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ABSTRACT 

Studies of the radioactivity In reef fishes of13elle 

(Bogombogo) Island, Eniwetok Atoll, were made durm a period 

of about one year !'ollowlng the atomic detonations Ln 1954. 

Thirty-four different collections were made and 693 specimens 

were analyzed to determine the trend or decline of radlo- 

activity. The deollne of radloactlvlty during the perlod 

under study vat! generally similar In all species, The rela- 

tive amount of radioactivity per gram of tl8aue war iveatest 

ln the alimentary tract, with the llvcr, rkln, bone and muscle 

havln# suaces8lvely le88er amounts. This relationship pre- 

vailed throughout the period. The rate of decline wab great- 

e8t during the first 100 days, wlta a 1088 of 90 per cent of 

the radloactlvlty during the period. Studle8 were tie on the 

varlatlon of total radioactivity In the tissues and bpecleb, 

on comparison8 of the amount of radioactivity Fn the 8pecles 

and In their food, and on comparisons of the decline of radlo- 

actlvlty during the period with the decay of radioactivity ln 

ti88Ue8 COlleCted Soon after the 8hOt8. 
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RADIOACTIVITY Ill TRY REEF FISHES OF BELLE 
ISLARD, EJfIWBTOK ATOLL, APRIL 

1954 TO NOVEMBER 1955 

Introduction 

Previou8 studies of the radioactivity In the fishes in the 

Marshall Islands have been confined to single surveys made soon 

after an atomic detonation, occasionally followed by one to 

three reaurvey8 a few month8 up to three years later (WFL-7, 

UWFL-16, W’FL-19, WFL-23, UT-616 (UWFL-33), and m-43 ). 

Trend8 ia the level8 or decline of radioaotlvity in the fish 

population8 could only be estimated by basing assumptions on 

physioal decay. 

The purpore of thir i.nv8StigatlOn was to measure the trend 

or decliae of radioactivity in the flrh, to compare the decline 

in different speolea, in some of the organs or tlsaue8, and in 

the environment and to compare the decline with the physical 

decay of radioactivity. 

Material8 and Hothods 

COntiJlUOU8, 8equentlal 8tUdie8 0r the amounts of radloactlv- 

lty Lo tbr, reef fl8b68 of Belle (Bogombogo) Islend, Enlwetok 

Atoll, were made from April 14, 1954, through November 1, 1955, 

during and after the weapons testing program at Eniwetok and 

Bikini Atolls. The leatar shot of May 14, 1954, was the mo8t 

important in these studies, since the detonation occurred but 
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2.7 mile3 eagt-northeast of Belle Igland, and thus contributed 

the greatest amount of radioactivity to the Belle area. There 

was however, residual radioactivity present from previous atomic 

weapons detonated at Bikini Atoll and at EnLwetok. 

Reef fishes were collected in the viclnltg of Belle Island 

by using rotenone, hook and line, or spear in depth3 ranging 

from a few i.nche3 to about 12 feet. Almost all of the collec- 

tions were made on the seaward side of the island in Area F 

(PZg. 1) ln a habitat contaLning approximately equal amount3 of 

coral and sand. The area is typical of the reef of the northern 

portton of the atoll except that It sustained a certain amount 

of physical damage because of its proximity to the shot. 

Attempts wepe made to confine the specimens analyzed to 

those fish which were typical residents of the Belle area, but 

such efforts were not entirely 3uccedaful. The flab collected 

during the first month after Nectar shot consisted mainly of 

goatflah and mullet, species which move along the north reef 

from island to island. Typical reef residents such a3 grouper, 

damselfl3h and aurgeonfl3h appeared to be scarce during this 

period. In all, 34 different collection3 were made in 1954 and 

1955 whloh included 693 apcclmens, these representing 57 species 

and 22 ramiii08 0r ri8h08. However, only 9 species from 9 faml- 

lies were conalatentl~ present in the collections (Table 1 and 

Appendix). 

The collections and treatment of data were similar to those 

in earlier lnveatigationa by the Applied Fisheries Laboratory, 

For complete details see WT.616 (UWFL-33). The specimens were 
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SOUNOINGS IN FATHOMS 
l -w 

AREA 

AREA E 

Fig. 1. Plap of th8 north reef and Islands of EniW8tOk Atoll 
(top) with an enlarged map of Belle Island (bottom) showing 
typical current patterns. The wind rose Indicates lffevaillng 
winds. 



Table 1. I&tea of collection with number of specil~bns of the principal famllles of 
fish listed in order of approximate omum~~~ In the rramples. 
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Table 1 (oontinued) 

Date 
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put 0~ ICO ar) 80on a8 possible after collecting and placed Ln 

a freezer on being returned to the laboratory. Tirsue8 were 

dissected, weighed, and dried at *the Enlwetok laboratory. The 

tirrsuer taken were skin, mudcle, bone, liver and vl8cera (dlges- 

tiv0 tract Blpd content8) *om the larger fi8h, or like tisauerr 

were pooled fmi~ a number 0r small firh 0r the 88me 8pecle8,or 

entire fish were USOd. At the University of Washington 

laboratory, the dried 8aph8 WC0 ashed at ten&%rature8 up t0 

540' C, cooled, slumled,, dried and counted In an internal gas- 

ri0w counting chaaiber. The total number 0r plate8 result- 

from all 34 collection8 ~88 2,167 (averagw about 64 plate8 

per collection). 

All oouat8 r0r radioactlvlty were corrected to the date 0r 

oollectlon, the deaay factor8 for all gnlwtok sampler being 

bared on a 8011 8azuplS collected at Belle ISland my 15, 199. 

Corrections were al80 msd~ iOr self-ab8Orption, baCk8Catter, 

geometry and oolncidenm. The radioactivity i8 expressed in 

mlcrocurles per kilogram 0r wet tisrue. blslntegrationr per 

minute per gram can be converted to microcurl.es per kilogram 

~8ing the relatlOn8hip ~/kg = (2.2) (lo)3 d/m/g. 

jie8Ult8 

Trend8 or Decline in the Level8 or Radioaetlvltg 

General trend8 oi the radloactivity in the fish collected 

at Belle f8m am 8hOVn In Figure 2, L-08 conaectlng the 

point8 r0r data on lUU8010 aJld liver ti88Ue reveal treads similar 



Fig. 2. Trends In the levels of 
radloaatlvlty In tlssuee of fish 
from Belle feland. Preehot levels 
are plotted to the left of zero days. 
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to there in othm tlsruea. Differences are greatest In vls- 

cera in which the amount of radioaCtiVity i8 much greater than 

~a liver tisrue the first 100 days; after this period the two 

tissue8 decline at about the lame rate. Bone and skin fluctu- 

ate about a common intermedisto rmge betveen musole and liver, 

the mu8cle alvag8 having the lea8t radioactivity on a per-grem- 

wet-weight basis, 

During the fiI@8t 100 day8 all ti88ue8 8hOw a deereare ln 

radioactivity 0r more than 90 pes cent from emly port-shot 

leoel8. By the 250th day the ti88Ue8 had peaeh8d pse8hot lev- 

018, which, at Ealvetok, vere higher tbaa aormal beoaure of 

Other dOtOMtiOIL8 8et Off in prOViOU8 te8t8. 

The mOX?e Or le88 COIh8i8tOIlt relationship Of One ti88UO to 

another duru the decline of radloactlvlty msy Indicate oom- 

pasrtively alight difierenoes in selective uptake In the five 

ti88Ue8. An approximation of t&e PelatiOn8hip wa8 obtained by 

dividing the total amount Of radiofmtlvit~ in al]. the 8ample8. 

0r the 8W ti88Ue by the number 0r 8WIlple8 to give ttu9 aver- 

age amount premmt on a per--am-vet-weight basis for the 

period of April 199 to November 1955. The iOiiOWlng result8 

were pwxlucedr 

skill nurcle BOA0 Live@ 

Average uc/kg 11 1.0 9.8 29 

Percent of total 
'Of 5 ti88UO8 a.3 0.0 7.7 22*9 

The relationship varle8 depending on the tim after 

Vlsce~ 

77 

60.3 

shot W 
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on the rpeoier of flrh. For emmple, a halfbeak caught the day 

after mhot bed oomparatlvely high concentration8 of redloactlvlty 

la the 8kin (28$ of total) sad aompmatlvely lov smount8 Fn the 

bone (1s of total). Presum8bly the radlo8ctlvlty ia the akin 

ME due to both adsorption aad absorption, whorear it had not 

yet reaohed the bone 80 boon after the rhot. The average counts 

for vlroera were higher la mart fish for the first 100 daya than 

rubrequeatly. Dlffereacer ia 8peoler la which there were 10 or 

more rampler are to be 8eea in the lov concentration of total 

radioactivity, for example, in the liver of wra88e, and the mod- 

erately high coaoeatratloas ia bone aml skin of goatflrh (aete 

Appendix). 

Correoting the percent of total aotlvity per tlsrue fPom 

the above table for the tlraue weight by using the percentage8 

8, 63, 18, 2, and 9 ar relative value8 of the total weight of 

skin, mucrcle, bone, liver and vl8cera respe~tlvely, one UC of 

radioactivity would be distributed a8 follows: 

Skin Murcle 

.079 .061 

Bone 

.163 

Liver 

.054 

Vlacera 

.643 

Variation in the 3amle8 

The tread or decline la radloaotivlty fluctuates rather 

widely, due, in part, to iaadequate sampling and In part to 

aatual fluctuatloa8 ia the amount of radloa~tlvlty in the Belle 

Island area. The downwind, dowacurreat posltloa of the island 

relative to the t8rget area would undoubtedly aubjeot the Belle 

region to varying mounts of effluent from the tsrget area. 



The amount of oo&mlnatlon would, in turn, be subject to 8uah 

variable8 aa tlder, w2ndr and currenta. Biological varlableu, 

such a8 migration of the fish, mortality, iafltur and outflow of 

breed- populat2oas and their young also could contribute to 

the oar2atlon. 

In order to determine the extent of the variat2on, calcu- 

latlonr of the coeffl~lent of varlatlon (V) were made (1) by 

fam212e8, using four or more specimens for the oalculations 

(Table 2) and (2) by date, wing murole tissue from all famf- 

lies combfned (Table 3). 

The data 2n Table 2 2ndicate that there are differen~ces 2n 

the ooefflclent of variation between famlllea, I.e., distbctly 

high In gontflsh and mullet, and between tla8ue8, averag2ng 

highest in v28cera. The average coeff2clent of var2atLoa for 

all fam212e8 and all tissues comb2ned wa8 56 per cent. By 

omltt2ng the goatflsh and mullet 2n th4 calculations the average 

28 lowered to 37 per cent. The latter value 2s s2milar to that 

found for algae (37%) (Palumbo, 1357) and far hwertetrates 

(Bonham, 1957 I. 

The fact that goatflsh and mullet prefer the open sandy bot- 

tom area8 of the reef, moving in schools f?om island to island may 

actount for the higher coefflclent of var2ation in these fishes. 

The average coeffloient of varistioa Is much greater when 

aamples of mixed fam21Les or species are used. Table 3, In which 

the data for muaole tissue are 8ummarlted, indicate8 that the 

cosffic2ent verier from 16 to 209 per coat. The coefficient of 

variatloa of muscle in all the collections average8 97 per Cent, 



Table 2, c00rrimatr 0r vsriati08i 4t0swad r0r each 
repailg 0r rlrh a8 to tissue. Calculations 
ape bared on row or mope ri8h with the 
1~8be~ Or eOOrriClOnt8 U8ed in pMDthe8i8. 

Family 
oonmon 
name Skin Musele Bone Liver Viscera Entire Av. 

B”r8rhr1y 39(3) 75(3) 41(3) 50(3) 43(3) 
Cardinal rl8h 

Orouper 
Halfbeak 
am-6 
nu11et 

2rJ(4) 
:P : II 

2914) ;; z '@VU 
II 

72(6) 66(6) 60(6) 79(6) 8216) 

Averages 53(32) 55(39) 50(33) 61(37) 6903) zM185) 

Averages 
without 
goatrl8h and 
mullet 27(16) 35(22) 28(17) 42120) 57(17) 27(11) 371103) 



Table 3. Compsrfsoa of average w/kg ad V Ln muscle tissue SS~- 
ples with and without goatfish and mullet and with and 
wfthout combined samples. 
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'Pablo 3 (oarrttiud) 

mDle8 VithOUt combtied DhtO8 
All Without goatfish 
#DeOimWl8 mullet 8ad mullet 

Av. 
uo/u 

Av. 
-/kg 

At. 
UC/kg 

12-l-54 22 0.11 8 22 0.11 100 8 12 0.076 71 6 

l-18-55 14 0.052 5 14 0.052 72 5 

2-9-55 21 0,074 10 14 0.099 124 8 8 0.051 50 6 

j-21-55 20 0.054 6 8 0.047 31 4 3 0.047 21 3 

11-l-55 33 0.019 8 33 0.019 65 8 28 0.016 38 7 
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but when goatfish and mullet are excluded the average La 

53 pep cent. 

Comparison of the Decline of Radloactlvits by SPeclea 

A com~~laon of the decline of radioactivity ti two ape- 

clea with different feeding habits la made ln Figures 3 a 4. 

Surgeonflsh, with herbivorous habltq and grouper, vith capnlvop 

oua hablta,were aslected aa representing the condition8 tbt 

probably prevailed ln the fish in the vlclnlty of Belle Ialan& 

For comparisons of other species, reference may be made to Fig- 

ureta 7 through 10, which depict the decline ln goatfish and 

mullet tlaawa. As has been polnted out, goatf Iah and mullet, 

beoauae of their movement along the reef from island to island, 

are not atrlctly comparable to Belle Island “resident” fish, 

and the decline trends apparently refleot these differences. 

Surgeonfish and poupera were obtalned fairly regularly 

throughout the period of lnveatlgatloa. The former feed prin- 

cipally oa fllameatoua algae (Davaon, a a., 195% vhereaa 

the grouper8 feed principally oa fishes. The radloactlvlty in 

the surgeonfish, Flgurs 3, declines at a greater rate than that 

of the groupers, Figwe 4, for all tissues for the first 50 to 

100 days after the shot. For example, muscle tissue of aurgeon- 

flah cdatalned approximately four times as much rediaactivity 

as that of the grouper lmmedlately after the shot, but by 125 

days the two apeclea coatalned similar amounta, 

Comparlaon of the Decline of Radloactivlts in Fish with that of 

In Figure 5 the radlocretlvity ia surgeonfish viscera la 
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Fig. 5. Trend8 In the levela of 
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compared vith that in algae and found to be quite similar, a8 

would be expwted in a rpecles vhlah is principally herbivor- 

OUS. The deeline ln the ~adioactlvltg 0r sea water 1s included 

on a dliferent scale to Indicate the dependence or similarity 

in the trenda. Algae are dependent on beb water for their radio- 

activity, which they concentrate up to 8everal thousand tilllO 

(Palumbo, 1957). The 8urgeonflsh take in oonslderable amount8 

of radioactive material by feeding on the algae. The data Prom 

Belle I8iand (an area :Ln which the 8upply of raclioactlve mter- 

la1 i8 only SlWly deWea8ing) Indicate that, for every mlcro- 

curie of radiosotlve Iwrterial lnge8ted into the alimentary tract, 

about 0.55 mim?ocuriea are dirtrlbuted to the skin, musole, bone 

and 1 lver combined. 

In Figure 6,the decline of radioactivity in the liver tls- 

8ue of omnlvorou8 fisher lr wmpared vlth that of the 8ea cucum- 

ber gut content8 (Bonham, 1957) and algae. The 8lmllarltles 

appear to be marked during the early period of decline, with 

liver tlrrue8 0r omnivorous fisher and 8ea cucumber gut averag- 

lng greater amountr 0r radioactivity than algae at 531 days. 

Sea cucumber gut oontent 18 m&de up mortly of coral detri- 

tua, 8inC0 thi8 invertebrate obtain8 it8 food from thl8 material. 

Coral fsagaentr are alro found abundantly In the alimentary tract 

of the mullet, a detritu8 feeder, along with plant and animal 

material. HOVeVOC, comparison8 of the deeline In these tvo or- 

ganlsm8 ln Figurer 6 and 10 8h0W marked dlfferenCO8 ln the trend8 

of radioaetlvlty. It ~$11 also be noted that the decline of 

radloactlvity ln mullet tl88ue8 18 conrldersbly different from 



fig. 6. Wends in the levels of 
radloactlvlty of liver tissue of 
omnivorous fish compared with those 
of algae and sea cucumber gut from 
Elelle Island 1954, 1955. 
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that of other fish tissues. Goatfish viscera (Fig. 7), oa the 

other haad, deell.aer slmllarly to that of 8ea cucumber gut, 

the liver of aa omnivore, aad to some degree, algae. Qoatfleh 

feed largely on braohywan crabs, vhloh, in tura, iced on algae, 

dead fl8h, etc., 80 that the diet of goatfish 18, to a certain 

degree, comparable to that of omnlvorou8 fishes. 

Com~rlson of Decline with Decay of Radioactlvltx 

Flgwes 7 through 13 8hov certain marked differences be- 

tveea deallne and decay of radloaatlvlty In the rame tissues 

for both goatflsh aad mullet. In goatflsh the differences are 

evideat la the first 100 day8 after ahot, while in mullet the 

dlffereaces are greateat f’or the first 150 to 200 days. Varl- 

atlons due to sampling and other causer, which have been dls- 

cussed in a previous seation, might explain 8ome of the differ- 

eaces. Also they might be due to the dlffereatlal affinity of 

various 8pecler for shorter-lived isotopes. Ia goatfish the 

radiation varier to around 50 to 170 UC/‘& for liver, about 20 

to 

8, 

is 

In 

50 uc/kg for bone end 3 to 7 uc/kg for muscle. 

Slmilaritlea in the decay wrves are shown ln Figures 7, 

9, 10, and 11. For example, liver decay In goatflsh (Fig.8) 

similar to that of mullet liver after 100 days; muscle decay 

goatfhh ir rlmilar to surgeoafish liver and surgeonfish boae 

after 200 days; while bone decay of goatflsh is similar to bone 

decay of mullet and 8urgeonflsh after 100 to 250 day8. Dlsaiml- 

larities In the decay curves appear to be greatest during the 

first 100 to 200 days after the shot, the curve8 tending to 
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approach each other In pattern with pasrage of time. During 

the early period after the shot there is, of course, a greater 

variety of radioactive Isotopes present than later, and there 

1s some Lndlcatlon that aeleCtive uptake mlght be more marked 

or relectlve exclusion le8s marked during this period, As 

the aborter-lived isotope8 decay and decrea8e In Importance, 

leaving fever radloaotlve material8 available, the decline a& 

deuay Of HbdiOWtiVity in th0 different tl88Ue8 and specie8 

show greater 8lmllasltle8. 

The data presented do not permit exact di8tlnctions be- 

tvsen tissue8 or between different specie8 on the basis of 

dlffemnCe8 In the uptake of radioaatlvo materials. It appear8 

fro18 tB8 decay ourve8 and the deollne trend8 that the fl8h 

tl88Ue8 differ mainly in Order8 Of I=gPitUde rather than ia 

quality after the flmt 100 days, although there is the possl- 

blllty of different leotopes with similar half llver being 

present. 

Radlochemlcal SaalyDl8 dam wlthfn two month8 OA fish col- 

lected two to three month8 after 8hOt contained Mn5',, Fe55,Co57, 

Co%, Co60, and Z&5, with Fe55 and Za65 a8 the dominant isotopes. 

Flab collected within one month after the 1954 shots and analyzed 

January 1957 contained 95 peroent Fe55; blns4, COST, and Co6' 

(Lowman, Palumbo and South, 1957) contributed the remainder of 

the mdloactlvlty. There may be fl88lOA product8 In the fl8h 

the first few week8 or month8 after the shot, but after four or 

flv8 month8 fl88lOn produuts contrlbute very little, If ~IVB to 

the total r8dloactlvlty In the fl8h. 



Conclurrlons 

Blologlc8l decline of radioactivity ln the fishes of Belle 

Irrlsnd, Ealvetok Atoll, 18 generally similar in all species. 

Differences which are evident my be attributed to differences 

fn feddlng habits and, these differences, which appear greatest 

during the first 100 to 200 days after shot, may be attrlbuted 

to dlffmences ln the uptake and retention of the 8hort-lived 

iaotoper . The decline of the radloactlvlty in omnivorous fishes 

18 more rapid than that la carnivorous flshe8 80 that 200 days 

after shot the amount of radloaotlvitg in the two type8 of fish 

appears to be quite similar. It might be postulated that omnl- 

vorous flrhes lngert food vhlch contains comparatively greater 

smounta of the 

vorou8 fi8her. 

The decay 

aborter-lived lsotopea than the food of carnl- 

of radloaetivlty in the tissues of fish from 

Belle Island also dlfferr durlng the first 100 dsya after the 

shot, reflectin& to 8onm degree, the unstable ecological condl- 

tlonr prevslllng in th8t mglon at the time. 

The relationship of the amount8 of radloactlvltg retained 

in each of the fire tlrsue8 examined prevails aore or lees con- 

alstently and subrrtantlaterr rmbg8 of previous lnvertlgatlons. 

The greaterrt per-gram concentretlon of radioactive materials 

ocmra in the alimentary tract wlth the liver, skin, bone and 

muscle havlag succerslvely lerrser amounts. The greatest vsri- 

atlon from this pattern appear8 during the firat few week8 after 

shot. 
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The rate of decline Of the radloactivitg in almost all of 

the flab -3 greaterrt during the firat 100 days,durlng which 

time aore than 90 percent of the post-shot radloactivltg wag 

lost. 

The variation In aimmts of radioactivity ln tissue8 from 

the same collection of fish, 38 measured by the coefflcLent 0’ 

variation (V), may be due to several causes, psominent of vhi :h 

are the differences between different specie8 of fish. The vari- 

atlons definitely ladloate that large 8ampler of-many specie8 

are neceasary to obtain rellable information on the amount of 

radloactlve material8 present in fi8h populations. 
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Appendix. - Radloaotlvity ia flab from Belle (B~ombogo) IllaM, Eniwotok Atoll, 
listed by cnmmnn name 
radlOaotivlty In uo I&!# 

r rmiy, tit0 0r 00n00ti-, nd30~ 0r •~OO~OW, 
ad 000rri0i0a 0r varhtioa (tn p0r 00nt). 

Common 8kln NU8ClO BOXlO Liver ViM¶err Blatire 
Iame, 
Deto I x v x v x v x v x v x v 

Blennj 
e/22/ 4 
6/25,54 ? 

1 .112 l 037 .220 
1 

l/18/55 
:W& 

.046 
2/9/55 2 l 

-3 5 
.014 .2 Oa 

B~%%yflrh 
4/w54 2 

(mw6fy Chaetodon au 1 a) 
.a2rPg .205 

4122154 

4125154 1 

.362 62 .ll 

4*E7 
d 

46 .494 
l 239 

zg5g: 5 
116 2.23 

1 2:01 
34 :1 k 

l 305 2.42 
1 

7/l/54 : 1.26 .276 

?/22/54 1 2.11 0333 
e/5/54 i 0795 .178 

WV54 ; .600 .292 

ii/W54 2 l 945 A83 
l/W55 .270 22 .081 
2/g/55 l .210 .086 
Cardlnalflsh 
T/15/54 l 
a/5/54 6 
8/12/54 1 

2.31 6.36 12.5 

1. 
. iii 

4.91 
6 2.41 

l 932 5.27 5.82 

63 ::186 
0235 

.460 0.36 

1.42 3.3 
1.03 4.3 iI 

2.16 
.39 pgj 

54 2217 
7.59 

1.40 
47 2.18 

1.65 
42 235.0 

17.9 

17.1 
7.73 

3.46 
31 2.30 

.800 

21.9 

45 

57 i 
I 

8.68 

8.55 

3.12 

1.89 

37 

4.49 
2.00 50 
1.19 

#Multiply by 2200 for diaintagrations per minute per gram. 
l Avoragea obtaLned by combining the tlasues from several emall flsh on one plate. 



Comnon Skin Muscle Bone Liver Viscere -- Entire 
Name, 
Date N z v iI V f V z V f V x v 

Demaelflsh (mostly Abudefduf blocellatus) 
b/15/54 6; 

7/22/54 $' 

11/l/55 1 
Eel 
WV54 1 
Platf lsh - I 
l/18/55 2 

0386 .094 0523 
19.2 25 2.06 36 10.9 

x2 
3145 

.477 0545 x: 

.027 4164 

4.24 1.52 :;;iii x: . 

2.66 -337' 2.31 

2.17 0509 0877 
3.32 .320 1.35 

1.93 0159 1.31 
1.78 :% 1.50 

:% 0043 :;;: 

.017 

0199 .154 .623 

l 438 .024 .171 
Gbetiibh (;oatly Uulloidlchthya aamoensis) 

.293 32 .O$T .982 
2 .a55 ,232 1.49 
3 10.5 1.40 8.00 
8 23.4 
ii 18.7 41.5 

1;; 2.78 124 17.6 
119 33% - 123 129 21.5 18.7 

.232 
4.06 3.11 

35 238.0 26 1180.0 26 
20.4 
28.2 
8.77 

20.2 128.0 
9.27 34.8 

27.1 58.2 

15.0 61.8 
21.5 101.0 

14.0 
4.07 
g 

. 

25.0 

9.82 

6.36 

11.0 6 

7.23 48 8 
4.00 25 F 

-247 
1.32 

4.25 

1.64 

15.8 
131 158.8 

1'0: 
110.0 
165.0 

2.85 

.384 

55 y3g 40 
. 

108 1;$ 78 84:1 Ff 
103 473.0 200 

*Average8 obtained by combining the tisauea from several small flab on one plate. 



commn Skin nusc1e Bone LiVCW Viscera Bntire 
lame, 
Date I f v x. v f V x v iI V x v 

Ooatflsh (continued) 

(mof5tly E In0 halus 
5 *Tf?s-%T 

; 
1 
2 -397 , 

orouper 

i$ 

4/15i/54 

/lV54 

4/22/54 

/12/54 

5/18/54 

9/754 / 

5/2?/54 

:g55z4 

10 5/54 

/ 
7/8/54 
7/w 4 
7123 54 P 

i - .150 
3 
6 xg 

1:85 -736 
26 

: 19 

3 ~18 
3 1.28 
3' 1.41 

3:24 
2.83 104 
1.06 
4.25 
.832 

3.43 
-673 
.081 

:z: ii3 2 
.lC3 
.(i47 38 
.334 71 

.081 
mcrra 

-3 
1.16 

::;; 
.204 
l 155 
.lbO 
-253 

1 
24 

34 
24 

48.2 
23.0 
24.7 
57.7 

?i*? 
*U* -2 

8.77 

24.0 
9.18 
28.3 
5.68 

:g 
.818 
.491 
.452 
.164 

-523 

.246 

.468 
3.12 
2.46 
2.23 
1.40 
.a64 

1.00 
1.88 

103 

61 
89 

53 

21 

9 
26 

86.4 
95.5 
5?.3 
60.9 
52.3 
39.0 

ii;*: 
a:45 

PE 
8:14 
8.41 
10.1 

g-g 
4:34 

5.55 

2.99 
15.3 
8.77 
27.9 
10.7 
11.1 
7.95 
17.0 
9.05 

114 
139 

86 

ii; 

18 
68 

48 

48 
24 

5.23 

4.55 

.636 
,836 

2Ez 
11:s 
4.d7 

x45 
1310 

86 
04 

80 

53 
95 

62 

2.65 
2.03 
2.19 

55 

94 
16 

*Average8 obtained by.combl.ning the tissues from several small fish on one plate. 



common Skin Muscle Bone Liver Viscera 
Name, 

Entire 

Date I ‘ii V x V f V z V E V .x v 

Orouper (co~.tlnued) 
?/29;/54 
a/5/54 

$+25? 
/ lo s/54 

w5: 
/ 

P 
1 lW55 
219155 
3j2lj55 
11/l/55 
Balibeak 
5/15/ 4 
11/l 55 7 

:* 

: 

f 

i 
2 

f 

: 

4/22/54 2 

$;/,: s 2 
12/l/54 2 
3/21/55, 1 
Nullet (aorly 

6 

l.o6 
-577 

:g 
-346 
.211 

:fS 
.106 
.076 

55.0 

.290 
1.63 
1.80 
l 573 
l 309 

‘%w 
49.1 
14.0 
12.0 
5.45 
10.3 
50.5 
17.5 
35.4 

.218 

:$!I: 
.192 

16 0089 

:ZZ 

:;g 
Ah* . UTT 
.014 

3.28 
,025 

55 1.91 
1.83 

:gE 
97 1.26 

4.05 
4.36 

38 

15 

31 

74 
38 
55 

80 

1.10 
0709 
-430 
.700 
.279 
-932 
.254 

:::; 
.a?5 

-067 

9.77 
6.59 
25.i. 
8.18 

59 13.2 
3.50 

?zz . 
1.05 
4.09 
4.17 

1.92 27.6 
.210 1.15 

0097 
1.08 
-317 
.668 
.193 

-333 
7.64 
2.90 
6.64 
2.69 

.241 
19.6 
14*4 
8.59 
3.29 

k:z 
16:3 
24.5 

4.06 
36.6 

Se8 
31:2 
8.91 

06 56.5 
115.0 
9.09 

43 

52 

33 

'$ 
28 

90 

15.4 
5.41 

g-it: 
2:69 
1.55 

:tg 
.4og 

1 Rh L.V1 

io6.0 

23 

1.01 
12.9 

-399 
1.02 
.645 

5.82 39 
300.0 
199-o 'fz 
224.0 
03.7 
1 2.0 
28f*t 3 114 

99:1 

l Aver~ger obtained by combl.ninn the tlsrwr from l weral roll fish m ~~10 plate. 



colmmn Skin Muscle Bone Liver Vi accra 
n&os, 

Entire 

Date I f v f v f V ii V f v f v 

Mullet (continued) 
0/s/9 5’ 11.4 

. 

2.13 6.18 63.6 

11/2/ ? 4 z 0328 
12 1 54 
2 / 9/55 

3% 35 53 .491 
5 l 773 111 .146 73 .818 

.231 
3/21/55 

5. 0157 .187 

6.09 
53 
28 

47 11.4 
122 

;.: . 
.234 

Pkrotiish (most1 
2 . 

.J Scams 
247 .495 1.93 

2.03 
128.0 
7.00 

5.00 
12.8 
4;g.i 

. 

8* 
: 34.0 - 

3.15 

.167 

I 

2.63- 
.759 

A65 -436 
13.7 
5.77 

;*:2 
4168 

42 

: X.568 

i* 
.047 
.232 

:3 
A61 

.782 2.39 3.53 

.')08 .o89 .605 
0237 1.13 3.56 

.442* 
0536 

.191 

2 11/l/55 
Sabotl 
3/21/55 
Shark 
8/ 154 
8 12/54 /5 
11/2/54 
12/l/ 4 
11/l 55 /5 
Supper 
6/25154_ 

.014 17 

3 

: 

.636 
1.20 
.232 

: 
.600 

-171 
.255 
.137 
.079 
-013 

.bOl 

.605 
,145 
9331 

.891 

1;;; 
8.59 
.156 

4.30 
2.65 
,248 
.265 

2 -14.9 1.90 20.4 13.3 8.45 
(mostly Eolocentrua) 

0355 0 
.115 :075; 

2.85 0 0357 

-329 7.27 
.l 8 

18 2.9 iI 
4.77 

27 52.3 

7.68 
0355 

43 60.9 61 

*Averages obtained by comblnlng the tissuea from mveral mall fish on one plate. 



Common Skin Muscle Bone Liver 
Name, 

Viscera. Entire 

Jhte N f V z V f V 7 V x V t V 

Squlrrelfibh (continued) 
6/25/54 l 

.405 

.l52 

3.11 

0591 

,699 . 046 5.36 
.071 ,043 :z 3.19 

Surg8onfish (mostly Acanthrua triostepZls) 
%% z .220 0235 41 .049 4 l 313 

,201 
4;125&4 
5/22/94 
6/25/54 

3 20.1 4.09 ~56 

; 
2 F% 
:* 2.20 3194 

: 1.11 1.24 

t 1.08 .249 l 295 
3 ,243 
5 

.08i 
A36 

4.40 
1.41 

.070 
23.8 
8.45 

Thornflah 
8/12/54 1 .882. 
TrfggerfLsh 
4/E/54 2 .229 
4/23/W .349 
6125154 f 7.14 

26 1.48 
.802 

2.18 

YE . 

44 1.76 19 
1.35 
1.02 

406.0 
34.7 

:%I 
0677 
l 59l 

2.86 

K; 
3:80 
1.51 

43 1.87 
.823 
.204 

15 .234 
,348 

39 .064 

g: 2 
7.64 
11.2 
10.9 

21 !.;; 
11 $2; 

1:70 
0573 

16.0 
25.1 

4316 llz-: 

35 :*z; 
1:47 

29 2.49 
.4a6 

30 

.290 3.17 9.32 13.2 

-061 
l 173 
0573 

:;g 
4.05 

1.08 
.914 

5.36 
5-;3 

29:1 

16.5 14.6 
10.5 

9.36 11.2 
8.36 28 

4.47 
2.01 

-836 
1.30 

13 

20.9 

43 

*Average8 obtrined by combialng the tlasues from several small fish on one plate. 



Common Skin bluscle BoIUJ Liver 
Yama, 

Vlscera Entire 

Date I x V z V x V Ti V x V x v 

Was88 (mostly He.1 ch rob trlmaculatus) 

;$%*: 7 
-7&P- .Q70 ~18 

6.09 
16.9 
12.3 
6.60 
-2.50 

27 :;g 

27 Zf 
2:51 
9923 

0 
36 

7.59 
?*14 
li.4 

57 9.77 
10.8 
5.09 

7/l/54 
VlV54 

7/22/54 

7/29/54 
8/5/54 

a/12/54 

g/7/54 

12 l/54 
1 lV55 / 
2b/5 
3121 55 P 

11/l/55 

1.60 ,238 1.08 

4.91 0352 4.03 

1.00 .219 2.02 
3.18 .340 3.54 

-945 .166 1.20 

1.01 .194 -986 

,264 .049 .318 
.210 25 .032 29 .246 
.160 .038 .105 
.215 .047 0275 

1.40 

a; 
14.1* 
56.4 
16.0 

32 
:;*z 
10:7 

4.50 

6.64 

5.60 
5-23 

5.55 

2.36 

6.14 
30 .614 \ .446 

1.37 

41 x: 
1137 
2.07 

.015 25 .152 .605 41 

3.90 
289.0 

34.3 

19.4 

11.0 
13.5 

4.50 

6.14 

81 
64 

97 

4.95 
3.42 

3.62 

4.73 16 

2.97 33 6 

1.93 19 ' 

1.66 

101 

.268 

*Averages obtalned by combining the tiasuoa from several mm11 fish on one plate. 


