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}ibstract-t)nring the 1950’s and 1960’s, the I.aboratory of
Radiation Ri{dugy at the [University nf Washingt{m carried out
an intensive study of this Atoll, which was contaminated with
radioactive fallout from the “Bravo shot” in 1954. This study
involved many aspects of the environment and the plant and
animal life: soils. land plants, marine life, birds, geology and
hydrnlngy. and human diets as well. In much of the research,
the f{)rtu~tiously present radioactive isotopes, especially “7CS
and “(’Sr, were tracers. Although the term “ecosystem study”
was not in V{)glle ;It th~t time, it is clear that this }Vas an earlY

use of the ecosystem approach. Soil types and their develop-
ment, the distribution of mineral elements in plants and soils,
including predominant radionuclides. distribution and growth
of native terrestrial plants in relatinn to t(~pugraphy and
salinity, snme aspects of the human diets, rnicronutrient nntri-
tion of the coconut palm, island and islet development and
stability, were given attentinn in the studies. Some of tbe
findings in the various areas of study will be presented and
discussed.
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lNTROIIUCTION

Al:rliol(;t{ the first studies clf the effects f~f at(~rnic testing
htld conccntritted c~n Eniwet(>k and Bikini :it(~lls, the
f:illI~ut fronlthe’’Br~\’os h(>t”’itl 1954 w:lssL1bst:}nti:tlon
Rongel:tp At(~ll (this incident :tnd thefall(~ut distribution
were described by Hines [962). This led to intensive
(>bservati(>n:il :Ind rese~trch efforts on this :Itoll by the
Lab(~r:it(~ry ot’R:ldi:lti(>n Bi(}l(~gy (Itlter R:ldiiiti(~n Ecnl-
ogy) (lfthc University of Washington, under the le:ldcr-
ship (~fL:iuren D(>n:ilds(}n. andothe rgr(}up sot’er the next
twenty or more ye:~rs (Hines 1962). In M:lrch 1958. the
University of W:lshingt(~n group. upon recluest from the

Division nt’ Bi(}lc>gy :Ind Mcdicinc, [J. S. Atomic Energy
C(~nlnlissi(~n. :md with spcci:tl enc(~uragemcnt by John
W(llfe, (Jne (Jt’ its progrttm directors, started a c(lmprc-
hcnsive progr:ml of cc(~logical studies including mnst
:ispects of the plant and ;lnim:tl life ;tnd their environ-
ment: soils. lt~nd pl:mts. :Ilg:le, fish, birds, invertebrate
animals, gcc~logy :ind hydr(~l(~gy. The diet (Jf the resident
human popul:itiml. which returned in 19S7 three years

:lt’ter evacu~lti(ln. WLISincluded as well, Such an inclusive
tlpproil~h would now bc called an ecosystem study.
:llthnugh the term was not widely used :lt that time. The
n:lturc of the studies and s(~mc findings of investig:lti(~ns
in :1 number of these areas will be c(~vered below.

SOII.S

Soil classification
Some hackgr(lund inf(~rm:iti(~n was available on

:It(lll s(lils (.st(~ne 195 !, 1953; F(jsberg t 954). but little
specific information on R(>ngcl:lp soils, Over sevcr:il

ye:irs. Gessel ond his :Issoci:ltcs m:lde extensive field
obscrvatinns ~lnd collections on m(>st of the islands of the
:lt(~ll. f(>llowecl hy substanti:ll l:lb(>r:lt(}ry studies of the
s:implcs.

They rcc(~gnized five s(~il series (Kenady 1962).
b:tscd prim:lrily on the vcgctati(~n ;Ind on signific:int
differences in the surf~~ce (A, ) h(>rizon in the percentages
of c(};lrse matcri:ll, (Jrg;mic mzltter. and t(jt:d nitrogen, in
ph(~sphorus. :md in c:lti(}n exch:mge capacity (T:lble I).
Als(} there [Ire sh:lrp differences between the series
dccpcr d(>wn in the pr(~filcs, :Is shown by the comp:lris(m
between a Gogan soil fr(~m a Pi.~()/~i(/grove in the center
{Jt K:\belle island :md ;l Be~ich Ridge S:md developed
under pi(~nccr shrubs near the l:ig(~(>n(>n R(~ngelap Isl;md
(T:lble 2). Organic matter. nitrogen, exchange ct~p:icity.
imd especially ph(~sph(>rus are higher in the upper Iilyers
of the CJ(}giln soil. These c:l[c:ire(>us soils c(lntllin no clay.
so cxch:tnge cap:lcity is derived solely from (~rg:inic
matter. Our Gngart series tn:[y bc a younger stage of the
Jem(~ series described on Arn(~ Atoll in the southern
Marsh:lll Islands (Stone 195 I ) and by F(>sbcrg ( 1954) for
the n(}rthern Marsh:dl Isl:lnds. Mnrc complete discus-
si(ms of :Itoll soils are given in F(>sherg ~lnd Carroll
( 1965) ;Lnd Mnrris(~n ( 1990), but were published tifter (}ur
studies.

Soil development
With age and stability, :Ind the ste:ldy contribution

of litter from the veget:ition, soil org:mic matter imd

fertility increase. Both the amounts of litter :md the
nitrogen :md ph(lsphorLts contents v:lry with the species
growing on a site. Pi.soI?i(/ stilnds drop more litter th:in

stands of pioneer species (.$(”(1(’t’()/(1 :ll(~nc or S(’([O1)()/(l

together with 7i)r(r/tc:fi~rti(/ ;md C;II<’r[{Ir{/~1), :Ind the
Pi.~()/7i(/ litter :IIs() h:ls :1 much higher nitrogen c(~ntcnt
(T;]ble 3). although in part this reflects the guano fr(~m

~~j
Reprodl.~ced from the Journal Ilealth PhYS; cs t~i.th
permi.sn~ c)n from the IIealth Phys: cs Soc ‘.ety
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Table 1. Properties of the A, hnriz(lns ot’ (he t’i\e principal soil series,”

Rcmgcl:lp Grrgtm Be;ich
Gru\elly Gmvell y L(lmllilk(l Ridge Kahellc

Soil \eries- Simd Szmd\ L():ml S:md Slmd Stmd

Soil property J
‘X Mfitcriol > 2 mm 46, 10. ().() 8,() 8.()
c1 Nitrogen ().57 1.71 (),26 ().()9 ().14
cl Org:mic m:ilter 16.7 35,6 6.4 4.5 7.7
Exch;mgc ci~pacilyh ?? ?--, + 37.7 12.6 3.7 5.7
Poti\s\iunlh I.95 I .X() ().79 ().37 (),46
M:lgnesiumt’ 4.19 11.1 ~,~] 2.55 [.[)~

Sodium’> 3.36 4,01 2.6X 1.16 1.52
Phosphorus’” 81.7 9X5 54.2 3~8 32.1
pH 8.1 7.x 8,4 X.6 8,6

“ Dat;l from Kcnady ( 19(>2). The A, h(Jrizml is the tnp ktyer of rnincrul ~oil. d:irk in colnr hecousc nt’ its (~rg~micmatter,
h Exch;mge:lblc catiml\ in ccrrticquiktilents pcr kg of (~vcn dry inil (2 mm fv~ction)
CP,irl\ per million ph(lsph{~rus cxtr:icled hy bicnrh(m:lte (Olsen et ill. 1954).

Table 2. Conlp~rison of Gog:m Gravelly Sandy L():uT1 and Beach Ridge Sand.”

Exch~mgc~ihle c:iti{ms (ccntieq kg ])“
S;mlplc ‘x>?

depth (cm) mm ‘AN ‘? O.M, c1 Mg K N:I C;ip;lcity P pH

Be:ich Ridge sand
()–5 x (),()8 3.8 2.63 2.07 (),3() I ,?~l 2.8
5–12.5

18.1
16

8.4
(). I3 j,[) 3.48 2.61 ().5() 1.06 4.6 14,1

12.5-22.5 10
X.4

().()7 ~,~ ~,~~ ?,49 0.23 ().85 ?. 1
~~,~–~()

1(),()
12

X.6
().15 5.3 3.50 1,51 ().38 1.9fr 7.()

3045
1(), I

~~
8.3

0.09 3,7 3.13 1.21 ().26 1.31 ?.4 x.() 8.5
45–92,5 7 ().()3 I ,9 2.76 1.67 ().23 1.09 ().8 9.() .

92,5–1 10 14 (),()3 1.3 ?.81 1.51 (). I8 1,06 I .() 26.()
I lo+ 21

9,()
().()1 1.1 2.63 1,51 ().2 1 1.2X (). I I0.() 8.5

G(>garr Gmvclly S:mdy Lmlm
(! I() I .54 21,4 10.3 7 .() 2.() 20.5

()–2.5
I330

20
7,4

I ,96 . 7,4 L 3.() 43.6 893
2.5–12,5 20

7. I
(),42 5.9 14.1 4.() (),8 17,9

12.5–30
416

27
7,9

().18 6,8 (>.2 ~,~ ().4 7,2 216
30-50” 39

8,2
().()7 ?.6 7.7 1,2 . ().-1 2.6

50-65 56
151 x.()

().()5 2.6 7,8 1,1 . ().4 1.7 25 8.8

“ Dilt:l t’rmn Kenady ( 1962),
1’Soil tm;dyscs perl’ormcd (m the 2 mm Irocli(m; cxch;mge;ible c;ltinni determined hy il~mlc spectrt]pht~tonletry ~~t(crc~tmctiun with
mnmmlium ncct:lte: the :iLtsorhcd:imm(miLimwa\ Lii\plzce(itrnm the s:tmples. (hen assayed t[) ;itt:~in cxch;mge c~pacity: ph(]sphorus
wJs determined in the iodium biciirh(~ntlte extinct ncc(]rding lo Olsen CI LII.( 1954), NcJ/t,: The ~OILIl01 cxchtlngc:lb]e c~l(i{msm:ly exceed
the capucity hcc~~usc of dissol\)irr~ nt ci~rhnrr:]tcs in the cxtmclin~ solution.
LAm]lysis not :ikail~~ble.
‘fOrg~nic l:~yer ;Ihovc the miner:il soil.

birds which favor Pi.ro)?i({ for roosting (Gessel and
Walker 1992). Pisotzi(/ litter is also relatively high in
phosphorus (Billings 1964). Litter decomposes rapidly in
this warm environment, with half or more of its weight
reported lost in 6 mo in a litter bag decomposition study
(Gessel and Walker 1992).

Two features of the soils— organic matter contents,
and the presence of buried horizons—are obvious in
micromonoliths, prepared by impregnating samples,
which were removed at increasing depths in soil pits,
with plastic resins (Held et al. 1965a). Fig. I illustrates
the differences between typical profiles of the different
series as represented in micromonoliths. The buried
horizons indicate that repeatedly in the past, especially at
the unstable margins of islands, the growth of vegetation
and the consequent development of soils occurred, only

to be covered over by raw sand deposits in catastrophic
storms, so that soil development had to start anew.

Retention and movement of ions
The differences described above between the soil

series, reflecting primarily the ages of the soils and the
amounts of organic matter accumulated, are also of
importance in their retention of radioactivity and the
movement of the elements and their isotopes. Since the
exchange capacity is directly related to organic matter
content, the adsorption of ions is on this organic matter
and on the algal crust, which is common on the recently
developed “young” sandy soils near the lagoon beaches.
The distribution of the predominant radionuclides in the
profiles of four soils is given in Table 4. The differences
in the radionuclide levels can be understood in terms of
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Table 3. Dry weigh[ and nitrogen content of the vege[atinn litter above the miner~l soil.’”

Various 7fJ{{rllt:/i~r/i</ II I ,074 10.740” 6.7 (>7
[slitnds (;i(<,tl(ir(l((

.s((/[,)$()/[/
W:ish :irea T(>{[r!!<:/(~r/i(i 19 I ,340 13,400” 7.3 73

Kahcllc I\.
Soil Pi( (~ Pi\{~ll/</ 20 1,610 10,1(K) 20.7 207

Kahclle 1s.
R[)ngel;lp 1s. Pi\{~//i~/ 20 ] ,,)()() 19,()()() 45.3 453

“ Du(:I t’mm 1959–I 963 collccti(~ns (Gcssel ~uld Wtllker 1992)
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Fig. 1. Cnmp:u-ison (It’the micrt)m(molith profiles of the principtil soil series. Left to right: R(mgel:ip grtivell} s:md;
Gog:m Grti\elly Sundy Loam; Lomuilfil S:md; Be:lch Rid~e S:Ind; K:tbclle Sand, BH me”ans buri~d h~)r~z.un

the soil characteristics, and in relation to the at least the original deposition on the surface, the relatively high
fourfold greater fallout from the Bravo shot, which W~S exchange capacities in the top layer of the soils, and the
received in the more northerly islands (Hines 1962). In slowness of migration downward over time. An excep-
general. the radionuc]ides decline with depth, reelecting tion to this is seen with the Beach Ridge sand on
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Tnhle 4. Pred<)nlinant r:ldi(lnuclidcs in sevcr~l snil profiles ( 1974 collections’’)” (Bq g ‘. dry).

Siunplc
dcp(h (cnl) “’’C(1 ‘“Sh ‘“c, ‘“EU 24‘Anl 2““24”PU “’)Sr

ROIIgeliIp l\l:Ind(nc;lrl:ig{~tlnhcitch, soil pi( #3, Bc:ich Ridge Sund i(~il \eric\)
()–2,5 ().()13 t .()()6 n,” I .5(1t .033 ().()18 f .01 ().()41 t .01I
2.5–5.() ().()44 t .()()4 (),()26 * .012 I .22 t ,022 (),()15 t .013 ().2() t ,015
5.()- 1() (),()()3 t .()()6 ().()81 t .01 I .85 t .()?() (). I4 t ,()()9 (1.23 t .01
10-15 [),03 t ,()()3 ().()67 t ,(M)7 ().7() :.,10 ().()34 t .()()() (),()s~)t .()()4
I5-?5 ().()1 t .()()2 [).036 * .()()(> ().23 :: .()()7 (),()()8 t ,()()4 ().()2() t .()()4
25–35 ().()()2* .()()1 ().()()5(1f .()()4 ().()24 t .()()2 nh (),()()8() t .()()4
35–50 ().()()4 t .()()2 () ()()7()+ .[)04 ().(111 : .()()2 IIS n\
K:lhelle lsl;ind (Nc~ir ci~tcrn. pil #(), open :Ind 11;][ l~i:(~on bcuch :u-c:l,Kiihelle Stuld soil series)

().33 t .007 ns 18. ! + ,05(, ().48 t .()19 ().()7 t ,019
()-2,5 ().()7X t .()()4 ().()3() f ,016 (1.5(1t .020” (),34 t .015 ().41 t .019
?.5–5.() ().()13 t .()()3 ns ().17 t .()()7 [).()()77 t .()()4 ().()1? f .()()4
5.()-1() ().()()X1f ,()()2 ().[)()48 t .()()4 ().()()7* ,()()4 ().()()63 t .()()3 ().()()3* .()()3
10-15 ().()()48f .()()1 ().()()()6 t .()()3 ().3() f ,()()4 11~ n\
15–25 (),()()26t .()()1 ().1)()14t .()()3 (),()15 t .()()+ n\ (),()()5 t .()()4
?5–50 ().()()I9 t .()()I 5 (),()()93 t ,()()3 ().()()7 t .()()4 ns ns
K:lhellc Island (S(~il pil #7, [(~ward center of island I’runl clstcrn, Gc)gan Gr;lvelly S~uldy L[>iin])
()–2,5 (),1I f ,()()7 ().()7[) t .01 I 1,15t ,ol~) ().56 i .022 (),7() t ,022
2.5–5.() ().()24 t ,()()3 ().()24 t .()()x I .07 t ,015 ().()63 t .()()7 (),()85 t .()()7
5.()-1() (1.016 t .()()2 ().()21 t .()()7 (),X5 t ,01 I ().()29 t .()()7 (),()48 * .()()7
I(P15 ().()()6 t .()()? ().()13 f ,()()8 ().56 t .OI I ns ().()1I t .()()()
I5–25 ().()()-t t .()()1 () 006 t .(M)5 ().2 1 3 .()()7 (),()14 t .()()5 ().()11 t ,()()5
25–35 n~ 11\ (),()19 t .()()4 rrs 11s
3540 ().()(123 .()()15 In\ ().()1I X .()()4 ns 11s
Lornuil:ll I\l:ind (St)il pi( #5, [.(~nluilul Sturd soil \crie\)
()–2,5 (),4X t .()1 ().25 t .()I9 1(),(1t ,052 I .41 t .026 2.1 I 3 .033
2.5-5.() ().17 t .()()7 ().13 t ,Olx I 1.() t .05(1 (),41 t .015 ().67 t .()15
5.()–1() ().()37 f ,()()3 ().()36 t .(K)9 3.?? t .020” ().()56 t .009 (),l()f .()11
10-[5 ().()15 t .(ti)2 (),()2() f ,()()7 1.l~)t.o15 ().023 f .(X)7 ().()41 f .()()x
15-25 ().()()X5t .()()? (),()13 t .005 ().4I t .()()7 (),()[)9 f .()()6 ().()14 t ,()()6
?5–40 ().()()-1t .()()1 n\ ().13t .()()5 ().()()4 t ,()()4 n\
40-65 ().()()I5 f .()()()7 rrs ().()27 t .()()2 (),()()44 t ,()()2 ().()()7 f ,()()3

(),()12 t .()()2
().()8I t .()?6

().23 f oi~
11,,” --
n:l
n;1

n :1

(),4 I f ,056
().11)t .019

().()()63 t .()()IY
na
nil
n;(
na

().19 t ,022
().I 2 t ,()()7

n:1
nm
na
nil
no

2.4X + 37—.. -

1.37 t.17
().()7X t ,01 I

n:]
rru
nu
11;1

().?9 f ,02(1
(),5() t .05[)
().()7 t .()()9

nu
1>:1
n:1
n:1

11.1 32.1
X,26 * .74
().7() t ,067

1):1
na
In;l
n:1

2.56 ? .24
1.15 t.13

n>1
11;1
11:1
nil
n:(

16.02 1.41
I().(>t ,03
3.80 ? .37
1.’)3*. I6
(),74 * .089
().33 f ,041

(),()56 t .01I

<Alg;il crust 011”top ot tilc \[~il

Rongeltip lsl~nd. In this soil, exchange capacity is low in
the surface 5 cm, so there was apparently migration
downward, especitilly to the 5–1 () cm layer, which has
somewhat higher exchange capacity. Both the KabeIle
Island sand and the Lotnuilal Island sand, from the
northern part of the atoll, htive expected higher radionu-
clide concentrations than those of the Rongelap Island
Sand. In comparing the two soi Is from Kabelle Island, the
sand from the lagoon beach area shows higher concen-
trations, especially of 1;7Cs and ‘)’)Sr, than the gravelly
sandy loam from the interior of the island. This is
particularly evident in the prominent algal crust at the
beach location. However the ~rtivelly sandy loam shows

13$Cs in lower soil layers,higher concentrations of
presumably because of the greater exchange capacities at
these depths.

Held et al. ( 1965b) compared the gamma-ray spectra
of depth increments from “young” soils such as the
Kabelle Sand with those from “older” soils such as the
Gogan gravelly sandy loam. They found that ‘‘J7CS and
1z5Sb moved most readily in the older soils, while the
principal gamma-emittin ~~, radionuclide moving in
younger soils was 1‘5Sb. Sr moved in both older and

newer soils, and a vertical gradient was seen even in the
surface 2 cm, but quantitative differences were obscured
by the highly variable surF~cc distribution of the r~dio-
nuclides.

PLANTS

Mineral nutrition of plants

.Soil pot experiments. Using atoll soils, plants were
grown in pots both in a greenhouse in Seattle and under
a wind/rain shelter on Enewetak Atoll, using several
different soils, but in all cases ones which we would
classify in the Gogan series. The principal objective of
these trials was to test the effect of mineral fertilization
on the uptake of 137CS into the plant shoots. For example,
in an experiment using squash, fertilization with nitro Jcn
and phosphorus increased yield and decreased the I.?+cs

in the shoots, but application of potassium was more
effective in the reduction of ‘37CS uptake (Table 5). The
depression of ’37Cs uptake was great enough that dilution
by increased yield could not be responsible. To test this
effect in the field, in August 1958. two plots of ().()()5
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Table 5. Depression ut’ ‘‘7Cs uptake in squ:]sh by fcrtili~;itiun with with respect to the individual elements follows (see
po[assiunl in a greenhouse test with R{)ngelap Gr:lvelly Sund.” relations with r~dionuclide uptake in the next section:

Ave. dry
Fcrliliziltiont” yield (g)

Ave. K in \h[}c)ts
(’ldr> wtight)

1.16
().()<)
I .42
1.X()
1.05

Ave. ‘17CS in \hcl{)l\’
(13q dry g 1,

6.83 +().57
2.83 t ().1X
?.17 t ().?3
2.50 t (),23
2.()() t ().27

hectare were established in a stand of the grass Lepfltrl/$
rel)et?s in a coconut grove on Rongelap Island, one as a
control and one fertilized with KC] at the rate of 170 kg
ha -- 1. Grdss collected on the plots in March 1959 gave
the follolwjng analyses: Control = ().395Yc K, 1.08 By
~,;’ dry Cs; Fertilized = ().645% K, 0.333B$g -‘ dry

Cs, ogaln showing markedly less uptake ot Cs with
added potassium.

Mineral composition of foliage of woody plants.
Many samples of foliage were collected on the different
expeditions to Rongelap, especially of SC~:t’~’fj/(J,T()//r-
trt’for[i[t, Gllc’tt{tr~l[[, and c{)<’<jillltI)(tlttt.These samples
were dried, carried to Seattle, then analyzed for the
contents of various mineral elements. Table 6 gives
representative data for mineral analyses of samples of
leaves of these species. A general evaluation of these,

Table 6. Anulyses of the ({)liugc {)t’pi{)nccr shrubs :Ind ct)conut.’”

‘[ (){’Dry weight

●

●

●

●

●

Ccl/cil{m: The contents in the dicotyledenous spe-
cies (as compared with coconut palm, a monocot)
were high, as might be expected on the calcium
carbonate substrate, and in most cases higher in
lower than in upper leaves, characteristic of an
element immobile in the phloern. In palm the
contents were lower, to be expected in a mono-
cotyledenous plant.
M~lgtl[’sillnl: The contents of this element are
appreciable, and in most cases higher in Iowcr
than in upper foliage, indicating a more lhan
adequate supply for the plants. Palm sometimes
showed more magnesium than calcium in the
leaves.
Pot[l.s<sil(t?l: For all species the upper leaves
showed fairly good levels of this element, but the
lower leaves were almost always lower and some-
times very low, indicating a limiting supply.
Sf)tliut?z: The sodium contents of the dicotylenous
species were high, as might be expected near the
sea, but also because these species have a halo-
phytic tendency (Walker and Gessel 1991). On
the other hand, palm foliage was much lower in
this element,
Nirrf~<qt’/l:Contents of nitrogen were often low,
especially in plants growing on the beaches, and
often less in lower than in upper leaves, indicating
a short supply of this mobile element.

Parts per

nlillion
!,, -

Isl:ltld/l~~c:iti(lll Ti ssuc Cll

7<){trJl<,/(]rtic{ (IrLV[,IIl(,[t

Rt)ngel:ip-Pit 25 U Lb ?.14
ls.h 3 ,4X

Kahellc-Pit 6 UL 3 .~)t>
LL (),78

K;ibclle-cis(ern UL 3.28
LL 5.?5

.s((/(>1,()/[1 $(>1-il’<,(i
R(~ngclitp-Pit 25 u L 1.41

LL ~,~7

K;lbelle-ci\ tern ~1[. 2,(>1)
LL ~,1)[)

<;i([,ir<ir(lcl,s[>c,c.i(>.>cl

Ktlhellc-cislcrn lIL 1.37
l.L ~,~1

C(,,f~\ /lIl[!/i,r~/ (c(~cf~nutp:ilnl fronds)
KtIhellc-Tree #3c)’ ~1[J ().32
(1.~go{)n he;lch) 1.L I ,()~)
K;lbcllc-Tree #? 1‘1 LIL ().2()

1.1, ().44

Mg K N:i N P ~c Mn (Bq g ‘, dry)

().62 I .30
().8() ().?6
(),52 2.13
(),64 ().6()
().63 ],~q

().77 (),35

().(14 1.33
l,~q (),48
().62 I .90
[),75 1.25

().34 1,~1

().43 I.04

(),5() I .4~)
().73 ().49
(),28 I .60
()..?7 ().5()

?.74 1.84
4.73 ().88
1.91) 2.50
3,45 1.13
5.()()
4.30 —

I.34 —
I.34 —
1.37 2.01
1.X9 I .45

().53 I .47
(),7? ().5()

().75 I .47
().7() 1.25
().57 ().X5
().47 ().85

().23 2,77 f ,[)83
(),21 1.73 t .083
().23 4.96 t .055
(),17 3.29 t .152
().2 I 48 23
(). I6 43 16

().2() I .27 t .069
().26 I .73 t .083
().29 48 37
().3? 33 28

().19 30 5.x
(),18 21 33

().18 35 ~),x
(),16 lx 4,X
().11 II ]c)

().1I 8. I <).1
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Ph{),~ph~)rt/.~:These values vary widely, probably
reflecting the amount of soil organic matter as
well as the spotty nature of additions of bird
droppings, which are high in this element, to the
soils.
[r[~tl cItId A4~JrIg[liIese: As might be expected on
calcium carbonate dominated ~soils with pHs of 7
to 8, the uptake into plants was low to very low.
This correlated with the widespread chlorosis in
young coconut trees, although chlorosis was ab-
sent in older coconut trees and in the native shrubs
and trees. Perhaps this can be attributed to more
extensive rooting with age in coconut, and the
very extensive fibrous root systems of the native
woody species.

Radionuclides in the foliage of woody plants.
Plants will absorb to some extent all mineral elements
that are present in the soil solution, including of course
the radionuclides found in the Rongelap soils. Indeed
traces of all of those listed for the soils in Table 4 were
detectable in man? plant samples. However, among these
only 137CS and ‘)(Sr were consistently present in appre-
ciable concentr~tions, which is not surprising because
these elements are absorbed by plant roots in a manner
comparable to that for potassium and calcium, which are
chemically similar elements required in plant metabo-

July 1997. Volume 73. Number I

lism. Also ‘°K was a predominant isotope in plant
samples collected on Rongelap, even though it is mostly
a naturally occurring isotope and was not a predominant
radionuclide in the soils. This can be explained by the
ability of plants to absorb potassium from very low
external levels and concentrate it in their tissues. Conse-
auentlv. ‘°K is included along with 137CS and ‘)OSr in
table ‘7, which lists their con~entrations in samples of
foliage of sever~l woody species collected from a number
of islands in the atoll.

Although there are some exceptions, in general the
radionuclide concent~ations are higher in samples col-
lected on the more northerly islands (Kabelle, Lukuen,
Naen) than those collected on the more southerly islands
(Rongelap, Eniaetok). This is consistent with the higher
levels in the soils in the northerly islands as seen in Table
4. For the P(/ndc~tflt.~samples from Rongela~ Island. there
seems to have been a greater decrease in 13 Cs activity in
the leaves than can be attributed to isotopic decay (till
values in the table are adjusted to 1975). This may
indicate that the soils are declining in 1-~7Cslevels over
time through leaching to the ground water.

Water relation of plants

General aspects. The annual precipitation at
Rongelap Atoll is about 125 cm, with a pronounced dry

Table 7. Predominant rudionuclides in leaves of’ pltints collected on Rongelap Atoll.’”

R~~dionuclideconcentration ( Bq g 1, dry)

island/L[)c:tti(m Yeur collected N(). ot” somplcs
4()

K ‘ ‘7CS “(’sl-

P<ltld(ttll{ \ ,\/J.

Rongelap 1s. 1958
Ronge]ap 1s. I959
Rmrgelap Is. ]gfjl

Rongelap 1s. 1963
Rungelap [s. 1971
Rongelap [s, 1974
Rtmgelap 1s. #3 1976
Kabelle 1s. 1958
Kabelle 1s, 1961
Kabelle Is. 1963
Lumuilal/Lukuen 1s, I974
Naen Is. #1 1976

Enitictok 1s. #2 1976

S(Cll,l,(~/CJ\t,ric[,~!
Rongeliip [s. Pit #3 1974
Lukucn Is. Sile 5 1974
A~/r/]~t,r .s/).(breadfru i~ Ic:tves )
Rongelap [s. Pit #3 I974
Enitictok [s. \illtigc 1976

.C~gS tllififirci (c[~c(mut Irtmds-cenlml lest’lel\)
Rongelap 1s. Pit #3 1974

R(mgclap [s. Site #5 197~

Eniae(ok [s. I976

Lukuen I\. I974
Lomuil~l [s. I974

Naen Is. Site #1 I976

9

19
16
13

3

1
I
4
1
I
~

1
1

I
1

I
1

1
I
1

I
I

I

rra
().27 t 05?..-

nil
(),XI f .081
().27 f ,059

().23 t ,085
().56 t .10

().2X t .070”
().48 t .067

n s
(). I9 f .044
().()9 t .059

ns
().()59 t ,026
().2 1 t ,044

2.93
~,~j

?.74
1.96
().52
(),48
2.17 t .022
y,~~

4,19
6,()()
I ,59
4,53 * .033
1,27 t .018

(),7X t .026
().52 t ,01 I

I ,()() t .()I5
().5 I f ,015

(). I6 t .()()7
2.2 ] ~ ,025

(),21 t .014
().31 t .015
().67 t .()()4
1.52 f ,018

().63
na
IIU

().44
na

(),4 1
(),54 t .029
1,19

na
I ,48
1.46

na
nl

na
().96 t ,1 I

n~
nl

().()78 t .()11
nti
rra

()..?6 t .030”
().37 t .019
(),34 t .029

“ D:itti for 1958-197 I collection\ are from University of Woshingtnn, Labt)mtory of R:lditition Ecology (unpublished), Dtita for 1974
and 1976 :tre ti’cml Nelson ( 1977, 1979). All c(mnts odju\ted for decay to 1Y7S.
“ ml = not ml~dyzed. n\ = nut significant, i.e.. the net stirnple count w:is less thzm the two-sigmu. propagfited counting errors ft)r u single
\anlplc. The errt)r vulues for all r:ldionuclidc\ ktre twc)-sigm~i, prop;ig~~tcd, counting error\ for ;i single sample.



season from January to May. The mean annual temper-
ature is 27”C. with afternoon highs reaching to over
30°C. This regime causes high evapcttranspirtition, espe-
cially during the dry season.

Thus with the very coarse coral sand as the rooting
substrate, water stress is a major influence on the survival
and growth of plants. This is attested to by the relatively
sparse vegetation on this atoll in comparison with the
lusher plant growth in the more southerly atolls such as
Majuro. Salinity adds to this water stress through osmotic
effects. Such effects are always present, but become
extreme during storms, with the blowing of salty spray
over the plants or even inundation of the root systems in
lower lying areas. Thus all plants growing on the atoll
have some tolerance of salinity, and those inhabiting the
beach and sand spit areas must be very salt resistant.

From the above, it will not be surprising that plants
such as the native S(CIL’I’01(1and Pi,sotli(i often show some
temporary wilting in the afternoons during the dry
season. Perhaps a rise in leaf temperature. which would
increase transpiration as well as reduced water uptake,
may explain this wilting, which commonly disappears
overnight.

Ground water and the fresh water lens. An
important feature of atoll islands. especially the larger
ones, is the presence ot’ a lens of fresh or brackish water
in the coral sand matrix, beginning a meter or so below
the surface and extending downward as much as several
meters. We stimpled these ground waters from several
islands of the atoll, by driving galvanized steel pipes
down into the lens of water. which was commonly
reached at depths of 1.5 to 4 m. then drawing Up samples

with plastic tubing. Some samples were almost as saline
as sea water [electrical conductivity (EC) = 50 mMhos
cm -‘], but those from the interior of islands were
typically brackish [such as EC = 28 at Pit #4 near the
center of Kabelle Island), but just slightly salty (EC =
2.6) in the well in the interior of the larger Rortgelap
Island]. The ionic proportions were similar to those in sea
water. Also, some data on soil solutions were gathered;
they were not very saline, having electrical conductivities
of about 1.5 to 2.0 nlMhos cm (Walker and Gessel
1991).

Osmotic relations of species growing along
beaches. Walker tind Gessel ( 1991) also reported on
osmotic potentials (Wn) and sodium contents of leaf
samples collected on Rongelap, and grew several woody
atoll species in the greenhouse using culture solutions
with varying levels of added salt. The Wm of the
field-collected leaves ranged from – 1.9 to –3. I M
Pascals, compared with that of sea water at –2.7 M Pa;
sodiuln contents were high in the tissues, usually I to 3Yc
of the dry weight. in culture solutions, seedlings of four
shrubby species (Cor~ii(l .vl{l?(”{)r(l(tt[i,GII(Itt(Ir(/[1 SI>t)-
cio,s~!, Sc”{l(I\*{)l~~ist’ric”t’[t,and T{)Ltrttcffi)rti~i [!r,s~’tltt’[i) and
an atoll variety of squash (C[/(~/rbit[/ I}~J/~()) al 1 grew well
at a salinity of about 1/1() that of sea water, but were

depressed to about 50YC yield at salinity of about 1/6 that
of sea water. The woody species declined to about
I()–2()% yield at salinity of about 1/2 that of sea water,
and survived but grew very little in solutions with
salinity equal to sea water. We were unable to obtain
viable seed of Pc’/)z/?/?i,~t[cicl[[lc~,a tree often observed to
grow directly in sea water on Rongelap, for greenhouse
trials. However one sample of field-collected foliage of
that species had an osmotic potential of 3. I M Pa, which
would have permitted absorption from sea water.

The studies just described show that seedlings of the
species which occur on or near the atoll beaches, can
endure exposures of the roots to osmotic concentrations
equal to that of sea water, but do not grow much at such
high salinity. Nonetheless, these species often grow well
in nature close to both the lagoon and seaward shores.
Ground waters in such locations are usually considerably
less saline than sea water. and the plants have root
systems which penetrate to considerable depths. These
species can tolerate the salinity of most of the ground
waters and probably absorb much water from them,
especially during the dry season.

GENERAL ATOLL ECOLOGY

Introduction
Some time ago Fosberg ( 1953) summarized the

general nature of Pacific atoll vegetation, and more
recently wrote a description of the vegetation of Bikini
Atoll, which has relevance also to Rongelap Atoll (Fos-
berg 1988). The following sections are based on obser-
vations made on Rongelap Atoll, especially during the
period 1958 –1 964, by Ralph Palumbo, Mark Behan,
James Kimmel, and the authors. In 1986, we had the
opportunity to visit Rongelap again for several days, and
made comparisons with the notes from the earlier years
(Gessel and Walker 1987, 1992). These and previous
observations were generally in good agreement with
those of Fosberg just cited.

Non-vascular plants
Reef building algae are important, along with corals,

in the gee-biotic structure of the atoll. Nitrogen fixation
by algae in the crusts on top of young soils are very
beneficial in the establishment of pioneer plants (Ldsk6
1968). Phytoplankton are not very abundant in the
lagoon, being about 0.00825 g dry m- 3 (Mathisen 1964),
but nonetheless support some fish.

Vascular plant communities
Kimmel ( 1960) described seven plant communities

occurring on the northern half of Rongelap Island. These
were also characteristic of all of the larger islands of the
atoll in the 1950’s. During the 1960’s, coconut planting
decreased the areas of these plant communities some-
what, but all could still be recognized in 1986. Since the
atoll has been mainly uninhabited since that time, there
has probably been substantial regrowth of native woody



species. The seven plant communities are briefly de-
scribed bel{~w.

Scaevola-Guettarda community. This is the most
prevalent community along the beaches, where typically
it is wedge-shaped, with the shrubs taller with increasing
distance from the shoreline. “Fingers” of sand may
penetrate the shrubby vegetation. with the grass l.(’p~tlr~~,v
rf’pe}l.~ frequently present there.

S[triana Society. Pure stands (it’ .$/tri[/tl(/ /llf/riti/)t(/
form small communities along the seaward shc~res of
some islets. .$l~riflr?~l also occurs c~ccasionaliy in the
interior of islands, in places where there is evidence (}f
(Jvcrwashing with sea water.

Pisonia-Tournefortia Community. Pi.sotli(t ,yratldi.s
is a very large tree by atoll standards. rising to a height (}f
as much as 20 m and forming a dense closed can(>py in
the wet season. During the dry scas(~n the canopy thins
by shedding of many leaves. Although nc]t as tall and
often recumbent, scattered old specimens of “Tor(r)?c</i)rti(/
fIrAJ~’/If~z{/arc usually present als(~. The trailing vine
Bo{’r}?fl(l)i(r is c(>mm(ln as a gr(~und cover.

Ochrosia (Neiosperrna oppositifolia) Community.
In 1959, there were several small but dense communities

of this large leafed species on Rongeliip island, with the

trees 6 to 9 m tall. By 1986, these had all succumbed t{}
clearing for coconut planting.

Cordia Community. Cor(ii([ s[IIYcf)rLltIt(Ic(~mmuni-
ties occur in boulder areas and are best devc]oped [~n
Rongelap Atoll {~nthe seaward sides of MCIILI Island and
Aniclap Islet. Here the Iarge-trunked trees form a tangled
vegetation among boulders.

Coconut Plantation Community. The coc(]nut
trees are usually spaced 3 to 6 m apart, with a ground
cover of the grass l.~’ptl(ri(,y and s(~mctimes (~thcr herba-
ce(~lts plants. In a well kept plantation there are no shrubs
present.

Coconut Grove Community. This consists {)f three
layers: first, a canopy of coconut fr{~nds 1()-l 3 m high;
next, a layer .5 to 4 m high, consisting (>f cnc(lnut
seedlings, ii fcw P~ItIdaI?II,sseedlings, T[[c(~I (arrowroot),
and occasional other shrubs; the third layer is a ground
c(~vcr (}f grtisses, the sedge Fitt?/~rssti/i.~, and scattered
individuals of other small plants.

Mixed Forest Community. This is comp(~sed of a
variety of trees. none of which is dominant. The 7 to 9 m
tall canopy usually consists of Pi,~or?i~/, coconut. and
Tt’rt?litr(lli(i or Cordia, with Moritld({, Gilt’tt{ir[l(l, To[tr-
/r{:for(i[/, and Sc~/[’Io/fI forming somewhat lower layers.

Pemphis Community. Finally. there is a P[’/t~p/~i.~
community, which was not described by Kimmcl ( 1960)
because it does not occur on the northern part of

R(mgclap Island where he w[~rkcd. This c(~mmunity is
best developed on the leeward, lag(~(~n shore (>t’Menu
Island, where P~’mp/?i.s (/(id///~/ grows to a height of 4 to
6 m anl(~ng the b(~ulders and beach rock high in the
intertidal z(>ne. B(]th at Mcllu and elsewhere. P{’~?~/)))i,~
trees can he seen standing in sea water at high tide.

Distribution of seeds
A conspicuous feature c~f the sh(~rcs is the presence

{Jf seedlings of the pi(~nccr species .$(~/<JII{J/[/.s(’ri~~’~1and
Tc~//rt?(<fi)rti(/~~r,q[~)jr~~(l.The Ileshy fru its of S(cl{J){~/~/are
eaten by birds, especially curlews, and the hard sccci-
containing st(~nes arc deposited along the beaches after
passing thr(]ugh the guts of the birds. Toi{rt?~:fi)rfi[[ seeds
floatin sea water and arc not <}nly unharmed by (his

soaking, but their germination is stimulated by the

cxp(~surc to sea water (Ldsk6 and Wa]kcr 1969). From
the c(~nsidcrahlc amounts of seeds deposited (m sh(~rcs.
an (>ccasi(~nal seedling establishes (L6sk6 1968).

Development of Vegetation on Islets and Islands
Itisinteresting to speculate on the development of

pliint life on islets newly f(~rmcd Ir(lm st(lrnl acti(ln. or on
parts of larger islands which htive been modified by
typh(~rms. Evidcncc fc~r the repeated development ~]f
l,cgetati(~n and its (}blitcrati(~n is seen in the buried
(~rganic h(}rizons depicted in Fig. 1.

A substantial part of our w(>rk on Rongelap At(~ll
was ccntcred on KabeIlc Island, which has an area of
about 25 hectares. has been little disturbed by humans
since it is rcm(~tc in the atoll and is visited infrequently.
and has only a fcw c(~c(~nuts trees. We made o rough map
of the vegctati(ln on this island in 1958 (Fig. 2), and
found that it had changed very little by 1986. Fr(~m this
distribution of plants and fr(~m observations of pioneer
T()~/r)/(<fi)rri(/ and (~thcr shrilbs establishing along the

beaches on various islands. we can pr(~p(~sc a scenario for
col(~nizati(~n of Kahclle Island. A feature of special
interest is the presence of very large and (~bvi(}usly (JILI
Toi{rtlt<fi)rti(l trees in the center of this island. The hard
s(>lid trunks of these trees, which are i>ftcn partially (Jr
completely recumbent, have diameters up to almost I m.
Perhaps T~)//r/~~:fi)rti((seedlings established on the island
when it was small, newly f(~rmcd after ii major st(~rm, and
persisted as the island accreted and enlarged. Eventually
hi rds carrying the sticky seeds of Pi,sot?i(/ could have Icd
to the estahlishmcnt and flourishing {~fthis spccics in the
central part of the enlarged island, but with the I(>ng-lived
(~ld T()/fr}~[:f()rti(/ still present. Such a scheme seems tn fit
with the presence of these old \low growing trees in the
Pi.so/~i(/ gr(>vcs (~t Kahclle island, and perhaps such a
development might have taken place on (~thcr islands as
well.

The most fertile soils (Jt the atoll (Gc}gan Series) are
found in the Pi.~()/?i(/ ~tands. litter (lcp(~siti(~n is heavy.
and a thick humus layer is often present. Fertility ]s
enhanced by birds. since these stands are favorite nesting
areas for both fairy and n(~ddy terns. The Iiitc Fri~nk
Richilrds(~n estimated that s(~mc 1,400 terns, frequenting
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:ind nesting in :~Pi.\(~~li(/community of about ().25 hectare
on K:lbelle Isltlnd, consumed :~b(~ut 48 tons {>f fish per
ye:ir, thus bringing Itirge ;imounts of nitrt~gen, ph(~sph(~-
rus, ~md olher mineral nutrients fr(~m the se:t to the island.
On the I:lrger isltlnds the Pr’.${~/~i(I:ireas with their rel:i-
tivcly fertile G(>g:m Series soils h:ive been l:irgely c(~ll-
verted to c(~c(~nut plant:lti(>ns.

Rate of plant growth
In :1 tropical environment the di:imcter growth is

difficult to f(~llc~w bec:iuse there iire not WCI1 defined
atlrtllil] growth rings. We m:~rked [I I:lrge number (}i’
specimens :Ind me:lsurcd their di:imcters :lnd heights
e:~ch time we visited over :1 period of sevefid years
(Gessel :~nd W:llker 1992). In good situiltions. 7{Jl/rllt’-
frjrtin.s incre:lsed in di[lmetcr :lb(~ut I cm per yc:ir. :ind the
medium sized shrubs grew tlbout 17 cm in height per
ye:tr. Pi.~(~~~if/.s:tver:iged :Ib(}ut (),4 cm c~f di:tmeter in-
cre:lse per ye:tr in gener:d. hut on a good site in the center
c~f K:\belle Isl:~nd they increased 1.3 cm pcr ye;ir.
Mediuln-sized .S(fi{JII{j/[/,Y~iver:~gcd ilbollt 21 cm (>f height

gr(>wth per ye:~r. Although fr:igment:try. these d:~t:l give
s(~me idea of the gr(>wth (>f these pl:lnts in :\n envir(}n-
ment f,~vor:lble in temperature but stressful with respect
to mineral nutrient :md w:lter rel:lti(~nships.

Plants as food for humans
The princip:d pli~nts ci~ten :Ire coconut,” brc:idfruit,

p:md;mus, :md :irrow-ro(>t (T~/[{~/), which :Ire i{v:iil:lhle in
rel:ttive abund:mce. T(~gethcr with fish :md shellfish,
these m:ldc up the bulk of the tr:lditioniil diet. C(}c(~nut
Crilb W:lSconsidered [i delic:lcy, :ilthough it is n(}w r:lrc on
the inh:~bitcd isltlnds. Also very limited iimo(lnts of

squ:lsh, h:in~in:i. and p:~p:ty:i were grown. Ch:lkr~iviirti iind
Held ( 196 I ) assessed the amount :lnd c(~mposition of
typic:ll dilily rati(}ns of R(~ngelilpcsc individuills in 1959.
Although there wiis :i str(~ng compf~nent (}f the native
pl:lnt foods and fish, imp(>rted flour :md rice iis well iis
c:~nned me:lt were :ilso m:ij(}r c(}mp(~nents. As might be
expected, they reported nl~iisllrilblc :unounts of rildi(>zlC-

tivity in the f(>ods. with higher levels of 1~7Cs :mci ‘)OSr in
diets which included coconut :~nd I(}c:II fruits. Tiible 8
gives the levels of the pred(~nlin:int radionuclides in
s:tmples of (oodstuffs c{)llcctcd on Rongeliip in 1974-

1975 (Nelson 1977, 1979). The inclusion of ‘°K reflects
:Ig:lin the il\rid :~bs(~rpti(~n (>f pot:lssium by plants fr(}nl
low concentr:~tions in the environment. A much m(~re
det:iiled study of the Rongcl:lp Atoll foods” :md their
radi(~nuclide levels has been published recently by the
I.:iwrellce-l. ivcrnl(>re

Vertebrate animals
Se:~ birds :Ire ii

1.:lb(}rilt~ry (R(~bison ct :1(. I$94).

ANIMAI.S

verv imD(~rt:int c(~m~(}ncnt (}f the
:it(~ll ecosystem. and thcr~ :ire :IIS(J some shore :lnd Iiind
birds.’]: Cert:tinly the se:l birds, present in Iargc numbers,
m:tkc ii vit:il link in the m(>vement (~t’miner:ds fr(>m the
sea to the Iiind.

The smidl field r:it (R~I/[11.Y{J.r/11[/II,Y)is the only
endemic m:mlm:d (}n the [itoll, illth(~llgh the R(>ngclapese
kept s(~me pigs for food. Reptiles ~]re represented by
skinks. geckos. :ind :i blind sn:lkc, :Ind occ:tsi~niilly the
gi:int se:~ turtle fC)lc’/(~/~i~/)is enc(>untered.

Fish :Ire nf course the most v:lried :md nutnerous of

the vertebrates iissoci:~tcd with the ilt(~ll. there being over
700” species in the l:lg(~on :Ind neilrby wilters. Welimder
( 1958) c{~llccted m:~ny of these species and determined
their L]pti]kes of riidi(>nuclides. S(~me dilta on the ~idio-
nuclidcs in fish :lrc included in Tilblc 8.

Invertebrate animals
Insects itrc few, b(}th in number of species iind

individu~lls. except for the numerous house tlics. 1.:ind
c~tbs :Ire common. the most ipect:~cul:lr of these being
the c(}c(>nut or robber Criib, Bir<qII.SI(lfro, which gr(}ws to
I:lrge si~e :lnd w:is ;I favorite f(}od of the Rongel~ip pet}plc
(Ch~ikr:lv:lrti ~md Held 1960; Held 1960) (see T:lble 8 !(}r
r:ldi{)n(lclidc levels in the c(~llcctions of this species fr(~m
19S7- 1976). In Corltrilst with the low number of terres-
triiil l’(~rms, there is :] rich v:iriety of invertebr:lte species
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Table 8. Predmninant radi{)nuclides in ~ome human fo(IcistlItt’s collected at Rongelap Atoll.”’”

Mc:ln r:lcilcmucli[le ccmccntmli(ms (FJq g ‘, dry )
Ye:ir N(). (~t’

I\larrd/l(Jc:l(inn cnlleclcd \:llnplc\ 4()K ‘‘7c\

Ct]cnrrut nle:it (fresh:clry riitin = 1,6)
Rmrgelap 1s. Si(e #5 11)7(,

Eni:ietnk 1s. Site #1 I976
Lukuen 1s. Site #fr I974
Lnm~lil~tl 1s. Site #7 I974

N~\en 1s. Site #1 107fj

~~1 tnjll (Iresh:dry mtin = 37,5)
Rnngelap I\. Site #5 1976
Eni:lctnk 1s. Site #1 ]976

Lukucn 1s. Si(e #(i 1074

I.(lmuil:ll Is. Site #7 1974
Naen I\. Site #1 1976

C~n_ut grab muscle (t’re\h:dry mti(, = 4.5)
Rnngelap Is, 1957-58
Kuhelle 1s. 1957-58
Arbtir Is. I<)74

Tuf~t 1s. Ic)7~

Bu\ch 1s, I974
Menu Is, I974
Kabellc Is. I974
K~belle Is. I976
I.nmui]al 1s, 1974
L.ukuen 1s, I974

Ntlen 1s. I97(,

F:i.\~ (cvi$ccr~ltcd wh(lle)’
Rnngelilp I\. (gntitrish) I974
R(lngel~lp I\, (cnnvict surgcun) 11)74

Kabelle I\, (nlu]let) I1)74

Lukuen ]s. (mullet) I975

I
I
I
I
I

I
I
1
I
I

().13 * .052
(),34 t .059
().14 ~ r~l
(). I44 * .056
().22 * .052

().32 t .052
().3() + .083
(),34 t .076
r).~] f .059
().318 + .063
(),32 + .071

n:i
(),34 + .052
() 2X t .062

().44 t .015
(),32 + .044
().?6 3 .056
().37 3.037

(),91 t .014
().47 t ,()I
().48 t .()I I
1.59 t .019
1.27 t .011

I~,g t ,51
I .96 t .22
().()?2 * .()()1
().()56 t .()()2

I?.6 ? .5x

1.21 *.017
(),47 t .016
I.29 t ,020”
1.96 t .015
2.2X t ,031
I,67 t .023

n:3
2.11 * .()?2
5.63 t ,033

().()()1 t .()()()7
ns

().()()9 3 ,()()2
().()()3 t .()()2

““s1

<().()()43
<().()()7
<().()()4

().()()7 t .()()2
(),()()65

<().()8
11:1
(),152 t .056
().133

~:1.lri

4.X5
16.3
().()45 t .()()8
(),()47 3 .()()8
().1() f .012
().126 toll
().179 t .016
().13 f .()I()
().29 i .048
(). [() f .015
().25 + .035

<().()()3
<().()()3

().()()44 f .(M)7
< .()()5

“ D:ita frnm Nel\nn ( 1977, 1979),
b Cnunting procedures tverc the s:ln]e Lisinciic:lted Ior ‘r~ible 7. All CmImS[L[ijusfeci(or ciecLty{() 197S,
‘ Fresh:LJryr:ltinsI[)r fishes (e\ i\cerated whole): gn~i(rish. 3,(A; c[~nvict surgeon, 3.89; mullet, 3.41.

in the lagoon and off shore waters, and in many cases
very large numbers of individuals are present. Corals are
dominant forms which played an essential role in the
formation of the atoll and continue to be vital in the
maintenance of reefs and shores. Among the inverte-
brates, some of the most numerous and often attractive in
appearance are the Tridacnid clams, the wide variety of
sea snails, and the sea cucumbers (H(jl<)thliri[l, .Yti{’ho-
pu.~). Bonham and Held ( 1963) made a detailed popula-
tion study of the very abundant Hol(jthllricls,

GEOLOGIC STUDIES

From the studies of soils and vegetation described
above, some indications of the influences of the sea,
especially during storms, could be envisaged. The pres-
ence of buried soil horizons high in organic matter and
the size and age of pioneer plants on beaches, islets, and
sand spits gave some indications of the unstable nature of
the land areas.

Porter ( 1966) reported on geologic observations
made on Rongelap in 1963. From these observations and
from the literature, he drew a number of tentative
conclusions:

a) Most islands along the windward side of the atoll
show evidence of lagoonward migration within the

recent past. with beachrock pavements extending
outward from the modern beaches;

b) Erosion of windward coasts has been accompanied by
sedimentation on leeward coasts;

c) From world-wide sea level changes, atoll islands may
be no older than about 3,000 y;

d) Beachrock formation and history seem to be related to
water tables rather than to sea water influences; and

e) The present rate of deposition of atoll sediments
appears to be greater than the rise of sea level, which
permits accretion of reef detritus on atoll margins to
form emergent land.

A study of lagoon bottom sediments was made by
Anikouchine ( 1961).

CONCLUSION

This study of the Rongelap Atoll ecosystem was
incomplete, because the scientific expeditions were of
necessity short and infrequent. Nonetheless, valuable
data was accumulated on many aspects of the ecosystem:
the physical environment, soils, plants, vertebrate and
invertebrate animals, and human nutrition. The long
lived isotopes 1~7Cs and ‘)’)Sr were useful as tracers in
studying mineral uptake from the soils into plants and
animals. An earlier evaluation of the distribution of
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isotopes in different components of the atoll was made
by Held (1963), and a recent detailed assessment was
made by the Lawrence- Livermore Laboratory (Robison
et al. 1994).
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