluccnt hands. clcarlv 

indicating aprarent vcars nf age. Up 

tt' the I 95(i lint: the clam was in its 
first \car nf lite. Tv,o \'cars intcr\'l:ne 

ht:t\\ct:n rhe two '1iJ1rlcd lines. to 1958. 

and 1hcn 'ix more \cars 1<1 the inner 

'url ~ice ,,f the shell rerrescnting 196-1. 

'o thal the clam w~1' in its 9th year The 
19)(, line corrc-.pond-. to a shell length 

of about I 0 cm, and the !'l)8 line. to 

about :'-1. cm. 
It i<> nf '>Jll'Cial interest that a tropical 

organism living in water with a mean 
nwnlhl\· temperature varving k-,s than 
3'(. ( 8) 1hrout!hou1 the year \hould 

di.,rla\ di,tinct annul:itinns. Sc;1,onall\· 

van·1ng t:n\ irnnmenlal factor' ,1thn 

lhan tcmp.:raturc. 'iuch "' wind\. cur­
rent'>. weather. light .. 111d the ah1111d:L11ce 

of planktonic food, could influence 

growth. At Bikini Atoll the relatively 

constant winter trade winds from the 
east are frequently interrupted in sum­

mer hy other winds. particularly from 

the south ( 9). and surface currents 

would be similarly influenced. 

Spawning is prohably of a seasonaf 

n;lturc and thus may influence shell 

grnwth. Yonge ( 2) cites the spawning 

nl the closel\' related genus Hippopus 

1n Januarv of the Australian summer 

and gi\cs .\WC a-. the minimum tem­

perature for '>pa\\. ning of the giant clam 
(31. \Vada ( 10) rq)l)rted that Tridacna 

Ct'llccted in the Palau Islands in April. 
\la\. and June of 1938, 1940. and 19-11 

freyuenth· discharged 'iJlerm and eggs 
when brought into the laboratorv. al­

though he said nothing of those col­

lected in 1lther seas,rns. 

During growth. new shell material is 

added exclusivelv on the inside. Al­

though the mantle is attached only at 

the pallial -.inus. it Cllntacts and de­

posits new materia I ( aragllnite) upon 
the entire inner surface ,,f the shell. 

The extrapalli;d pNtll1n pf the shell, 

diqal to the pallial 'inll\ and com­
prising alwut half ,,f the total inner 

surface. i' pri,matic. while the central 
h;,sal ran ,,f the shell is nacreous. In 

macrt"coric \'icws ,,f sections (Fig. 1. 

hl'th)lll) tht: distal. pri\matic rart is 

relati\ch npaqut: and shL1ws onlv faint 

l;1\ cring: the centr<il. nacreous rart is 
nwre translucent and distinctlv la\'ered. 

The t\'<' areas arc clearlv demarcated 

h' a houndar\· !aver leading fn)m the 

basal edge ,,f the existing rallial sinus 

ohliqudy through the shell toward the 

um ht' at the base (Fig. I. Pl. 
Figure 3 sh,n\S a low-pow er photo­

micrograph obtained hy using crossed 

polaroid discs t'f a thin ( 15 to 20 I') 

shell section at the rmitit)Jl indicated by 
the dashed line' of Fi·~. I I t''P 1. Al­
though Fig. 3 shm\s the outer border 

of the shell at the urrer ldt. it doc'i not 
extend 10 the inner horder. The rris­

rn;1tic Putt:r la\ t:r occupies the first and 
nw'>t of the secnnd column of nh<'to­

graphs dtrn n to 1 he sloring light area 

which is the rallial la\er marked P. 
\\hilc the re'>! nf cnlumn 2 and all nf 

columns 3 and -I consisl nf nacre The 

prismatic l;1\er is c11mppscd of \'t:rtical 

columns about 45 1, in thickric'' di'i­

"P'"ed norm;ilh to the outer surface 
nf the shell The nacrcnu'i la\er<; helnw 

;ire more irrcL!Lllar. with uni\· 'iliL!hl 

''r locali1ed indicati,,n, nf \crticd 
" striae. h111 wi1h hoth 11rim;1n-. co:1r<;c 

lavcring and tine 'ilri•tlllHl'i ,nicntci:h-ap­
pn1\imat.:I\· par;tllcl t•' the inR.L'l· ,Jit:ll 



surface. The degree of separation of 
the fine striations seems to affect the 
differentiation of the dark and light 
annular bands revealing age; the stria­
tions are finer and more closely packed 
(about 15 1, between centers) in the 
dark, relatively opaque areas of Fig. 1 
than in the I ighter, more translucent 
regions ( 25 1,_). Probably the light areas 
are deposited during seasons of warmest 
water temperature. 29° to 30°C, which 
occur at Bikini Atoll from August to 
October, inclusive ( 8). Possibly a cool 
summer accounts for the lack of a 
distinct light area on the inside of the 
shell in Fig. l even though it was col­
lected on 22 August. 

Tridac11a giga.f grows fast compared 
to other molluscs. Wilbur and Jodrey 
( 11) estimated from uptake of Ca~~ 

Scm 
'----' 

that the shell of the oyster. a relatively 
fast-growing mollusc. increased in 
weight about 1 g per 70 cm~ of surface 
per month. The annual increment in 
thickness of the giant clam shell 1:1nder 
consideration was approximately 1 cm. 
With a shell density of 2.75 this would 
yield 

(1.0) (70) (2.75)/11 ::::'16 

grams per 70 cm~ per month. or 
16 times the growth rate of the oyster. 
Annular bands on the only other speci­
men ( 12) of T. gigas sectioned to date 
in this laboratory indicate growth ap­
proximately 1.5 times as fast, to a 
length of 55 cm in only 6 years. Such 
rapid growth, where length increased 
by 5 to 8 cm per year, or by 50 cm or 
more in from 6 to 9 years. probably 

Fig. 1 (above). Transver·se ":~Lion. (i mm in thicl-ness. of Tri­
donw gig11s shell near the umbo. I Top) Basal portion to a 
scale 2.5 t;mes the lower figure. showing by stippled lines the 
positions of the layers of r;idio;ictivity traced from the radio­
:111tograph f /'. indicates the pallial m;u·J.-). t Bottom) Entire 
section. 

Fig. 2 I a hove r·ight). R:1dioaulogr;1ph of basal port inn of sectron 
nf shell of Tridm 1111 gii;11.r shown in Fig. I. Rcto11ching was 
iimited to the dotted lines indicating the outlines of shell and 
eroded areas. The two light undulating lines originating ne;1r 
the 11rnbo resulted frorn the hcta activity of Sr"' presu111ed tu 
have been deposited in 19.'11 and I 9'X. respectively. Radio­
.ictivity is ;dso evident in the 11111hona1 cleft ;1nd elsewhere on 
the 011tcr s11rface as \\ell ;1s in the eroded spaces. The white 
srot left or center rc·s1ilted from ca··· 111i\ed \\ ith the ink used 
to label the section 5h (sec· Fig. I). 

l·i/!. \ 1 r·11,d1t ). Co111positc pho1omicrogr·;1rh of thin tran."c·rse 
section gro11nd tll ;1 thickness or I.' to 20 " Removed from 
he rosition indic;1ted by ,!;1shcs on the right side of Fig I. 
'tori. l.cn!2th and "idth of se,·t1on . .JI hv 2 mm. The con­
rrn1ro11s str1r 1s divided for con\·eniencc imo four col11rnns 
·Ltrtin[! \\1th the ottlsidc or the shell ;1l till' 11JlJ1Cf° left 1 /' in­
dic.lles the p;tlli:il rn;1rk I. 

gives the giant clam the distinction of 
being the fastest growing of bivalves. 

In order to identifv the radionuclides 
responsibile for the lines on the radio­
autographs. a strip about 7 mm wide 
along the 1958 line of radioactivitv was 
bandsawed and chipped from the shell 
section shown in Fig. I. top. The 
broken pieces of this excised strip. 
weighing 14 g. yielded 8 net counts 
per minute in a low-level. anticoin­
cidence gross beta counter of 0.4 ge­
ometry with a background of 0.8 count 
per minute. There was no detectable 
peak above background even after 3900 
minutes of counting on a 256-channel 
gamma spectrometer with a 7.6-cm so­
dium iodide crystal detector. The ma­
terial was finally analyzed for Sr""-Y'"'. 
considered the most likely radionuclides 



because of the absence of gamma ac­
tivity and because of the association 
of Sr with Ca. Beta-counting of the 
yno daughter of the srn° gave 16 dis­
integrations per minute per gram of 
shell material, and the decay rate was 
appropriate for yno. Thus, although 
there were undoubtedly other radio­
nuclides in the shell shortly after the 
detonations. physical decay left de­
tectable amounts of only srn°. 
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