


UNIVERSITY OF WASHINGTON

SEATTLE, WASHINGTON 08195

Kool rg'r Firheries
Laboratery of Radiation Ecalogy, WH—-10)
(206) 543-4257 10 June 1985

Dr. George H. Balazs

NOAA, NMFS

Southwest Fisheries Center
Honolulu Laboratory

P.0O. Box 3830

Honolulu, Hawaii 96812

Dear Dr. Balazs:

In response to your letter of 31 May, the following comments and
suggestion are offered.

The Laboratory of Radiation Ecology (Applied Fisheries Laboratory,
1943-563; Laboratory of Radiation Biology, 1957-66) collected several
thousand biological samples for radlological sampling at the Pacific
Test Site and nearby locatioms in the period 1946-64. In later vears
most of our laboratory's involvement was on a lesser scale and sample
collections and analyses were from Central Pacifiec areas other than
Bikini and Eniwetok. Dr. L.R. Donaldsom was Laboratory Director from
1943 to 1966. I joined the Laboratory in 1947 and succeeded Dr. Donald-
gon 48 Divector until my retirement in 1978.

In regard to green turtle samples, I cannot say with absolute
certainty that no turtle samples were collected and analyzed hecauss our
policy was to sample as many species as possible, at least once. We did
capture turtles occasionally, but on those occasions when I was present
they were released because we were of the opinion that the radiclogical
Information to be obtained did not warramt sacrific of the animal. T
can say positively if any samples were taken, they were few in number
and there was nothing unique in the results of the radiologlcal analyses
of the samples. If there had been something unique, turtles would have
been classified as a "bilologlcal indicator" species and placed high on
the collection list of biological samples, and they were not. The
general scheme was to collect and analvze everything possible during
early collections, but later reduce the number of species to bilological
indicators for specific radiomuclides.

Two anecdotes about turtles. In 1948 while wisitimg Likiep Atoll
we were served turtle egps, soup, and meat but I do not recall taking
any samples for analwyszes. A few vears later, an expedition led by
Fobert Ehinehart of the Naval Radiological Defense Laboratory, Hunter's

cont™d f . . .
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Point, California, visited Bikar Atoll for the purpose of collecting
turtle eggs (and turtles?) for radiclogical analyses. &s I recall,
none were collected.

Now for the suggestion. Even if radiological analyses of turtle
samples from the past were available, current samples and analyses would
be much more meaningful if vour concernm is about the health hazard to
man from the consumption of green turtles. Therefore, why don't you
obtain the samples and then submit the samples for radiological analyses?
If you choose to do this and are looking for someone to do the analyses,
I suggest that you contact Dr. Ahmad Revissi at the School of Fisheries,
University of Washington, or Dr. William Bobisom at Lawrence Livermore
Mational Laboratory, or a commercial laboratory in the radiological
analysis business. An important part of the analyses is the interpreta-
tion of the results and either Dr. Nevissi or Dr. Robison could do this.
Based upon my experience with samples from the Pacific Test Site and the
mouth of the Columbia Biver, I would guess that in additiom to the
natural radionuclides present, a radionuclide of nuclear detonation
origin might be identified because of the extreme sensitivity of radio-
nuclide detection methods; however, 1If present, the quantity would be
far below the health hazard level to man.

Sincerely,

Q. /. i
M.Sgmos

Allyn H. Seymour
Professor Emeritus

AHS:a8
ce: Dr. Nevissd
Ir. Robison
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26 June 1985

Dr. George Balazs
NOAA, NMFS
Southwest Fisheries Center
Honolulu Laboratory
P.0. Box 3830
HOnolulu, Hawsii
96812
U.5.A.

Dear George;

Thanks for your letter of 12 June regarding turtles samples from Enewetak
Atoll. 1 don't personally know whether any sea turtle samples have ever been
analyzed from Enewetak. I do know, however, that samples from two green turtles
were provided by MFRL personnel to the Marine Biology group of the Lawrence
Livermore Laboratory. These samples were actually taken from a turtle used for
human comsumption by Bob Richmond and personally frozen and delivered to the
LLL group by me. I remember it so well since I had to meke a special trip out
to the Liktanur II as it was steaming out the east pass of Enewetak to pass them
the samples from our small boat! We had a considerable interest in resulta
from those samples since I did not recall any mention of turtles being considered
in the dietary dose estimates for Enewetsk and this seemed a logical hole in
these dose estimates to fill using those samples. Informal inquiry 88 to any
results amongst the LLL persnnnel when they visited Enewetak usually brought

a "don't know anything about it" response,

1 feel your concern about the possible impact of turtles on the radionuclides
being ingested by the Enewetskese is valid. In my experience there most of the
turtles captured came from the northern portion of the atoll, often times from
the area of the Mike-Koa craters, where there are the highest concentrations of
radionuclides, 1 suggest that/Contact Dr. Vic Noshkin at LLL for more direct

information regarding any turtle gamples or as an alternate Dr. Bill Robison at
LERY

can't really comment about the portions of the letter from Dr. Seymour that
you unlined for comment. There may well have been turtle samples taken from
Bikini. Perhaps an inspection of the many reports prepared by the LRE at Washington
could provide that answer. They were all in the MPRL files which are presently
at HIMB. As I said before, if there has not been any reasonable sampling of turtles
for radionuclides, then this should be regarded as a potentially signficant omission
in radionuclide studies and filled as scon as possible.

Sinceraly ynuﬁ
f’}?

Patrick L. Colin



May 31, 1985 F/8WC2:CHR

Dr. A. Seymour

fchool of Fisheries

Laboratery of Radiation Eeology, WE-10
Tiversity of Washington

104 Fisheries Canter

Beattla, WA 98195

Dear Dr. Seymour:

The attached copied correspondence will give you a brief history of my
efforts over the past few vears to learn if radionuclides have ever been
analyzed from see turtles at Fnewetak or Pikini Atoll. BSea turtlas, and
especially the green turtle, Chelonis mydss, are often eaten by Pacific
islanders. Informal reports I have received indicate that 40 or more
green turtles are being consumed asch year during the Christmes holidays by
the natives that returned to Enewetak, Creen turtles feed directly on
certain kinds of benthic algae which, I understand, are known to take up
and concentrate radionuclides,

In a telephone response to my last lettar to Mr. Jackson (copy
attached), he provided me with your neme and address and sugpeated that I
cantact you as a possible source of information om this potentially

important subject. Any help that vou are able to offer will be greatly
appreciated.

Sincerely,

GCoorge H, Ralaza o
Toologist

Attachment

cc: Balaes




DEPARTMENT OF COMMERCE
u"’u-unul Oceanic and Atmospheric Administration

NATIONAL MARINE FISHERIES SERVICE
Southwest Fisheries Center
Honolulu Laboratory

P. 0. Box 3830

Honolulu, Hawaii 96812

Janvary 14, 1985 F/SWC2:GHB

Mr. Bill Jackson
Department of Energy
P.0. Box 29939 -
Honolulu, Hawaii 96734

Dear Mr., Jackson:

I regret to inform you that I have still not been able to obtain
information on analysis for radionuclides conducted on Bea turtles at
Enewetak Atoll. You will undoubtedly recall that back in November of 1983
you suggested I write to Edward Lessard, Program Manager for the Marshall
Islands Radiological Safety Program. I had previcus sent three inquiries
to Dr. Noshkin at Livermore Laboratory without receiving a reply. Mr.
Lessard wrote to me in March of 1984 indicating that an Ed Held and Vie
FHelson are the persons with direct kpowledge of the Marshall Island Marine
Program over the past 30 years. I sent letters of inquiry to them in April
and again in July of 1984, but have not received a response.

As I originally described to you, we now know that the Enewetak people
have used turtles as a regular part of their diet since they were resettled
at the atoll. Greater numbers are especially caught around Christmas for
use in the holiday celebration. Both from the standpoint of people and
turtles, it would behoove us to know what, if any, levels of radionuclides
are present in these turtles. Like many other Pacific islanders,
Marshallese eat the entire turtle except for bomes and scales. Large adult
turtles may be very old (in excess of 40 years), and migrate long distances
te and from other areas where they may also be taken for food by native
people. Do you have any new thoughte on this potentially important y
subject? I am anxious to follow through on any suggestions you may have to
offer. Many thanks for your comtinued help,

Sincerely,

George H, Balags
Wildlife Biologist



August 13, 1985 F/OWC2:GHB

Dr., Ahmad Hevissi

Bchool of Fisheries

Laboratory of Radiation Ecology
Fniversity of Washington
Seattle, Washington 88185

Naar Dr. Neviasi:

At the suggestion of Dr. Allyn Seymour, I am writing to ask if you
would be willing to do radiological analyses of bone and tiseus biopsies
from green sea turtles, Chelonis mydas. A copy of Dr. Seymour's letter
diseussing this subject has been attached for your information.
immedinate comcern im to obtain anzlyses on samples that will ba collected
during early September at Johmston Atoll. Our Laboratory has been
commissioned by the Pacific Ocean Division, Army Corxps of Engineers, to
asgess sad moniter the population of green turtles that resides near the
forthecoming JACADS project (nerve gas disposal plant). I anticipate being
able to collect somawvhare between 10 and 20 samples during our SBeptember
field study.

I would greatly appreciate hearing from you at your earliest
convenience. Our arrangements for analyses must be fimalized in the near
future.

Sincerely,

Ceorge H. Balazs
Eoologist £

Fnelosure
GHE/11

bo: HL
Balazs



August 15, 1985 F/EWC2:GHE

Dr. Willism Robiaon

Lawrence Livermore Matienal Laboratory
P, 0. Box BOB

Livermora, CA 94550

h‘lf De. Euhi’nﬂ : |

At the suggestion of Dr, Allyn Seymour, I sm writing to ask if you
would be willing to do radioclogieal analysee of bome and tissue biopaies
from gresn sea turtles, Lhelonis mydas. A copy of Dr. Beymour's letrer
discussing this subject has been attached for your information, My
imeediate concern is to obtainm analyses on samples that will be collected
during eerly Beptember at Johnston Atoll, Our Laboratory has been
commissioned by the Pacifie Ocean Pivision, Army Corps of Engineers, to
assess and monitor the population of green turtles that resides near the
forthcoming JACADS project (nerve gas dieposal plamt). T anticipate being
able to collect somewhere batween 10 and 20 samples during our Septembar
field study.

I would greatly appreciate hu:.inir from you at your earliest
convenience. Our arrangements for analyses must be finalized in the near
future.

Sincerely,

Gaorge H, Bela=e
Zoalogisat

Enclosure

(e lihmlilzr""'“‘lr




U.S. DEPARTMENT OF COMMERCE

Mational Oceanic and Atmospheric Administretion
NATIONAL MARINE FISHERIES SERVICE

Southwest Fisheries Center

Honclulu Laboratory

P. 0. Box 3830

Homolulu, Hawaii 96812

April 23, 1984 F/SWC2:GHB

Hr. Edward Held

Hr. ¥Wictor Helsoo

Laboratory of Radiation Ecology
University of Washingtom
Seattle, Washington 98105

Gent lemen:

At the suggestion of Edward Lessard, Program Manager of the Marshall
Islandes Radiological Bafety Progrem, I am writing to you in an effort to
locate informatiom regarding analysis for radiomuclides in ses turtles.
Are you aware of any such data resulting from studies in the Marshall
Islanda? The attached correspondence will provide you with a record of my
previcus efforts to obtain informatiom. Unfortunately, not much has
resulted. Although there is mention of a sea turtle (Chelonia mydas)
specimen in the 1973 Enewetak Radiological Survey, the results of analysis
are npt given.

Any assistance that you are able of fer will be greatly appreciated.

Bifieerely, /
P r//%’-' ¢ —
Geor . Balazs
# Wildlife Biologist

Attaclment



I) I] I BROCKHAVEN NATIONAL LABORATORY

(' ll l ASSOCIATED UNIVERSITIES, INC.
Upton, Long Island, MNew York 11973
(514) 282+ 4250

Safety & Erwironmental Protection Division FTS b5

March 13, 1984

Dr. George Balazs

0.5, Department of Commerce
National Marine Fisheries Service
Southwest Fisheries Center
Honolulu Laboratory

F.0. Box 3830

Honolulu, Hawaii 96812

Dear Dr. Balazs:

I have scanned Marshall Island reports for information regarding
analyvais for radienuelides in sea turtles. One turtle, Chelonia, was
written gbout in the 1973 Enewetak Radfological Survey (WV0140). The
persons with direct knowledge of the Matine Program over the last 30
vears are Ed Held and Vic Helson, Laboratory of Radiation Ecologw,
Iniversity of Washington, Seattle, Washington. I am sure Dr. HNoshkin
or his predecessor will direct you bEo archival information regarding
sea turtles.

The Marshall Islands Radiological Safety Program is for the bene-
£it of the Marshallese people, consequently our studies are centered
on people, HMost of the radioclogical results we obtain relate to body
burdens and excreta activity., Some work has been done on dietary items,
however, we have not analyzed sea turtle meat.

I hope you obtain the results without further delay. Best regards.
Sincerely,

Eduond. T, doessond.

Edward T. Lessard

Program Manager

Marshall Islands Badiclogical
Safety Program

EL 1g

ce:  Bil1l Jackson



U.B. DEPARTMENT OF COMMERCE
Ihnmnnlbuhuumil|nulntumquh|willhlnhn-tnnmhu

NATIONAL MARINE FISHERIES SERVICE
Southwest Fisheries Center

L] Honolulu Laboratory
NOTE' SEnT Jlwies- " o
a Honolulu, Hawail 96812
‘I December 1, 1981 F/5WC2:GHB
Dr. Victor Noshkin
Lawrence Livermore Laboratory

P. 0. Box BOSH
Livermore, CA 94550

Dear Dr, Moshkin:

For the past 10 years, I have been involved in various aspects of
research on sea turtles here in Hawaii and at several other areas of the
Pacific. 1t has come to my attentien that the native people that returned
to Enewetak are highly motivated to cateh and eat turtles. This is not sur-
prising since islanders throughout the Pacific are Fond of turtles and their
eggs. Usually the entire animal iz consumed with the exception of bones,
gastrointestinal contents and the gall bladder. There is little wasta.

If T understand the situation correctly, over the years there have been
very few, if any, analyses of sea turtles At Enewetak or Bikini to determine
radlonuclide content. 1Is this in fact the case? If 80, 1t would seem highly
desirable to have gome of this work conducted, The two species that regularly
occur at Enewetak are the green turtle (Chelonila mydas) and the hawksbill
turtle (Eretmochelys imbricata). The green turtle is predominantly herbiv-
orous, feeding on benthic algae and sea grasses where they occur, Adult green
turtles are also highly migratory. The green turtles at Enewetak could very
well be regularly undertaking reproductive voyages of 1,000 miles or more to
other areas of the Pacific where they may also be used for food. The hawksbill
appears to be less of a high-seas migrator, but this could Just be a reflection
of less research focused on the species. Hawksbills are omnivorous and seem to
feed heavily on sponges and ascidians.

I would appreciate hearing from ¥ou on this important matter. I am pre-
pared to assist you in any way that maybe helpful.

i Fishery Biologist

cc:  Dr. Robison, Lawrence Livermore Laboratory



U.S. DEPARTMENT OF COMMERCE
National Dceanic and Atmospheric Administration

HAT|ONAL HARIMNE FISHERIES SERVICE
Southwest Fisheries Center
Honolulu Laboratory

F. 0. Box 3830

Honolulu, Hawali 96812

March 6, 1984 F/8WC2:GHB

Dr. Edward T. Lessard

Project Manager

Marshall Islands Radiclogy Study

Safety and Envirommental Division
Brookhaven National Lsboratory
Aesociasted Universities of New York Inc.
Upton, HNY 11937

Dear Dr, Lessard:

- Mr. Bill Jackson of the Homolulu office of the Department of Energy
gave me your name and address and suggested that I write to ¥you concerning
my interest in sea turtles of the Marshall Islands, I met Mr. Jackson on
a return flight from Johnston Island where our agency recently conducted an
assessment of sea turtles for the Army Corps of Engineers.

I am interested in learning if any anslyses for radionuclides have
ever been done on sea turtles at Enewetak and/or Bikini. The final report
for the Enewetak Radiological Support Project mentions one turtle, but the
size, site it was collected, and results of analyses are not presented.
Our studies of the green turtle, Cheloniz mydas, here in Hawaii indicate
very slow growth rates, and probably & long reproductive life.

As you will note from the attached letter, I previously made an
inquiry on the subject of radiomuclides in sea turtles to the Lawrence
Livermore Laboratory. Unfortunately, no response was received,

I look forward to hearing from you when your time permits.

Sincerely, %

George H. Balazs
Wildlife Biologist

Enclosure
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Mid-Paciflc Regearch Lab
F. 0. Box 1768
APD San Francisco OR555
Mareh 23, 1983

Dear George,

It was nice to hear from you, and I'm glad that my information was
useful and interesting to you. We really liked the poster too and have hung
it up in the lab for decoration - manv thanks.

In order to answer many of the questions that vyou asked about turtles
here, I talked to an anthropolegist, Dr. Laurence M, Carucci, who lives
here smong the Marshallese people., He has lived with them for several vears,
both here and at Ujelang (the atell where the Marshallese lived during the

periocd of bomb testing and clean-up), and he 1s very knowledgesble about
their ways. Here's what we were able to find out:

My original estimate of how many turtles the Marshallese here cateh
per year was too high. They probably take only 25/year, though they take
a5 many as they can catch. The islands in the northern part of the atoll
{around Engebi) and the western part (Glenn to Lerov; the Marshallese names
for these islands are Tkuren and Biken) are conaidered to be the best fishing
grounds for turtles. The Marshallese say that turtles are more rare in the
sunmertime and more common in the winter. This may explain why they are
considered to be a Christmas feast food - most of them are sought after and
taken at Christmastime.

There are two main methods of fishing for turtles. One way is they
stake out the nesting grounds and camp out on the small islets where the
turtles come ashore (care being taken not to light any fires or make any
sounds) and nab the turtles when they come up on the beach). Larry says
they are very good at figuring out when the turtles will come ashore. One
way they do it is to check the stage of development of eggs that are already
on the beach. They seem to think there is a nesting cycle, and supposedly
can look at eggs that have already been laid and figure out when the turtle
will come ashore to lay again. Perhaps this makes more sense to you tham it
does to me. With the Marshallese it is sometimes hard to separate fact from

fiction or their "old wives tales." They are a very superstitious bunch to
be sure.

The second method of fishing for turtles is to jump on top of them from
moving boats. They try to find turtles in relatively shallow water (30 feet
or less) jump on top of them, flip them over, and bring them to the surface,
It is interesting that they traditionally did this from their sailing cances.
Obviously, its a lot easier to do from = motorboat than from a sailing canoe
which requires tricky sailing, so the advent of ocutboard motors in thege
islande means that turtles are easier to catch,

The Marshallese also love to eat turtle eggs. By tradition, half of the
egps in each nest were always left behind as a conservation measure., These
days the old traditions are dying out for a mumber of reasons, and Larry has
seen them clean out the nests tetally. Also, by tradition, every turtle taken
and all turtle eggs (all food of any kind really) belonged to the chief who
divided it among all the people. This distribution system was in effect as



hallese
f Lse Har :-"""'_"I: r.’.S“.LIJ "III:'
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recently as 15-20 vears ago, but the chief has now lost his power to a more
democratic form of govermment, the old ways are dying, and its more or less
every family for itself. WNow when a turtle is taken, it is generally consumed

by the family that got it instead of divided up for everybody.

As for species, both greens and hawks are taken. They say there is
a third species here too. MNeither Larry nor any of us has ever seen a
third species, but the Marshallese say they sometimes get a large, ocean
golng turtle. Your guess I'm sure, would be a lot better than mine as to
what species this might be. Hawks are not considered poisonous here.

Larry Carwcci also told us that traditionally, small turtles were not
taken, only medium to large ones. Certainly, the turtles we've seen them
take have been very large, but I'd be hard pressed to guess what they weighed,
One turtle I saw took twe big Marshallese men to 1ift it so it must have
been pretty heavy. Larry says that the turtles he's seen taken for food
were usually on the large side, but couldn't give a good weight estimate.

The Marshallese say that nests around this atoell are few and Far
between. They say there are neither as many nests or turtles here as there
are at Ujelang (a much smaller atoll 130 south of here) and that this hasg
always been the case. They camnot get to all the other islets here at will,
mostly because fuel for the outboards is scarce and very expensive {as much
as ${ per gallon). A single round trip to the other end of the atoll can
cost them as much as 350 for their tiny boats depending on how many people
are on board. T don't know why there should be fewer turtles here, but I
can attest to the fact that we have never seen a nest or tracks on any island
here, though we get around a let. But we saw plenty at Ujelang, Rongelap,
and especially Bikini (so it can't just be a matter of radiatiom).

The catching of a turtle here 1s always a big event, and the story gets
told over and over and over again. 4s for the turtle shells, Scott and I
have seen them discarded at the local dump (a shame really). One Marsghallese
man gave a turtle shell to meé, but for obvious reasons, Pat Colin didn't think
I ghould keep it - so the man later traded it to a haole guy from Ewajalein
for a carton of cigarettes.

Sorry, 1 forgot to mention above, that the reason only medium to large
turtles were taken traditionally was as a conservation measure, Smaller
turtles could be found but were released. Now though, they probably take
whatever they can find, :

About the seal that céme to Maloelap - I am told that the remains were
dispesed of at sea. As I have said, the Marshallese are very superstitious,
and killed the seal because they were afraid of it. To this day they still
believe in spirits and demons. I'm sure they didn't want the evil spirit of
that seal hanging around om their island.

Well, I hope that some of thiz informationm will help you in writing up
your chapter on the Enewetak book. If you use this info, it would be really
great if you could acknowledge Larry Carucci. If you want more detailed info
about turtles here or at Ujelang, you may want to write him directly ecfo us.
He keeps excellent detailed notebooks of his observations, and may even be
able to give you precise numbers of turtles taken on Ujelang while he liwved
thers.

The ] underwater slides were taken by Pat Colin - he says vou can have
them. The other two I'm sending so you can see what size gsome of the turtles
taken are, I'd like them returned, That's all for now. Hope things are fine
with you. We're really enjoying our stay here, Tolkwe,

1



fuf,_,LE.F-f‘).,uJ,t
RESEARCH i
MID-PACIFIC sMARENE LABORATORY
ENEWETAK ATOLL, M}'!I.HSHAL[: ISLANDS

Suppurted by
UNITED STATES DEPARTMENT OF ENERGY

17 Decembar 1980

Dr. Bill Robison
Lawrence Livermore Laboratory

P.0. Box BOB
Livermore, Califormia
94550

Dear Bil.l;

This letter to Vic Noshkin should be self explanatory. I just wanted you
to know that the sea turtles are making a significant contribution to the dier
of the dri-Enewetak and that if you do not have any data already, the bones I
an sending might give you some information on some of the radionuclides., As I
told Vie we are attempting to get samples of the muscle, internal organs and
more bones, The sea turtles are not identified as to species. We are getting
the remains after they have been eaten, but are most likely green turtles.

Sincerely yours,

Patriek L. Colin
Regildent Sclentist

co: P. Helfrich

Addministered by the Hawali Institere of Marine Biology. University of Hawail

Adddives reply to [ Box §548, Kansobe, Hawaii 968564
OO0 Enewstak, Marshall Tskols 96717
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MID-PACIFIC avbditiNG LABORATORY

ENEWETAK ATOLL, MARSHALL ISLANDS DL 1960
Supported by —

UNITED STATES DEPARTMENT OF ENERGY b2 T

17 December 1980

De. Vietor Hoshkin
Lawrence Livermore Laboratory
P.0. Box 308
Livermore, California
94550

Dear Vic;

Since the return of the Enewetak people in force a couple of months apo
it turnma out that zea turtle is a prized item in their diet. During the two
weeks before I came out of Enewetak, I know of at least 12 sea turtles being
captured and eaten. During the Christmas season, the people travel long distances
te gather these and other sea food, with the prime turtling spot being very close
to the Mike and Koa craters at the north end of Enewetak.

Consequently I am sending you a8 number of turtle hones under separate cover
that you may want to use f[or radionuclide analysis. Looking at the EVD=140
radiological survey 1 see there was no information obtained at that time on tur—
tle radiomuclides, so hope these samples will be of some use. In addition I
have some frozen flesh from the turtles at MPRL which I will give to the researchers
coming on the Liktanur II in January. I hope to obtain samples of the internal
organs, more flesh and bones whenever anothar turtle is caught, but will have to
rely on the local fishermen to catch it. With a little luck we can also have
these ready to go on the Liktanur II, thus simplifying our shipping arrangements.

The bones I am sending were from a cooked turtle, if that makes any difference
and were air dried. The turtles are making a significant contribution to the
diet of the dri~Enewetalk; I would say as much or more than the coconut craba.
Parhaps once they get fished down somewhat this will not be the case, bhut for the
present they are something .to be considered in any reavaluatlion of dose rates.

Since 1 am uncertain whether you or Bill Robison have the most interest in
these samples, I am sending a copy of this letter to him also.

Sincerely yours,

S
Patrick L. Colin
Besident Scientist
P5. Forgot to mention that these are most likely green turtles, but since we have
anly gotten the remains after eating and the shells are destroyed in the cooking
ce: Po Helfrich, Director, MPRL process, we can not be abzsolutely certain.
B. Bobizon, LLL
H. HMcCammop, USDOE

Administered by the Hawaii Institite of Marine Biokogy, University of Hawall -

Aalillress eply Lo [] Box 1346, Kaneohe, Hawaii 967-H
[J Enewerak, Marshall Islands 96737
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Glad to see you're back in one piece from Costa Rica. Must have heen
fun. I understand that Costa Rica is very conservation minded and have
accomplished a lot in that respect.

GEOrge ;

I finally got a reply from my sources in the Marshalls re turtles, seals,
etc. Earlier you had sent me an article/written comments concerning the
alleged appearance of a seal at Maloelap Atoll and I wrote to someone

in the Marshalls to confirm it. Well, from very reliable sources I learned
that a seal did indeed come up on a beach at Maloelap. Furthermore,

two addition sightings were reported. In 1963 another seal showed up ;
at Wotje Atoll but was not harmed. Tt apparently staved around for a while
and then swam away. 15 years later in 1978 another seal appeared again

at Wotje but this time the natives killed it but did not eat it. In

my travels throughout the Marshalls I did not see any seals, nor do I
remember hearing any stories about them being there. However, the guy I
got the Wotje story from is very reliable and furthermore is from Wotje

50 I have no reason to doubt him. oOn the other hand, I've bean to the

far reaches of the Marshalls archipelago and did not see any seals first
hand. At the remote atolls of Bikar and Bokar whithhumans very seldom
visit, one would expect to them if they are around. Maybe they are there
but don't bask on_the beaches like they do here in Hawaii with the turtles.
What do wyou think?

Some other info you might like to know...hawksbill (called gabake in
Marshallese) have been known to nest in the Marshalls. Eight atolls

have been identified as nesting grounds for jabake and they are: (1)

Bikar; (2) Bokar; (3) Wotje; (4) Jemo; (5) Erikup; (6) Wotto; (7)
Alinginae; and (8) Rongdrik. They apparently don't come up on beaches

in hords during certain choice nesting periods as do the green sea

turtles. Ancther kind of turtle described to me was wunatol which

from the description appears toc be the leatherback turtlie, hey apparently
have been seen by Marshallese but it is not known if they nest anywhere

in the archipelago.

Some time ago you asked if any turtles were sampled by the DOE in the
Marshalls relative to radiation aftermath. I wrote but have vet to receive
a reply. But I do have someone chasing it down. I'l11l let you know as soon
as I get word.

In regards to "Vikai" islet in Enewetak, it cannot be confirmed. My informant

met with several people from Enewetak but could not come up with anything,
I wrote back and told him to go see Johannes himself., The people from
Enewgtak mentioned that no turtles were seen there since 1970. I'm not
sureiﬁgis is because there is a scareity of turtles or if it is because
they ven't been on the island long enought to notice them.
1 did get the additional tags you sent. Ed and Diane have been fishing
at Palaau and had bagged many turtles but simply let them go. It is
very tempting to go with them one day...but I don't know considering the
apparent no-no of the bullpen technigue.

All for mow. 1I"ll get back to you as things develop.

P.5. Did T tell you that Mickey (our
son) is spending the summer in
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MARINE ALGAL STUDIES AT BIKINI AND ENIWETOK ATOLIS

by Ralph F. Palunbul and Arthur D, Welander

Bvaluation of the effects of nuclear devices on +he algae
of the shallew reef areas of Bikini and Eniwetok Atolls would
be a difficult task even with adeguate facilities and time to
Concentrate studies at particular test sites, During the
surveys at tpa islands, one, or at most two, of the botanists
explored the shallow reefs bordering the islands to collect
samples of algae for radionuclide analysis as well as for
species enumeration, in the Hope that gross changss in algal
populations might be noted. In additioh the conditicn of the
underwater plants was recorded. 2mong the factors that had to
be cﬁnsidereﬂ in these cobservations were the effects of Fishes,
many species of which feed on algze almﬂst exclusively, and the
\ effects of shifting sands near the islands.

Perhaps the most cobvious difference between re=f areas
around islands that were close to the tests, such as Sznild=fonso
and Romurikku Islands, as compared with islands some distance

away from test sites, was the presence of layers of silt. Algal

s S=.

1Thn untimely death of Dr. Ralph F. Palumbo, algologist for the
expedition, left the report on the algae unfinished. In this
section we have attempted to give Dr. Palumbo's conception of
the problem as determined from his notes and tables, although
we are well aware we cannot hope to attain the completeness
envisioned by the sanior author.
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growth appeared to be most abundant in rocky areas which offered
a firm base for attachment as well 2= a protection against ex-
cessive currents= and wave action, thus the areas which had bean
leveled and subsequently covered with silt would not be wvery
suitable for algal growth. The most: striking example of this
condition was seen in the area around Sanildefonso Ialand, which
is due west of the Mike test crater and which has besn covered
by silt drifting westward from the erater with the prevalling
winds.,
In previous visits to this area (1953, 1954, 1955, 1956
and 1958), specles of algas belonging to eleven genera wera
collected (Appendix Table 5}. In August 1964 only one genus
was found. Although the senior author explored widely, he
found only small scattered plants of Boodlea near the fslands.
The changes that have taken place on and arocund the island
of Sanildefonso show clearly why sedentary algae are not well
established in the area. Fig. 176 is an aarial photograph taken.
in August 1954 and shows Sanildefonso Island on the right with
the Mike test erater at the edge of the picture. At this time
the island was fairly wide, with a small sand 8pit extending
north alony the edge of the erater, In Fig. 177, ten years
later, the igland is long and narrow, extending north along

the crater; the contour of its former shape may be sean
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FLjT"iﬁE:muhgrlai view of Eniwetbtok Atoll showlng Ruchi,
wehitl, apd Sanildefonso Islands, lefc to right, and the
tcoan reaf at the top, 0.74 miles from the,lower edge of
achiki Y¥slarnd. The Mike cratar is to the right. August 1954,

Fig, 177,

ﬁfildﬁfunsn, and a new island near the ocean reef, bordaring
- Miks erater, with the oce=an reef at the top., 2April 1964,
]faﬁﬂgﬂﬂ beach rock outlines the former shapas of

Aerial view of Eniwstok Atoll, ghowing 'i:crchiti,
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outlined by beach rock in shallow water near the south end of
the island.

Although no £irm cunc;usiﬂns can be mada from the brief
observations at so manv i1slands, it should be noted thatk fewaor
genera of algae were seen in 1964 (Appendix Tables 5 and &)
than in previous years [Taylor, 1950; Dawson, 1957; and
Palumbo, 15950). Part, if not all, of the differences in
numbers of'genara collecked could be due to the more intensive
Fff?;t, covering a longer period--from 1946 through 1958--and
2 wiagr Eaasnngl_rang;, as comparad with the collections made
in 1564, Ik will taka mnre.intanﬁivﬂ study of the eavironment
of certain islands to determine conclusively if the algal
populations of the atolls have been generally affected by the

nuslaar tesks.
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List of genera of algas collected on the reefs
of Eniwatck and Bikini Atolls in 1364 (x),
comparad with previous collections {0).
collections mada both in 1964 and earlier
indicated by 8.

i .
H
. o
i o o
= H | 1
a [ w] " W [} W N --rl [ L]
- o A H H | % H T H
A H o4 0@ 8 - SRl -
51 ’E _,H 4 ~ e ﬁ 5 b H E i
H 3] g « = = 00D =] = S g‘ ’E 4
i g o 5 F G o2g 4 B2 opdf B
Genus H @\ M K M W £ & - | ®m o om W\ oeE P
Acetabularia X 0
Anacystis *
hsparagopsis X x x x X s
Avrainvillea g . O o &
Boodlea ) x X X, i 54 X bid
Botryocladia ¢ 0
Bryopsis o ® ¥ & 2 2 X
callogloasa 0 a8
Calothrix 0 ®
~“Caulerpa - A 8 x & o 8 g & # 82 = X
Centrocaras x
Caramium x x . %= 0 0 x
Chlorodesmis X
Chnoospora X :
Cladophora b 0 0 o 0 0 X
Cladophoropsis 0 0 0
~ Coccochloris x X
Codium £ x x ® 9
Dasya 0 0 0 0 0
Dasyopsis i}
Derbesia & *
Dictyopteris B
Dickyosphaeria O e 0 g x* x @0 X
Dictyota g8 x 8 = x ® & X X x
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Appendix Table 5 ([conbtinued)
I-.I '_:
‘ o]
H ] [}
# (n] [ " E & = ' q!{:l.—'| .
= g H A - E J‘H E ;e T H
=4 - =l I & E Q =1 - = ~-—I§ ﬁ
488 43 3%88¢8 8 o %55 2
B P2 § 2@ LR 4.g B oot B
Genus E‘ g. rfz: Ei’ E! L‘E_.ﬁ_m 2] - S . B i
Dickyurus o0
Ectocarpus 0 = 8 x 0
Enteromorpha x o
Entophysalis x
Falkenbergia ®
“Gelidiells b
“Gelidiuvm X X x X x
Glosocopsa 0 0 0 0
Gomphosphaaria 0
Gonidithan x
Goniclithen 0 0
Halimeda g % x X x 0 =8 x & # & 8 *®
Halaplegma o L]
Hassallia 0
Herposichonia B x ¥
Heteroderma x x K
Hormothannion x 0 5 X
H?ﬂIGGD]Eum ® a o
Hydroclathrus 0 = x
~Hypnea 0 x
Jenia Q x ¥* e x Xy X a x X
LﬂurEHCiﬁ ® x 0 ! & b2
Liagora 0 0
Lithothamnicen 0
Lomentaria x
Lophosiphonia x
Iyncbya 0 £ x x x x # x 0 x
i Microcoleus 0
g Microdictvon 0 Q o 0 7} a (8]
E Nepmeris 0 [x] 0 0
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MOTIVITY IN THS AL

T—sRADIO

by Ralph F. Palumbo and Arthur D. Welandar

9

Algae were gollected, for the most part, in the

ag thosgsa chaesn for the callaghion of flzk sznples

In".."-"_"l:'.'d Lo unls k

| |
- :-:l‘|'r:1 i-;h;.l-:-h"' S ey h"l

Tuvtle .i,j'n'n 1,.,1 :‘F‘_.l' Eﬂ.‘"""' =
ok b w et i
e

Sdg aArealb

and usually

2

at about the samz tims. The majorlity of the algas samples wera :
' :‘

collectead in depthe ranging from ahout aix feab to the shoreline [+
I i Mt e b

of the inher and outer reaofs, and in swall tide-pools along the .

Bhiora among the rocks. Boms spedimens ware plcked u

and on debsis that flostead nshore.

Analyses for radicactivity wore mads on ong or
of alJae collacted at 11 islands at Bikini
at Eniwetok Rtoll. Detaile of thess analyiaes are gi
Table 5, Part II; and are summarixsd in other tables

In spite of intensive efforts, only one genus w

sufficlent guantities for analysis at mora than half

Halimada, for le, Mas found in suffleie

=N =

STOEE, KEmD

8L 13 of 21 collecting areasr Caulsrpa was found ab

i s

gt T sites [2able 30). a2 #nd a

(

Mineteaon other g

Evig

cled are represented in 79 samples u

Atoll and at 1o

ed In the analy

p on the beach

mare spaecles

islands
van in Appandix

in this reporkt.

L F L
as found in

tha collecting
nt guantities

8 and Lyrgbys
total of 28

for

S2E



.

Table 30. Spocies of algas analyzed for radioactivity, with
location of collsctions and the wat teo dry weilght

ratios,

Major groups
Families
Genera and species

eSS

CHEOROPHYTA - Gresn algae
Ulvaceas
Enteromorpha 8p.
Cladophoracaas
Chastonorpha &p.
Rhizocloniem sp.
Cladovhora sp.
Valoniaceas-
Dictyosphasria cavarnosi
Caularpocans
caulerps serrulata

B Yacemosa

" wryilliana

Codiacean
~ godium geppil

Halimeda opuntia

stuposa

< gigas
Udotes indiea

BPoodleacana
Boodlea composta

PHARQPHYTA - Brown algas

Diethotaceae

Dictyota sp.

Padina commersonii
Punctariaceas

Hydroclathrus elathratus
Furaceze

Turbinaria orpata

Bokaroryurs, Enyd,
Yurochi, Bogonbogo.
Igurin, Japtan, Rigili,
Funit

Namu, Bogombogo, Engsbi,
ITgurin, Parrcy, Runit
Bikini

Bikini, Igurin

Mamu, Rigili,
Sanildefonsa

demu, Yurochi

Mamu, Romurikku, Uorikku
Mamu

Bikini, Bogombogo, Runit

B3

Wet fdry
dnkande ratios
Bikini; Enyu, Eniwetlok 6.5
Engahi B .0
Rears 6.0
Mike crataer, Runit 4.6
Enyu 6.3
Bikini, HRomurikku, 6.5
Yurachi, Engebi,
Igurin, Parry
Eiryna 10
Japban H.5
Bokororyuro, Uorikikd, 12
B ombog o
Rirukiijil; Bikini, 2.8



Tabld 30 {contlnuvad)

L

Major groups

Families
Gensra and spagies

RECDOPHYTA — Red algaa
Bonnemaisoniacsas

Fhodome laceas
Laurencia mariannensis
Polysiphonia sp.
Ceramiacsdas
Spyridia filamentosa
SCHIZOPHYTA - Blue-gresn algas
Oscillatonaceas

Iyngbya majusculs

Bymploca hydnoidss

IYglands

e e e TR — L =~ === T S L .

Bikini, Rearm, Igurin,
rFarcy

Bikini

Afrukilil
Runit

Yurochi, Igurin

Mamu, Yurochl, Pogon.
bogo, Engebi, Japtan,
Riglli, Runit

Runit

66

Wak/dry
rakios

3.3
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their contribution to the total activity: cerium-144, cobalt-60,

= it

ruthenlum-106, blsmuth-207, manganesa-5d, eeslum-137 and antimony-

125. DBisauth-207 is appareilly more abundant abt BEnlwsotok than at
Bikini Atoll while cerlum-l44 &nd ruthsnium-106 are mora abundant
at Bikinl. In gensral, however, there is & marked elmilarity in
both qu:-mn:'.ﬂ.lty afid guality of radionucilidas (Table 31}, end for the
most pa%t, gammna spectrum analysals indicated that algal samples
often cqpﬁg%naq the ghove radionuclides in approximatsly the same
relative Efqpﬁttiﬂya (Pahles 32 and 330, (Cerlum-14Tiwas, by far,

the domlnant radlonuelids, and 4t aprears that post spacles have
Wallauschelt and Inttzsn, 1964 ; Hiyama and Shimizy, 19g4),.

Tha data in Table 32 indlicate that the highest average total
radloactivity of sgeven radionuclides ocours in algze found around
18lands on the north rim of Bikini atoll, Veozlkku, ¥urochl and
Rﬂﬂurikiu (68 to 167 pCi/g}, followsd by actlivity in algas from
Enimman Island (100 pCi/g), locatsd on the southern edga of tha
Stoll., PRadioactivity was lowsst 4n algee from Bikinl and Enyu
Izlands at the eastern #ide of the atoll (13 and 9.5 poifyg

Tespectively) .

mammEaE



tabhle 31,

-

From Biki

=

wailght at tioe of collection,

CDED

¥ 54
Bikini Atell
Nunher 11
Average 2.5
Banga L.0-
T

Eniwetaok Afnll

Numbher 10
Averago 1.3
Rangea ETE e |

11
.48

1.8

15.

10
Era-E'

0,5

33.

108

Ru

1l
6, L
D=-33

10
0.9l
0-£.56

1
1.4
0-8.6

Averags radionoclide eontent, by islands, of alg
ni and Epniwetok Atclls, Aungust
Values expressed in picocurles per gram of dry

1964,

11

a7.

b=
120

10
22.
0-348,

738

=

i
m

10
3.9
0-15%,
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Tabla 33 dndleatas thak the Highea® tobal radloactivity at
Eniwetok Atol) ocecurs in algz= collectes naar Runit Ysland
(78 pCifg) with succeassively less radlocactivity in mlgas Fronm
Bogombogo, Riglli and Enlwetok Islards (67, 51 and 50 pciﬁg,.
respactivaly), The lowest valusa wera found at Parry and Tgurin
Islands (about 20 pCi/fg). With the possible exception of Enlwsbok
Igland, ths highest valuss teaded to oscur in algae from 1alands
eubjacted to many tests, followed by islands in the fallout pattern,
usually ‘west' of the tast sites., The 'owest valuss odcurred oo bhe
eastern Elde of the atolla. Most of the radionuelidas Follewed
this pattern excapt for hi;muthnﬁﬂ? which was highest in algas

from Bokororyuro Island, Bikind. Atell, and from Rigili XYslanod,

the ‘atolls.

As previously polnted out, only thras of the 22 genara frl-
lected for analysis of radicactivity weze found in sufficient
q%intitiei al mora than six of the 21 iaiands. The genus Iyngbya
was collected near seven of the islands, two at Bikin! Atsll and

four at Eniwstok. Halimeds was taken hear 13 islands and Canlerpa

wWas Laken near elght, both mere or les: equally distributed at
the two atolls. Tablas 34 and 35 contaln values of the total
Botivity in the different genera comparad by lsland localities; the
Ecattered and incomplete nature of the collections makss comparleon

Of radionuclide content in the differant genera of algas difficult.
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FParhaps the only conclusion thal can ba mades at thizs time ds8 that
Halimeda, in comparison with other algas from the sams area, had

lowery walues of radlozctivity [Paluobo, 1950). Othec genara of
algas; irrespecilve of class or order;, had approgimately the same

amounts of radicactivity. The filamentous, wesicelar or succulent

typed of dlgae appeared, in gensral, to hawva higher doncentrations

ef redicacktivity than the coralline typoes [(Palunbo, 1962]).

The data in Appandizx Tablae 5, Part I1I, 1nd1catF that the
genns Iyngbyn han an affintty oo hissuth<207., In almost a1l
ingtances values for blsmuth-207 were higher in thils goaus
then in other genera collected at the sane locality &t the sams

tima.
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Ralph F. Palumbao

OCCURRENCE, HABITAT AND IDENTIFICATION

Algae were collected for the most part in the same area as that chosen for
the collection of the fish samples, and usually at about the seme time. Thus the
bulk of the samples of algae were dorived from localities similar to those for the
fish, and should provide a good comparison betweaen the two, as ln many casos,
the fishl collected might have been feeding on the algas in thet area. The majority
of the algae were coliected in water the depth of which ranged from six feet to the
shore lina of the ioner resf, in pounding surf or in fairly rough water, The ra-
mainder of the ¢ollecting was doane while wading along the shore line of the lnner
and outer reefs, in the tide flat between the reefs, and in small pools laft along
the shore among the rocks, Some spacimens were picked up on the baach and on
debris floated ashore. Samples were also obtained from the bottom of the lagoons
by means of dredging from a smsall boat; ether samples were obtalned from buoys

anchored in the Bikini Target Ares,

Various habitats were Included in the collecting., In deep water, samples
were obtained malnly from coral heads and from the sandy botiom where the light
was not strong., In other cases, the samples were located in very shallow water in
strong light, elther in tide pools or on the reef in the strong surl. In certain cases,
the algae were found in crevices or on the under side of the rocks hidden from view,

but in the path of constantly surging water,

Several different methods were attempted to facllitate the collecting and
storage of tke specimens for further study, Due to the depth of watar Invelved,
it was difficult to swim with muoech equipment attached to the person; so it was
necessary to put all specimens into a capped jar and to transfor the separate species
of algae to smaller bottles upon reaching shore, PBecause of the difficulty of sub-
merging repeatedly with such & contziner, & small beg made of plastle screen was
substituted 2nd the collecting was made simpler and more effective. Collections

fd smmall

aleng the shore were made without much trouble, reguiring onl
;05 biten used to pi
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and eut samples away from the rocks, These in turn were placed in sea water for

transfer to the appropriats containers, Once the samples wera relurned to the ship
usad as headquarters, they were sorted, preserved in an alcohol-formealin solution,
or préssed for drying and later mounting, A complete sample of the collection was

quick-frozen for radiological assay at the University of Washington laboratory,

The eollecting of alges was separated inte two phases. The first phase
considered the collection of ten specific algae from each of the eollection stationa,
and the second phase conslsted of & general collection of any algae available, As
a whole, most of the algae were not present at all the stations, or could not be
found In the time allatted: in fact, the majority of the algae were to be found in but
e few of the stztions chosan, This statement holds true for all of the algne with the
exceptioh of the penus Halimeda, which was found in abundance at all the spots in
which collections were made., At three of four stations no more than three different
specles of algae were obtained for further study becanse of the paucity of the flora
ét these points,

The ten algal groups selected were chosen because they were most ghundant
in the collections of former years and because they 'aE_ﬂ probably used for fopd by
the fish of the area, The geners in certain cases included more than one parti-
cular species; this was allowed becauss of the confuzion and similarity between the
species of the same genus and the difflculty fnvolved in separating one from the
other. The ganers collected included species from different phylogenetic groups
of the algae, but for the most part the algs= wers fieshy and undoubtedly eaten
by the fauna of the regicn,

The genere chosen, their accurrence at the collecting stations, 'a;i.d their
habltat are given in Table l. The habitats of the various algae differed from one
another in addition to the fact that their distribution was dissimilar, In most cases
the same algae were found in the same hebitat, As an example Halimeda was

usually found attached to the bottom and to coral heads under water, whereas
Fctocarpus was usually found attached to the reef at the water line,

As a whole the number of algze at Eniwetok Atoll is meagar as compared to

that at Bikinl, This is undoubtedly a result of destructive forces and not 2 patural
condition, As an example to illustrate this point, the collection made off Engebi
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1sland in the vicinity of the debris resulting from the blast consisted of two algae,
Cladophora and Lynghia. Thess algpe are primitive in type end could be expected
to be the first to reappear after the flors had been exterminated. Other more ed-
vanced forms were not present in this area but were found in abundance at the
other islands not exposed to the effects of the blast, The algae were found in great
numbers at Bikini, Enyu, Amen, Erik, Namu, and Liklep Islands, even though

the number of different species was not great,

The second phasa was to collect all algae that were found. Following is a

summary of these algae including name, lacation, and usual habitat;

1.. Lithothamnion sp. Bikini I., Likiep (Lado) - on outer real, form-
ing part of the reef itself, giving the charac-
teristic red color to the reef,

2. !.J_i_:c_‘_ﬂﬂalngj:_l_ sp. Bikinl 1., Amen I, - on outer reef, and

. also making up the reefl.

3, Avrazinviliea sp, Bikini 1., Enyu I, - found only in isclated
shats attached to coral heads similar to
Udoter,

4 Scytonama Myochrous Enyul,, Amenl, Runitl, - attached to
rocks, found on LOCT 816 at the water line.

5. Padina sp, Amen 1,, Eberiru-Aomon (dredge 40-60Y) -

attached to rocks and barge at varying depths,

8, Hydroclathrus sp. Amen I, only - attached to the bottom,
sparse growth, N

T Lynghiz semiplena Amen 1., Erik I,, Eberiru-Aomon {dredge
40-60") - in fast-flowing water attached to
rocks.

8. Valonia sp. IgurinI,, Rigili I, Eberiru-Aomon dredge,

Likiep I. (outside) - attzched on the urider
eide of rocks usually in low water,

9.  Dictyoia sp. Rokar-Enyu dredge (60-100°), Eberiral,,
Eberiru-Aomon dredge - attached to rocks
at varying depths,

OFFICIAL USE ONLY
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10.

12,

13,

14,

15.

18.

1T,

18,

18,

Laurencia sp.

Asperogopsis
Sanfordlans

————— i

Hormothamnion
enteromorpholdes

Lyngbia majuscula

Bryopsis pennatifida

Pockockiella sp.

Neomeris sp.

Hydrocolourn confluens

=12-

Chlorodesmis comosa

Jania sp,

UWrL.-23

Rokar-Enyu (dredge 60-1007), Erik I, ,
Japtan I., Liklep (inside)}-attached to the

botiom in large tuft s,

Japtan 1., Igurin I, - in tufts sttached to
the sandy bottom,

Rigili I., Eberiru I, - in fast-flowing wat
on bottom or attached to rocks,

Rigili 1., Engebi 1., Eberirul. - attached
to debris on bottom in fairly deep water,
Attached to rocks in large clumps at the
water line,

Eberiru-Aomon dradge, Liklep I, {inside)
attached to the under side of rocks in low
light.

Likiep I. (outside) - attached to the bottom
and to the reef in low, fast, running water,
Boro I, only - on outer reef in fast waler,
forming & slimy cover,

Amen I. only - on rocks and inner reef

in large clumps at water line,

Amenl,, JaptanI,, Engebi l., Eberirul,,
Runit I, - may be confused with Folysiphon'
attached to rocks and corzal heads in shallos
water in tufts covering large areas,

This list does not include certain algae sent out for identification, nor does

it include the different species of some of the genera, such as Halimeda and

Caulerpa, of which there are saveral, A completed list of all of the species col-

lected will be compliled as soon as all the informeation is gathered,

Dried specimens of the algae have been mounted, and a set will be avail-
able af the herbarium of the Unlversity of Washington., Preserved specimens will
be kept at the Applied Fisheries Laboratory for future reference.

Aid in verification and identification of the samples has been given by the
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following people:

Dr. Francis Droust of the Chicago Natural History Museurmn,
Dr. Lois Eubank of Mills College, le!a!-':land, California,
Dr, Isabelle Abbott of the University of California at Berkeley,
Dr, G. J. Hollenberg of Redlands University, Redlands, Celifornia,
“Dr, G. F. Papenfuss of the Unlversity of Callfornia at Berkelay,

RADIOACTIVITY

Radicautographs of Halimeda, Lynghla, Udotea, Dictyola »Microdietyon

and Bryopsis have been mede but are not shown in this report.

The frozen algae samples were ashed and counted by the standard procedure
outlined in an earlier section. After counting, the algae samplas were grouped by
ares, by species, and by phylogenstic relationship, and the activity of the samples -
expressed as dfm fg - was tabulated,

In Table 2 the average count of all algae samples from the same locality
is listed according to descending order of activity, The four areas at the top of
the list arg in the vielnlty of the Eniwetok Stot Islands and are followed by two
samples from the Bikinl Target Area,

The averags d/m /g for each species from all areas combined are listed
in descending order of magnitude in Table 3, This listing indicates that the
mors succulent forms contain the highest activity. These algas 235 a rule were
found in low water closs to the shore line. As-an example, Bryopsis was found
aiong the shore on Engebi Island; it {s succulent and had 2 high activity, The
same can ba sald of I__Eg_m. Eg-tc:mema, and Hormothamnion, In E::in’r.t'eq the
corallines suck asHalimeda, Lithothamnlon, and Lithophyllum showed hardly any
activity even though alse found along the shore,

Table 2 dees no! necezsarlly give a true picture of the algae activity by
locality nor dees Table 3 necessarily give a true picturs of the algae activity by
specles because all species were not collected in all areas, The range in values
from a common area end the variation In values between specles are shown in the
tabulation below of the activity of the algae samples collected from Engshi, Eberiru,
and Runit Islands, Eniwstok Atoll:
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TAELE 2

Activity of algae samples by locality, 1848,

: 1948
Locality average
—_code Atoll Island n  d/m/g
M Enlwetok Fberiru T 2412
O o ~Runit B -2286
1L i -Engebi & ~1224
N + Eberiru-dredgad 4 270
. Bikini Target bubys 5 T8
D & Target-dredged & 5l
D o Rokar, dr, 2785 5 13
C e Amen 13 8
A . Bikini, 2407 10 g
¥ " Erik, 0390 1 T
B o Enyu, 2895 13 4
Q Liklap Leda {outside) 10 3
P 5 Lado (inside) 1% 2
H Bikinl Namu { W. tip) 4 1.5
I Eniwelok Igurin (insids) T 1
I ! Japtan (inside N. end) B 1
K o Rigili (inside) 4 0
G Bikini Boro 4 o

Toial 125
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Code N-D

e

47
25
4]
23
43
36
B
3
30
1
15
35
12
29
5
g
39
35
B
14 gnd 21
19
T
2
26
10
20
24
25
31
32
33
40
44
45
45
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TABLE 3

(TR L

Activity of algae samples by specles,

Na mé

Lynghia majuscula

S’}{g‘( nema Myochrous
ormothamnion emermanrphaid&b

Polysiphonaceous type

B‘rfupqm pennatifida

Dictyoia major

Cladophora lutosla

Microdictyon japonicum

Padinz cormmersonl

Halimeds sp, =

Caulerpa racemoss var, clayvifers

Yelonia TasUigiata

Turbinaria ornata

Eetocarpus sp,

Microdictyon Okemural

Dictyospheerid caverm:usa

Caulerpa Urvllllans

Deaurencia

Lithothamnion =p,

Ceulerpa Tacemosa var, uvifera

Udotea orfentalls

[ et L

Iithophyilum sp.
HEIlm_g& tura

Ora -Ia:'mﬁsa and app,

'Hi'l meds sp,

Avrainvillea sp.

Halimeda sp,

Halimeada sp,

Polysiphicoaceous red alga

H;i.'_rc:-:ﬂ athrus clathratus
dophora sp.

Asperegapsis sp.
Udotea sp.
Lauvrencia sp.

Focockiella Papenfussii

1548,

UWFL-23

Average
n 2d/mfg
3366
2238
1668
1625
1385
1330
Ta8
2490

[
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Alga d/m/fg
1. Ectocarpus sp, 8255
2. Lynghis majusecula 33686
3. Hormothamnion Entarﬂmagphgiius._ 3334
4, Dictyote major 3309
5, Microdictyon japonicum 4393
8. Polysiphonzceous type 2287
7, Bryopsis pennatifida 1386
8. Cladophorza luteclz 1060
¢, Caulerpa racemosa var. uvifera 8oL
107 Halimeds sp, 428
1. Caulerpa racernosi 42

Although most of the succulent forms appear at the top of the list, an exception

is Caulerpn, It might be expected that Halimeda, a coralline alga, would be of

relatively low activity because of its high percentage of caleareous material.
There is little correlation of activity with phylogenetic sequence as shown

in the preseat data (ses Table 4}, However, the relationship may be obscured by

the fact that all specles wera not ayatlahle in all areas, and the data are from col-

lections in all areas, both active and insctive. A more extensive collection would

be necessary before any valid conclusioas could be made,

A comparison betwesn alg=e activily In 1948 and that in 1842 is given below:

OFFICIAL USE ONLY
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ALGAE ACTIVITY, 1848 AND 1948

1948 1945
average averapga
Atoll Ares n dimfg n dimjg
Eniwetok Shot Islands 23 2710 23 1700
Crther 32 154 1% 1
Bikini Target Area 15 425 11 62
N to E reefl: Uku to Amen to
Bikini to Rokar a4 45 28 10
Other Hd 20 28 &
Likien Ladno - = 22 3

The 1948 veluas were converted from millimleracuries per kilogram
‘to dfm g by multiplylng by 2. 2. E

N SUMMARY

To date, thirty-five algae types have besn identified from samples collected
at eighteen stations at Bikini, Enlwetok, and Likiep Atolls duripg July and August,
1945, One hundred and twenty-nine frozen samples were ashed and counted, The
average d/m/g for Likiep, the control area, was three. For Bikini Atoll, the
average count for the arsa from the m}rtlh to east reef - Amen I, , Bikini I, ,

Rokar I. - was two to three times the Likiep everage; for the Target Area, about

ten times the Likiep average; and for the remainder of the etoll, approximately

the seme as Likiep. For Enlwetck, the average slgae count of samples collected

in the viclanlty of the blast areas was five hundred to six hundrad times the average
* Likiep value, but for the rest of the atoll, the average values were Equa‘l.tn or

less than the Likiep average, Of the various types of algae, the succulent forms

were usuzlly the most active, The 1848 valus for the active areas was roughly
(’Fun&hal-fx;th-:r 1948 average value for the same area,
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. TATLE 4
Activity of algae arrai-g;d as to phylogenatic sequance,
T 1844
d/mfe
| 8 Schizophyta - Blua Green Algas
A, Rivularlaceas
Caldthrix 3366
B. Dselllatonacene
Liynghia 1660
II, Chloraphiyta - Green Algss
A, Valoniaceae
1. Velonla 30
2. Dictyosphaeria 18
3, Microdictyon 1%
Cladophoraceas
1, Cladophora 402
C. PBryopsidacess
1. Bryopsis 1385
D. Caulerpacaas
I L Caulerps (A
E, Codlacode
1. Awvrainvillea 0
2. Tdptea 162
3. Halimeda 75
111, Phaaophyta - Brown Algae
i A, Ectocarpacesads
1, Ectoecarpus 1260
B. C"Asperococcaceas
: 1. Hydroelathrus 0
s I_‘Ii:E;.r:ftacE'é"é — :
1. BPict 1330
2. Padine . e
E 3. Fuccr_!l-.ella : 0
D. Fucaceas
1, Turbinaris 24
Iv. Rhodophyta - Red Algae
A, Helminthocladiaceae
1. Lizgora 1
2, Asperegopsis 0
B. Corallinaceas
1, Lithophyllum T
2. Tithothemnion 3
L. @memcéié_
olysiphonaceous Red Alga 1308
2, Laurencia -0
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Report on the abundance of turtles smd turtle nesting areas in the
northern Marshall Islands

The following report resulted from an interview with Chiaf
Johannes, the last remaining traditional chief of the Enewstak people,
and the 1aadér of the "Drei Enewetak", the pecple who normally
inhabited the southern half of Enewetak Atoll. The interview took
place on the 15th of March 1574 at Majuro, with other members of the
Enewetak Council also present, and they occasionally submitted infor-
mation or confirmed the informatlion given by Chief Jochannes. Under
their system of protocol, however, sn sgreement with what Chief
Jobannes sald might be more s matter of proper etiguette rather than
an expregsion of what the other councilmen actually lmew about the
gitugtion.

Firat, Chief Johamnes indicated that turtles nested all around
the 1sland Ujilang., UJilang 1s the island which has been occupied by
the Enewstakese since 1047, and it ig difficult to visnalize that they
did not decimate the nesting turtle populations, because Ujilang is
such g small island., For further details on this, a reference is made
to the Enewetak Radlological Burvey in which Ken Marsh speaks of fﬂg
eating hablts of the Enewetskesze. This document also gives population
data of the Ujilang people.

Chilef Johannes iz s man of approximately sixty years of age, and
lived on Enewetak Atoll until he departed in 19%6. He claims that up
to that time turtles nested from May through August on the following
islands; Alice, Bell, Runit {Yvomnne), Glen through Keith, Leroy, Wilma,

and Vers (see attached map). He claimed that the best neating areas



were on Wilma and Vera. He also indicated that turtle nests waere
abundant on the 1sland of "Vikai". I sm not aware of where this
island is located, but it seemed to be familisar to Chief Johannes.

I also quizzed him about the abundance of cilguatera on Enewetak.
He indicated that fish were poiscnous in the aress of Alice through
David. These are essentlally =11 of the islands in the northern and
eagstern side of the atoll down through the main pass. He claimed
that the leeward islands were always 0.K. Also, that the mullet
used to be poisoncus, but now they are 0.K. T am not aware of how
he has obtained this information, as he has only visited Enewetak
briefly once or twice in the past two years. It may have been that
he sampled the mullet ﬂuring those two pericds snd they were not

poisonous.
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FISHERY WULLETIN: VIOL. T8, MO, 2

FIOURE . —{relmoerdsy suniar, LA10 mm PLUL, 5,055 mm TL. 175 kg, Enawetak, Marshull Islands,

The stomachs of the other two sharks wers empty.
Three other tiger sharks from Enewetalk had food
in their stomachs. One of 3,150 mm TL contained
ehark vertebrae, The second of 3,681 mm TT. had
/| the acutes of a green turtle and bird feathers. The
third, 3,048 mm TL, was filled with pisces of a
I porpaise and the digested remains of shark fins.
A tiger shark of 3,327 mem TL from Ua Huka,
Marquesas Islands, was empty, a5 was one of 2 805
mm TL from Oahu. Another from Oahu of 3,048
i fad an extremly distended stomach filled with
heada of skipjack tuna ineatly cut by a knife, henes
| probably discarded from a fishing baat), plastic
| bags of garbage and aluminum foil, a eat, and ban
small reef fishes (one a balistid), It also contained
{the bait (the head of a calf). A 3,100 mm specimem
(weighing 174.6 kg taken by a set line at night at
‘Rapa had eaten parts of a tiger shark larger than

itself {probably from an individual caught on
another hoak), as well s & !:Eﬂh.:'rl:l.

Tricencdon obesus (Rippell) (Figare Tk The
whitetip reef shark, once classified by most
ichthyologists in the family Triakidas, is now re-
corded as a carcharhinid (Compagne 1973). In
apite of itz seientific name, it iz rather slender
compared with most species of the family, Apart
From its slim form and white-tipped first dorsal fin
end upper caudal lobe, T obesus is distinetive in
its vary blunt snout and teeth which bear a amall
cusp on each side of the main central one. It ia
widespread throughout the tropical and subtropi-
el Indo-West Pacific region and ranges to the
eastern Pacific as well. Banner and Helfrich
(1964) and Brock et al. (1965) have reported this
epecies a3 prizenous from Johnston Island,

FIGATRE T Trigenodon obesms, 1218 mm PCL, 1,520 mm T, 233 ky, Tahiti, Society [slands.
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Ujilang is also smaller than Enewetal,
path in size of the lagoon and in the total
dry land area (see Fig. ). A comparison
nf-tl'le areas of both atolls shows:

Area, mi®

Lagoon Dry land
Ujilang Atoll 25.47 0.67
Enewetak Atoll 387,99 2,26

From this comparison, i ig apparent
that the potential for production of food
from the reefs and lagoon is considerably
less on Ujilang than it is on Enewetak,
The limited food potential on Ujilang has
made it necessary to import more com-
mu-ditiela than would normally be required
on Enewetak. This has been reported to
have pregented some difficulty because
Ujilang is located further from the
sources of the needed commodities than
Enewetak.

Living Conditions on Ujilang

The U. 5. Navy constructed a village
on the main island of Ujilang for the dis-
placed Enewetakese, and & brush-
clearing program was in progress when
they arrived on the atoll, Coconut trees
planied during German and Japanese
administrations were still standing and
bearing. Seedlings of breadfruit and
pandanus were brought ashore and
Planted, After the Enewetak people had
getlled in, the Navy departed. There
was no U.5. official remaining on the

atell, nor was there any radio communi=-
cation with the outside world,

The former Enewetak inhabitants
atlempted to adjust to their new location.
They had, and still have, several formi-
dable problems with which to cope, The
most cbvious, and one which they have

EM Tha EHEME.ﬁ'mk"
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ugrergnost in their minds, is the great
digffirity in the sizes of Ujilang and
Enewetak, as previously mentioned, The
traditional Marshallese pattern of habita-
tion is for family units to live on their
land parcels, not in a village cluster,
While it is commen for community build-
ings, church, school, dispensary, and
warehouse to be centralized for conven-
ience and access to all, dwellings are
usually dispersed over the length of the
Thig pattern
is obviously desirable from the point of

lagoon beach of an island.

view of environmental sanitation and
public health, As described, the tradi-
tional settlement pattern of the Enewe-
takese was disrupted because of their

relocations,

Katural Resources
The people practice a nonintensive

type of agriculture but utilize the environ-
ment to the maximum, wsing the plants
that can survive and produce in the atoll

environment, Coconut ig converted fo

. copra for eash sale to the vigiting Trust

-27 =

Territory supply ship. Consumer goods
are purchased from the ship with the
proceeds of the copra sales, The inter-
est payments from the trust fundé pro-

vided by the TTPI administration also

help buy needed commaodities. Rice,
flour, sugar, canned meats, and other
canned goods are staple itemas of the diet
and have been for many years, Fish,
celams, lobster, turtles (flesh and eggs),
sed birds (flesh and epgs), chickens, and
pigs provide protein in the diet. The
marine resources are exiremely impor-
tant in the diet of these pecple.
Coconuts, pandanus, breadfruit, and

arrowroot are the main vegetahle
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products used. Bananas, papayas, and
sgquash are used to a lesser extent, prob-
ably due to the relative scarcity of the
banana and papaya which do not seem to
grow well on Ujilang,

The Enewetak population shares the
upward trend of the rest of the. Marshall
Islands and Micronesia, Records show
an increase from 104 in 1925 to 432 in
1872, This tendency toward increased
population among the Enewetak people is
resulting in a further drain on the inade~-
quate resources of Ujilang, A census
made in early November 1972 produced
the following data on the location of
Enewetak people;

Ujilang Atell 340
Majuro Atoll (DUD) 31
Majuro Atoll, Hongron [s. 18
Maloelap Atoll, Marshall Is. 3
Kili Island, Marshall Is,
Fonape, Eastern Caroline Is. 5
Crew .memhs:'s on Trust
Territory ships 4
Hesiding in the United Siates _3
Total Enewetak people 411
" Married to Enewetak people and
living on Ujilang (integral
part of the community) _a1
Grand total 432
Males 238
Females 204
Sex not reported 3
Grand total 432

{Tobin, 1573}

Economic Status

The TTPI administration has
attempted to upgrade copra production
and subsistence agriculture for the past
several years with some noticeable im-

provement, However, the Enewetak

people are not as economically well off
a5 they would have been if they had not
been uproocted from the larger Atoll,

The unfavorable economic situation
and the persistent desire to return to
Enewetak finally stimulated aggreasive
action by the people. They threatenad to
evacuate the atoll in 1967, and in 1988
the leaders petitioned the United Mations
for assistance in returning to Enewetal,
In 1968, they again threatened to evacu=
ate the atoll and come to Majuro, Eco-
nomic help was given them by the admin-
istration, and relief shipments of food
were sent to the community, An ex
gratia payment of $1,020,000 was made to
them in 13689 and placed in a trust fund;
the interest from the fund has helped,
Funds were also allocated for a construc-
tion program to improve the housing on
Ujilang and for the construction of badly
needed public facilities on the atoll, The
Ujilang community assumed the respon-
gibility for doing the actual labor
involved,

Preferences of the Enewetak
Feople for thelr Puture

Efforts to ameliorate living conditions
on Ujilang, while welecome, did not
lesgen the desire of the people to return
to their ancestral homeland, They con-
tinued to press for this goal, Discus-
slons and meetings were held with gov-
ernment officials, Finally, on April 148,
1872, the High Commissioner informed
the District Administrator that Enewetak
Atoll would be returned to the jurisdiction
of the TTPI by the end of 1973,

It is expected that all of the 432 Ene-
wetakese will return to their Atoll, How-
ever, it is not known whether those who
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have interests elsewhere will remain
Pﬂrmnmntly. or leave after visiting their
relatives and old land claims, It is
assumed that thege people will eventually
retire on Enewetak,

A planning council has been Tormed,
consisting of Enewelakese, who are em~
powered by the people to make decisions
within specified limits on mattere per-
taining to short-term, intermediate, and
long-range planning. The council will be
augmentied by technical advigors to assist
themn in translating the degires of the
Enewetak people into workable plans.

The advisors will work closely with the
pllnﬁj.ng group and other Enewetakese in
their particular fields, e.g., architecture,
short- and long-range economic develop-
ment, and agriculture.

EXPECTED LIVING PATTERNS
AFTER RESETTLEMENT
Introduction

The successful resettlement of the
people of Enewetak will depend strongly
on the interaction of their current life
#t¥le with the provisions made for them
by the U. 5, Government, While the
Present life style is a result of over a
hundred vears of first German, then
Jepanese, and finally American influence,
the greatest impact has occurred since
the end of World War II. The creation,
under U.N. charter, of the Trust Terri-
ry of the Pacifie Islands, and the subse-
quent military development of strategic
defense areas in the Marshall Islands,
hag brought the eimple food-gathering
culture of the Marshallese into close
“ontact with twentieth-c entury technology.

In order 1o gather some first-hand
‘aformation on the living habits, attitudes,

and degires of the modern Enewetakese,
8 field team spent the period of July 21-31,
1872, on Ujilang. The team was com-
posed of Carlton Hawpe (Holmes and
Narver architect), Howard Schoss (Peace
Corps architect), John Stewart (AEC/
NVOO), Kenneth Marsh (LLL), and
Thomas Makiphie (interpreter from
Micronesian Legal Services), Hawpe and
Schoss were to meet with the Enewetalk
planning council to determine where and
how the people intended to live on Enewe=
tak, what types of houses they preferred,
and what they wanted in the way of cook-
ing and sanitary facilities. Stewart and
Marsh were to collect specific informa-
tion on the people's daily activities and
their diet, with particular regard for the
implications to radiclogical dose-
assessment calculations,

Victor Nelson, Unive_:-.-stt:.r of Washing-
ton marine biologist, was to be a member
of the team, but transportation difficul-
ties resulted in a two-week delay on Fne-
wetak and, because of other commitments,
Nelson had to return to Seattle. During
the two weeks on Enewetak, however, he
spent considerable time with Smith Gideon,
& native of Enewetak who was then Magis-
trate of Ujilang, collecting data on the
fish preferences of the Marshallese. In
his report (see p.48) Nelson recommends
that a composite of the Ujilang, Bikini,
and Rongelap diets be used to estimate the
average diet of the Enewetakege,

Originally, the present residents of
Ujilang lived as two tribes {dri) on sepa-
rate islands around the Enewetak lagoon,
the driEngebi on Engebi in the northern

' !see Chakravarti and Held, J. Food Sci.
28 (2) (1863),
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half of the atoll, the driEnswetak on
Enewetak in the southern half. The
Ujilang Atoll, by contrast, has only one
island large enough for permanent habi-
tation; hence, today everyone lives on the
main island of Ujilang, This island,
roughly the same size as Enewetak, is
about 2.5 mi long by 0,1-0.2 mi wide.

The "town square' divides the island in
half and consists of the meeting hall,
dispensary, church, and school. The
half of the island east of the town agquare
belongs to the Enewetak people, while the .
western half belongs to the Engebi people,
Even though the two tribes have inter-
married to such an extent that, as Magis-
trate Smith Gideon says, "we are one big
family," the old division is maintained,

Almost everyone lives in the village,
which extends a few hundred feet to
either side of the town square, There
are a few houses scattered over the rest
of the island, but these are used only a
few days at a time, mostly by older
people on food-gathering trips. Houses
are constructed of plywood and corru-
gated sheet metal, with the floors usually
sbout 0.7-1 m above ground. The space
under the houses is used for relaxing in
the shade, and the pigs generally rest
there as well,

An increase in the birthrate has re-
sulted in a very young population, Minety
percent of the people are under 40 years
of age, and almost 50% are under ten.
During the field team visit, a population
anomaly existed in that thers were no
children of high school age on the island,
even though they comprise about 10% of
the population. This is explained by the
fact that the high achool is located 800 mi

away at Majuro and, while school had

=30-

been out over a month for summer vaca-
tion, no ship had been available to return
the gtudents to Ujilang,

There were many opportunities for
misunderstandings to oecur, Makiphie
spoke Marshallese and English fluently,
but had no knowledge of radicecology. 9
Hawpe and Schoss spoke good Marshallese,
but also had no knowledge of the radiclog-
ical aspects of Enewetak, On the other
hand, neither Stewart nor Marsh, the
radiological experts, spoke any Mar-
shallese. The tendency of the People to
want to be polite and to please their visi-
tors by giving what they believed to be the
desired answer, a problem mentioned by
other investigators, was evident and prob= 4
ably had some effect, but much of the
data in this report is based on personal
observations. These problems do, how-

o U LR T | T

ever, lend weight to Nelson's suggestion
that a composite of data would hest fore=
cast living habits alter resettlement,

Thig section was reviewed in draft
form by Jack Tobin, Trust Territory
Community Development Advigor, and
many of his comments have been incor-
porated into the final version,

Development of Island
Communities

.',"h'..f-'ﬁ'l:;rq,' Tty

The islands of Medren (ELMER) and
Engebl (JANET) are preferred for perma-
nent dwellings, with possibly some people
living on Enewetak (FRED), depending on
facilities remaining after the rehabilita-
tion, Japtan (DAVID) has been suggested
as a temporarylocatlon for a work farce
during the cleanup, but might develop into
& semipermanent settlement. If too many
restrictions remain on and around Engebi
for comfortable permanent habitation, the
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people may divide Medren in half and live

there, probably as they do now on Ujilang,

Second-home houses on Engebi would still
be desired by some people, and could be
built either as part of the rehabilitation
or by the people themgelves at a later
time. If the plan suggested by Carlton
Hawpe is adopted by the Enewetakese,
there will be three to six houses per
cluster on each wato, The houses will ba
located about 100 ft or so inland from the
lagoon beach, behind a "green belt" of
eocenut trees. A walo is a sirip of land
extending from the lagoon side 1o the
ocean side, cccupied by a single family
group (10-40 people). On wide islands,
such ag Engebi, the wato may not include
both beaches, but access to both sides of
the island will be provided.

Houses will be constructed swith the
floors about 0.7 m above grade, the inter-
vening space filled with concrete and
coral aggregate. The floors themselves
will be either concrete or plywood, and
the wallg will be either poured concrete
or concrete block. Roofs will be corru-
Bated sheet metal, provided with troughs
for collecting and transporting rainwater
o cigterns, A high degree of resistance
o typhoons ig desired,

There is no furniture in a typical
Ujilang house, and no decorations on the
walls. Some food may be stored ingide
and a few Possessions like mirrors,
hand-cranked sewing machines, kerosene
lanterns, or anything subject to rain or
Pig damage are kept there, too, These
Hems are usually on the floor and very
Farely are there any shelves or definite
Storage facilities,

Aireas around the houses will be cove
®red with coral gravel, The Ujilang
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peﬁplc renew and add {o this covering
from time to time by scattering gravel
collected from the ocean beach, This
area i8 kept free of grass and trash,
Rainwater, collected from the roofs of
buildings, will be the principal source of
fresh water. Ujilang has several con-
crete cisterns, but most Peocple have two
or three 55-gal drums, fed from the
rocfs of their homes, One of the con-
crete cisterns has a 10,000-gal capacity
and uses the roof of the church as a
catchment, It is used by the general
community, and probably a similar cig-.
tern wounld be built on Enewetak, The
propoged plan for the Enewetak houses
calls for a built-in cistern in each houge,
with a storage capacity sufficient for
several weeks., Well water is brackish
and not vsed at all when rainwater is
plentiful; however, as rainwater stocks
decline, well water will be used first to
wash clothes, then for the daily bath, and
only as a last resort for drinking or cook-
ing. Tt should be noted that Enewetalk

 receives semewhat less rainfall than

Ujilang, and therefore well water might
have to be used to a larger extent, How-
ever, this same lack of rainfall also is
responsible for a more brackish well

.Water on Enewetak, making it even less

palatable. Well depths on Ujilang varied
from 2.5 to 6 or 7 m, but several peopla
who lived on Enewetak remembered the
wells there as deeper than any on Ujilang
{therefore estimate sbout 10 m), Medren
Island presently has considerable area in
the form of concrete slabs and metal
roofing which could be used for catch-
ment purposes, The airfield alone on
Enewetak could probably supply the entire
population with water, given a collection



and distribution sy¥stem. [t should be
possible to make up in area what is lack=
ing in rainfall, at least for the southern
islands of the Atoll.

Routine for Daily Activities

A few activities are common to all
members of the household. Families re-
tire for the night between 10 and 11 p.m.
Everyone sleeps inside the house on a
woven pandanus-leaf sleeping mat spread
on the floor., A typical mat is made up of
a double thickness of leaves, about 75-
100 cm wide by 150-180 cm long, and
weighs about 1 kg. Double mats are also
used, with the width and weight increased
about a factor of two, Almost everyone
arises between 6:30 and 7:30 a.m.

Two or three days a year the entire
family will go on a one- or two-day picnic
to one of the other islands.
transportation is a real problem, and
there was one girl, 14, who had never
been off the maln island of Ujilang.

Married women {essentially all women
over 16-17 years of age) spend the whole

However,

Tobin feels that the presence of the
survey party had a strong influence on
+ the daily habits of the people, especially
the men. He says the Marshallese are
naturally curious and tend to stay close
to visitors, Also, the action and excite-
ment were a welcome change from their
usual routine, For these reasons, copra
production and outer-island trips were
probably curtailed. This points up the
difficulty of gathering reliable informa=-
tion, The presence of the cbservers
tends to affect that which i observed,
but on the other hand, too much reliance
on interviews runs the risk of bias from
"cooperative answers.' Again, the best
picture is a composite from several
sources., With regard to the survey
party's effect on the people's routine,
however, it should be mentioned that for
at least several yvears after the reseitle=-
ment of Enewetak, frequent and numerous
vigitors may be expected,

day in or around the house attending
srmall children, cleaning, washing clothes,
and cooking, The Marshallese are very
concerned with personal cleanliness,
Everyone bathes every day and washing
clothes is a daily activity. Houses are
swept several times a day, and the cus-
tom is to remove shoes or zories (if any)
before entering the house, Clothes are
washed outside, usually by teenage girls
or older women, Many people have set
aside a particular area for laundry by
mezking a raised bed consisting of a
framework of coconut logs filled with
coral gravel, These beds are typically
2-3 m on a side and 1/2-1 m high.
Clothes are washed in a pan (~50 cm
diam) with soap powder, if available, by
a combination of wringing, rubbing on
fat rocks or plywood, and pounding
with a stick. They are then rinsed
and hung on & line to dry. This treat-
ment is a little rough on the [abrics,
but they are clean. Cooking and food
preparation will be discussed in ancther
gection,

Men spend the morning hours in and
around the houses, cleaning up outzside
the house, emoking, visiting with-each
other, and generally taking it easy,
Afternoons are spent much the same way,
although these dayvs considerable time i3
spent in meetings regarding the return to
Enewetak. If a breadiruit- or coconut-
gathering trip iz made away from the
village, it will usually be early in the
morning before the heat of the day.
ilarly, a fishing trip near the willage
might be planned to take advantage of
known fish movements. The only signifi-
cant deviation from this routine cccurs

Sim-

on Saturday, when the coocperative fishing
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wrip to other parts of the lagoon takes

place, Fishing in general will be dis-

cussed in a separate seclion,

Children up to the age of sbout 3=
& years gpend most of their time around
the village close to or ingide their houses,
wder the supervision of their mother and
plder children, Children from about
& years up to about 10-13 years spend
their time in school and playing around
the village between the ocean and lagoon,

At least half of the children's free
time is spent playing on the lagoon beach
and in shallow water; the remainder iz
about evenly divided among the village,
surrounding forest, and ocean beach.
Girle from about 12 to 15 perform many
of the arduous household tasks, such as
grating coconut or preparing breadfruit,
Boys of this same age climb the coconut
and breadfruit trees to harvest green
“drinking coconuts” or ripe breadfruit,

School was not in gession in July; they
obgerve a June-to-September recess.
Children start first grade at about
€ years and are required to attend
through the eighth grade, School hours
are 8-12 a.m. and 1-3 p.m. The school

is 2 one-room structure, and students sit
on the floor, Subjects taught are Englich,
mathematica, social studies, Ecience,
Most eighth
grade graduates can read and write Map-
shallese, If studentz wish to attend high
school, they go to the district center at
Majure, and the official language is Eng-
lish. At about age 15, if they do not
attend high school, children begin to
assume more of the duties of adults,

end physical education,

Table 4 provides a rough estimate of
the amount of time spent by men, WO e,
and children in various locations. For
dose-agsessment calculations, hours per
week is probably the best unit., Hours
per day would carry a large standard
deviation (~20-50%), while hours per
month would be unnecessarily coarse,
except for time spent off the main island,
How these estimates would change for
Enewetak is very difficult to predict.
With the much larger and less protected
lagoon there, trangportation will have a
strong influence. If reliable boats are
available, the total time spent by men on
the lagoon water and other islands would

probably about double or triple, at the

Table 4. Time spent in various areas of the Ujilang Atoll,

Time, hr/whk

Women
(children Children
Location Men to age ~5) {~5 to ~15)

Inside houses ED 60 &0
Interior of island —outside BO o5 43
Lageon beach 10 10 50
Lagoon water (boat) 5 0 T
Other islands 5 1 1
Ocean beach 3 3 7
Open sea 5 0 0

——
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expense of time on the home izland,
Women's and children's time distribution
would probably not change more than
10=20%, because their lives are more
cefitered around the home and community,
The table gives the time distribution of
the residents of Ujilang who have lived
there 26 years. [t is probably typical of
a completely rehabilitated Enewetak,
After the cleanup, if the houses are com=-
pleted, even the first yvear would be about
as described.
Diet

At the time of the trip to Ujilang, no
Trust Territory ship had called there for
over two months., The people were sub-
gisting on the local products, consisting
of breadfruit, coconut, and fish, The
survey party took 350 1b of flour, 150 1b
of rice, 50 1b of sugar, and assorted
canned goods to Ujilang; thus it was pos-
gible to cbhgerve the impact of imported
food on the native diet, It could only be
deseribed as profound, There is little
doubt that, given the opportunity, Mar-
shallese consumption of imported foods
would constitute at least B0% of their diet,
The favorite imports, unanimously re-
ported, are rice, flour, sugar, canned
corned beef, and assorted canned fish,
usually tuna, salmon, and mackerel,
Marshallege who live on Majuro and Ebyve
(Ewajalein Atoll) and who, therefore,
have money and access to ''American'
food, live almoat entirely on imports,
including such accessories as soft (and
hard) drinks, beer, candy, cigarettes,
and convenience foods, limited only by
their ability to afford them. Howewver,
these people become hungry for the
native diet (breadfruit, coconut, and fish]},

-84 -

and a once-a-week Marshallese meal is
traditional, However, the Marshallese
foods are of limited availability due to
population pressures, Thus an interest=
ing picture emerges of the outer-island
people desiring unavailable imported
foods, while those in the population cen-
ters desire equally unavailable traditional
foods, The lack of reliable inter-island
transportation contributes greatly to this
praoblem. Dose caleulations based on the
diet chserved at Ujilang should provide
good upper limits on ingestion of radio-
nuclides at Enewetak, modified, of
course, by a few factors such as the
greater availability at Enewetak of some
food sources (e.g,., sea birds),

Cooking and eating are not big social
events in Marshallese life. Food is usu-
ally cooked in the evening, some eaten
then, and the rest during the next day.
Families will sometimes eat together,
but ugually everyone eats whatever is
available whenever he is hungry. When
more cooked food is reqguired, it iz pre-
pared then; thus cooking and general food
preparation may take place at almost any
time of the day, and usually is going on
somewhere in the village all the time,

On special cccasions large meals will be
prepared, and everyone, often the whole
village, will eat together. This is about
as close as the Marshallese come to the
"American family dinner. A typical
day's food consumption would be a light
meal in the morning, wsually a handful or
two of food left over from the previous
evening meal, perhaps a drinking coconut
and some copra around the middle of the
day, and then a larger meal of freshly
cooked food in the evening. There were
no plates or flatware in use on Ujilang;
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everyone ate with his fingers from leaves

af the breadfruit or coconut, In the case
of large fish or meat, people would eat
girectly from the carcass, often passing
it from perscn lo person. Eating takes
place outside the houses, and everyone
#its on the ground,

A typical Marshallese "kitchen" has
an area set aside for raw food prepara-
tion, a single-burner kerosens stove, an
wnderground oven or um {rhymes with
goom), a fire pit with a grate for broiling
or general cooking if there i no kero-
#ene stove, and sometimes a pit for food
storage. Again, everything is on the
ground, and the cook sits or squats on
the ground while cooking., Large pieces
of coral serve to support pans and food
baskeis. Food is commonly gathered, as
well a5 stored, in these baskets woven of
coconut fronds. The kitchen is usually
attached to the house by extending twe
walls and sometimes the roof; in other
cases, the kitchen has its own roof. The
fourth side is usually at least partially
closed in, but rarely has a hinged doar,
The proposed houses to be built on Ene-
wetak will have similar areas.

The um exists in two styles, shallow
and deep. A shallow um is excavated in
the coral to a depth of 10-20 cm, but is
often not excavated at all. A fire ig built
on the rocks, and when only glowing coals
remain, the food is wrapped in breadfruoit
leaves and laid on the coals, Everything
I8 covered with more breadfruit leaves,
then with sand and gravel, and finally
with coconut fron#s or burlap. Cooking
time i about an hour. The deep um is
excavated to 50-80 em and is used in the
fame way, mostly for baking bread,
which requires a higher temperature and
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"wood is added.

longer baking time, Most pecple prefer
a Coleman oven set on a kerosene alove,
but thege are rare. The food slorage pit
is excavated to & depth of about 50-75 cm
(but not over an arm's length), These
Pits are used mostly to store preserved
breadfruit, but may be used to store
cooked leftovers., All food to be stored
is wrapped in breadfruit leaves, and the
pit iz lined with either breadfruit or
pandanus leaves,

Obviously the Marshallese kitchen le
considerably more portable than the
American version, Many fire pits and
umg are located outside; {n fact, they
may be constructed and used at the food-
gathering site, Kerosene stoves are _
valuable possessions which are kept |
under cover, although seldom in the
house itself, There was one four-burner
model occupying a place of honer in one
Marshallese houze, For broiling in an
um, a fire is started with dry coconut
frond; then either Mesgergchmidia wood,
coconut shells or husk, or pandanus

Most other woods may
be used, but coconut shell is preferred
for the um because it produces good
coals,

The important native foods on Ujilang,
and presumably on Enewetak, are figh,
coconut, breadfruit, and arrowroot,

Pork and chicken are consumed in vary-

ing amounts, and water comsumption is !
highly dependent on the availability of tea

and coffee. Fish, coconut, and bread-

fruit are eaten both raw and cooked in a

variety of ways, Only cooked arrowroot

is eaten, Table 5 represents an attempt

to quantify the Marshallese diet on a daily

basis and is based on information sup=

plied by Dr, Mary Murai of the University

ol




Table 5. Summary of Marshallese daily diet,®

At time of return, g/day

Children 10 yr
(older than past return,
Food item Men Women -4 yr) g/day
Fish GO0 EO0 400 G600
Domestic meat” :
{pork, chicken) &0 B0 35 (]3]
Pandanus fruit o 0 0 100
(200=-400
for
children)
Wild birds 100 100 &0 10
Bird eggs 20 20 15 5
Aprrowrootl 1] ] ] 3 40
Cocofiut 20 20 20 100
Green coconut milk 20 20 2007 300
(0=1500)
Ripe coconut milk 20 20 15 100
Coeconut erabs 25 25 15 0-5
Clams {(and other
shellfish) 10 1] 1] 25
Garden vegetables 100 100 a0 200
Breadfruit 0 0 0 _ 200
Imports® 400-1000 200-1000 150-800 0-1600
Total 1600 1500 ~1300 ~1800

®Every entry in this table is subject to qualifications and should not be used without

reading the accompanying text.

hRangea from 0 to 250 g/day due to individual possession of swine and fowl,

®Flour, rice, sugar, tea, canned meats, and canned fish are by far the favorites.
These will comprise from 0 to 80% of the diet, depending on availability.

of California (Berkeley), and on observa-
tions gathered during the 10 days on
Ujilang. It should be emphasized that
imported foods zre highly favored by the
Marshallese and will constitute anywhere
from 0 to 80% (perhaps even 100% for
short periods) of the daily diet. The
critical fastor influencing the guantity of
imported food consumed is availability,
which for the Ujilangese means trans-
portation. The hreak&nuﬁ into men,
women, and children is perhaps more

misleading than informative, particularly
for the women and children, because they
are constantly exposed to food during the
daily preparation and their intake is
highly variable.

Pregnant women eat the regular diet,
gometimes reducing thelr intake Tor
weight-control purposes. Infants are
nurged up to about 1-1% years of age,
when they are weaned onto the current
diet with only a modification in food prep-
aration. Certain foods may be mashed
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ar rooked somewhat longer to make them
more suitable for infants, The meat of
the green coconut, which is naturally soft,
and arrowroot paste are popular infant

foods.
Pandanus is the lollipop of the Mar=

ghall Iglands, much favored by ﬂ!!liIdI‘Eﬂ
and 1o & certain extent by adults, Fried
breadfruit is a favorite snack food, espe=-
cially of older women who may spend
many affernoons eating fried breadfruit,
emoking, visiting, and playing bingo.
Averaged over a monthly basis, the num-
bers in Table 5§ are probably good to
£50%, the "10-year postreturn” column
is sirictly a puess; much depends on what
becomes of Enewetak, The diet will
depend preatly on the extent of American
lor Japanese) influence,

Because it is very diffieult to express
the Marshallese diet in grams per day,
the following discussion of the various
food items and their uses is given,

Senfood

Fish iz certainly a favorite item in the
Marshallese diet, Even if imported food
¢ available, local fish remains high on
the list of variety foods, If imported
food is not available, fish probably sup-

.ﬁ'_'

According to Tobin, pandanus is prob-
ably more important in the diet than this
report indicates. The fact that it was out
of season during the visit may have con-
tributed to the impression that it is not
widely consumed, Tobin states that it is
& Yery nutritious Tood, and that its con-
sumption should be encouraged by plant-
ing it in sbundance on Enewetak, Perhaps

Amounts given in Table 2 should be

led or tripled for the 10-year posi-
Telurn consumption, Murai originally

*#timated 200 g/day without regard to
BEE or Rex,
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ply the entire protein intake, The favor-
ite fish at Tfjilang, and those observed
caught and eaten, approximately in order
of abundance are; rabbitfish (Siganus),
grouper (Epinephelus), coavict surgeon
(Hepatus), goatfish (Mulloidicthys), pom-
pano (Hynnig), surgeonfish (Naso), bonito
{Sarda?), sguirrelfish (several varieties),
ulva (Caranx), and yvellowfin tuna (Neo-
thunnus). Bonito, ulua, and tuna must be
caught by trolling; therefore their impor-
tance in the diet depends strongly upon
motorboat availability., All three are a
favorite fish, particularly for sashimi
(raw),

Almost any fish which is caught and
cooked will also be eaten raw., The head
of the emaller fish is considered a deli-
cacy, and the heart and liver are algo
occagionally consumed., Fish which are
to be cocked within a few minutes of
being caught are seldom eviscerated,
Fish eaten raw, and those which will be
kept even an hour or so are evigcerated,
Large fish, such as the tuna and jacks,
are usually cleaned back at the village
because the heart and liver are practi-
cally always cooked and eaten, The
smaller reef fish are cleaned on the spot,
often just with fingers and teeth, “Fish
are usually cooked with the skin and
scales left on; the scales peel off easily
after cooking, and most of the skin is
usually discarded. However, whether or
not the skin i8 eaten depends on both the
fish and the diner, Sashimi is always
gkinned first,

The Marshallese are opportuniets and
will tend to eat what they catch; however,
they know where and when their favorite
fish are likely to be found and plan their
trips accordingly, Their techniques are




algo directed toward certain types of fish,
The two principal factors which discrim=-
inate against certain fish in the diet are
flavor and the occurrence of ciguatera or
other forms of poison. Sharks are good
examples of the flavor factor. The meat
contains large quantities of urea, requir-
ing laborious preparation which, when
combined with the generally unpleasant
disposition of these fish, serve to elimi-
nate them from the diet,
barracuda with three gill rakers, and one
species of mullet are examples of fish
which frequently contain eiguatera. The
puffer fish and such cbvious species as
the stonefish and scorpion fish are also
excluded from the diet.

Frying in o0il or lard and broiling over
coals are the principal muthnda; of cook=
ing fish, although boiling and baking in
the um (particularly for large fish) are
Cooked fish may be
kept for several days by wrapping it in
breadfruit leaves and covering it with
coconut or pandanus fronds, It is re-
ported that fish can be stored over longer
periods by salting it raw and drying it in
the sun. The Ujilangese make their own
salt by evaporating ocean-side water in
The preserved fish
are rinsed in fresh water before they are

Moray eels,

sometimes used,

kettles over a fire,

eaten., Since fish are abundant, the daily
intake depends mostly on personal prefer=
ence, Many interviews indicated that the
600 g/day, wet weight, estimated by
Murai and included in Table 5, is prob-
ably accurate to within 10-20%,

Tridacna and hippopus clams are about
the only other seafood eaten in any signif-
icant quantity. Clams of edible size are
not common at Ujilang {(or Enewetak, for
that matter), and most are consumed an
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the spot by the fisherman. The large
adductor muscle is eaten raw, as well as
the mantle, but dark parts are digcarded,
It is possible that some clam meat, par-
ticularly the mantle, finds its way into
the diet of the women and children, but
certainly not much. Sea turtles, spider
snails, and helmet shell snaila are also
sometimes consumed, but again are only
a small portion of the diet, Sea cucum-
ber (Holothuria) and small crabs are not
eaten. A variety of amall snail
(Littorina) is a delicacy, but the quanti-
ties consumed are insignificant,

Coconut

Until one has lived awhile with the
Marshallese, it is impossible to realize
what a useful tree the coconut palm is to
these people. Essentially every part of
it is used in at least one way. The leaves
are used to make baskets, to thatch roofs,
and for various handicrafts. The trunks
are used for firewood and as logs for
general building purposes, Coconut
husks make good fire-building material,
while the shells make good charcoal and
are also used as cups and bowls, The
sap from the blossom of a tree 4-5 years
old is gathered and used as a gyrup; it
gives a pleasant coconut sweetness to
several foods. This same sap may be
fermented to produce an aleoholic drink;
however, drinking is against the law for
the Ujilang people. Small roots of the
tree (~1-2 mm diam) can be bleached in
the sun, dyed with the water extract of
colored crepe paper, and woven into a
Hearts of palm are
The tree must be
4-5 years old before the top is cut off
and the growing core is harvested, This

variety of baskets,
rarvely eaten,
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yields about 4=3 kg of material and kills

thie free,
The coconut itselfl is a dietary main=

stay. A drinking nut, ni (pronounced
“gnee’’), is full grown but totally green,
and contains about 250-350 ml (grams) of
liquid, The meat at this siage 18 only
about §=5 mm thick and, while firm, is
eoversd with a gelatinous coating on the
inside. Consumption of drinking nuts is
highly variable. They are traditional at
festive occasions and make an excellent
Mepffee-break’ drink. Usually they are
not used to quench thirst because water
is preferred, but they are used more as
the Marshallese version of soda pop.
However, if water is not available, a
warking man might consume up to a dozen
nuts or so a day. On Ujilang they are
plentiful and there for the taking, which
makes an accurate estimate of the con-
sumption impogsible, The meat of the
drinking nuts, a popular baby food, is
consumed only in emall guantities by
older children and adulis.

Ripe coconuts, similar to those for
#sale in American stores, are consumed
in a variety of ways, but mostly raw.
Some of the liquid is vsed in cooking, and
the meat, called "copra' by the Mar-
shallese, may be eaten in pieces with
fish, or grated and added to other foods.
Favorite recipes include 8 mixtare of
Erated coconut, wheat flour, water, and
a little sugar which is baked in the um; a
similar mixture containing baking powder
which is deep-fried ("doughnut” in Mar-
shallese); a mixture of breadfruit and
Erated coconut baked in the um; and
Erated coconut and coconut sap, mixed
with steamed rice, All of the people
inlerviewed said they ate about half a
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coconut per day. 3ince an average cooo-
nut yields about 200 g of copra, the figure
of 100 g/day listed in Table 5 is fairly
accurate. This also agrees well with
Murai's estimate.

Commercial copra ig prepared by
gpreading pieces of coconut meat on a
grate about 2 m above an open fire. Coco-
nut husks and shells are the favorite fuel,
and complete drying requires about 24 hr,
After drying, the copra is stored in bur-
lap sacks to await a Trust Territory field
ghip. Copra-making was not in evidence
on Ujilang because, the people said, it
often spoiled before a ship would arrive.
However, while the survey party was
there, Smith Gideon built a copra-drying
ghed which he said would dry several
hundred pounds at a time,"

There is a stage of the coconut be-
tween ripe and sprouted when it is not
consumed. Once sprouted, the layer of
meat is gone and the inside is filled with
a pithy, yellowish mass ealled iu [pro-
nounced ("you'), which is highly prized

" by the Marshallese, [u may be eaten raw

According to Tebin, most copra is
dried in the sun rather than aver a fire,
and official Trust Territory figures list
the copra production of Ujilang as
51.6 tone ($5000) in figcal 1971 and
110 tons ($11,000) in fiscal 1972, If
thege figures are reliable, it would seem
that much more copra-making goes on
than wae evident during the survey
party's visit, It ie possible that copra is
made on other islands, but the people
generally said they did not make much
copra. Certainly on the main island
there did not appear to be an area large
enough to sun-dry more than 100 tons of
copra, even in a year. Current copra
production is of little importance to dose-
agssessment calculations, but if copra is
to be an important cash crop in the future,
careful attention should be given to poten-
tial radionuclide levels,



or used like copra. In what is probably
the favorite recipe for iu, it is grated
together with copra and perhaps a little
pugar, then slurried with ni to make a
thick drink, a sort of Marshallese milk-
shake. On Majuro this mixture is frozen
on sticks and sold like Popsicles,
Breadfruit is the third main component
of the Marshallese native diet and was in
season during the visit there, Three
varieties exist, two of which must be
cooked, and the third, gomawhat less
plentiful, can be eaten either cooked or
raw.. A typical breadfruit will be about
15 cm long, 10 cm in diameter, slightly
ovoid, with a rough, light-green skin and
orange flesh, The general appearance is
that of a very large avocado, Average
weight is 1100 g, with about 107 as peel
and core.
smaller, weighs perhaps 7T00-800 g and
contains about 100 g of seeds which look
like small chestnuts.
roagted and eaten. Breadfruit is cooked
in several ways, much as we would cook
potatoes.
eaten. The breadfruit may be peeled and

The variety eaten raw is

These seeds can be

However, the skin iz never

cored, then cut up and boiled, or it may
be baked whole with the skin on, either
over coals or in the um. A favorite way,
especially of older women, is to peel and
core the breadfruit, then slice it perpen-
dicularly to the long axis, salt lightly,
and deep-fry, This produces a product
resembling fried pineapple rings, but
somewhat larger, and is a good snack
food, a sort of Marshallese equivalent of
Once cooked, breadfruit
can be covered and kept for several days.
Another method of preparing bread-
fruit is to peel and core about a dozen
fruits and let them soak about 24 hr in a

potato chips.

==

coconut-frond basket in the lagoon. They
are then ringed in fresh water and
kneaded together on a rock or board until
the product resembles orange-colored
bread dough, This is then divided into
"oaves" of a kilogram or 8o aplece,
wrapped in breadfruit leaves, and stored
underground in a pit as already described.
It is said to keep several months

this way, aond may be used like fresh
breadfruit alter another rinse in

This product is usually
mixed with grated coconut and baked

fresh water.

in the um.

Arrowroot grows all over Ujilang and
is the principal undergrowth in the coco-
nut forest. In July, the tubers were
gmall because the harvest season begins
around November. The preparation of
arrowroot has been described by Tebin
and consists of digging, then washing and
grating the tubers, and placing the pulp
in a burlap sack or one woven of coconut
roots. The sack is immersed in salt
water, sgueezed out by hand, and the
milky extract, consisting of a fine sus-
pension of starch, is collected. In an

hour or so the starch coagulates and is

washed geveral times by decantation with |

The starch
is then spread in the sun to dry, ground
lightly to break up lumps, and stored
away where it will keep indelinitely.

galt water, then fresh water,

Arrowroot starch is not at all like wheat
flour and is only used as a thickening
agent in soups or stews. It resembles
our familiar cornstarch, When gues-
tioned, the Ujilangese all stated a pref-
erence for wheat flour over arrowroot
gtarch. Flour can be used as a thickener,
They said
that given both, they would use up the

as well as for other purposes.
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flour first and then fall back on the arrow-
root, From start to finish, arrowroot

production is a long, tedious process,
pesclting in a product which has no flaver

and limited usefulness,

Pandanus was just coming into geason
guring the July trip. When guestioned,
most adults said that they eat hardly any
pandanus, It is consumed mostly by the
children. Tobin reports a methed of sun-
drying pandanus on coconut fronds; the
Ujllangese acknowledged this, but
¢laimed that they do not make it often,
Pandanus is not abundant on Ujilang and
probably will not be on Enewetak either.

About the only other native food con-
sumed in any quantity on Ujilang was
pork and, in even lesser amounts,
chicken. The guantity of pork consumed
varies greatly from family to family,
because pige are private propertiy, and
taere is no obligation to share them,
Some families have many pigs and may
#at pork two or three times per weelk,
replacing fish on a gram-for-gram basis,
while other people have few or no pigs
mnd hence eat little or no pork, Chickens
&re in the game category but are very
#carce. The reason for this seems to be
that the cats, originally imported to con-
trol the rats, did such a good job that
they had to move on to the chickens, A1l
animals are free-roaming and forage
anywhere on the island,

Little need be said for other native
foods, Coconut crabs and wild birds
bave been essentially wiped out on Uji-
lang but may be important at Enewetak,
*Epecially for the first year or two, The
feconut crabs are highly prized for food.
Their lege and claws are broken off and
cooked immediately; then the crab is
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force-fed until the tail doubles in Eime,
when it is used for soup. Almost all of
the sea birds are eaten except the golden
plover, which is believed to contain
spirits of departed souls, The young
birds just getting feathers are a favorite
food item, Again, the Marshallese
recipe iz simple: catch the bird,
wring its neck, and cook it over an
open fire, entrails, feathers, and all,
The liver and heart are eaten. Bird
Gggs are eaten but are not a favorite
food item.

The only garden vegetables Erowing on
Ujilang were two pumpkin vines, neither
of which had any pumpking, but one was
in blossom. The lack of agriculture is
explained first by the fact that there is
practically no seil, just rocks, and gec-
ond, that the pigs are free-roaming and
fond of anything edible. The latter fact,
when combined with the cat-chicken sity-
ation, provides a real insight into the
Marshallese philosophy of life, "play it
where it lies."

Metheds of cooking imported foods
have been described ag they accompanied
the native diet, Flour, in addition to the
products mentioned, is also made into
bread, baked in the um. Rice is exclu-
sively boiled with the standard propor-
tions of two parts of water to one of rice,
Tea is drunk hot and is much preferred
to coffee. In fact, the order of prefer-
ence in beverages is tea, coffee, water,
soft drinks, and ni. Sugar is added to
8everal foods, and almost EVEryone uses
sugar in tea and coffee. Canned meats
such as corned beef, tuna, salmon, and
mackerel are eaten with no more prepar=
ation than heating, and they replace fresh
fish ¢n a gram~-for-gram basis,




Medicines and Remedies

This was the only area where there
seemed to be a definite desire for
secrecy. Apparently the Marzshallese
medicine, like the folk medicine in
parts of the United States, is a family
secret and not shared extensively,
especially with outsiders, Part of
this reticence may be due to the [act
that the Marshallese realize the
sophistication of American medicine
and are alfraid of ridicule, It was
inferred that many of the Marshallese
themselves did not have much faith in
thelir medicine, but it was worth a try,
particularly if the American version did
not work or was unavailable, Held's
article (op.cit.) contains some information
regarding the local remedies of Rongelap,
The reported uses of Messerschmidia
and Scaevola were confirmed on Ujilang.
The use of Messerschmidia is particu-
larly important with regard to dose

assessment, because leaves are used as
a first-aid bandage and as a poultice to
cover open wounds,

A few general remarks regarding
health care should be made, Ujilang is
the most remote of the Marshall Islands
and as such, suffers even more than the
others from a lack of readily available
firat aid, much less real medical care.
The dispensary stock consisted of aspirin,
tetracycline capsules, penicillin, dex-
trose solution, normal saline solution,
and miscellanecus odds and ends of patent
A Marshallese medical
attendant was in charge. A kerosene

medicitias.

refrigerator was operable but out of fuel,
and there was no other medical equip-
ment or furniture of any kind. In case of
a medical emergency, the usual proce-
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dure is to divert a Trust Territory ship
and take the victim to Majuro, Tsually
this means a minimum of three days'
delay. The people all appeared very
healthy and vigorous, and there seemed
to be no evidence of malnutrition or ill-
ness, However, it was reported that all
through the Marshall Islands a baby's
first birthday is a big event and a cause

for celebration.

Agricultural Considerations

Just what the level of agriculture will
be in Enewetak i3 very difficult to say.
Certainly the two staples, coconut and

breadfruit, will be grown, especially on
the islands of Medren, Japtan, and
Engebi, Some pandanus and arrowroot
will also be raised. The fact that no
agriculture is practiced on Ujilang and
the reasons why have already been men=
tioned. Whether things will be different
at Fnewetak remains to be seen., Many
Ujilangese intervigwed remembered that
the Japanese raised a variety of vege-
tables as row crops on Engebl and Ene-
wetak, These were irrigated with either
cistern or well water containing human
waste. No one knew whether vegetables
could be grown on any other islands -
{probably Japtan) but, since irrigation is 7§
necessary, the availability of fresh water
would be a crucial factor,

The implica-
tion is that, given some effort and per- 4
haps some fertilizer, a varlety of crops
One Ujilangese, Balik
by name, worked as a Trust Territory

could be grown.

agriculturalist on Majuro for a year. He °
also lived on Enewetak at the time of the
Japanese occupation and recalls their
growing pumpkins, cucumbers, water-

melons, potatoes, sweet polatoes, green



onions, cabbage (bok chei), carrots, and
maybe soybeans. Thus there is certainly
a potential for augmenting the standard
diet of coconot, breadfruit, and fish. It
s peported by Tobin and confirmed by
others that the Ujilangese are guite in-
duntrious and will probably grow at least
some vegelables, but will probably not
practice American-style truck farming,
Pigs and chickens will remain the only
damestic animals raised for food; no one
interviewed indicated otherwise, How=
ever, Tobin gayvs that Muscovy ducks and
turkevs do well in this part of the Mar-
ehallg, As on Ujilang, livestock will be
allowed to forage on their own, although
it would seem thal for at least a few
years afler return, some sort of food
supplement would be necessary, On Uji-
lang the pigs ate coconuts at all stages of
ripeness, grass, the leaves of the trum-
pet morning glory (Ipomoea), fallen
breadfruit, family garbage, and small

crabs and snails from the lagoon beach,
Fresumably the chickens consume a sim-
ilar diet, It would seem that on Enewetak
the confining of either the animals or the
vegelables would be beneficial,

Marine Resources at Enewetak

During conversztions and fishing trips
with Smith Gideon, Ujilang magistrate,
in a two-week period at Enewetak Atoll in
July 1873, some information on the food
habits of the Ujilang people was gained
which may be used to help estimate dose
rates from food intake. In general, the
data gathered concern the use of fish in
the Ujilang diet and specifically include
data on meals eaten during fishing trips
while on Enewetak,

Generally, it can be stated that the
Ujilang people are opportunists and will
eat most types of fish which they happen
to cateh, However, certain fish are pre-
ferred and special efforts are made to

Table 6. Average wet weights of tissues from common edible nearshore fish at Enewe-

tak Atoll,
Mo, of Average
Common name Tissue fish wet weight Wet /dry
Goatfish Eviscerated whole 61 145 .
Goatfish Viscera 61 13 3.5
Goatfish Muscle 45-50% 4.8%
Muller Musecle 32 57 3
Mullet Evigcerated whole a2 167 3
Mullet Viscera 32 44 2
Rabbitfish Mugcle ) 200 3.9
Convict surgeon Eviscerated whole 4T 54 1.5
Viscera 47 10 5.3
Muscle 157 4.0"
t‘"‘“ﬂﬁh Muscle 17 144 4.8

&
Estimated from similarity to size and body shape of mullet.

Estimated,
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capture the preferred species. Also,
certain fish are avoided either because
they are known to be poisonous (eigua-
tera), difficult to prepare, OT simply
because they are not as flavorable as
other species.

One apparently favorite fish iz the
goatfish, either "15" (Mullgidichthys) or
Mjome" (M. suriflamma), The whole fish
is laid on a grill {if available) and roasted
aver a bed of hot coals for about 10 min-
utes. The skin is then peeled off and the
flesh eaten, The head of the goatfish is
considered a delicacy and i8 often offered
to a guest as a courtesy. The soft parts
{brain, E}TE:‘..!]I of the head are eaten, but
the bones and viscera are digcarded. All
organic waste from a meal is placed in
the fire and burned. This isa garbage
disposal method and serves to keep the
fly population down. One goatfish or
mullet (see Table 6 for average weight of
fish) is a reascnable intake at one meal;
however, some pecple may eat three goat-
fish. The remainder of the meal usually
consists of one-third of a copra coconut
and a drinking coconut.

Another apparent favorite is the rab=-
bitfish, "bejrok' (Siganus). Rabbitfish of
other species are alsc known as "mole"
or "molle" and are referred to several
times in Tobin's 1955 journal as a favor-
ite figh of the Ujilang people. The rab-
bitfish are cocked in the same manner a3
the goatfish, In fact, it appears that
most fish are cooked in this manner, eX=
cept for occasions when the um 1ls used.
Only the flesh of the rabbitfish is ealen,
and one fish is the usual intake for a
meal, One-fourth of a copra-type coco=
nut (the kind usually sold in the U. 8.,
with the meat dry), coconut crab legs

(100 g, wet), and a drinking cooonut
completed this meal ag prepared at
Enswetal,

Other fish which were captured on
fishing trips and which are gald to be
eaten are mullet, convict surgeon, par=
rotfish, grouper, surgeonfish, and
damselfish, These fish, along with the
goatfish and rabbitfish, probably com-
prise the most common fish found in the

‘nearshore water arcund the island of

Enewetak, and hence will probably be the
most commen fish in the diet. Seven or
eight convict surgeon, some copra, and
a drinking cocomut, or two to three con-
vict surgeon, copra, rice, and a drink=-.
ing coconut are typical meals.

There seams to be some conflicting
opinion as to whether or not the Ujilang
people eat mullet and par rotfish, Tobin,
in one conversation, stated that the Fji-
lang people do not eat either mullet or
parrotfish. Howewver, Smith Gideon,
when shown specimens of mullet and par-
rotfish, indicated that at least three dif-
ferent species of the smaller (<12 in.)

mullet, both "ikare" (Chelon va.igi_em.is'
or Neomyxus chaptalii) and "jomou"'
(Muogil sp,), and three species of parrot-
fish are eaten on occasion. The conflict=

ing opinions may be due to the fact that
one genus of mullet, "iol" (Crenimugel
sp.), is considered to be poisonous and
therefore is not eaten. Furthermore,
parrotfish from the northern end of the
Enewetak Atoll are also considered to be
pelsonous and are not eaten. Parrotfish
from the David to James area of the Atoll
are eaten, In addition, the fact that other
gpecies of fish {goatfish and rabbitfish)
are preferred may have led to the con=

fusion on this point, However, it seems
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elear that the Ujilang peocple, on ocea-
aion, will eat both mullet and parrotfish.

Of the fish actually captured and shown
to Smith, his preference in descending
order seemed to be goatfish, rabbitfish,
mullet, convict surgeon, and parrotfish,
with grouper, surgeon and damselfish
occupying indefinite intermediate posi-
tione belween rabbitfish and parrotfish,
These nearshore figsh are captured by
several methods, including use of throw-
nets, gillnets, and a surround technigue
by which the fish are driven into shallow
water where they are hand-captured or
dip-netted, Additional thrownets and
lﬂlﬁuu, along with appropriate mending
materials, might be considered as a part
of the rehabilitation program for the
Enewetak people,

A fish not actually captured but indi-
caled to be very good to eat is the flying
fish, "jojo" (Exocoetidae), These fish
&re captured at night by building a fire in
& boat and attracting them to within a
range where they may be netted. Some
flying fish also fall into the boat during
their fight toward the attracting light,
Small hooks on a line are also used in a
manner similar to the jigging of herring
&r smelt which bite on the bare hooks
that simulate the planktonic organisms
they feed on.

Other fish which reportedly are eaten
.ll-"ﬁ barracuda with four gill rakers,
midwa," tunas, and other similar lagoon
fish such as jacks, mackerel, and dol-
Bhin. Although larger sharks (probably
gray sharks but not thresher or nurse
Sharks) are eaten, they probably are a
FRer portion of the diet due to the length
of time required in the preparation of the
fiesh to make it edible, This lengthy
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preparation is due to the urea In the flegh

which renders the fresh fish unpalatable:
"a shark has a big smell,”

In the preparation of shark flesh, the
fish is boiled in hot water for about
10 minutea, after which the skin is re-
moved, The flesh is then boiled for gev-
eral hours, presumably until the smell
goes away. Next, the boiled meat is
fried or steamed (um) and then placed in
the sun until it is dry. This process
takes most of a day, but the finished
product ie considered good.

The capture of large lagoon fish re-
quires boatg and fairly heavy fishing
lines, feathered jigs, and large hooks,
Hence, the use of these fish in the diet is
highly dependent on thege items and is
probably less than the utilization of the
nearshore fish because of the present |
scarcity of adequate fi:;hing gear and be-
cauge the nearshore fish are so sbundant
and easily caplured at most times, In |
general, at the present time, deepwater
lagoon fish are probably not as abundant
in the diet as they would be if more figh-
ing gear were available to the people,

Other marine organisms which may be
eaten include porpoise, tridacna clamas,

("' kabwur""), shore crabs, and lafge gastro-
pods {en). Other smaller gastropods are
also called en, but they are not eaten.
These include epider snaila and smaller
Strombus species,

Porpoise are captured by surrounding
them as they enter the wide pass or deep
channel and herding them inte shallow
water. Herding is accomplished by bang-
ing rocks together underwater and splash-
ing on the surface,

Three types of Tridacna are distin-
guished by the Enewetak people: (1) the
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large killer clam, Tridacna gigas; (2) a
white-mantle, medium-sized clam; and
{3) small clams with colored mantles
which are embedded in the reef. All
types are called kabwar, Mo informa=
tion was cbtained on how these clams are
prepared, but it is known that other Mar-
shallese people do not eat the kidney, due
to its very bitter flavor, and it may be
presumed that this is the case for the
Enewetak people until different informa-
tion is obtained,

Another organism which will certainly
be eaten by the returning Enewetak people,
unless advised to the contrary, is the
coconut crab, "baru lip" (Birgus latro).
The first step in preparing this crab is to
knock the pincer legs and the largest
walking legs off with a machete. The legs
appear to break off near the body at a nat-
ural breaking point, which quickly heals
By doing this the crabs can be
easily contained without causing damage
to themselves or to their captors. Also,
crabs can be held alive like this for sev-
eral weeks, The legs and the bodies of

over.

erabs not to be saved are then roasted
over a bed of coals,

From discussions with Smith Gidecn,
I would conclude that the diet of the Ujfi-
lang people is very similar to diets of the
Bikini people, the Rongelap people, and
other northern island groups in the Mar-

ghall Iglands. This is true because the

basic foods are the same in all these
areas. Breadfruit, pandanus, arrowroot,
and ecoconut are the chief natural terres-
trially grown vegetative foods, with im-
ported rice and flour supplementing this
portion of the diet to a degree which is
very dependent upon the length of

time from the visit of the last field-
trip ship.

Fish, clams, and langousta from the
lagoon and reef; birds and bird eggs from
bird-nesting islands; domestic pigs and
chickens raised on the village island; and
imported meats (corned beef, gardines)
provide the animal protein in the diet.
Again, the propertions vary greatly with
the availability of specific items; how=
ever, figsh are indicated as being an im-
portant part of the diet at Ujilang and
will probably be more important at Ene=
wetak Atoll where the fish supply is
greater.,

It should be remembered that a diet
determined for the Ujilang people over
one short time period may differ greatly
from a diet determined over another time
period in a different season or at a differ-
ent length of time from the last visitof a
trade ship. 1 feel, therefore, that a com-
posite diet, based on all available diet
information for the Ujilang, Bikini, and
Rongelap people, is the best information
to be used in the caleulation of dose rates
from food intake,
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I-r bone doses has been ignored. To con-
vert from free-air dose (rads) to gonadal
dose (rem), a body-shielding factor of
.8 may be Uﬂed.;:

The free-zair dose will be additionally
enhanced by the presence of beta rays,
originating primarily from EﬂEr—ED?
in the soll. In radiation flelds produced
tv global fallout, where the Euﬂrfla?ﬂs
activity ratio in the soil is normally about
{,67, the free-air beta dose at 1 m ahove
the gpround is expected to be about four
umes that due to the 137
A Epewetak, however, the Eﬂb"r}' ls?ﬂs
activity ratios in the soll samples showed
& wide range of values with an average
ratlo of about three. Thus, the free-air
t«ta dose rates may average about
800 wrad/hr in the interior of JANET and
asogt 200 yrad/hr in the village area., The
sesulling beta-ray doses to the akin, eye
“emses, and gonads will be about 50, 25
wxl 1%, respectively, of the free-air
1'IJ|-I\||I.'F Thus, appreciable increases in
“%in and eye-lens doses due to the beta
sentribution could be expected., The
fmadal dose, on the other hand, would
= lemipnificant,

Very little information is available to
*srily these caleulated beta- ray air doses,
™t indications are that fhcy may be un-
realistically high. This is based upon
®a obtained from two LiF TLD badges
B4 were equipped with aluminum shields,
& ol which was situated within the

Cs gamma rays.

h
" Report of the United Nations Scientific
“h:,. ;?h The Effects of Atomic
tEEessn'nn, Vol. 1, Supple-
“'f&ﬁrzs (1973), SRS

-...-:::'Lulaﬂ""- Health and Safety Labora-

C. New v i
eEunication {19?3]:?1*’ S

interior of JANET. These shielded badges
only showed an approximate 10% reduction
in exposure rates from those measured by
the unshielded badges at the same loca-
tion, thus leading one to sy spect thal the
beta air doses are considerably less than
the calculated values,

MARINE PROGRAM

V. Nelson

Laboratory of Radiation Ecology
University of Washington
Seattle, Washington

V. E, Noshkin
Lawrence Livermore Laboratory
Livermore, California

Purpose

The mission of the aguatic BuTrvey was
to collect enough sufficiently representa-
tive eamples to define and quantify the
contributing radioactivities In the lagoon
and reef areas of the Atoll. The radio-
logical data are needed to assess both the
exposure pathways to persons utilizing
the aguatic environment and to determine
the distribution of gelected radicmuclides
in the Enewetak marine environment,
Figh, invertebrates, plankton, and water
and marine sediment were collected and
other marine observations conducted
during October, November, and December,
1372. This section of the report deseribes
the kinds and quantities of samples oh-
tained, the methods of collecting and proc-
€88ing, and the details pertinent to each
kind of sample or program.

General Program Description

Ships and Capabilities
A 17-ft Boston Whaler was flown from
LLL to Enewetak for the survey of the
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lagoon, I'It was powered by a B5-bp out-
board engine and carried & 7.5-hp out-
board for emergency use. [ was equipped
with a depth sounder and davit with a hand-
operated winch and 500 ft of 3/32-in. steel
cable, sufficient to reach any depth in the
lagoon,

This boat was used chiefly for samp-
ling near the shore; its range was
UHrmited because it was necessary to re-
main within sight of land to fix the station
locations, which was done with a sighting
We sampled the lagoon be-
tween FRED and PEARL, no more than
B kmi from shore; additional collections
were made between LEROY and FRED,
including stations in the Wide Passage,

Compass.,

sampling by the Whaler crew included
water collection, sediment collection,
plankton-tow and mid-lagoon trolling with
rod and reel, This small boat proved
very satisfactory for these collections,
In all, 43 of the 126 sediment grabs, 21
water samples, many open lagoon fish,
and several plankton samples were col-
lected by the whaler during the survey
in spite of bad weather which seriously
hampered (ts operation in the lagoon. On
a number of days, operations were cur-
tailed hecause ni‘ wind and sea conditions,

A landing craft utility (LCU} was pro-
vided for the survey and used to support
all survey programs. Its use for the
marine program was on an avalilability
basiz, but the time allotted was sufficient
to complete the program, A portable
winch powered by a gasoline engine was
mounted on the stern of the vehicle deck,
The winch contained 1000 ft of 3/32-in,
stainless steel hydrographic cable which
passed through a metering sheave

secured to the port-side davit of the ves-
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sel, All sampling operations were gt
ducted from the port side with "“'.'
attached to the hydrowire, 8
The bridge-height of the LCU wask
sufficient to sight on land from syl
lacation in the lagoon and the I'-]avy._'
provided all fixes necesszary for .;_-:.
Sample dept.
were determined from the wire-gy

ing station positions,

readings recorded on the sheave, T
samples, sediment samples, and ‘I :
and plankion samples were nbt.a|ng r
Bad weather limited many aperat:
from the LCT,

A 24=-ft launch belonging to the E
USAEC has been stored-and used “ :
Enewetak since May 1972, It is P. »
by two 120-hp inboard-outboard t
and is equipped with 2 depth sound

This boat was used for transport ria
between sampling locations d'urmg I _'*_
portions of the Enewetak Survey 3
the in situ gamma probe work, :
was adeguate for both purposes, 5:;
was large enough to handle the normi
wind and wave conditions found inth
lagoon, yet maneuverable enoug
in the shallow near-shore water

Equipment and Other Facilitiesd

Both the Whaler and the LCTU -
complete pumping systems aboard

face and subsurface water sampl --J-
collected with battery-operated [.ﬂ.l B ;
through a weighted hose-line whi h 7 b
lowered to the desired depth. EEl h
sampling operation was preceded '.;
ing for at least 10 min to flush ﬂul
entire system. The 55 liter blackl
polyethylens collection barrels W’él .
rinsed with the sample water and the
filled at the rate of 8 liters per I‘ﬂ_l



Sediment graly samples were collected a "Benthos" model 3-in,-diam gravity

with either Shipek, Ponar, or Ekman COPEF,

samplers. Plankton were collected in Every precaution was taken to ensure
%o, i or No. 10 nets, 1 m in diam. Fish against contamination of the samples, All
were collected by trolling with rod and samples were placed in plastic bags, jars,
reel in the lagoon or with nets in the shal- or barrels, immediately after collection.
low near-shore areas. Invertebrates were  After each day's cruise, all decks and equip=
pand collected. Crater sediments in ment were washed to remove any sediment

MIKE and KOA craters were sampled with debris accidentally spilled and overlocked,

Marth Paeilice Ocean

Wide Possage

Fi ;
®- 41 Major collection locations {starred) of marine biological samples at Enewetak

Atoll, October to December, 1972,
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Fish
Introdoction
There are more than 700 species of
figsh at Enewetak Atoll, but only a few
species of reef, benthie, and pelagic
fishes were selected for use in this study.
The common anglicized names of the
fishes are used in the text, but the scien-
tific names and the Enewetakese common
names, when known, are listed in
Table 25, The Enewetakese names wers
those used by Smith Gideon, Enewetak
magistrate, in his conversations with
Victor Nelson at Enewetak in July 1873,
and from Goo and Banner (18963),
The species selected were chosen for
one or more of the following reasons;
(1} they are commonly eaten by the
Marshallese; (2) they are relatively
aboundant at most of the collection sites;
(3} they are representative of a feeding
habit: or {4} there is previous relevant
radiometric information about the species,
The species of reef fishes selected as
being representative of feeding habits in-
clude the mullet (a plankton and detritus
feeder), convict surgeon {a grazing
herbivore), goatfish (a bottom-feeding
carnivore) and parrot-fish (a coral eater).
The tunas, jacks, and dolphins — pelagic
fish — and the snappers and groupers —
benthic fish — are carnivores of high order
in the food chain leading to man, Informa-
tion sbout the radioactivity in Enewetak
fish during the last 25 yr, including the
species selected for this study, can be
found in the reports of the University of
Washington, Laboratory of Radiation
Ecology, which include the following:
Held, 1973%; Beasley and Held, 1972%;
Held, 1971%; Welander, 1967%; Welander
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et al,, 1967%; Seymeur, 1963°; Helg,
19638; Lowman, 19807,

Sample Collections b
Reef Fishes—The nine major coll i3
stations are shown in Fig. 41. They 1
listed in clockwise order around the o=
and beginning with the mast northerngll
station are as follows: BELLE, IRE NE
JANET, TILDA-URSULS, YVONNE,§
F-‘_ -

g, E. Held "Fallout Radm:m:hdﬂ
Pacific Ocean Tuns," in Proc. Thu-d
Mational Svym Erlum orn ecology,

230(5294), 450 (1871).

[Oak Hidge, Tennesissh
mwﬂ'ﬂ"w . 880,

T M. Beasley and E, E, Hel& o
"Silver-108m in Bilota and Eemmmts ]
Bikini and Eniwetok Atolls,” Nature

©E. E. Held, Radiclogical Resurve
Animals, Solls and Groundwater at. »

1KLL Ato = tomig
Energy Comrlission, Hept I'-J".H::l 2069
{1871},

d

A. D. Welander, "Distribution nl-
Radionuelides in the Environment of @ 50
Eniwetok and Bikini Atolls, August 1968
in Symposium on Radmecula . Procis

EEE'-g:ﬁEPﬁahmal S}rmpnsmm,ggﬁﬁﬂ Fe
1867 {Ann Arbor, Michigan} CONEF- 0

p. d46 (1868), i

®A. D. Welander et al., Bikini-Enis
Studies, 1964 Part II. Radiobiplog
atudies amie Ene O :_.:

‘Re_ﬁwFL 83 (Pt. II) (1967).

T, . Seymour "Radioactivity of SgSs
Marine Organisms from Cuam, Palat
and the Gulf of Siam, 1858-1959," in®
Radicecology, V. Schultz and A. W.
Klement Jr., Eds. (Reinhold, NE‘I'-'T
and Amer, [HEIT- Eiol. Sci,, Washingtos
D, C., 1963} p. 151, '

EE. E. Held "Qualitative ['.Imtr{h'll :
of Radionuclides at Rongelap Atoll,”
Radicecolo V. Schultz and A, W.
Rlem &'n't','JrE Eds, (Reinhold, hew‘f_ i,
1843} p. 167, E

hF_ G. Lowman, "Marine Biologiclh
Investigations at the Eniwetok Test 388
in Proc. Confarence on Disposal of M =
active Wastes, Monaco, Nov, 1b-2li =

[TAEA, Vienna, 1960) p, 1005,




Table 25. Common,
ratios of

Kwajalein Atolls,

scientific, and Marshallese names and wet we
tissues from aguatic organisms collected at En
October to December 1872,

ight to dry weight
ewetak and

Marshallege® Number of Wet/dry
Common name Scientific name name Tissue samples ratio
Fishes

farracoda Sphyraena MNidwa Muscle 1 4.36

Earracuaa EBEone 1
Honefish Albula vulpes Musele 1 3.348
Viscera 1 .57

(2clids and lipids)

skipjack Euthvnnus vaito Lioj Light muscle B 3.51
Dark muscle g 3.58
Liver ] 3.60

Bone ]
Butterflyfish Lhaetodon auriga Dribob Evise. whole 1 3.06
Viecera 1 4.38
Convict surgeon Acanthurus Kuban Evisc, whole a0 3.54
rinstegus Viscera 28 5.26
Iamselfish Abudefduf sp, Entire 1 3.09
Dolphin Coryphaena Muscle 2 .01
| rus Liver 2 3.47
Flagtail Kuhlia taeniura Jerot Evia., whole 1 2.7T6
Viscera 1 4.08
Entire 2 3.29
Goatfish Mulleidichthve Jorme Evise., whole 1 3.28
auriflamma Viscera 1 3.65
Goatfish Mulloidichthys Jio Evise, whole 13 3.38
SAMOEnNSis Viscera 13 3.50
Goatfish Parapeneus Jerrobe Evize, whole 4 5.78
barberinus Viecera 3 4,31
Goatfizgh Parapeneos Jerrobe Evise, whole 2 3.29
, cyclostomus Viscera 2 4.03
Goatfish M. samoensig & Evize¢, whole 1 3,24
. auriflamma Viacera 1 3.82
Grouper inephelus Momo Evisc, whole 1 3.8
merra Viscera 2 3.63
Muscle 1 4, 48
Entire 1 3.3y

Bone 1
Grouper EE{‘T’E@EE Momo Muscle 1 4.03
Epilotoceps Liver 1 2,16
Srouper Epinephelus sp. Moo Evise. whole ] 3.50
Viscera 1 3.52
Grouper Variola louti Kaikbet Muscle 1 4.76
Liver 1 3.04

Bone 1
Halfte a); Kibu Entire 1 4,57

Hemirhamphus
Iat{cep_g
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Table 25 (continued),
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—
Marshallese® Number of wgt..lh
Commeon name  Scientific name name Tissue samples ratig .
Fishes {continued)
Jaclk Caranx Deltokrok Muscle 4 4_:’" of
melam 5 Viscera 3 .73
Bone 2 ¥ .
gl b
Jack Caranx Evisc. whole 1 3.8
Bexiasciatus Viscera 1 4,98
Mackerel Grammatorcyms Muscle 3 -i.Il:'l}l
bilineatus Viscera 2 an :
Bone 1 _
Mullet Cranirﬂulgil Ial Evisc, whole 3 2,88
crenilabig Viscera 4 g+“3;.{
Muscle 1 KR
HEemainder 1 2,400
Mullet Plicomugil Tkari Evisc. whole 1 3,99
lablosus Viscera 1 3.08
Mullett Mugil sp. Jomau Evisc. whole 3 178
Viscera 3 2.31
Mullet Neomyxus [kari Evisc. whole 13 297
chaptalii Viecera 13 2.8
Muscle B 3.5
Needlefiah Str hira Tak Muszcle 1 $.4E
incisa Viscera 1 T
Parrotfish Searus Mao Evizse, whole 2 3.55
Eordidus Viscera 10 2,95 ‘
. Muscle g 492
Bone B o
Rabbitfish Sigams Elik Evise., whole 1 :LB_I‘;
rostratus ] 1
Rudderfish K;!:Eh:mua Bagrok Muscle 1 -I-ﬁ
CINErascens Viscera 1 3.
: Remainder 1 E.I_ﬂ:
Skipjack tuna Euthynnus Chilu Light muscle - 2 .50 o
elamis Dark muscle 2 1,5
Liver 2 .58
Bone 1 i
Snapper Aphaerus Muscle 1 1.6 i
furcatus Viscera 1 3.68 i
4
Snapper Aprion Eowae Muscle 1
Vvirescens Viscera 1
Snapper Lethrinus Jalia Muscle 2
EaIIi}Etcms Liver 1
Viscera 1
Bons 1
anapper Lutjanus Ban Muscle 2
monostigmus Viscera 2
Liver 1
Skin 1
Remainder 1
EBEone 1



Table 25 (continued).
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e Marshallese™ Number of Wet/dry
Common nName Sclentific name Tarme Tissue samples ratio
5 Fizhes {continued)
Snapper Lutjanus Ban Evise, whole 1 3.41
valgiensis
Spapper L. monostogmus Muscle 1 4.71
. vaigiensis Remainder 1 3.05
surgeonfish Ctenochaetus Evise., whole 1 3.97
giriatus Viscera 1 3.16
Surgeonfish Maso lituratus Ealak Muscle 1 4,70
Viscera 1 5.07
Remainder 1 2.42
Wwahoo Acanthoeybinm Muoscle 3 3.88
golander Liver 3 2.97
Wrasse Goris sp. Muscle 1 4.83
i Viscera 1 3.22
Bone 1
Yellow{in tuna  Thunnus Pwepwe Light muscle 5 3,78
Alhacares Dark muscle 4 3.76
Liver 5 3.80
Bone 3
Invertebrates
Pencil urchin Soft parts 1 2.92
Hard parts 1
$ea cucumber Aetinopygia Evise., whole ‘2 G.49
maun{m.na. Viscera 2 5.51
&ea cucomber Holothuria atra Evisc, whole 2 B.21
- Vigcera 2 2.82
S cucumber Holothuria Evisc, whole a 9,02
Teucospilota Viscera 3 3.32
Bem cucumber Helothuria sp. Evige, whole 5 7.56
i Viscera & 8.31..
%8 sucumber  Unidentified Entire 1 2,286
Splncy Iobster  Panulirus Muscle 1 4,32
Icillatus Hepatopancreas 1 2.0
Expskeleton i T.61
Top acail Trochus sp. Soft parts 1 4,57
hﬁm Tridacna gigas Kabwur Muscle 2 4.29
Mant le 2 T.43
| regh Muscle & mantle 4 G,44
Kidney 5 3.36
Viscera A 6.789
Kidney &
viscera 1 4,78
Gill= 1 T.82
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Table 25 (continued),

Marshallese®™ Number of Wet/dry
Commeon name  Scientific name narne Tissue samples ratio
Invertebrates (continued) =
Tridacna Tridacna sp. Muscle & mantle 11 617
: Viscera &
kidney 3 5.02
Viscera 7 6.65
Kidney 6 4.37
Entire 3 5.03
Algne
Calcareous Hzlimeda Entire 2 2.50
algae
\\ Turtle
Sea turtle Chelonia sp, Muscle 1 T.43
T Liver 1 4.33
Kidney 1 6,64
Lungs 1 8,85
Heart 1 6,49
Mesenteries 1 24.37

#Marshallese names from the 1963 unpublished manuseript, "A preliminary compila-
tion of Marshallese animal and plant names,"” by F, C, Goo and A, H, Banner, Hawaii
Marine Laboratory., University of Hawaii, Honolulu, and from personal communications
with Smith Gideon, Ujilang Magistrate in 1973,

DAVID, FREB_, GLENN-HENRY and
LEROY, These areas were selected be=
cauge they are potential resettlement

sites and/or were previous collection
In addition, "control" fish from
a noncontaminated area were obtained
from Enewetak, Ewajalein, and Meck
Islands in Kwajalein Atoll,

Most of the reef fish were caught in

sites,

variable mezsh monofilament gillnets
20 to 125 ft in length and 6 ft deep. Gill-
nete were watched closely and unwanted
fish were usually released alive, Throw-
nets were also used in Some instances,
In most cages, theze methods of capture
allowed us to collect only fish which were
needed for analysis,

The total catch was about 200 mullet
{4 species), 100 goatfish {4 specles), 400

convict surgeon (1 species), 40 parrotfish

(1 species), and 40 other reef fish (12
specieg). The miscellaneous species in-
cluded flagtail, rabbitfizh, wrasse,
surgeon, butterflyfish, damselfish, and
bonefish, The catch of reef fizh by specirs

and location is given in Table 26.

FPelagic and Benethic Fishes — Large
pelagic fishes (tuna, jacks, dolphins) and

benthic fishes (8napper, grouper) were
collected, since they will presumably be

captured and eaten by the Enewetak peogs

and they represent carnivores of high
order in the food chain leading to man.
They were collected primarily on sport:
fishing gear, using feathered jigs and
spoons as lures while trolling in the lages
and in the passes leading to the pcean.
Most of the large yellowfin tuna and delpt ™

were caught in the passes between the
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Number of organisms collected at Enewetak Atoll and Kwajalein Atoll near-

shore sites, October to December 1873,

firganism
Tther Oiher
Callection Convier  Paorrod-  reef St inveries  ARgEo
=ila Muller Gomilish  surgenn fizh figh Tridacna cucummberd bratcea iotal
gnewetak Afell
GLENN-HEXRY =25 1 - 50 2 10 B 1 & 114
LERODY - a0 g 14 3 1 I o - 10 108
FitEDR ] =20 = 5} L] ¥ k| z i
1AV 1] 25 ~ 50 12 F4 4 1 4
RELLE = & 3 30 1 kS m 1] a7
IREXE 2 3 12 0 i 0 a 5 i1
JANET - 50 3 - 40 1 o 4 0 9% 1
TILA-URSULA =33 it 1} 2 3 3 3 1087 :
YVONNE 1 -1 ~ 55 10 3 B 3 o 105
Ewajulein Atoll - & gL 1 =] 3 41 ’
Approcimale Total k" 220 =104 =400 41 +2 16 13 25 am

aThe number given is the mumber of collect lons ifrom a given site,

Bpeneil urchins,
“Pap anails,

'J.-':pin_t- lahster,

lagoon and the ocean, while the smaller
skipjack, mackerel, and ulua were caught
in the lagoon proper. The snappers and
treupers were caught in both the shallow
water of the reef and the deep lagoon
waters, The mumber of large carnivorous
fish caught is given in Table 27.

sample Analyvses

Field Procesging — After capiure,

fish were segregated by type (e. g., goat-
fish, mullet, ete,), placed in plastic bags,
and transferred to ice chests containing
dry ice as soon as practical (1 to 4 hr
after collection). At the main camp,
most fish were frozen, either in dry ice
or in freezer units, Occasionally, fish
“ere disgected fresh, the tissue dried,
and then frozen,

Uriginally, it was planned that most

of the marine biclogical semples would

be processed at Enewetak by people from
the Laboratory of Radiation Ecology.
However, the disruption to the program
caused by Typhoon Olga made sample
processing at Enewetak impractical;
therefore, the majority of the samples
were processed at the home laboratory
in Seattle, Washington,

Lzboratery Preparation — The samples

were frozen at Enewetak and remained
frozen until processed at the Seattle
laboratory. To begin preparation of the
samples for analyses, the fish were
partially thawed and dissected into the
tissue types shown in Table 25, Tissue
types chosen were those most useful for
estimation of the radiation dose and were
of sufficient size to yield a dried sample
of adequate size for gamma spectros-

copy or radiochemical analyses. After
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*Po and ** Pu, ™ Pu
biological and water samples from
the Bikini and Eniwetok atolls

MEssirEMENTS of the radioaciivity in water and hiobogical
samples from Bikini and Emwetok [agoons indicate that
although the samples were collected from the most
plutonivm-polluied waters of the world, the valoes of the
naturally produced radionaclide, polonium-2 10 were uwsually
greater than the wvalues of plutonium-213% and 240, which
are produced by nuclear detonations by factors as great as
1040,

With the advent of nuclear testing at the Bikini and
Eniwetok atolls in the central Pacific, an environmental
laboratory became available for investigating the concenira-
tHong af many mdionuclides in the marine envieoament and
their uptake by biota. Over the 16 years since the conclusion
aof naclear testing, the long lived radionuciides created
during the tests and deposited in sediments have had time to
approach equilibrium with biote and with natural radio-
nuclides present,

Tt is of particular interest to compare the concentrations
of natural radionuclides, such as ™Po, with concentration
of *Pu and ™Pu produced by nuclear bombs, in that part
of the world which has besn subject to most radicactive
fallout, Both rodionuclides decay by e-particle emission of
approximately equal energy and both become concentrated
in biota. The amount of plutonium to be used in noclear
power reactors 15 expected to increase by a factor of 1,000
in the next 30 years® and with this increassd use comes the
possibility of accidental or planned relesses of plutonium

into the food chain of man. The uptake of plutonium by
kiota in the marine environment is aot well understond and
a full evaluation of their potential hazard cannod vet be
maile,

Matural waters contain **Po as & member of the U
decay chain. Atmospheric aerosols alio contain ¥ "Po which
are scavenged”’ by precipitation and enter the hydrosphere.
Once in the aguatic environment, polonium and plutonium
undergo processes such as precipitation, redistribution, and
changes in physical-chemical and oxidation states which
may not be similar for the two elements. Both, however, are
apparently available biologically as they are accumulated
by alfgae, phyvtoplankion, zooplankion, veriehrotes and in-
vertehrates™*,

The samples discussed here were collected by the Lahora-
tory of Radiation Ecology (LRE) during the 1972 joint
expedition with the Puerto Rico Nuclear Cepter and the
Lawrence Livermore Laboratory to Bikind and Eniwetok
atolis. The locations of the collecting stations are shown in
Fig. 1. The analytical results and collection Jocations of
both hiclogical and water samples, and the number of
individual species of hiological samples measured. are given
in Table 1. Samples labelled as ‘eviscerated whole' are whole
fish which have had the wviscera (liver, kidney, gonads, gut
contents, and gastrointestinal tract) removed.

Mg several months elapsed between the collection and
analysis of samples, the disintegration rate of *"Po waas
corfected to allow for decay between the date of counting
and the date of collection. The lower and upper limits
given in Table 1 indicate ithe possible range of wvilues iF,
first, "“Po was derived entirely from the decay of “*Ph in
the sample (the lower limit) or, second, no *“Ph was present

Tohle 1

P and *“Pu values in biological and water samples, and the corresponding conceniration faciors for samples

eollected in Octolser, 1972 at Bikini and Eniwerok atolls

—_—

Benlogical samples ‘Waler samples Concertration [Eer
ik g nn“i LELN LU IR LILY 7.9 mEmapy
Specees and tissue Lacatsan (dpm. g~ wetdl fdpomo g~ wel)  Location  (dpom. m-9dpm, m=  Po range L T
Turihe lver (134 E:rwet:]:k Euhiblsh 20— 065 0,200 Ranb dock 188 =dl 190 = EL L T [ T IR TR 1 T
; p dios
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*Analytical error is 4 10% for polonium and <205 for phatosium,

F™umbers in parentheses indicate the number of figh or organs combined in o given sample. Concentration factors are caloalated oy @ ratio of aelivity

per gram of wel Imssue 1o activity per gram ol waler,



and the ""Po measured was the iree concentration preseng
at the sampling time (the wpper limit). The real value is
expecied to he near the upper limit for mest samples since,
in pzlagic fish, the ""Po is obtained by direct uplake and
not as much by ingrowth from *"Ph: measurements showed
1-5 times more *"Po than *"“Ph (refs B-10).

Takle I shows that ""Po activity s highest in bone,
decreasing in order in liver, viscera and muscle, Although
hane and liver have been reported as the major repositorics
for plutonium”, the plutonium content of the single bone
saymples teported was atl the detection imit of 0001 d.p.m.
per g wel weight. The high concentrations of hoth *™Po
and *"Pu and "“Pu in viscera and viscers minus Hver (con-
vicl surgeonl, together with the fact that algae in the die
of thess species concentrates those radionuclides from sea-
WALET, SCems 1o suppord the wdea that both redicnuclides
enter the fish during the ingestion of food.

Valwes of plutonium radicactivity have been reported in
a large number of biological semples from Eniwetok Aol
These data alsa show that the highes: plutonium concentra-
tions oceur in the viscera of fish, The food contents of the
digeslive organs were not separated, however, so it 5 not
possible 1o estimate whar fraction of the activity 15 asociated
with food and how much occurs in the tissues or organs of
the fish. .

The gonvici surgeon and surgeon fish were selected for
Pu, P and " Po analysis becawse they are local feeders
and would congentrate radionuciades from nearby waters.
The concentrations of “*Pu, **Pu and **Po measured in
water from near the sites of the fish collection were used
to determine the concentration factors shown in Table 1.
The *"Po concentration in ihe water was caleulated from
the ""Ph concentration measured in the samples after most
of the **Po had decaved. The error on the *“Po caloula-
tion is expected 10 be small, as the ratio of *Po/*"'Ph &
approximately 1:2 in seawater™'; thus, the Pt and " Po
would be near secular equilibrium in the marine environ-
ment 8t Bikini and Endwelok atolls, The highest Py and
"'Pu contents in the water column were found in areas
where the highest activity of these radionuclides occurred
in szdiments, as reporied already for Bikini”. The highest
Po concentration was found owisdde ihe lageom in the
deep acean waters, and one possible explanation could be
that kiclogical uptake results in a shorter resident time of
TPo-""Ph in the lagoon, The concentration of *'Ph in
the particulaie phase, (0.3 pm in size) was less than 10%,
of the total: the concentrations of *Pu and **Pu in the
purticulate phase varied from 2 to 607, of the total depend-
ing on where it was collected from®™, The overall result
indicates that inside the lagoon the radiosctivity values of
plutonium were more variahle than those of *"Po,

Concentration factors of **Po, " Pa and ""Pu in organ-
isms (Tuble 1) are calculated wsing the total concentrations
{particulate plus soluble) measured in the water. All speci-
mens measured have concentration factors for "*Po that are
greater (as much as 100 times greater) than those for **Pu
and **Pu with the exception of samples of turtle liver and
surgenn fish viscera., Although these samples were collected
in ithe most plutonium-polluted waters of the world we con-
clude that the plutonium radioactivity s only a fraction of
the natural polonivm redicactivity, and that a greater radia-
thon dese to the marine organsms of Bikin and Eniwetok
lagoons would be received from *“"Po than from ™Pu and
Pu. This conclusion should pot, bowever, lead to neglect
in studies of plutonium concenirations in the higher trophic
levels and of its transport through the lfood web to man,
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Atomic Shrimp:

[eontnued from page 1]

seribed os Tollows in ' The Meaning of Radia-
tion ‘for the Morthern Marshali Island
Atolls!" published by the 1.5, Departmsent
of Energy (DOE) in 1982: "“When an siomis
bomb explodes, i takes up soil, rocks, coral
hencs, water and other such things. These
things join with the radioactive atoms from
the bomb. All of these things rise quickly
high into the air and then later Fall back
down, At Bikinl and Enewetak Atodl, the
redinactive atoms and tiny particles from the
bombs that were tested fell on the blands, n
“the lapoons, incthe ocean, and the winds blew
e 1o Lhe Uniled States and other coumtries
r“I m1l

Uiclang Atoll, one-third the size of Enewe-
tak, was oo small io grow enough food on,
50 the Enewetakese who arrived there in 1948
had 1o depénd entirely on iregular 1.5,
supply ships, In 1936 the Marshall Idanders
first petitioned the United Rations 1o give
them back their land. *"Land means a great
deal ™ they wrode, “more than just o place
where you can plant yoor food. . . . IS the
very life of the people. Take away ther land
and their splrits go alko ™

The L5, response was o statement to the
Lintedd Mations Trusesship Councl: “'Tt 1s
the conviction of the United States that it has
thee responsibility . . . 1o malnialn af 8 maxi-
MU s capacity (o defer ageression and pre-,
serve peace. Thus . . . further tests are abso-
lurely necessary for the eventual well being of
nll the people of this world."™

In 1967 & group of Enewetakese boarded a
2.5, supply ship al Ujelang and demanded
assistgnce. Their people were starving, they
said, and the psychological hardship of losing
their land and the socal satus and family
unity thet the land represented was becoming
harder amt harder to bear,

The stuation on Ujelang continued to
deteriorale, and in 1969 the leaders mide
another plea: **We cannot make enough
copra [a cash erop], The reason B thar the
pnnpl:hmmmtn.md the rats also eat

. The conditions on Ufjclang are worse

rm:ﬁl' - thiere are more people now. . . . We
didnutmm;iu'u whmﬂr:]!‘ia\'rmld uE we
had to leave our atofl of Encwetak | . . Mow

wie teed help badly. We ask America for help
in our suffering. Help us, or send us home.””

Finally, under pressure from the Marshall
Istanders” increasing protests, 4 nascent inde-
pendence movement, and threais to returp (o
Encwetak, radioactive or not, the U5 gov-
ermment allodted 51 million to ¢lean up the
atoll and compensate its people. The cleanop
program, run by the Department of Defense,
invodved scraping of f 125,000 cubic vards of
Eneweciak's topsoll and encasing il in a
cement crypd on the uninhabited igland of
Runii, about 12 miles away, Rinit remains
of f Henits for the mext 240,000 years.

Five: hundred Enewetakese returned o
their native atoll in 1980, wlen the cleanup
wits cfTicindly complete. But within & matier
of months, ong hundred of them went back
o Ujetang, complaiming of boredom, lack of

An Ominous
foened, and fear of radiation. Theodore Milch-
ell, a counsel for the Encwetakese, testified
on thelr shwatbon before a U5, Congres-
sonal subcommittes in 1983, "'The soil is
poor,’” hesaid, Y'and constantly dismapied by
bulldings, concrete, and activity, We need o
supplementary food program to replace the
fish, pandanus, bread{rudt, and leme that are
not available on Enewetak now, Mot only are
the crops planted after the cleanup immature,
but everything is having difficuly gmwh'lg.“
Encwetak, he concluded from a recent visit,
“laxks llh: a newly completed housing proj-
ect in Seoftsdale, Arizons. Tt B desolafe ™
Mitchell also told the subcommilies that
many of the islanders' traditionsl wavs of
preparing food and bullding boats had been
lost during their 32 vears of exile, *“Mow they
want outhoard motors o chase the mna,”™ he
said, Readjusting to life on Enewetak, how-
ewer, may be the least of thelr probdems.

Runit, the cement-
capped depot for
Enewetak’s radioac-
tive soil, remains off
limits for the next
240,000 vears.

Engwerak Aradl in vhe Marshoedf
fefordls, abont halfway  between
Hawail and New Guinea, was e
site aff dd Buchear festy in the T4
aid 1950y, Shaded greas show
isiand lagoons with highly racio-
acive sedinme,

URING the cleanup of Enewetak, the
DOE engaged & team of scientists from
the Lawrence Livermore Laboratory in Berk-
eley, California to conduct radiological sur-
vevs of the atoll. According to Dr. Ermst
Resse, who was director of the marine re-
search laboratory on Enewstak from 1977 o
1980, the DOE decided In 1979 to conduct
“one st dudy using ouiside scientists"'—
marine specialists who would look under the
ocean. 'The DOE had made o mistake,'" savs
Eese. "They had all these fancy chemists
studying the soil on the atoll bur no one had
really booked &l the poon, The outside team
uncovered a lot of new. information."

The agency browght rick Colin o
carry out the siwdy. He became Reese’s sug-
cemsor, running the aboratory from: 1980 to
1983, Motting the high levels of radisctive
clements in the lagoon and the presence of
very active burrowlng osganisms, he re
cruited other sgientists 10 work on the proj-
ety including Tom Suchanck, who was stud-



Legacy Surfaces off Enewetak Atoll

ying similar burrowers ip the ¥ingin Islands,

St we book core Bamiples of the Bgoon
floor down 1o Dwo meters,” says Suchanek,
““glghty centimeters kower than almost all the
previous DOE tests, We found high kvels of

“rafdionuclides such as plutoniem 239 and 240,
coball, and cesiom, partiulady between
siaty and two-hundred centimeters deep.
Second, we found many calliamassid or ghost
shrimp and other burrowers in the lagoon,
and we saw that they wers burrowing as deep
as cighty centimeters.”

The shrimap burrows, it turned osl, ter-
sdrted the' pore sampkes at the level-of- the
highest conceniration of radicactive parti-
cles, between 60 and 20 centimeters desp.
While dipging their burrows the shrimp were
pumping the buried Ffalloul particles up
toward the lagean fioor. No one vel kiows
whetleer thest partickes find their way into the
food chaiin ond thus present a threal 0
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humans who might cat fish, crabs, or other
marine organisms from the lagoon. The
green turtle, for instance, feeds on certain
types of green algae that are known to ake
up and concentraie phetoniun 239 and 240,

Calin and Suchanek’s work *'was signifi-
cant as the one maln stody done besides those
done by DOE people,” siys Ernst Reeso, But
it came at & time when the depariment was
already phasing out its radiological research
on Enewetak, and in 1983 the laboratory was
targely shut down. *Somecone in the DOE
mads the decision that the research did not
reveal & sufficient threos,'" savs Reess, *'But
the apency hios massive problems, ke where
to puf tons of nuclear waste, that make
Encwetak look like peamuls.”

I, Roger Ray of the DOE explains thal,
a5 the 1.5, military presemsce on Enewetak
withdrew and the deanup operation ended,
“we changed the nature of our presence.
When the cleanup was finished there sas no
other basis for 18 o be there. The area is

CIEAMEWH WAL

9ouplus percent being tumed back to s
owners, who don't have the money of equip-
ment to keep a kb active."

Robert Buddemeder, a radiobogist from the
Lawrence Livermore Lab who worked al
Enewslak, quesiions the importancs of the
shrimp rescarch, He calls B “'a Istter-day
atfernpd al combining relevance with basic
sclence, Tt's more a matier of inferest than
concern.'’ He believes that the laboratory was
not doing enouph research “of prmary use
1o the agency,” and that budget considera-
piones Torced the DOE oo make the “narrow
Tt understandable - decision o close it
down."

But De. Phillip Helfrich, another scientis
whio worked at Enewetak, has & differend
view. ““We thought we had something prefty
exciting,”” be sayvs, “bul it gob Tunmeled into
this vast machine where it was choved in the
back ! The research team repocted its find-
Inps to the DOE and asked for support (o
comtinne, **Their response was a lack of re-
sponse,” says Helfrich. “They just sald,
"Thanks for the nice proposal.” ™

OW, despite all the risks, the Enewetak-

e are back on thele atedl. The Mar.
shall Tslanders voted for the Compact of Fres
Associntion in 1983, gaining independence
vut leaving military jurisdiction to ihe U5,
The DOE lab i fitthe more than empty buikt-
ings, visited occasionally by DOE ships that
ill monitor the Iagoon's radioactivity, Al-
though Roger Ray claims thal Yscientisis are
weleome on Enewetak,”” each researcher
miust raise his own money for transporfation,
food, and equipment on s idand i the
middle of the Pacifle Ocean.

Although some have gone back to tiny
Ujetang {where alcoholizm and suichde are
major killers), most of the Encweinkese
remain on thelr home island. Other Pacific
Isdanders who were disptaced by atomic test-
ing—the people of Bikini, for instance—have
nol been alkowesd fo return home, Although
the Resgan sdministration in March pledged
support for cleaning up Bikini, the DOE has
estimared that ""Bikini i 80 times more con-
tamimated (han Enew, which s 3 times more
contaminated than Enewetak.” The admini-
stration approved $42 million for the Bikind
cleaniup, but the decison doesn't affect &
lawsuit pending in LS, Claims Court in
which Bikini's iribal leaders are demanding
£450 million from the LS. government for
destruction of the atoll's environment and
thele way of life,

Meanwhile, with Enewetak's lab effec-
tively closed, Patrick Colin and Tom
Suchanck turmed 1o EARTHWATCH for sup-
por! of their continuing shrimp rescarch in
the clear, nonradioactive waters off Papua
HMew Cluiisea, Understanding how this fittle
shrimp operates will help determine whether
it poses & real threat to the peaphe of Enswe-
tak, Dhoes the sedlment-mixing actually intro-
duce radicactive elements Into the food
chain? And i 50, what is the ulimate fate of
those parnticles?
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