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Dunning (1957). Collections of marine organisms for radio-

biological analyses also were made in the western Pacific

following the Redwing (1956) and Hardtack (1958) test series=

The 1956 collection was made by the George Vanderbilt

Foundation at Saipan, Guam, Ulithi, Yap and Palau and was

sent to the Hanford Atomic Products Operation laboratories

for analysis. The results have been published by Thomas et al.——

(1958). Following Hardtack the George Vanderbilt Foundation

made six collections (at three-month intervals) at Guam,

Palau and the Gulf of Siam. These collections were sent to:

the Laboratory of Radiation Biology for analysis.

There was also another sampling program

cal analyses made at the time of Hardtack.

lections of tuna from the western Pacific

for radiobiologi-

A series of col-

and Indian

Oceans were made by the Japanese. One-half of the samples,

which were obtained at the port of landing in Japan, were

sent to the Laboratory of Radiation Biology for analysis.

The analyses made by the National Institute of Health, Tokyo,

have

the

been reported by Kawabata (1960).

The present report will be confined to the results of

studies made at the ten “off-site” islands and the

one test site island shown in Figure 1, during a period which

encompasses three nuclear testing programs at the ~iwetok
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Test Site. These were Castle - 1954, Redwing - 1956, and

Hardtack - 1958.

MATERIALS AND METHODS

The visits to the islands were made possible by the

cooperation of Task Force 7.1 and the Trust Territory of the

United States. ~o to five-man teams were flown to the

islands to collect samples which were refrigerated, returned

to the Eniwetok Marine Biological Laboratory, dissected, *

weighed, dried, packaged and then sent to the Laboratory of

Radiation Biology, Seattle, Washington, for further proces-

sing and analysis. The samples were prepared on 1.5-&nch

stainless steel planchets and counted for gross beta radio-

activity in either one of two counting systems operated in

the Geiger-Muller. region: (a) One and one-half -inch end-

window “pancake” type Anton tube in a 3-inch lead Anton

shield connected to a Nuclear Chicago Model 181 scaler and

equipped with an automatic sample changer. This system has

a background of about 18 counts per minute and an efficiency

of approximately 12 per cent based on #o. (b) An internal

counting chamber continuously flushed with methane in a

Radiation Counter Laboratory Nucleometer Mark 9, @Mel 3.
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This system has a background of about 50 counts per minute

and an ‘efficiency of approximately 38 per cent based on P32.

The counts for biological samples were converted to disinte-

grations per minute per gram (d/m/g) of wet tissue and the

counts for samples of island soil and beach sand were con-

verted to d/m/g of dry material at time of counting by apply-

ing correction factors for sample weight, counter efficiency,

and self-absorption.

The values for gross beta activity in the appendix
k

tables are given in d/m/g plus or minus the 95 per cent -

counting error, which was obtained from nomography based on

the ratio of the counting rate and total time of counting of

the sample to the counting rate and total time of counting

of background (Kinsman, 1957) . The values in the summary

tables, Tables 2 and 3, however, have been calculated in

terms of micromicrocuries per gram (U~c/g) of wet tissue.

The samples collected in 1958 were analyzed for gamma-

emitting isotopes with a

connected to a Radiation

3 x 3-inch sodium iodide crystal

Counter Laboratory 256-channel ana-

lyzer. The radioisotopes present in the samples were identi-

fied by their gamma energies and for some of the samples the

amount of each radioisotope was determined by a subtractive



-6-

procedure similax to that described by man e& Q. (1957).

The counts per minute (c/m) for each radioisotope were

verted to disintegrations per minute (d/m) by applying

correction factcws listed in Table 1. The size of the

sample affects the geometry,and the correction factors

con-

the

listed

do not include error due to the differences in geometry

between the biological samples and the radioisotope standards

used to calibrate the efficiency of the counting system.

This error ranged from 10 per cent for the smallest biologi-

cal samples to 60 per cent for the largest samples.
&

The appropriate decay-correction

also to correct the values to the date

Table 1. Correction factors

factor was applied

of collection.

used to convert
gamma counts to disintegrations

Radioisotope Correction
factor

#o 409

~~137 16.5

~n65 54

~n95-~95 14.5

Cos7 8.6

ce144-pr144 40

~185 9.6

RU106+106 66.4

7’
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A Semiquantitative analysis of a Messerschmidia sample

collected in 1956 at Wotho Atoll was made in a single-channel,

50-position, automatic advance gamma spectrometer with a two-

inch well-type sodium iodide crystal.

For some of the 1958 samples the amount of Sr90 was

determined by the precipitation plus ion-exchange method of

Kawabata and Held (1958).

Radioactive beta decay data were obtained for some of

the 1956 samples.

The common names of the organisms are used in the text:

and tables. The scientific names are given in Appendix

Table M.

RESULTS

Gross Beta Radioactivity

The

per cent

interval

individual gross beta values plus or minus the 95

counting error from ten collection sites during the

1954 to 1958 are given in Appendix Tables A to K.

A value identified as background signifies that the counting

error was as great or greater than the net count, i.e., the

count after background was subtracted. The data from the

appendix tables for algae, coconut meat and milk, fish muscl@

and liver, and sea cucumber muscle are summarized in Table 2.

/0
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In this table the plus or minus values are based on standard

deviation. For the purpose of comparing the radioactivity of

samples at the test site with samples from the “off-site”

islands, values for Bikini Island have been included in Table 2.

Radioisotopic Cornposition

l!heresults of the semiquantitative analyses of gamma

spectra of samples collected in 1956 and 1958 are given in

Appendix Table L; results of quantitative analyses for some

of the 1958 samples are given in Table 3. The latter tablet

also includes the results of the SrgO analyses. The samples

were not analyzed immediately after collection; consequently

the short-lived radioisotopes which might have been present at

the time of collection are not included in the results.

DISCUSSION

The highest levels of gross beta radioactivity were

found in samples of algae, fish liver and muscle, and sea

cucumber muscle from Ujelang, wotho, Utirik and Rongerik

Atolls (Table 2), which are only one hundred to three hundred

miles from the test site; however, the levels in coconut meat

and milk were low, even at these atolls. The radioactivity

of similar samples from the outlying atolls and islands of

/4-
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Kapingamarangi, Tarawa, Ponape, and Kusaie was only slightly

above fie background level of the counter. The naturally-

occurring isotope Ho contributed most of the radioactivity,

which, for the samples listed in Table 3, ranged from 1.8 to

19 UWc/g of wet tissue.

The levels of radioactivity in samples from one of the

islands at the teat site (Bikini) were considerably higher

than in the “off-site” samples. For example, algae collected

at Bikini Island in September 1956, two months after comple-

t
tion of the Redwing series, averaged 5,500 W&c/g, whereas

samples collected at the same time at Pona~ Island averaged

78 ~~c/g. Similar comparisons with the fish, coconut and sea

cucumber tissues shcxvedthat the major portion of the radio-

activity was deposited at or close to the

wetok and Bikini Atolls.

Comparisons of the radioactivity of

and of similar tissues at different times

number of samples. However, some general

made. The algae and fish liver contained

of radioactivity and the coconut meat and

test sites at Eni-

different tissues

are limited by the

conclusions can be

the highest levels

milk were the least

radioactive tissues at the majority of the stations.

The samples collected in January-February, 1955, at the

atolls east of the test site contained relatively high amounts
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of radioactivity, indicating that these islands, Bikar,

Likiep “and Rongerik (Appendix Tables A, D, F, and K), had

become contaminated with the 1954 Bravo test fallout as had

Rongelap Atoll. Of special note

radioactivity in the island soil,

and the low levels in the coconut

are the high levels of

fish liver and viscera

samples collected at

Rongerik. Later collections

and we do not know whether

were not made at these islands

further contamination occurred

there, as it did at islands to the south and west of the

i
test site.

Birds were sampled only at Ujelang, Bikar and Rongerik

in 1955 and at Tarawa in 1956. The 1955 samples contained

relatively high levels of beta radioactivity, whereas those

from ‘Tarawa contained low levels. The white of a tern egg

from Tarawa (Appendix Table G), however, contained more

beta radioactivity (99 d/m/g) than any other tissue samp~ed,

and fish, a principal food item of these birds, also con-

tained significant amounts of radioactivity.

Qualitative analyses of gamma spectra also give an indi-

cation of the quantity of the isotopes present. Analyses of

this kind made shortly after the

Table L) shuw that Zr95.~95 and

predominant radioisotopes in the

1958 collections (Appendix

~u103,106-#03, 106 were the

samples. no exceptions were
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noted: W181’ 165 contributed the major portion of the radio-

activity in Scaevola leaves from Kusaie and in Messerschmidia

and Scaevola leaves from Ujelang (Lowman ~ ~. 1959), and

Zn65 was predominant in fish tissues from Ponape and Utirik.

C057 was present usually in lesser amounts, and Co58 and Co60

were found only in a sample of clam kidney from Ujelang and a

fish liver sample from Utirik. Other radioisotopes were

present only in a few samples. CS137, for example, was found

in plants from Kapingamarangi and Utirik, Ce141,144-pr144 in

a few samples from Kusaie, Ponape and Ujelang, and Mn54 in :

fish skin and gut from Ponape and clam kidney from Ujelang.

Fesg was detected once only, in a sample of

from Ponape.

The quant~tative results of the gamma

shown in Table 3 are based on analyses made

skipjack muscle

spectrwn analyses

approximately

eighteen months after the samples were collected; consequently

the shorter-lived radioisotopes Zr95-Nb95 (half life 65 days),

Cosa (71 days) Ru103.~1°3 (4o days) and C@141 (32 days) had

decayed to insignificant or non-detectable levels. In a 161-

gram sample of yellow-fin tuna from Ponape, however, ~r95-Nb95

were found in low amounts (0.12 U~c/g at time of counting) :

at time of collection the level of Zr95-Nb95 would have been

40 ~yc/g No was present in all samples analyzed. In some●
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samples from Wotho, Tarawa, Ponape, and
40Kapingamarangi, K

contributed the major portion of the radioactivity. Other

samples collected at the same time contained W181’185,

radioisotopes identified with the 1958 fallout. Some samples,

such as coconut crab abdomen and whole fish from Wotho, con-

tained Zn65, whereas others, such as land plants, contained

none. Some of the land plants contained measurable amounts

of the long-lived fission products Cs137 and Sr90. The

estlevelof Srgo was found ina

pace from Wotho (18 ~c/g dry) .

isotope by the carapace of land

reported by Held (1957).

The relatively rapid decay

some of the samples collected in

Wotho (Fig. 2 A-E) indicates the

sample of coconut crab

The concentration of

crabs at Eniwetok has

high-

cara-

thi~

been

of beta radioactivity in

1956 at Tarawa, Ponape and

presence of short-lived

isotopes. A gam& spectrum analysis of one of the samples

(leaves and steme of a Messerschmidia plant from Wotho)

showed that Zr‘5-Nb95 were the predominant radioisotopes in

this sample. Thomas $& Q. (1958) found that these isotopes

contributed approximately 84 per cent of the total radioac-

tivity in a duplicate sample. me presence of short-lived

isotopes in the 1956 samples indicated recent fallout at

these islands.
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1 1 1 , 1 T I 1

‘A Messerschmldm lea~es and stems I

A

\

Wotho, 6-18-56

~B cocanut milk Tarowa, 7-6-56

~c L~fl(Jb)’CIentire pOflOPe, 9- .2i’- 56 1

I D, E Hydroclathrus entire pOfl Cpf3, ~

5-)3-56 I
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B

D

o

Q

E
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I 1956 ! 1957 — -1

Date of Countng

Fig. 2. Beta decay curves of samples collected in 1956.
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SUMMARY

1. Surveys were made in 1954 to 1958 to determine the

geographical limits of the radioactive contamination from

the tests in the central Pacific Ocean.

2. Collections of biological samples and soils were made

at one test site island (Bikini) and ten “off-site” islands.

3. The gross beta radioactivity decreased with distance

from the test site; in 1956 and 1958 islands within a 130- !

mile radius contained at least ten times as much radioac-

tivity as the other islands.

4. The levels of radioactivity also were related to direc-

tion from the teat site. In 1955 the islands to the east

contained high levels of radioactivity. In 1956 and 1958

Tarawa, 800 miles southeast of the test site, contained very

low levels whereas Kapingamarangi, apprOXimat@lY tie s=

distance to the southwest, contained significantly higher

amounts of radioactivity.

5. zr95-~95 and Ru1031 lo6-~lo3tlo6 were the predominant

radioisotopes present in the majority of the samples.
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Other isotopes, such as W181,185, zn65 and CS137 were,

present”in relatively high amounts in some samples. Srgo

was found usually in very low amounts.

d“2
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Appendix Table A. Gross beta radioactivity of the biological
samples colleeted at Bikar Atolls mbman 3$
1955, expressed in d/m/g Of wet tl~aue at
time of analy8i8*. The 0.95 counting error IS
inoluded.

Land Plants
~a~ Meat

Milk

Soaevola Leaf

Birds
~ry tern Muscle

Liver
Lung
Kidney
Ileum
Bone
Skin

Noddy tern Muscle
Liver
Lung
Kidney
Ileum
Bone
Skin
Egg Shell

Rat8
=eld rat

20
15
21
15
16
16

272

38
130
212
91
85
1
37

~6
34
182
379
85
117
319
224
36

: 1.0
- 20

: 17
- 7.6
* 17
*4
: 6.4
- 4*4Egg yolk

Unhatched ohick,
gut 31~ 5.7

Unhatched 3ot 8,4
chlok, akin
and feathers

Muscle 33 ~ 4.6
Kidney 83 * 13
Bone

k
5(53 + 2

Skin 126 ~ .1

s Samples were soIIeoteti seven months after Operation Castle; the

plants were counted 3/3/55 and the birds were counted 3/9 to 4/15/55.



Appendix Table B. (3roaab.ta radioaetlvlty of the blologioal
samples oolloetod at Kapingamarangi Atoll,
JUIY 24, 1%8J expressed i: dimjg Of wet
tissue at time of analysis---, The 0.9~

counting error is included.

Speoies Tis8ueJ djmlg

Lmd Plants
~e~t

Coconut

Imrtebratea
lam (Tri~ama

crocea~

Coconut orab

Hermit crab

~a Ctmanber

Fruit
Meat
Milk

Musole

Kidney

10 * 4.1
Bgd.
401* .82

9.4~ 1.7
Bgd.
110~ 15
120 - 17

visceralmass 4.9 ~ ~j8.

Carapace
Abdomen

Carapaoe

Abdomen

Muscle

Integument

Gonad

Gut and
00ntent9

Fish
~xed reef flab Entire

Bgd .
12 ~ 4*3

19 $ 9.6
11 - 9.0

;.: $4.2
.- 3.8

* mp~es were oolleoted during Operation Hardtaok and were
counted 9/18-27/~8; the fish samples were oounted 10/19/~9.



Appendix Table C. Gross beta radioactivity of the biological
samples eolleoted at Xuaale Island, 1956-1958,
expressed in d/m/g of wot tiamua at time of
~lysia. The 0.9s oounting ●=or is fi~ludedo

19S6* 19S8W
Collection Colleotlon

Spooies TIsaue d/m/g d[m/g

Marine Plants——
Asparagopsis

Caulerpa

Halimeda
Turbinaria

Land Plants

‘~

Breadfruit

Cooonut

Ltie

Mango

Mountain ●pplo

Orange

Fruit
Meat

Fmit
Meat

Meat
Milk

Fruit
Meat

Seeds
Win

Fruit

Fruit
Frutt

42 t 3,6
43 ~ 4.1

29 ~ 2,2

3!0 4.4

18 ~ 2.1

8.6 ; .67
6.5 - .6o
30 $ 8.7
16 - 2.5
at 2*7

11 ~ 3.5

8.6; 1.3
7.2 - ● 74

3.8 ~ 2,1Fruit
Meat 11 ~ 1.7

9.2~ 1.2

* 1956 samples were eolleoted 7/ /56 during Operation Redwing
?/and were counted 7/25/56to 9 12 56.

- 1958samples were aolleoted 7/
??

8 during Operation Hardtaok
and were oounted 8/28/S8 to 9 2 S8C



Appendix Table C. (eontimed)

1956* 195e*
Collection COllootion

Speoies Tissue dl~u d/m/g

Land Plants (aontinued)——
Papaya Fruit

Fruit
Seeds

?Ineapple Fmlt

Scaevola

Soursop
Sorewplne
Sugar oane
Weet potato
Tttro

Invertebrates
Ghost arab

Hemit orab

sea euoumber

Leaves

Fmalt
Fruit
Stem
Meat
Meat

Eht ire

Carapaoo
Abdomen
MUSO1O

Integument

Gonad

Bgd .

11 ~ 202

Gut and oontents Bgd.
Bgd.
Bgd.
B d.+

sponge Entire 54 - 10

Fish

=xed fish Muaole
J

49:1
313 -
207 * 9.8



Appendix Table C. (continued)

1956f$ 1958*
COllectlon Collection

Species Tissue d/m/g d/m/g

Mixed fish (contd.)Liver 212 ~ 11
51 ~ 4.3

43 * 15

parrot fish Muscle
Liver



Appendix Table D. Gross beta radioactivity of the biological
samploa ciolleotod●t Likiep Atoll, January
22, 19%, ●xpressed m d/m/% @f wet tis~e
at the of analysiss~ Tho 0.9s uountlng error
is lnoluded,

Species Tissue d/m/g

Land Plants——
Banana
Cooonut

Sorew pin.

Tare

Invertebrates
Coral Aoropora 8P.

Rangia sp.

Sea ouo-bor

Iht ho
w
n

Meat
Meat

Milk

Fruit

Meat

lWire

Musole

Integument

Qonad
Gut and
oontenta

129 ~ 16
462$ 25
300 - 28

26~ 3.4
12 + 3.0
9.8 - .84
24 ; 4.4
12 - ,86
19* 2.8
12 - .69

33 ~ 4.
23 ~4. l!!

13 :4.3
13 - 3.8

524

%
5
3

587
622

70
2,400 * 70

‘Samples were oolleoted seven months after Operation Castle and
were oounted 2/24/% to 3/29/5~.



Appendix Table D. (oonti~ed)

Fish
menq - red spottod Ehtiro

bluedash Plusole
Liver
Visoora
Bone
sin

FM Ire
Musole
Liver
Vlsoera
Bone
*in

Coxwiot surgeon %itire

MlMole
Liver
Viscera
Bone
Sin

Grouper

Jack

MU801O
Viscera
Bone
sin

Entire
IT
w

Musole
Vlmaera
Bone
&b

Wraase ~t ire

35? 9*2
28* 6.9
43 ~ 10
11 ~ 4.3

k
8:32
9 - 21
21*U
%5 - 9.6

78 ~ 18
59 ~ 18
56- 20
5.3 ~ 4.1

:8.1
i$.lz
40 i 25
59 t 28
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Appendix Table F.

Soeaies

Gross beta radioactivity of the biological samples
collected at Ron erlk Atoll,

$
February 3, 1%5$ <-

expressed In d/ g of wet tissue at time of analysis .
The 0.95 counting error is Inoluded.

Tissue d/m/g

Land Plants.—
coconut Meat

Milk

TomatO Fruit
Leaf
Stem
Root

Fish
~enny

Convict surgeti

Muscle

Liver

Viscera

Bone

Skin

Muscle

Liver

259 : 12
1,050 - 34
870: 1

t1,750 - !5

)+: ; 7.8

b

- 5*4
; 8.0

1,0 0 - 68
1,280~ 65
1,690; 207

15,200 - 278
9,150~ 171
7,730} 162
251 - 32
48 + 37
2:;; 22

67~ i: k
94 t 8.5

3,
2,

:;

* Samples were eol.leetedseven months after Operation Castle and
were counted 3/5-26/55.



Appendix Table F. (oontinued)

Speale8 Tissue d/m..u

Fish (continued)

Bone

Skin

—“

Convict surgeon VisOern 10,600 : 240
2,69o - 69
1,200: 54
4,550- 106
33t26
i36~28
302 2 22
451 ~ 30
24 ~ 15
179* 10
161 ; 10
240 - 4

Goatfiab

Grouper

Mullet

Muscle

Liver

Viooera

Bone

Skin

, Muscle

Liver

Vlsoora

Bone

Skin

Muscle

103~ 10

613 ~ 37

70$ 6.7
42 - 8.0

203 ~ 12
45t 17

83 $ 13
14 - 9.2
87i 5,8
122 ~ 7.4

3



Appendix Table F. (aonthued)

Visoera

Bone

skin

Parrot fish Pluacle
Liver
Viscera
Bone
*in

Wrasse Entire
Muscle
Liver
Viaoera
Bone
Sin

Muscle
Ll~er
L=
Kidney
Ilem
Bone
Skin

Hoddy tern Muscle
Liver

d/m/g

966
884

3,270
1,790
670

326
&c
290
152
222

13
6
3i
25
37
32
17
18
21
22

740 * 34

44
224
224
172
71
54
152

* 5.6
* 11



Appendix Table F. (continued)

Species Tissue d/m/g

Birds (continued)

Noddy tern L- 158? 6.8
KIdney 186 ; 9.8
Ileum - 6.8
Bone :: t 21
Skin 181 $ 12
~g Yolk & ~ 3.0
Egg Shell Bgd .



Appendix Table G. Gross beta radioactivity of the biolo ical
$samples collected at Tarawa Atoll, 19 6-1958,

expressed in dimlg of wet tiaaue at time of
analysis. The 0.95 counting error 1s included.

1956* 1958%-”
Collection Collection

Species Tissue d/n/g d/r./g

Marine Plants——
Caulerpa

~teromorpha

Ent Ire

w

Bgd.
Bgd.

Padina

Land Plants——
Banana

Breadfruit

Coconut

Lhe

1!

Meat 22 ~ 2.6 k
Skin 14 * 2.1

17 ~ 1.9
Fru~t 6.0:4.6

Bgd.

Meat 8.32 2.0 7.4 ~ 6.7
6.9 $ 5.3
7i$~ 5.1

?.3
Bgd.

Milk

Meat

Seed
Skin

14esserschmidiaLeaf

Bgd.
Bgd.

: 1.1

8% : 2.4
15 - 6.1
8i:~ 3.6

- 3.9

Bgd.+
3.5 - 1*O
2,6 $ 1.2

; 1.5

3%’ - .72

‘“1956 samples
were counted

= 1958 aaaplea
were counted

were oolleoted 7/6/56 during Operation Redwing and
7/26-9/12/56.
won oolleotod 7/11/58 during Oparatlon HaAtaok and
9/5-8/58; the plant samples were oounted 10/9/59.



Appendix Table G. (continued)

1956%” 195’8%*-
Collection Collection

Species Tissue d/m/g d/m/g

Land Plants (cont~:i~)
=p~ 2.7 ~ 1.9

2.9 t 1.9
Meat
% in

%aevola Leaf

9.8
10
10

1.1

1.3
1.3

5,9: 2.9
6.9 - 3.6

Squash Fruit

crab

crab

Invertebrates
Clam (Area sp.)Shell

Ghost

Shore

Hermit crab

Sea

Soft parts

~t ire

~t ire

Muscle Bgd.
Carapace Bgd.

Muscle

Integument

Gonad

Gut and contents

3.6 ~ 1.3
3.6 ~ 1.3

47 t ,28

8.3~3.1

Bgd.
Bgd.

Bgd.
Bgd.
Bgd.



Appendix Table G. (continued)

1956* 1950%+
cOllOctlon Collection

Species Tissue d/m/g d/m/g

Fish

Mixed fish

Grouper

Muscle

Nusale

Liver

Herring Entire

Sapper Yuscle
Liver

squirrelfish Musole
Liver

19 i 3*7

59 ~4.7

Birds
Tern qg yolk 15 t .28

Eggwhite 992 4.3
Egg shell 10 ~ 2.3

lot ~.o
8.9 ~ 3.6
Bgd.
Bgd.

7.5 t 3.6
5,6 t 4.3

8.9! 3.6
Bgd.
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Appmdix Tablo K. WOSS beta radioactivity of soil samples
oolloetod at mrious islands hi the Central
Pmifie durhg 1954-1958, expros-$h~Od[$/g
of dry soil at tim of analysis. ●

aounthg error is Muluded.

Dato
Island soil tm Colloetod Countod d/m/g

Btkar

Kuaalo

Likte$

Ponape

Rongerik

Tarawa

Ujelang

Utislk

Wotho

Island
Beaob

Islaxxd

Island
Boaeh

Is:md

Ia;and

Is:and

Island
Boaeh
ts:~d

m

Ialalld
B8mh

Island

2-;”55

7-5-56

l-~2-55

12-16++
7-13-56

2-:-55

7-6-56
7-11-58

+55

7-18-56
7-;9-58

1-:3-%

6-18-56

4-8-55
II

10-9-56

4-?-55

1-
i

-%
8- -56

4-~-55

10-9-~6
9-5-58

4-?-55

10-9-56
10;19-59

4“p

10-9-56

16,100~ 716
208 ? 109

Bgd.

785 ~ 129
Bgd .

295 ~ 74
Bgd.

~0 : 92
Bgd.

185 f 109
162~ 109

E@ ●

Bgd.*
n

* ~los oountod more than one year after collection.
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Appendix Table M. Soientifia names of the species.

common name sOhwriO XMEO
1, BIRDS

Fairy tern

Noddy tern

II. FISH

Barmmada

Blue dash blonny

Red spottod blonny

Bonito

mt.my fish

convict ●qoon

~aelwf:ab

11 n

a’oatrf.sh

Grouper
w

n

Horrlng

Jack

Marlin

Mullet

AnOUS stolidus L.

Istlblenntusyaulus

Cuvier and
Valenoiennes

B~an and Herre

Istiblonnlua edentulus Bloah and
— Sohnelder

Katsuwonua pelamla (Llnnm-)
t

Chaetedon aurlga Forakal -

Amxlthurua triostomla L,

Pommentrua nlgrieans [Lacepede)

Dasoyllua aruanus (Llnnaoua)

Abudef duf blocellatua (Quoy and
Gaimard)

Mulloidiobthya samoensis (Quntber)

@inephalus fusooguttatua (Forakal)

,& morra Blooh
~. elongatus Sohultz

Sprato1201dos dolfoatulua (Bennett)

Caranx sexfasoiatua (Quo~ and
Galmard)

Totraptorus 8P.

Neq xus chaptalli (~doux and
Souleyet)



Appendix Table ?4. (oontlmaod)

C~n name 9oiontiflo name

FISH (oontlnued)

Parrot fish Soar’m up.

Puffer Tetraodon Sp.

Sripjack at hynnus afflnia yalto (Kishlnouye)

mapper

Wrasse

Yelloufin tuna

III. INVERTEBRATES

Afrloan snail

Clama

Cooonut e~b

corals

(3hoatcrab

Hormlt crab

I&rlprlatis nrurdjan(Forskal)
Eoloecntrus tioro8t0nus (Gunther)

Hallohoerea trimaoulattU (*V
and GaImard)

t
Neothunnus ●lbaoora maoropte-— —
(Teamindk and 9ohlegol)

Aohat* fulloa Fema8sao——

Anadara 8p.

Area #p.

Pixlna#p.

Trihona arooea Lamarok——

Birgua latro L.

Aaropora 8P.

Fungia Sp.

Ihliopora Spo

Pooillopora Sp.

Oonode oeratophtha- (Pallns )

Cloonoblta porhttas Edw. T.

Co.nobita sp.

Ostrea Sp. (?)



Appendi% Teblo M. (oontlnuod)

Colmlollname 90i0zztiri0WM

INVERTEBRATES (oontS.nuod)

IV.

Sea ouawnber

Shore crab

mail

9pidor snail

sponge

IAND PIAIVTS

Arrowroot

Breadfmlt

Beaah magnolta

Coconut

Lhe

Mango
.

Messeradxaildia

Morinda

Mountain applo

orange

Papa~

Plnoapple

Holothurla atra Jaeger

Turbo 8P.

Lamb18 lambis (L.).—

not identified

Taeoa Loontopotalold*s (L.) Ktse

Muss sapimntum L.

Artooarpu s altills (Park.)Fo8b.

Soaevola 8P.; probably ~. ●o~lcea
— (Vahl)
LOptUm XWP-S (-rst@r) R ● Br~

Couos rnmlfera L..—

Citm8 auraatifolia (Cbris~.)
Swlngle

Manglferi lndiea L.

Messorsalxnldia●rgcntoa (L.)
I. M. Johston

Morl.ndaeltrlfolla L.

(?) Not identiftod

Citrus ●p.

Carloa Papaya L.



Appendix Table M. (oontlnuod)

- Comnon name

UND PLANTS (aontinued)

Sorew pine

Soursop

Squaah

sugar Oane

*eet potato

Taplooa

Taro

Tomato

v. MARINE PLANTS

Algae

N

n

w

n

n

n

n

n

w

n

n

Sotentifio name

Pandanua teotorlua Park.

Anon& murloata L..—

CuciurbitaSp.

SaoobarumoffloinarumL.

Ipomooa Batatas (L.) Polr.

Manihot Utillssima Pobl

Cyrtosporm& 0tii~80ni~ (Sobott)

Merrill L

Solariumlyooporsiaum L.

Aaparag opals taxiformis

(Delile) Collins and Haxwq

Caulerpa serrulata (Forak) J. Ag.

Caulorpa ●p.

Codlum 8p.

EWeromorpha 8p.

Halimeda ●pp.

Rydroolatbrus olatbratus (Ag.) Howe

Jania sp.

Lyngbya majusaula Gomont

Mlorodlotyon OkaxmtraiSetoboll

Neomerls annulata Dickle——

64



Appendix Table M. (continued)

Common name Soientlfic name

MARINE PLANTS

Algae

tl

n

(oontlnued)

Padina oommersonil Bory

Rhlpilia Sp.

Turbinaria ornata (~. ) Jo Agardh

Ee I..rasa

VI. RATS

Field rat

Not Identified

Rattus exulana Peale

6i


