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INTRODUCTICH

In 1952 78 percent of the land surface of Arno atoll was wnder

coconut and breadfruit forests, both of which types were meintained as such
only by periodic clearing of mwanted wild plants, With the exception of
recently introduced weeds, virtually every species of plant on Arno found
a specific use -~ in medicine, construction of houses, canoces, and im-
plements, or in the weaving and coloring of mats, to mention only a few.
The possibility that even wild native species had been planted on some
sites they occupied could never be overlooked. Obviously, Arnots vegetation
was insepérably linked with its people. To the student who repgards vegeta-
tion as simply the result of the interaction of flora and habitat, inhabited
atolls such as Amo can bé eﬁtﬁemely confusing. On the other hand, a study
of the interrelations of ihe people and the plants of an atoll is inter-
esting not only in the insight into the 1life of the atoll people which it
provides, but-also in its illumination of certain important processes of
vegetational and edaphic change which might otherwise not be wnderstood,
About 1000 persons were resident at Arno in 1952, most of whom lived
in villages along the lagoon shores of the wider islands. Islands less -
than 600 feet wide and stony lands were for the most part wninhabited,
Dwellings were concentrated near the lagoon shores of the wider islands,
for these sites, besides providing easy access to the lagoon, were con-
venilently near those areas best suited for certain food plants -~ the
breadfruit and the yara] (Cyrtosperma). In the interiors of the wider
islands the salinity of the ground water was sufficiently 1§w to permit

their growth. The villages, however, were not always conveniently near



coconub groves. Copra-making parties often had to travel considerable
distances to their worlk,

A‘b Arne rinht to the use of the land was held not by individuals
but mstead by extended fam'ly groups (bm.,]), the heads of which were
termed alabs. The 1enci holding (wa’oo} was comaonly a narrow strip of
ground one to flve acres in avea ex‘bendlng from lagoon to ocean, In
many cases a bm.J held rlghts on more than one wito. From J.ts watos
the bﬂ‘l:} harVested much of its food and wood and all of itg cop:r'ao The
1atter produce constltu“becl the chief sowrce of cash income to the b‘le >
from whlch 1ts members purchased mported foods, clothing, soap, kero- '
sene, and other trade g,oodso Land could not be bought or soldy the

."rlght to uhe uge of the land was passed in strict hereditary fashion
from one generatlon of the bwil) to the next. Aside from a very small
area clalmed by the United States Govemment, there was no public land
on Arno. lerht to the use oi‘ each jp:.ece of land on the atoll was clalmed
by at leest one hﬁlJ- Consequently, 11: ig obvious tha*t the vege*be‘blon
found on any piece of land was dependent upon the prevz.ous use of that
1and by its bwij. |

Intensity of 1end uge depended not only on ‘me sultability of the |
land holdmg for the grow’oh of econcomic plants, but alzo on such 'F‘actors
as :Ubs dlstance from the places of resa.dence of the bw:Ls, the number of
acres per b’WlJ meﬂlber, end very probebly an the industriousness of the
members of the bw:LJ s especially the ala’oo Ivlv ass:.stant mformed ne that
the bm.,; of whlch ’rm_s father was alab, was une.ble prone:c‘ly to taKe care
of all the land xha_ch historically :rb had been alotted. "Some have too
much land. Some don't have enough." AL Majuro atoll brush had grown

up on J.and occupled by the Whited States Government during the war and-
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since abahdoned. The former Marshallese ﬁcwners"'had by no means relin-
quished‘claims to this land, ﬁut were not certain of their legal rights to
its uwse, Land disputeé were all too camon af Arno, Since the author was
adv1 ed not to become involved in éuch disputes he did not investigate
thelr relatlonshlps to the intensity of use of the land.

Tn 1952 the flora of Arno atoll consisted of about 125 species of

vascular plants (ef Anderson, 1951). Of theéé neari& half had been intro-
dueced within the past 100 years, roughly 38 intenfionally as cultivated
plants and 19 accidentally as weeds. That is to say, the Arno flora of
| 1850.§onsisted of approximately 68 species of higher plants. Of these,
however, probably about 2l had been introduced by the larshallese as |
economic plants or weeds. Although a native flora of approximately Ll
species may seem very small, that of Armo is relatively rich compared to
the floras of other low islands situated at greater distances from the
rich source of seeds of Malayﬂla and Melenesia, or recelv1ng less rainfall.
Canton Island in the Phoenix group, relstively near the rich flora of
FlJl, has a natlve flora of only 16 speclns, but it is nearly a desert
.Palmyra Island, 1y1ng o the east of Arno, Teceives about as much ralnfall
as the latter atoll, but 1t is much more remote from major sources of
seed., Its flora conszsts of only 16 spe01es.

Although the flora of Arno is 1arger than that of many atolls, 1t is
small and relatlvely'unlnterestang comﬁared to the rlch floras of hlgh
1slands llkB Flgl, Hauall, Tahltl, or even Ponape. Not a single vascular
. plant Sp@CleS 1s restrlcted to Arno atoll. ALL of the native Ulld species
.are w1da-rang1ng plants, mos t océurrlng on the shores of 1slands in both

the Pacific and Indian Oceans, and at least 7 o= 16 percent of the natlvn

f]ora -- pceour naturally in the tronlcs of both hemlspheres. Except for a
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single species, Pilsonia grandls, all of the native plants of Arno possess

seeds or frults which are distribubted by‘wmnd or ocean currents. The frults
of the Piscnia are glutlnous and adhere to the feathers of the wwdenrangnng
geablirds which reost and nest in ite branqhes. It is not svrprising, then,
that this tree occurs on nearly every high and low island in the Paclfic and _
Indian Qceans which ié sufficiently moist to permit its growth, as do, indeed,
a large proportion of the other natlve specmes of the Armo flora.

The cllmate of Arno is probably not very different from that of nearbj
Majuro, where annhual rainfall is of the order of 120 inches. The w1nter is
marked by strbnger, more conétant northeasf trades and by somevhat less rain
than tﬁe sﬁmmérq ‘gbaﬁ annual tempergture is 81° Fa3 mean monthly temperatures
vary on1y°witﬁin 26 of:ﬁhe Yearly average. The diwmal variation is aboub
lOO; nights are pleasantly cool. o

Arno atoll contained 133 islands and islets in 1952, which formed 5
square miles (3200 acres) of dry land. Almost all these islands had the
samé structure, Their sesward sides consisted of ridges of boulders,
cobbles, and stones throwun up on the reef flats by storm waves. GSand ac-
cumulafed §n the lagoon sides of these boulder ridges, and dunes formed
where a sandy beach faced the vpreveiling northeast trades. Between the
stony ri&ge of the ocean side and the dune ridge of the lagoon shores, was
often an ipterior depresgion, ‘The islands tended to increage in width by
additlons of sand on the lagoon side, and coarser msbterial on the ocean
shores., | B

Theugrouﬁd'watér of én atoll islet is cﬁaraétsrized by.the Eresence
of a Ghyben-Herzberg lens of fresh water; The depth of this 1eps_ahd ité
salinity depend on the distance to the beaches and the pegﬁeability.of the

soils. Stony land is nuch more permeablé to the salt water of the ocean
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than is dune sand, and with.the rise and fall of the tides appreciable
mixing of fresh and salt water occurs, Thus the stony land of the ocean
side of islands is underlain by much more saline ground water than lagoon-
shore dunes. -The ground water in the interiors.of the wider islands is
remarlably free from salt., Cox (1951) found only 8 ppm chlorides in a
well at Tne sbout 500 feet from the lagoony.-in an inmterior pool on Tatu
Island only 200 feet from the ocean I fownd .only. 15 ppm. 150 feet from
this pocl the ground water in the boulder rampari had a chloride concentrae’:
tion of 7100 ppm, about 470 times as great. PFosberg (1949) and Cox re~
marked that groud-watler salinity apparently acts as an effective control
on the distribution of the breadfruit, an economic plant of aboriginal
introduction, Variations in salinity affect the distributions of species
of the wild native flora as well; the tolerance.te salt of species of

 the Rhizophoraceae (mangroves), Pemphis acidula, and others ig, of -course,

well lmown. ) _ ’

As Stone (1950) and Wells {1951) pointed out, typhoons..occur aboub : -
li times per century at Arno, and have left thelr mark on.the islands in
many ways. The washing away of entire islets is a spectacular consequence
of typhoons, but windthrow and partial inwdation have affected soil and
vegetation. In certain locsl areas on Kilange Island, for example, nearly
every large breadfruit tree was blown down in the typhoon of 1918 and
large quantitiesrpf soll were thus disturbed. In other places considerable
amounts of sand and rock had been suddenly dumped on low land, or the
surface layers had been washed out.s Such areas were often characterized
by low organic and nutrient content of the surface horizoens. The more
superstitious believed such land to be inhabited by malignant spirits
wirich hinder the growth Qf plantse. Stories of hallucinaitions caused by

these demons were CONmmoOne
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Relatively minor changes were constantly occurring along beaches,
Betueen Ine and Hatolen, for examvle, the shoreline was eroding in
places, and plants which formerly grew along low dune ridges were stranded
on the beach, A Pemphis itree with several pebbles embedded in its wood
3.2 feet above the present level of the ground was discovered growing on a
sandy beach 15 feet from an eroding dunme containing similar pebbles near
its éurface° The tree had in effect moved 15 feet toward the lagoon during
.1its lifetime, Year Lukwdj coconut trees, which had previously toppled
onto the beach as the dune upon which they were growing was undercut, were
being covered with sand as the beach again built'up, Eatire trunks werer
buried save for the erect terminal parts, aboubt 5 feet tall. The leaves
were nearly twice as long, and some trees were'bearing‘heavily. |

The -vegetation of Arno atoll iz here classified into'é.types (Table I),.
These are merely arbitrary groupings of aggregates of planﬁé'iﬁto ﬁﬁits corn-
venient for descriptioﬁ, analysiss and mapping. This, however, is not to
deny that interrelations may be found betueen plants growing near‘oﬁé
another, The vegetational map has been drawm from 19LL-19L5 aerial phbfo-i
graphg taken by the United Statés-mévy, supplemented by ground obéefvatioﬁé
and interpretation of oblique photographs taken by the Wavy in 1952, Eﬁ
general, the vegetational types listed in Table I are only th@se‘ﬁhich could
be distinguished clearly on the aerial ﬁﬁéﬁogréphs. Tﬁus hscfub forésf" |
is mapped as a single wnit, but is divided into L suﬁfypeé in the descrip-
tivg text, Boundaries between the types are, of cﬁurée; no 1esé arbitrary
than the tyres themselvess Even on the grbundliﬁ is not always possible
to classify with certainty as teoconut type“'br "scrﬁﬁ forest" a stand of
small, wild native trees through whiéh'coc&nﬂﬁ"trees:pébjeéfed; Bread~

fruit groves were usually characterized by a;rank undéfgfcwth of native
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treess and vines. :"Secondary forest", on Arno island contiguous with

extensive "breadfruit groves", usually contained numerous breadfruit
trees. Obviouélyra line separabing ''secondary forest" from "breadfruit %
grove' must be based-to some degree on a -subjective estluate of inten-
,sity of use, illustrating the fact that on Amo vegetational study was.

inseparable from cultural anthropology.

CEABIE T
Tyre ﬁﬁmber‘of}sfands | 'Acrés | Average gize ;f.stand Percent
A , “(aores) -
Coconub - 1l 22240 o 1563 69.38
Productive . 137 212704 - .. 15,5 66.37
Taora 1 65+5 , .. 6545 2,0k
1ellal - e 9 - 31,0 : o 3.h 0,97
Breadfruit | 53 2770 5.2 8.6l
Serub TForest : L3 - - 56643 L,0 17,67
Saline TFlat S5 29,6 509 0.92
ilangrove ‘Swamp 13 26,8 2.1 0.8
Fresh-uater Swamp 3 6,6 - 2.2 0.21 5
Secondary Forest - 8 .9 Gk 2.3 é
Total 372 32053 8.6 100,00 5
CCCONUT TYPE

Primary speciess Cocos nucifera

Height of trees: L0 to 50 feet, exceptionally to 80 feet

Density: about 95 trees per acre, exceptionally as low as L0 or as
high as 1L0 trees per acre.

_?-‘
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69 percent of the land area of Arno atoll was mder coconut forest

in 1952, for copra formed the main article of exporb of the atoll,

Copra production was feasible on practically the entire land surface of

the atoll, saline flaits and sﬁamps and certain parts of the interiors of
wider islands forming the only significant exceptions to this rule. The
wide interiors of islands, however, were devoted in large measure o

food production for local consumption, and the exceptionally rich phosphatic
soils of Takleb and Namwi had been given over to some degree to such
apeclal crops as Kapok,.fapaya, and Banana. Remote, nérrow, or stony lands,
areas in which the ownership of the land was in dispute, or lands the
- workers of which were less energetic than others, in some cases supported
stands of wild native trees,

The coconut thrived over an extremely wide range of envirenmentel
conditions. Tt was productive over a 1,000-fold range of groun&#water
'sélinity and over at least a SO—féld range of concentration of available
phosphorus. It was found on all habitats from fresh-water swamps to
dry, windsx-rept"dﬁmes, on organic mucks, fine or coarse-textured sands, or
among fragments of coral rock. Except on those few areas in which it
was not productive, the coconut was ﬁtterly worthless as an indlcator of
environmental differences.

The plants which grew wder the coconuts, however, were not always
the same in the different habitats on which the coconut was planted,
Consequently, 1t is convenlent to recognize three environmental subtypes
within the coconut type, co?responding to the 3 major physiographic

divisions of an atoll iglet,

1. Lagoon shores and dunes

Secondary species: Pemphls acidula, Scaevola frutescens
’ )
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Hernandia sonora, Calophyllum inophyllum,
Barringtonia asiatica, Suvriana maritima,
Pandanus’ tectorius, -Sophora tomentosa,
Canavalis microcarpa, Ipomoea tuba

- Ground layer: ILepturus repens, Fimbristylis atollensis,
Thuarea involuta, Cassytha filiformis,
Trivmfetta procunmbens, Vigna marina, Tacca
leontopetaloides, Polypodium scolopendria,
Euphorbia chamissonis, Canavalia sericea
The coconub trees usunally overhung the lagoon, sometimes toppling
onto the lagoon beach where the shoreline was sroding. Along the lagoon

shores of the leeward islends Pemphis acidula, a much~branched low tree

uith exceedingly heavy, hard wood, was often abundant con exposed beach-

rock: In or near villages Hernandia sonora and Calophyllum inophyllum

were observed, the latter commonly being used for rain catchment. On
dunes Lepturus, Fimbristylis, and Thuarea formed a low, dense cover
wmder the coconut trees,..

2. Low Interiors

‘Secondary species: Morirda citrifolig;-Pandanus tectorius,
and other trees of the scrub forest type.

Ground layer: Lepturus Yepens, Flmbrlstyllq atollensis;
Thuarea involiuta, Wedelia biflora, Cassytha
filiformis, Triumfetia procumbens, Vigna
~marina, Polypodium scolopnandria, Euphorbia heterc-
phylla, Tacca leontopetaloides, Asplenium nldus,
.. Nephrolepis: sps. Boerhavia diffusg.. -

Fimbristylis:. and the grabses! grew taller here, and Pandanus, sprouts
of licrinda, Guetiarda, and other trees of the scrub ferest .formed jungles
in some poorly tended groves, Epiphytic mosses, Nephrolepis, and Asplénium
appeared on stumps, fallen logs, and rocks. The velocity of the wind was

much reduced and the habitat seemed moister.

Boulder ridges and stony land

Secondary species: Trees of the scrub forest type -




Grouwnd layers Asplenium.nidus,'Nephrolepis Sp;,lfedelia biflora,
Polypodium phymatodes, Fiibristylis atollensis,
Lepturnues repens, Triumfetta procumbens, Vigna
marina, Thuarea involuta.

Ground cover tended to be spotby among the rock fragments of boulder
ridges; less than % percent of the grownd might be covered with vegetation.,
The ferns Asplenium, MNephrolepis, and Polypodium, together vith patches
of Wedelia in openings, were perhaps the most abundant plants. Invasion
by wild trees from stands of native forest along the ccean necessitated
nearly constant clearing, and in many places thickets had grown up to such

an extent that collection of fallen coconuts was lwpracticable.

TypeS'gg'Poof:Codonuté

Aﬁout'h pefcent‘of:£he acréage mder coponuﬁs‘on Arno Atoll was .
relativeiy unprodﬁctiﬁéo. The llarshallese recognized two types of "poor
cocenuts:® "Laora" and "ilellal." Zach had a fairly consisﬁgnt set of
characteristics which, with practice; could be recognized easily.
1s "Laora' on Arno atcli occurred on Arno island and in the breadfruit
belt in Ine village, In its extreme form on Arno isiéné "Léora";was
charaterized by -

Yellowing and scorching of the leaflets of the coconutbs, most severely
at the tips. Areas adjacent to the midribs were ususlly green.
The leaflets were sometimes twisted and more or less knotbed together,
. Dead leaves tended to hang on the tree.
The trunks of the coconut trees were sometimes blackened,
+ Density of stocking was lQW'-- sbout L0 trees per acre in the worst
affected areas of Arno island.
Dead trees were consplcuous, About 35 trees per acre were dead in
the worst affected areas of Armo.
The older trees were mostly barren of fruit, although they produced
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inflorescences, Apparently the fruits aborted at an early stage of
development. o o
The yowunger trees bore fairly'WEllgiﬁheir water was exceptionally

sweet,

In the worst affected areas of Amno island the ground cover conw

sisted of clumps of Fimbristylis'afollensié; covering the ground between

which was a leathery black blue-green alga reégmbling a crustose lichen,

Tacca leontopetaloides was comon, Tts leaves were yellow exdept along

the veins and were characterized by the pfééencéuof'circular brown spots
1/8 %o 1/l inch in diameter.

Laora was restricted to the interiors of the wider {slands, where it
occurred on soils of the Arno serdes..

The Arno peopié'attriﬁﬁfed”ﬁiaofa" to a Mack of salt." Tt is true
that areas on which théiméléd&:wéé'prééent contained very little sodium
chloride in the ground water, ~Productive coconuts, however, occurred on
éénd&gébiis no less aiétaht fréﬁ'iagoon and ocean and thus ﬁrobably con-~
taining no more available godium. Tt will be noticed (Fige 13) that the
areé of poor coconuts on Arno formed a semi-circle arownd ar’ area of
.seconaéry forest cénfainiﬁg numeroﬁéhébéndoned house~gites and yaraj
(Cyrtosperma) pits. On small clearinés within the secon&ary forest the
éoconuts inVariébly exhibited severe "laora" symptoms. As one proceeded
" radially from the former center of habitation immediatély én ths Tagoon
éide of the yéréj pits, the maladj éﬁpeared to become progressively less
severe, Tt is thus possible that the poor growth of cosonuts in part

of the interior of Aﬁno island ﬁés relatéd'to'%hé formér use of the land

" for human habitations




2, Wilellal', wunlike "laora," occurred ab or near the shores of islands.

Its'disbinguishing features were:

General yellowing of the leaves of the coconuts. New leaves
ﬁére slow to turn green,

-rThe palms appeared stunted and 0robably died early (trees in
lggzg areas were often very Lall).

" Dead leaves did not fall readily.
The trees bore onlj a few nubs. |
Ground cover was invariably depauperate, cons:stln chiefly of

an open stand of bunchy Lepturus repensa.

Tha parasitic vine, Cassytha filiformis, was‘usually'abundante

Intsia leuga greu as a straggllng shrub although on better

*81tes it became a tree 60 or nore feet tallo

'Polynodlum scolopendrla Was often common,

Eﬁélﬁl occurred at or near the 1agoon or oceén shores of 1sland83

on immature somls of the Shloya seriés;

Stone suggested that the poom grovth of these coconuts mlght be ate
tributed to sodium tox101ty, Analv51s by the nresent author of the ground
water in an area of "mellal“ on Langar 1sland demonstrated onlv 135 npmg
chlorldes. Judglng from the relatively sllght accumulatlon of organlc
matter in thelr upper layers, the '"mellaln 50115 appesr to be young, and
may ﬁave resulbed from washouts or heavy dsposmtlon of sand durlng T
phoonso It is here uuggested that many mellal soils may be deficient
in nitrates, but that these deficiencies probably do nob becomg étriking

mtil more than 30 years after the original deposition of a soil or the

exposure of a fresh surface in a typhoon, Areas washed out during the
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1918 typhoon supported apnarent Ly vigorous stands of ytung coconut trees.

A legend stated that the "mel?al" ares of Langar 1slanu was buried wmder

nsand dep031ted durlng an, anclent typhoona In e;cavatlng a pit to the

[
~

water table, hOWGVer3 the wrlter encountered no burled profiles,

Economlcs of Copra Productlon on Arno

The price ef copra has fluctuated w1de1y since 1950 Mr, Hae Eo
Blodgett, manager of the Island Tradlng Company, Meauro, paid the follow~

ing’ prn.ces per ‘ton of copra del:wered (on ITC trucks) at E\Ia,}uro.

' Jan, 1, 1950 Lo 9100'
Jane, 1, 1951 3 o
Feb, 10, 1951 S '136v:'
June 16, 1951 11
Octe 1, 1951 108
Jan. 1, 1952 og
April 1, 1952 70
July 1, 1952 . .. 70
Sept 1, 1952 70

The 1952 er;ce of 3%¢ per pownd, after Tixed costs were deducted,

ieft very 1itt1e for the "yi Jerbal® (workers). The chief costs were:
Share of the iroi}j ¢

Shars of the alab | 0ol

Shipping costs (Arno-Mestre) 0,7

Total T2,
That is, at the price of 3%¢ per poung; the ri jerbal nettedﬁeeiy
,b¢ per pound ($28.00 per ton). The share of the iroij was fixedg it

did not fluctuate with the prlce paid by JIC-Majuros I believe the game

‘was true of the Share ef tne alaba.
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At the rate of 1¢ per pownd of the 622 tons of copra sold at Majuro,

income of the irolj of Amo in 1951 was aboub $12,400, or £5.5) per acre
of cocenut land. Although the political énd soclal prestige of the royal
classes of the Marshall Islands is said to have deciined_ﬂSpoehr9)19h9),
their economic position has probably'impréved with the intfoduction of the
copra tradeg% The reiatively large incqmé derived from "rent' of copra
laﬁd nay have been a primary consideratiéﬁ in the revolt of the three
iroid erik of Liwaito (ifason, 1952};‘lfﬁ'l§éé £hese men in effect cone
sidered themselves iroij labladb on at least part of thelr land -~ that
is, they demanded (but did not always receive) the share of the irol)
on that land. .

Tn 1951 ITC Majurc purchased 622 tons ofigépra from Arno atoll,

This copra was produced by aboub 216,000 trees

TABLE IT
Type Estimated coconut trees Y Acres “Total Trees
per acre N cvr e
Cocomst 95 o omap 202,000
Wellal 70 1 2,200
Breadfruit , ‘;1.5 PR ; 217 I, 150
Scerub Forest _., 5__‘. o “ 566 2,830
Pandanus swamp N hg | 6 270
Secondary forest 1o 75 ) 750
Total | | 216,100

St

# A considerable:proportion of the copra share of the ireij was set aside
by the council of alabs for the payment of extraordinary medical expenses
incurred by Arno residents. The prestige of the iroij, however; was
probably not lessened by such philanthropies, however involuntary they may
have been,

w1l -



Tn shipping copra the dried coconut meat was stuffed into coffee

bags. The contenté of about 350 nuts were sufficieht to £ill one bag,

which then averaged.about'loé poUnds in weight, Thét is, the conﬁents'

of a single nuty when dried; weighed about 0,303 pound on the average.

6 . -
It follows that the contents of li,11 x 10 nuts produced on 2.16 x-lO5

trees were exportéd tolﬂajuro in 1951,' Thus, the average number of
ripe nubs harvested for copra was 19 0; 0.28 tons were vroduced per
acre of coconut land,. |

Local eonsumption of coconﬁfs“ao"food is here estimated from the
Majuro data of Spoehr (1949; p¥153) In 1947 58 persons belonging to
7 households consumed in 21 days 1083 nuts and 607 quarts of coconut
toddy (Jukaru) It is difficult accurately to estimate the equmvalent
of the toddy in nuts. Copeland (1931\ stated that 5785 coconut trees
in the Philippine ISlands produced an average of O 65 llter per tree '
per day in the year L909»l910. In maklng Jjukaru an inflorescence of
the coconut tree is cut off aod'ﬁﬁe s;p dripping from ohe cut étolk'is
collectéé over a périod of 2 ﬁoﬂéﬁoéekéo Assumlng, canservatlvely)
that the 1nflorcscence woulu have produced ﬁ nuts had it not been cut,
one quart of Juka“u is app*oxmmately equJdLent to 0e45 nuts Thus the
total consumptlon of cooonut products as food repcrbed by Spoehr was
approx1mately the QQUA\xaeq;‘é £ 1355 lutsj or l.1 coconub per person
per day. I suspect uﬂl‘.f Lgure ié ooooervé{ive if applied to Afnoo.

Majuro village was crowded with war refugees in 1947, when Spoehr made

his study,; and coconuts were orobably in shorb sopply. Accepting this

figure as being of the correct order of muzniltude, however, the total

local yearly consumption of coconuts as food at Amno is about 400,000
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nuts; or about 1,85 nuts per bearing tree. Nubls processed loecally for
coconut hair oil and massage ﬁould‘probably bring the figure to 2 nuts
per bearing trees  This total is the equivalent of about 60 tons of
copra, |

Summarizing these data for‘local and export production, on Arno
atoll about 21 nuts were harvested per bearing tree in 1951, the
equivalent of a production of 0.31 tons of copra per acre of coconub
land. How do these figures compare with those of other copra-producing
areas? Webster (1920: p.li3) stated that Yowing to close spacing and no
cultivation, the average annual yield per tree in the Philippines is
estimated at 25 nuts," bub that on well managed plantations an average
of 60 nuts per tree could be expected. Cooke (1932) reported that in
well managed pléntations in Ceylon on good sites ﬁhere the number of”
trees per acre was U8 to 60, yields of 66 to 86 nuts per tree were ob-
tained and that 15 piculs (0.9 tons) of copra per acre were harvested,
ghild (19%0) estimated” that world production of copra in 1938 was
3,906,113 metric tons, produced on about 9,616,000 acres; or about
0.li5 tons per acre (a metric ton eguals 220L.6 pounds). The estimated
production in the "Pacific Territories" was 0.333 tons per acre,

It is apparent that Arnofs per-tree and per-acre productivity is
low compared with that of the world, and even with that of the average
of the "Pacific Territories." This low productivity is probably in
part due to inefficient harvesting, although probably no more than 25
nuts per tree could be expected; glven the crowded conditions of the
exisbing groves, Total production of the atoll couvld no doubt be in-
creased by converting some of the land under scrub forest to coconub

% "Based on Schnurmacher?!s Review-offCeconut Products for 1938,
Hal’lila, 193 9 o Table IV, pe 22 ] .
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plantationse Much of this land, however, is not well sulted to copra

production, as most of it consists of boulder ramparts and stony land
exposéd to wind and salt sprayQ -Assuming that all ﬁhié land be planted
to céconuts, the éééeége wnder coconut plahtationsrwoﬁid be increased
only 25 percent over iﬁ;t of’1952. The galng in cdpra ?fodﬁcﬁioﬁ'to be
 §b£ainéd by‘increase iﬁ acreage or more efficient harvesting‘ére
probably sligﬁt, howeféf; compared to those ﬁhich might resuitvffoﬁ nore
careful management than was practiced in 1952, If the groves were
thinned, competing vegetatlion kept more efficiently in check, the practice
of applying phosphate and perhaps potassium fertilizers initiated,wand a
program of introduction of highwpfoducing races established, perwacre
productivity might well be doubled. The introduction of a variety such
as the Philippine Romano would save consilderable labor in making copra,
Only 3,270 Romano nuts gre required to make one metric tpn of copra.on
iindanao (Webster, 1920}; whereas about'7,280 nuts were necessary at
Arno in 1952, o

It is obvious, ﬁééever,'ﬁhéé_programg designed to increase copra
production at Arno aﬁd'elsewhere in the southern Marshalls would require
changes in social paﬁférﬁs which might be wmdesirable or wpopular.
Although complaints about the low price Sf copra and the resulting low
income of the “ri jerbal® were frequeﬁt,in 1952, it was the authoris
impression that the people of Arno were not eager to acquire wealth and
pfoperty. Regular working hours were winown. To produce encoungh copra
to buy clgarettes, needles, thread, soap, fishing line, hocks, and other
irade goods to last his immediate family one yeary a man had only to
work two to three weeks at maling copra. Much time was spent fishing,

visiting, and talking., More efficient management of the Armo coconut
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groves would p0551b1y double the cash :ncome of the “"ri jerbal', bub only
at tbe sacrlece of 1ewsure hourso Abundant lelsure time is perhaps one
'-of the most pﬂeasant acpects of Marshallese 1life, Programs that might'dea
crease it in thﬂ name of 1ncreased ef13c¢enuv Shoujd be recomnmended only

after careful con31deratlon has been given to their sociological implicationse

BREADFRUIT TYPE
Primary specless Artocarpus zltilis (15.to 30 trees per acre)

Secondary species: GCocos nucifera (10 to 15 trees per acre)
Pandanus tectorius
Premna obtusifolia
Allophylus timorensis
Pipturus argenteus
Guettarda specloss
Morinda citrifolia

Ground layer: Wedelia biflora Vigna marina
Tacca leontopetaloides Centella asiatica
Lepturus repens . Tpomoea tuba
Thuarea involuta © I, littoralis
Fleurya ruderalis Oplismenus sSpa .
Flubristylis atollensis Triwmfetta procumbens :
Polypodium scolopendria Hedyotis biflora . 3
Asplenium nidus Alocasia macrorrhiza '
Nephrolepis sps. = . Crinum asiaticum

Stenotdphrum subulatum

Yaraj pits: = Cyrtosperma chamissonis

Musa paradisiaca '

Hibiscus tillaceus .

Colocasia esculenta

Clerodendrum inerme

A considerable proprotion of the centers of the wider islands was

oceupied by breadfruit forests, A common approximate boundary of this
type on the lagoon sides of islands was the main village path parallel
%o the lagoon. On relativeiy narrow islands the boundary on the ocean

sides was often the beginning of the stony land complex. or boulder ridge.

On wider islands, however, the breadfruit zone usually did not. extend
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this far, for potential breadfruit land not needed for food production
Was given over, where feasible, to copra culture, .

The breadfruit type was best developed at Iney; where pigs had not
been allowed to run wild and devastate the yaraj {(Cyrtosperma) pits, as
they had at Arno, Bikarej, and Tutu. 'At Ine these pits were about 15.
to 20 feet wide, 30 to 80 feet long, and 5 to 10 fest deep;:garth heaped
up around their sides formed the soil upen which the breadfruit and,’_

“planté associated with it grew. - The breadfruits grew as widely
scattered trees 50 to 70 feet tall, with spreading crouns 25 to ?§,£eet
in' diameters A striking feature of this type was the nearly complete
absence of small diameber classes..  Breadfrult trees between one and
eight inches in diameter were definitely. uncommon; most were 18 to 36
-inches in diameter above the buttresses,: Coconuts were cormon in the
forest, but occupied only.a smgl) proportion of -the .canopy.. Sprouts,
of Allophylus, Premna, Guettarda, and-Hoﬁind@;gere usually abundand
along with small breadfruit seedlings, and formed secondary forests in
dbaridoned breadfruit groves, - Openings in the canopy permitted pankl

growths of Wedelia biflors,. bhe stems of which at Ine were often inter-

-laced by the purple flowered morning glory, Ipomoea littoralis, In

more complecely shaded places the-grasses»dplismenus, Thuarea, or. Stenocw

‘taphyun covered the ground, In fact, the nearly complete ground cover
~in both breadfyrult and-coconut types -~ except where the latter occurred

"on stony land near thé. ocean -- was a characteristic of these artificial

- . forests not shared by types in which wild native trees were predominant.

A% Tne the bottoms of the yaraj pits were usually occupied by the
- gigantie Cyrtospermay bub. abandoned pits supported rank growths of

Clerodendrum or thickets of Hibiscus tiliaceus. . A fresh~water swamp

at Tutu island formerly was planted to yaraj, but since pigs made its

[
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culture impossible Bruguiera had been 1ntroduced. L
According to Fosberg (19L9) and Cox (1951), ground water sallniﬁy
is an important factorlof_the physlcal environmenty 11m1t1ng the digtri-
bution of the breadfruit. The typhoon which swept through the éastern
Marshalls in 1951 provided striking confirmation of these iﬁeaé. Ai—
 though mest of Arno atoll was relatively wnaffected, the preadfruit
groves of Bikavej were hard-hit, There many trees grew felativélyl
close to the ocean, along the main path which extended in é nofth-south
direction along the west side of the island. High storm.wav§s4£romA§he
west washed over the land and extended perhaps 200 feet inland, All
breadfruit. trees in the path of these waves were killed or sevefgly t
damaged, but coconuts and cultivated varieties of pandanus were upaffectedu
In.1952 patches of dead breadfrults alterngted with‘healthy'béa:ing treesy
so. that it was still possible to determine at which po?nﬁs and how far
the storm waves had washed over the 1land, | |
Weeds -. S
. Agricultural 1and throuwhout ﬂucn of the tropics isg characterlzed
. by the presence of -a relatively wmiform weedy flora, These weeds owe
their present wide distributions to the agency of man who, With mocern,
. rapld métﬁﬁds of transportation, has wintentionally carried séme'éf
them to even the most remote places. Armo atoll in 1952 had about 26
species of wwanted alien weeds, most of them without well established
native names or uses. Mogt of these had probably been introcduced after
1873, when an Hawvaiian mission was established at Ine., It is of interest
to cbsaerve that on Arno atoll these weeds were virtually restricted to
village paths and houselots. Although the breadfruit and coconut groves

were maintained as such only by periodic disturbance in the form of




' blearing and burning underbrushg thelr floras consisted almost exclusively
of native specles or plénts of anciendt aboriginal introduction. Moreover,
it is a curious fact that the native herbs of coconut and breadfruit

forest, with very few exceptions, did not occur in the forests of wild

native trees, Thus arises- the problem of the nature of their ancient,

prew-aboriginal habitats, for the coconut and breadfrult groves, their

present habitats, became established on Arno only after the arrival of

the Marshalleseo ‘

Certain of these s%eczes were found in 19%2 on open, newLy formed
land. Betueen LanFar and Matolen, 1slanas nearly oblit rated 1n the 1505
typhoon were reformingg The following species of herbs vere observed on

,sand freshly deposited along the lapoon shores of these 1slands-

Lepturus repens Vigna marina
Fimhristylia atollerisis -+ Wedelia biflora
Triumfetta procumbens o _ Casgytha filiformis

Since there 1s no reason to belxeve that typhoons were formerly any less
frequent than they_are Nnow, 1t_1s ex tremely probaole that this habntat
,:-Pgs glways been available to these sp901es. A more exten51ve search
would probably reveal a Few other specles of the ground flora of bread—

fruil and coconut groves ~- egg., Eunhorbla chamlssonls and Thuarea

1nvoluta, - grdwmng in similar 51tuat"ons, Certain speciles Wthh were

restricted to relatively moist, partially shaded situations may never

have. grovm on open sandy shores. Could such plants as Centella aslatica,

Hedyotls biflora, Ipomcea_littoralis, and Gplismenus Spe be weeds of

anclent aboriginal introduction? It Uould be surprising indeed if such
introductions_did not take place in the past as they do today. The

. seedless varieties of breadfruit, for example, are propagated chiefly




by root suckérs. In transporting small trees from island to island the

wandering Harshallese conld searcely have avoided accidental introduction

of wnwented seeds in the soll around the roots. Other weeds of possible

~ancient introduction are Portulaca samoensis and Cyperus polystachyos,

both festricted to village paths and housélots,—but possessing well
established native nanes,
‘SCRUB FOREST-

Since the introduction of the copra trade in the latter part of the
19th century, about two thirds of the land surface-of Arno atoll has been
cleared and planted to coconuts, Probably at least 80 percent of tﬁe 222}
acres of Arno under coconuts in 1952 mﬁst have suppcrted sténdé of wild
native trees and shrubs less than 100 years before this study was made.
In 1952 native forest and scrub existed chiefly in the form of numerous
small stands which for the most part were restricted to situations in
which copra preduction would probably have been relatively uneconomic.

Wative forest and scrub was thus characteristic of small oI narroy

islands remcte from villages and of stony ,and and ramparts, esp901a11y
those exposed to salt spray and the drylng effect of tne northeast
tradese In such 51tuatlons the natlve brush acted as an effectlve wind-
break, protecting the coconut and breadfrult trees planted farther

lnlal’ldo

This wild vegetatlon was comhosed of WOOdJ Ulants ranglng from 2 to

80 feet in height, and vary&ng in structure from nearly 1mpene%rable

thickets of shrubs along ocean shores to closedncanonled forests of

large trees through which one walked with ease. Furthermore, the tjpe

included 17 woody species, few of which were distributed over the entire
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area of the type as it is mapped. In viewrof the great range of variation
of physiognomy and floristic composition of this vegetabion, it is perhaps
realistic to consider it a single type. Leargely for convenience of
- mapping, however, the scrub forest is here treated as & unit. It was not
possible in the field to examine each of the 143 stands mapped as scrub
forest, and in general the component species cannot be distinguished on
aerial photographs of a scale of legs thanfl:S,OOO. Subdivisibn of.the
type based on floristic composition was thus impracticablé. Fufthermore,
“the average size of the stands of scrub forest as here preseﬁte& is only
li -acres; many of these are 200 feet or less wide, Splitting of the.iype
would have led to obvious difficulties in drafting the map. l
| Although the scrub forest of Arno was reauced in 1952 to.numerous
small stands occurring chiefly on the ocean sides of windward islands,
it is perhaps possible ¢onceptually.to reconstruct the appearance of the
vegetation of the atoll of the early 19th century, when perhaps only
about 15 percent of the land surface_pf‘the atoll was appropfiaﬁed for
agriculture, Certain regularities were observed, for example, in the
distributions of the native trees as one proceeded across the is}apg; of
the atoll from lagoon to ocean. . Thus, large 1nd1v1duals of Plgggigu
. grandis occurred on several . of ‘the windward islands from Jllang to Takleb.
‘It is . probable that these trees were relics of former forests in wh1ch
Pigsonla was an important species. In 1952 Plsonla also formed forests
along the boulder ramparts of a few islands, bui the treeo were mnch
smaller than the scattered individuals stlll standlng 1n1and. {n the

basis of such observations it is possible to construct a diagram (Fig. 12)

on which are charted the distributions of the more important species of
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the native woody flora across an hypothetical, relatively undisturbed

atoll island,' For each specles the ordinate represents the authoris

‘imprsssion of the imvortance of that species in the vegelation, “Those
Hparts of the figure in solid black represent trees actually observed at
~Arno ator]* stlpored areas represent the authorts extrapolatlons. Tor

N exsmple, a few large Plsonla trees were obgerved about 300 feet from the
1agoon shore of Takleb wsland, surrounded by young bresdfralt and kapok
trees, These Plsonia trees, together w1th other 1nd1v1duals observed
Cin s 51m11ar situations on other islands of the atoll; are represented in
the soild black area near the lagoon shore of the hypothetical 1s1e'ho
The chart thus constitutes a diagrammatic concebtual synthesis of the
authorﬁs_observations of many stands and indiridual trees“on several
islets, | |

In many‘cases it was impossible to sunport these erres51ons of
”1mportanoe" Wl?h numerLcal data based on sample plots, for they are
.based 1n par? on the observatlons of the nelghts and trunk and crown

dlameters of single trees. Despite the highly subjective maner in

Whmch leo 12 was constructed, the author believes that it is in-a

___sense reproduc1ble == 1le€oy thabt an 1ndspondent investigator on Arno

could construct a gimilar series of dlagrams vlthout having first cone
sulted the ones here presented. Essentially} the diagrams constitube
an attempt to avold verbal descriptions of the field cccurrences of

trees (eofss "Hernandia sonora: commonly encountered near lagoon shores,

especially along village paths, but on Langar observed on stony land
200 to LOO feet from the ocean, where the trees attained maximum

heights of approximately 60 feeb "),
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It may be noted from the chart that the author noted a general
zonation in the flora and in the vegetation as expressed in the M"imporw

tance! of the differvent species, Certain species, such as Scaevola

frutescens and Tournefortia argentea ranged compiebely across the ilslands

of the atoll, but were much more abundant and formed a larger proportion

of the vegstation hear iagoon and especially ocean shores. Other species,

such as Pisonla grandis, Allophylus timorensis, and Pipturus argenteus,
were far more chavacteristic of the interiors of islands, where, indeed,

they attained their greatest sizes,. ggpetta:gé speciosa and Pandanus

tectorius, on the other hand, were more or less. ubiquitous. In general,
" the distributions of the species overlapped, bub did not coincide.

Purthermore, ds is discussed below in.more detail, the forest and scrub

as it existed on Arno in 1952 was comonly characterized by the presence

of small stands consisting of a single specles of tree., It would seem

R P
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“unrealistic, therefore, to attempt to distingulsh within the broad scrub

forest type plant commmities based on floristic compeositicon. Not only

v

did the distributions of the species making up almost any concelvable
plant community fall to-coincide, but very commonly the component species
did not even grow together, Indeed, the author found no evidence on
Arno that the native plants were distributed in such a fashion as to
suggest that any of the species might be mutually dependent. Competition
for light, nutrients, and water wdoubtedly occurred; but such inter-
actions did not resguldt in apparentiy integrated piént.oommnniﬁies the
composition and anpearance of ﬁhibh.werelfelatively uniform from place
to places .

Since it is unrealistic to attenpt to cléséify the native scrub forest

of Arno atoll into communities based on differences in floristic compositions
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it is convenient‘instead to consider the variation of the scrub forest
ih relation to bthe differen® habitats on which it was found. The major
physiographic‘divisions-of an atoll island (at Arno) were boulder ram-
parté, low interiors, and lagoon shores and dunes, Thelow interiors
may conveniently be classed into those nossessing stony or sandy soils;
since it is kmown that the salinity of the ground wabter of an atoll
islet depends on the permeability'of the materials making up its soils.
When one dompares such a classification of habitats with the distribution
of speeies as presented in Fig. 12, it1is evident that a general corres-
" pondence exists,félfhough, of course, it may be objected, that, this cor-
resporidence is manufactured, since the diagrams are besed to a large ex-
£ent upon subjective impréssions, Nevertheless, it is true that Scagvola
" ‘and Tournefortia ag ifiportant species were largely restrichted to boulder
?aﬁpaffé and lagoon shorés. Ochrosia, Hernandia, Intsia, Barringtonia,
“and Cordia occurred as iimportant species only on stony land on thé ocean
Usides of islends mostly 100 feet or more from the ocean.- Pisonia and
4llophylus reached their best development on the sands-of island interiors.
The following'descriﬁtibﬁé of the native forest and:-scriby -then, are’
basically descriptions 6f the "scrub forest! vegetation ag it ocourred

on the different "natupal -areas" of the atoll,

BOULDER RAMPARTS
Primary speciest Scaevola_frgﬁegqens

Secondary species: Tournefortia argentea
‘ - (uetbarda speciosa
Terminalia sawmocensis
Pandanus tectoriug
Cocos nuclfera
" Pemphis ‘acidula
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At Arno coconuib plantatioqs yery-commonly gxtended to the tops of
boulder ramparts of the ocean siéﬁeﬁ of leewsrd islands, The proportion
of wild woody shrubs in the uﬁderstbries of these groves commohly in-
creased toward the ocean shores, and‘thickets occurred in neglected
plantings, Cn ocean shores exposed to the fuli forcg ofJﬁhglgrgvailing
northeast trades -= e.gs, Bikarej, Langar, and the‘¢h;in af'iéléﬁé S5 S
tending between thems Ijoen; and the northerﬁ tip of iatolen uﬂ-ngtive
shrubs and trees formed belts of vegebation on the=tops-of:the bo;ider
ramparts and extending inland in places 200 feet or morea

In nost such situations the prlmary spe01es of the vegetatjon of the
tops of boulder ramparts was Scaevola ggutescens, Tn7ckets of thls speciles
in places extended about ?5 feet 1nland from the ramp&rts, }ncrea81ng in
height from one foot at their outer margins algng the stony begphes to
fifteen feet where they mergeﬁ-ﬁith the éore ts of larger natlve trees in
the interiors of theAiéiaﬁdé. These thlckets Were 1n effect sloplng
hedges, cons1st1ng of an unbroken $ayer of 1arge, fleshy‘leaves suppo ted

by innumerable uprlght branches. Although such thickets vere not

literally 1mpenetrable, they were eXCeedlngly difflcult to traverse and have

been aptly termed "beach barriers" by Mr. E. H. Bryan, Tournefortia

argentea, Guettarda speciosa, and Terminalia samoensis usually grew among

the shrubs of Scaevola, in places partly replacing them over small areas.

STONY INTERIORS

Primary species: Pandanus tectorius
Ochrosia oppositifolia
Guettarda speciosa
Tournefortia argentea
Cordia subcordata :
Intsia bijuga
Allophylus timorensis
Pisonia grandis
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Hernandia sonora |
. Barringtonia asiatica
Cocos nucifera

Secondary species: Terminalis samoensis
Scaevola frutescens
Pipturus argenteus
Soulamea amara

Ground layer: Asplenium niduvs
Polypodium scolopendria
Peperomia spo

Lianas: Tpomoea tuba .
Wedelia biflora

Epiphytes: Asplenium nidus
: -Nephrolepis sp.

Height of Canopy: 15 to 60.feel; mostly 25 to 35 feet.,

e

-

Density: -100 to 300 or more trees per acre over 1 inch d.hshs
A& forest in which 1) species of native trees occurred was cormon Ly
encountered on the stony soils of windward islands immediately inland

from the beach-barrier. scrub of Scaevola frutescens. The wid@h and

development of. this forest appeared to be largely dependent upon the
extent of human .activity. Where the lend was remote from humaﬁ hab;?a—
tion, too narrow for effective crop production; or possibiy.in areas

of disputed land ownership, ﬁhe zone of native forest was in plaées
300.0r moré feet wide. In such situations as one proceeded inland the
size of the trses increased untii‘individuals of Pisoniay Intsia,
Barringtonia, Hernandia, or Ochrosia might attain heights of 50 to 60
feet and trunk diamneters of 20 inches or more. The average diameter of

the trees over 1 inch d.b,h. in one Ochrosia stand, was 1lh.h inches

% diameter at breast helght.
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(Basal areas 16h 9. ft/acre- den51ty- 150 trees/acre). To Walk into

such a forost from the ocean reef flat was to step 1nto a dlfferent worldo

N ’.

The 11ght 1ntenultj foll to only 2a 5 percent of the glare obtalnlng on

the reef flat. One was 1mmed1ate1y oon501ous of numerous coconut and
:1arge hermlt crabs; the former usually scuttled raoldly to holes excavated
_1n the ourpleubrown phosphatlc sand betueen the stones and cobbles of
_the forest floor. t the approach of an 1ntruder, the terns roostmng!and
“nestlng in the trees set up a hoarse olatter. ljhere the blrd!s nest

fern, Asplenlum nldus, grew among the fragments of ooral rock, 1ts enormous

‘:1eaves - to flve feet 1ong - were often consplcuoule spattered Ulth the

SRR

thlte droppmngs of these blrds. Here and there paﬁches of Peperomia 7
. - .
formed small "rock gardens“ under the trees. Elsewhere, however, the

S

ground was qulte bare of plants other than the sllppery algae coverlng
the rock fragronts.. Tree seodllngs were usually not consplcuousq -
~ On the w1ndward 1slands these forests reflected 1n their growth the
‘prevalllng dlrectlon of the w1nd° The canopy of the forest and of the
Scaevola scrub to wmndmard was 1n effeot 8 plane of leaves dlpping toward
- the'ocean beach at angles of 9 to 13 degreeoo Gn Langar, Barrlngtonla
| ano ﬁeonendla were predomlnant 1n a small portlon of the nat1Ve forest.

These trees apneared to have been restrlcted in themr upward growth by

_ _the salt-laden uznds, for although they'were massmve, wlth trunks over

R P

2 feet 1n dlameter, many were soarcely 25 feet tallu Thelr trun oS Uere

inelined at dangerous angles or actually prostrate on the ground, and

A e bl

branohes progectlng above the canopy of the forest uere mostly leafless»
The grotesque shapes of trees suggested the fanclful thought that falllng
in thelr struggle to pleroe an 1nv131ble barrler abOVe them, they grew

horlzontally lnstead of vertlcally in a olaustrophoblc attempt to escape
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from the inadéquate space within whiﬂh;th@yiyg?e;cqnf;ned, Farther

‘fniand, however, Hernandia trees-of the.same.stend were erect and

attalned heights of 60 feet or mores. - o

" An interesiing feature of these foresis, probably to be attrlbuted

“to accidents of distribution of propagules, was the tendency.of the com-

ponent species to form alternating nearly pure stands averaglng perhaps

" 0,1 acre in'arsa., In Wwalking parallel to the shore, one might pggg from dark

pabches of Ochrosia forést. inbo sunny open. stands of Pandapus tectorius,

“and from-thiede into thickets of Guetbarda speclosa or Allophylus timorensis.

Here and there were observed groups of five and six.small Soulamea trees.

Elséwhere, as on Takleb island, groups of.tall Intsia on Plsonla ocqurred,

or the heavy branches of Cordia subcordats leaned.to the ground and

stfuck root, giving rise to thickets of that species. WThqse_altgrng@ions

of sihgléFSﬁecies dominance occurred with no regularity, nor, did there

"appear o be any marked tendency for one species: ta replace anothere It

riglﬁfﬁé’ihéﬁ'séedlings and saplings of Qchrosia oppositifolia were cone-

épiéuou51Y'vigdrots when growing in heavy shade, but a high,prgpggtiqn of

"t large fruits of this species failed to germinate among the stones and
‘cobbles of the forest floor, and-there would seem to have been no agency

" other than Heavy storm waves by which these awkward propagules might be

carried from place to place, Guettarda speciosag and the coconut, however,

were wbiguitous, and old frees of Tournefortia argentea occurred in

scattered fashion througheut the forest,
Stands of large Hernsndia, Barringtonia, Ochrosia, Pisonia, or
Tntsia were rather exceptional. Hore commonly the native forest conw

sisted of thickets, sometimes containing several sprouting cut stumps,
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immediately behind the ocean beach barrier of Scaevola frutescenss In

such situa tlons the most conmon trees were Pandanus, Guettarda, and
'Tournefortia, the latter two wlth short, thlck, croocked boles, sending

out mamy low, spreading branches, Terminaliz samoensis and Scaévola

frutescens were also aBundant, and such lianas as'iﬁemdea tuba and a

scendent form of Wedelia bifloraibound'somé of these thickets into

nearly impenetrable ﬁahgles,

. SANDY INTERICRS
Primary speciess Plsonla grandls
© Allophylus timorensis
. Coprdia subcordata ?
Intsia bijuga
' Secondary species: Pipturus argenteus
- ; - Premna obtusifolia
Guettarda speciosa
Pandanus teeteriusA
Ground layer: Polypodium scolopendrie
Height. of Canopy: 20 to 80 feet. _
Density: 15 £0.300 trees per acre over 1 inch deb. ho o _

- In. 1952 3 masalve Pisonia trees stood in the middle of Takleb 1sland,
surrounded by a forest of small kapok and breedfrult_treeso The largest
of the Pisonias was about 80 feet tall and 28.l feet in circumference.

.. Other. large, isolated Pisonia trees were observed in the interiors of
Enidrik and Jllang 1slands. Since it appeared possible that these trees
might be remmants of the natmve forests whlch must have once covered the
interiors of these islands, the writer questioned Felix J., the_meglstrate
of Arno atoll in 1952, whose family holds land rights on Takleb, as to
~this hlstory of Takleb He very kﬂndly offered the following data-

" Until 1876 Takleb island was'an "1sland of blrds," icesy @ royal
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bird reservation upon which trespass was forbidden {¢ofe Tobin, 1952),

i

Reriodic visits were made by authorized collsctors to gather birds aund
gggé. In 1B7§.thg prohibition against visiting Takleb ﬁas:rgmpﬁe@%_and
around 1086 Toﬁik}eglanﬂéﬁofﬁé;ﬁ‘of Fel%gii Qavingobtgineé rightéﬂto
the use of thériégd,:commenced to cleaé thé wil@_fé;esf_an&-ﬁlaﬁﬁx;“
breadfruit and coconut trees. Felix stated théﬁhiﬁe original forest
of the interior of Takleb &id not consist exclusively of Pisoniaﬁﬁréeso
Rather, the Pisonlas occufred in two groups, which alternated with pure
stands of Allophylus, Ttsia, and Cordia. Spécies of birds not present
at Arno in 1952 and not reported by Mérshgll (1951), including the "ak"
(frigate bird), 'mana," and "kalo,“ roosted in the trees, togetherhwith
many terns ("rabit," Yjakar", etc.). jThe_rookeryiwas evidently mﬁch
larger than any remaining on Arnb dtoll in 1952, The kapok was intro-
duced in 1915, seed having been sent from Ponape. !
Felix¥s account was confirmed By Tobu, the paramount chief of Arno
in 1952, who ad&éé'%hat Namswi island hed also been an island of birds
rrﬁntil 18?6, Whég-the irolj, Lekaman, removed the emo (tabu) from both
" Pakleb and Nemwi. The writer encountered numerous small Pisonia trees
in the interidr‘bf Namwi, growing on phosphatic sand and rock., ALl

appeared to be éf gprout origins In view of the very great pcweré'of

vegetative reproduction possessed by Pisonia grandis, I consider it

qguite likeiy:that the stand of sproutS‘énd suckers observed on Namwi

in 1952 consisted of the same trees which grew'there before 1.876 and

3 The term "brother" in the Marshall Iélaﬁds‘ié‘épparently applied to
- all male relatives of the sauwe generation as the speaker, Thus, Tobikle
may have been Felix!s cousin,



that these trees then formed-a high forest over much of the phosphatic

area of -that isliande . ..

In spite of its:decimated character in 1952, the remnant of: the
Pigonia forest was most striking. The pre~l876 groves of Takleb and
Nemwi must have been:impressives’ C(n the basis of my observaetions of
the Takleb trees the following reconstruction may be hazarded.

- The forest was ‘composed almost exclugively of qld.treés.oi

Pisonia grandis between 3 and 9 feet in diameter at br355? height and

75 to 85 feet tall, Assuming that the canopy was about 90 percent

- cloged, the density of stocking was a@pgt;lS,trees per acre, The

- forest “floor was essentially-bare of tree ssedlings or herbaceous plants,
~put leafy root suckers: of the Pisoniaﬁ_must'have;peen conspleuouse

Thotusands of birds perched in the branches. of the trees and the air

u rgsomnded withdthelr raucous criess Their droppings combined wi@h the

" decaying leaves of the Pisonia trees to form a black, mucky humus resembling
* “the . greasy mor type.of the hymid.temperate regions.. . Over and thxough

this hums crept the serpentine roots of the Pisonias, only occasionally

R R

- penetrating b0 depths of more than one foots Phosphatic salts leaching
fréﬂ”thé:hmﬁﬂs*stained_thefpinkish limegands beneath a purplefbrown and
with the‘subgeqﬁent.precipitation of-calcium.phosphate, vhosphatic rock
“was formed, %?his phosphétic,hardpan was in some plapas,able_bpiperch a
'water table, ;o,that small pools persigbted on the ground after heavy
rains, In placés where the rock had not censolidated completely, how-
. ever, rainwater percolated through the sandy soil to the permanent
“ground-water table more than four feet below the surface of the;soil,
~ Typhoons left their mark on this forest, although they did little

to alter ibs composition. The tops of the great trees in some cases
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were broken off; at times 10 to 20 feet above %hé ground, and some

trees were completely uprooted. These trees, nowever, were not all
kiliedo From broken trunks and creeplng roots numercus quick~growing
suckers arose, qulclly fl“llng ﬂhe gans in the canopy. Fallen logs
developed roots along much of thelr lengbh, and rapidly growing
sprouts along their upper surfaces later developed into trees which
in 1952 seemed to be grc%ing-in.rdws, as if planted. Even fallen
branches sfruck root and develéped into tfees where the light in-
tensity'was sufficient,

In 19,2 Pigonia Ffandls was consxder@d a major pest and had been

eradicated as an 1mnortant ave01es from a1 :slands of Arno atoll ex-
cept Takleb, Tak?eb egs Enldrﬂk, Jhlang, Ramw1, and Langar@ In ad~
dition, lone Plsonla trees svood ab Mato¢en and on Arno island,
Habitats Wthh appeared suitable for the speczesa nowever, occurred

_in the secondary forest o¢ Arno islend as well as on Ijoen and other
islands reforming between ﬁalel and Matolen, following the typhoons

of 1905 and 1918. The sticky frhlts of tne Pisonia adhere to the
feathers of birds rcosting and,nestlng in 1ts branches; and are bee
lieved thus to be carried from islaﬂ&'t;fisiéhdg Evidently thié 
mechanism of dispersal is xoh very effectivé in the short run., A
careful search for treas of wdoubted éeedling origin revealed oﬁly

a few, although sprouts and sugkefs were abundant. Once established,
however, the tree seemed to be almost {rmortals The virtual ine
destruciibility of the clder tiees - firéris the only effective means

of clearing Pisonia forest —- combined with their great powers of

vegetatlve reproduction ssems %o be sufficient to accomt for the
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former predominance of Pisonia on parts of Takleb and Namwl. It is

possible that these trees were members of clones resulting from the
chance long-distance dispersal and establishment of single seedsy -
The groves of'Allophylus, Cordia,_and Intsia, which according:
to Felix shared the interior of Takleb island with the Pisonias,
were reduced in 1952 to a few trees growing on stony soil near the
ocean side of the island, Of these Tntsia 1s the largest tree, at~
taining a trunk diameter of 19 inches, and heights of over 60 feet,

Cordia subcordata is a much iore compact tree than Intsia bijugas

on Arno atoll it reached heights of U5 feets  Its crowims were
mostly wide-spreading and its thick branches originated low on the
main bole, which attained a maximum diameter of 28 inchess

Allophylus timorensis was commeon in the interiors of Armo and Langar

islands. It was never taller than 30 feet, and its trunks were

mostly slender whips.:

TAGOON SHORES AND DUNES

Primary species: Scaevola frutescens
Pemphis acidula

Secondary speclies: Suriana maritima
Sophora tomentosa
Guettarda speciosa
Pandanus tectorius
Tournefortia argentea
Cordia subcordata
~ Barringtonia asiatica
L Terminalia samoensis
Hernandia sonora (planted?)
i~ Gallophyllum inophyllum (planted)
Hibiscus tiliaceus (planted)

Herbaceous ploneers: Lepturus repens
T Vigna marina
Wedelia biflora
Triumfetta procumbens
Fimbristylis atollensis

AR
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" Between Lukwoj and Jabuy:on the long southern island of Arno
abolly and on several of +the islands devastated by the typhoons.of
1905 and 1918 between langsr-and Matolen native.forest and scrub- -
ogcurred along 1agoqn shores, , .The primary species-in such situations

were S¢aevola frutegcens and Peniphls .acidulas . The latber componly

formed pure stands where the beach was composed of sandstone or con-
sé¢lidated fragments of‘reefrrock.;.ﬂt high, tide the Pemphis trees
often overhung the lagoony:so,that when traveling along the beach -
one :frequently: was .forced: towadesaround the trees or- detour inland,
Pamphis: also eceurréd on uwconsolidated sands and dunes along
lagoon: shores,  together with .8caevola and, near Lukwoj, Suriana

maritima,.-Cordia subcordata, Terminalia samoensis, Pandanus

~tectorius, Gueltarda speciosag and Tourneforbia argentea were other

trees frequently encountgred: ofi’sandy soils near the lagoon, In

villages Hernandia sonoraz and Calophyllum inophyllum were common, .

Rainwater running down the trunks of the latbter was often collected

S g e

in large iron drums.

SALII\TEL Fazs

Primary specles: TPemphis a01duia Tii- L
Secondary species: Scaevola frutescené-?

Tournefortia srgentea .-

Brvguiera conjugata v

Small interior sallne flats occur’ on. several islands of Arno atolle

| Commonly these had the form of elllptlcal, ilat«bottomed depressions
about 2C0 feet long and 50 feebt wide. Iuland sandstone was exposed in
the bottoms of some of these depressioné}{diiftiné sand had ;écuﬁnlated
in others, At high tide saline ground‘ﬁé%é%‘might rise above the level

of the bottom of the flat, or where a chaﬁnei opened to the ocean or




lagoon, salt wabter washed in with the tides, Commonly at low tide
small pools were found inedepréssaéﬁéﬁin the flats and the water in
these was salty to the tasie,

The slightly higher rim of such flats was composed commonly of
consolidated rock, aﬁd on thig_rock‘as well as on islands of sand or
rock within the flat itself occnrred nearly pure stands of Pemphig
acidula. The Pemphis is a large sﬁrub or small tree 15 to 25 feet in height,
Its exceedingly hard, heavy wood, which sinks like a stone in salt water,
was prized as a source of durable construction timbers and coconut
husking sticks; formerly it was the preferred wood for spears. Where

gand had £illed the bottoms of the flats, Scaevola frutescens and

Towrnefortia argentea together with the Pemphis formed open stands,

The larges?t of the saline flats of Arno atoll was found belween
Bikarej and Badrbaren .islands. There, on low islands between tidal
channels and pools, the Pemphis formed essentially pure stands. At
high tide salt water washed over its exposed roobs and those covered
by sand were undoubtedly bathed in the galine ground water., Fiddler
- erabs had excavated innumerable holes in the muddier portions of the
flat, and permanent pools a few inches deep:werg.inhabited by gobies,
which darted into holes or wnder sheets of algae when disturbed.

At Bikarej, Namwi, and Enidrik islands Pemphis bordered mangrove
swampse It differed from the mangroves,% however, in-that whereas the
latter were resiricted to swamps in which peat formed wnder water,
,Pemphis was most abundant on sites which at low tide appeared to be
well drained and even dry. Small depressions in}beach conglomerate

formed along lagoon shores constituted an especially common habitat,

# Sonneratia, Brugulera, Lumitzera (Combretaceae).




MANGROVE SWAMPS

Primary species: 3Brugulera conjugata

Secondary specles: Sonneratia caseolaris

BB i A R AL L+ ¢

Tnmitzera littorea

Pemphis acidula

Epiphytes: ~Asplenium nidus

Nephrolepls sps
Density: About 90 trees per acre over 6 inches DBH, bub variable,

Height of canopy: 35 to 55 feets

The principal areéas of occcumrrence of mangrove swamp were Tinak,
Tengar, Biliarej, and Namwi Islands, and the districts of Kinajong and
latolen, on Tne Island, Elsewhere stands consisting of one to a few
trees may grow in local depressiocnse The swamps were of two kinds.
The more common type was the interior swamp or "babt,® cut off from any
conmection with the lagoon or ocean by dunes on the lagoon sides or
by boulder ramparts on the ocean shores., Certain of these interior
muddy depressions apparently resulted from the formation of successive
boulder ridges of coarse rock on the ocean sides of islands,

The less conmon~("jinbétbat")'ty?e of mangrove swamp occurred atb
‘Bikare] and Namwi Islan&sg bordering the enclosed NWorth Horn lagoon,
n both of these islands ghallow embayments opened con’ the Lagoon. The
-swamp at Namwi, however, had been cub off from the lagoon by sand which
drifted across the outlet. Drifting sand had also covered the center
‘of the Namwl embayment forming a salt flat on which grew scatitered

ghrubs of Pemphls and Scaevolas The stnnection of the Bikare] swamp
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with the lagoon was still open, 'and water ran in and out of the embay-
ment with the tides. During the day at low tide this,water became ex-
tremely hot, and evaporation probably tended to increase its salinity
appreciably. Brine shrimp were abundant,

-* " Tn béth pldces the mahgrove'trees;formed,merelyﬁa bordering ring
around the interior flat,. Scattered, mostly prostrate trees of

Sonneratia caseolaris, which on-Amo atoll was restricted to the Bilare]

- and Namwi swamps, bordered the central flats of sand or mud; thelr erect,
conical pneumatophores extended twenty feet or more beyond the main
boles of the trees toward the center of the embayment, Behind the..
Sonrieratia trees and tending to £ill the gaps bebween them occurred the

more erect Bruguiera conjugatay perched upon which were aerial baskets

“‘of Nephrolepis and Asplenium.”’ Seedlings of Brugulera also became
established in”the mud beyond the Sonneratias, but they were apparently
short-lived in-such situativns,: Forming a zone around:the Brugulera

weré thickets of PemphiS"acidula;~the.sprawiing'main trunks. of which sent up

erect branches 15 to 20 feeb in height and over 6 inches in diameter,
Behind the Pemphis occurred trees of the scrub forest (especially Intsia

and Allophylus), impenetrable thickets of Clerodendrum inerme, ox

! goconut plantations,

0 Mahgrové swamps of the interiors of islands were strikingly dif-
“'férence in appeargéceaw Instead of a mere ring of trees bordering a
baryen - ebayment or flat,’ a complete cover of tress occupied: the inland
swampsy’ Host of thege stends contained only a single species of tree,

Bruguiera ‘conjugata. Only -at Matolen did Lumitzera littorea, prized

“¢ . fop fishing poles and garlandsy gréw with the Brugulera. Thickets of

the attiactive’ white=flowered Clerodendrum, also used for garlands,
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" sometimes bhordered these interior swamps.
‘“'ﬂbngrOVe swamps of the interiors of islands varied congiderably
'iﬂwﬁéﬁéity of stbcking,‘disﬁribution of diameter classesy and form of
the larger trees. At Tinak and Kinajohg the largest trees wers mostly
“'tall and straight, and the distribution of mature trees, young poles,
and ééplings, was relativély uniform throughout the swampse - The -
‘iargest trees at Kinajong were 50 feet or more in'Height and aboub.
“two Teeb in dlameter at breast height. The trees at Tinak weré sore-
what sméilér,*but the proportion of tall, straight trees which had-
pruned themselves of their lower branches was highers,

The case was different at HMatolen and Langar, In those places
the stahds consisted of scattered groups of old trees of poor form:
alteinating with groups of youﬁger,istréightér poless AﬁdenSemgrcvth

" of Bruguiera® seedlings about 18 inches tall constituted the giound
layer; andﬁthe:bifd?Suneét fern -grew perched on the larger treess. -
Seedling mortality of the Bruguiera was probably high in the heavy
':shade; for the density of poles 10 feet or more in height was much:
" peduced,

The poor form of the older trees at Langar and: Matolen; which

were about 35 to L5 feeb tall, exceedingly crooked, and commonly with
”heavj branches originating less than 10 feet abote ground, indicates
that they must have grown whder conditions very different from those
obtaining in 1952, Their offspringy growing densely under partial
shade, had developed into tall, straighit, slender poles which had

prunéd¢thehselves of their lower branches, This suggests that the

méngrdVé forests of Langar and Matolen might have been of very recent

torigin, The older, poordly formed "wolf" trees must have grown in
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openings ag scatbered individuals and small groups.  Those parts. of

‘the Swamps occupied. in 1952 by young poles were probably élso opén'

prior to the establishment of: the latter; for the stocking was dénse and
~uniform and the trees were of nearly identical size, diameter, and form,
It is not impossible, of course, that such local openings could have
resulted from the uprooting of patches of a former forest during typhoons,
but no evidence of typhoon damage in the form of fallen logs partially
-or wholly buried in the peat could be fowmd; the 1918 typhoon; in which
many. breadfruit trees were uprooted on Langar, is sald to have caused no
appreciable damage to the mangrove foregts of that: island, "High—grading;"
~that is, the practice of harvesting the more deésirable trees whilst
leaving behind those of poor form, may have contributed to the prepon-
derance of wolf trees among the older age classes. .In 1952, however,
cutting methods. consisted of removing only a few of the better formed
"poles., In the terminology of the forester, this constituted merely a
"light thinning." Clear cubting was. not practiced in 1952 on Ammo atoll,
and perhaps never wag. Thus, previously existing open places of eon=-
siderable size probably cannot be aitributed to typhoons or former cutting
practices. It séems at least possible, therefore, that the mangrove
forests of Langar and Matolen originated in relatively open, swampy
depressions with the establishment of the priesent wolf treess. Vhen

these trees reached maturity, their fruits were scattered thickly
throughout the swamp, giving rise in openings to the present derise

“stands of poless In other words, the mangrove forests of Langar and
Matolen swamps may be no older than the wolf trees still growing in them,

Dr. Harold St..John had suggested to the duthor that certain of the
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interior mangrove swamps might have originated through the deliberate
introduction on the part of bhe larshallese of fruits of the Bruguiera
into open swanps. One. clear case of artificial introduction and
.establishment of Bruguiera was actually encountered, sugges®ing that
at least some of the existing interior Bruguisrva stands. of Arno atoll
may have originated in this way. -

Cn Tuitu Island a fresh water swamp was encountered (chloride -
concentration 15 ppmy less than O.1% of that of the local seawater),
in which_several-young,t;ees of Bruguiera were growing. The knowm
history of- this swamp illustrates.the possible origin of other inland
mangroveAforestse;aiarajﬁ(Cyrﬁosperma) was formerly grown successiully
dn.the. Tutu swampy but the rooting of pigs made its culture impossible,
- and Brugulera, previously absent, was-deliberately introduced some
time between 1933 and 1942, In 1952 there were at least two age .
classes presents The older, larger trees; growing in openings among
taller coconuts and pandanus, were of distinctly bushy habit, and .

- seedlings. of Brugulera were scattered throughout the swamp,- The

.. Bruguiera plante were perhaps not so vigorous as those. growing in
more saline environments, but they were swrviving and reproducing
and may, well tend eventually to displace the other species of trees
now presents If. this in fact occurs, a stend will be formed con--
sisting of scattered groups of old Brugulera trees of poor IZorm,
originating from hands full of fruits césually‘tossed into the swamp
from points along its margin, alternating with dense .growths of young
gaplings-and poles. .The stends of Langar and Matolen had precisely
this appearance in 1952, so that similaf origing are not impossiblie.

It may further be conjectured that as the old, poorly formed trees of
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Langar and Matolen die, they will be replaced by their taller, straighter
progeny, giving rise to stands such as§ were seen in 1952 abt Tinak and
Kinajongs The relative antiquity of the stand at Kinajong is further
suggested by the fact‘théf’ﬁhe ﬁléce name is evidently derived from
"jong," the Marshallese fiame for Bruguiera. That is, the mangrove
swamp is probably older ﬁﬁan the name of the district, if the latter
was in fact named for its

It is of course possible that certain Brugulers swamps of the
interiors of islands became established through natural agencies alone,
High storm waves washing over the land may have carried Brugulera
fruits into previously existing interior swamps, or stands of Brugulera
formerty growing along lagoon or ccean shores may have been cut off
inland by the formation of new dunes or boulder ramparts. The writer,
however,'ﬁalked the entire southern lagoon shore of Arno atoll from
the northern end of Arno island on the west to the northern-end of
Langar on the east without qbsgrving_a'single plant of Brugulera
growing in such situati&ﬁs. AIn £rave1i£g among the northern islands
of the atoll he noted Bruguieré‘érOWing along 1agodﬁ'éhores-bnlj-at
Bikarej, where scattered trees'exﬁended qutffgom the interior efbay~
ment aleng the northern 1ag09n_shqpe of tﬁat island. Nor was Brugulera
observed growing along océan shdfes,_élfﬁough.a special search was
made for the tree in such situaﬁions,~ |

It is a common impression tﬁaf-mahgrove”swampé are invariably

saline or brackish, Such was certainly not the case in the stand-
developing at Tutu; where the chloride edﬁcenfrainn of the swanp

water was only twice that of the local rainuwaters, Analyses of the




water in the Matolen Bruguiera~Lumnitzera swamp demonstrated a
chloride concentration of only 610 ppm, about '3 percent of that of
the local seawater. The water of the Tinak swamp, however, was
distinetly salty to the taste, and at high tide the water of the
Bikare] swamp mixed freecly with-that of the North Horn lagoon.
(bviously, then, Brugulera is capable of growing in swamps having

an extremely wide range of salinity. Consequently, it should never

-be asgumed in the Marshall Islands that the presence of Bruguiera

is positive indication of high growmd-water galinity,

In passing, 1% should be noted that large numbers of fishe
eating seabirds roosted and nested in the Bruguiera trees of the
- Langar and other Arno swamps, The high phosphate content of the
. Arno mangrove peats (Stone, 1951) may be conveniently explained by

their presence
FRESH-WATER SWAMPS

Primary species: Pandanus tectorius-

‘Secondary speciess Cocos nucifera
Hibiscus tiliaceus
Intsia bijuga
Morinds citrifolia
Allophylus timorensis

Ground layer: Eleocharis spe.
Pryopteris goggilodus
Pelypodium scolopendria
Epiphytes: Polypodium scelopendria
Nephrolepis spe
Asplenium ndidus
Fresh~water swamps or bogs were observed on' Ulien, Tutu, and

Arno islands, Of these the Ulien swamps were the largest and most
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interestings A series of swamps alternated with higher ridges com-
pdéed of coaxée fragments of reef rock, Perhaps the most remarkable
feature was a sﬁall pond, about 100 feet long and 20 feet widey which
contained knee-~deep standing water when visited, This waler was fresh
to the taste, and apparenhtly not saturated with calcium or magnesiuwn
salts; for Stone (1950) stated that socap could be useds Much more
shallow standing water occcurred in other swamps on Ulien; on still
others peat was exposed above the ground-water level, The Tutu swamp
contained shallow standing water, but certain small areas in the
northuest part of Armo island were merely wet underfoot. Included here
also are the abandoned yaraj pits of Arno island, for their vegetation
was very similar.

The predominant tree in all these swamps was the wild variety of

Pandanus tectoriuss "Erdwan." The trees were mostly about 35 feet tall,

but density was variable, depending to some extent, at least, on the
depth to the ground water, Thus the gmall bog surrounding the Ulien
pond supported an open stand of Eleocharis. Polypodium andlyoung
Pandanus formed a zone around the sedge, followed by a belt of larger
Pandanus and finallyy on the highery drier land, by coconut forest with
an understory of scatiered Pandanus. In the swamp west of this stand
oceurred both dense dark stands of Pandanus, containing perhaps 250
trees per acre and much mere open stands of probably half the density
of the former, The more open stands occurred on a fibrous peat which
smelled strongly of hydrogen sulfide, whereas the substrates of the
dense stands were dark mucks. Coconubts had been planted in many of these

swamps; When windthrown, their root systems tore up patches of peat,
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exp081ng the’ standlng water beneath. Int51a, Morlnda, and Allophylus

occurred on sllght rlses, and’ Hlblscus tlllaceus, elsewhere common in

“abandonéd yara] Pltss grew alang the marglns Of the swamps. Eleocharls

F

was abundant in open places in the Ulien and Tutu suamps, but was not

‘séen on Arno 1sland. A5 noted by'stone, Drvopteris goggllodus grew in

open places in the abandoned.yaraa plts of Arno, but apparently dld
not occur elsewhere on - the atoll. This suggests ﬁhat 1t may heve
"been of accldental aborlglnal 1ntroductlon, spores p0551b1y having ad~

" hered to the corms of Cyrtosperma. " the dry exposed peat west of  the

L Ulieh pOnd'Lepﬁurus repehs fofmed bunches, and Fimbristylis atollen51s

T"ﬁés coﬁmon on slightly highef.situations.

- The history of the vegetation of the Ullen swamps and the UL -
roumding hlgher 1and might. well be worth 1nten51ve study by the ‘methods
of pollen analy51s. Such a.study would neceesarlly lnclude an account
of the origin and age of. the swamps and the. unlque pond. It 1s sug-
gested here that-these interior. depressions are of natural structural
origing the result of the formation of successive boulder ridges on the
.. ocean side of the 1sland, possibly as the reef grew outward. AL least

" one such interior boulder ridge eontained a. thicket of Scaevola
frutescens similar in all respechs to the bresh of that species which
so commonly borders ocean shores. On the other hand, my informants
. confirmed the legend related to Stone that an Ulien rettlng plﬁ was
;exceVated by a star.

# A radio-carbon analysis of the. layer of peat in which breadfruit

. pollen first appears might give a minimum date of the occupatlon,of
Armo atoll by the Marshalless. Cen .
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It would seem improbsble, however, that the Ulien swamps were formed
by a shower of meteorites,

Secondary Forests of the Interior of Arno Island

Primary specles Ground layer
Allophylus timorensis Tacca leontopetaloides
Artocarpus altilis . Polypodium scolopendria
Premna obtusifolia Mephrolepis Spa
Guettarda speciosa - ~ Asplenium nidus
Pandanus tectorius Crinum asiaticum

" Cocos nucifera. - = : Dryopteris goggilodus

Ochrosia oppositifolia . (abandoned yaraj pibts)

Secondary specles

Randia cochinchinesis
Scaevola frutescens

~ Ipomoea tuba

" Hibiscus tiliaceus
Morinda citrifolia
Ixora casel

Pipturus argenteus

n 1952 a considerable part of the interior of Arno island was

occupled by a growth of small trees; of which'Allophylus timorensis

vas the most abundanvt. Growing with the Allophylus and often iocally

predominant were Quettarda speclosa, Prema obitusifolia, and Pandanus

tectorius; An aggressive seedless:variéty-of the breadfruit, "Bﬁkaral",
maintained itself in thege fofesﬁs'ﬂy foot éuckering; a seeded variety,
"fijwan," was also preseht bu£ iéss.commoﬁ. The main, closed canopy

of the forests was 25 to 35 feet.above the ground, bult breadfruits and
-coconuts Lo to 50 feet téll occurred scattered throughout. Randia

cochinchinesls, resembling a small coffee tree, was common in the

shrubby layer, and Tacca, Crinum, and seedlings of Allophylus were con-
spicuous on the ground,

Although the relative abundance of the component species of trees
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was spatially variable, their sizes in general were note. The bread-
fruits were mostly 6 to 10 inches in diameter and lacked buttressed
roots, The Allophylus trees were slender whips, 2 to L inches in
diameter, and the Guettarda was scorcely larger, The small size of
the trees suggested_that these forests were not old. This supposition
was confirme& by fhe presence ip the forest of abandoned housé sites,
arownd which Intora blooﬁed praﬁuSely) and yaraj pits,:occupied by rank

growths'of the wild pandanus ("Erdwan"), Hibiscus tiliaceus, and

Dryopteris goggilodus., These secondary forests clearly had grown up

in lend formerly utilized for agriculture,

An attempt was mede to determine the history of iéﬁd abandonment
on Arno, According to seversl informants, Arno isléha was oncé*the
headquarters of a powerful prince, Lojetbte, who 1s said to.havé con-
quered'sefen atolls of thé Radak chain and to have originated such
institufions as a military school and a corps of ‘physicians, A4Lfter
' ﬂojette?s departure from Arno dissensiocn broke out aniong his followers)
 WaYs, fémine,-and»disease;are1suppbsed;to hgve' decimated the population.

Much of the history of Iojette is wndovbtedly pure mybhs On the
other hand, Lojebte is listed on the register of the iroij Lablsb of
'Arno“képt by Lajibili, the former magistrate of the:atoll, and Lojettels
descéndants arve among the nobility of Maloelap and Majuro, The ruling
tribe. of Jebrik and Xailicke at Majuro; for example, traces its descent
to Tiojette and his second wife; Liwarelik, a member of the Rarno clan,
.Thé”geneology of at least one descendant of Lojette, Karjin of Ailok,
is known accurately and serves to place the date of birth of TLojette
between 1720 and 17680, T
# Lubne X Lojette « Limajjen -~ Neikom =3 Lelam Aa Lajen -

Litcene -3 Karjin, about 50 years old in 1952, Length of generation: 20
to 30 years, Informant: Raymond de Bruie




don, an old man of Arno island, kindly showed the author the site
of a house whiéﬁﬁﬂe‘édidfﬁdé'6écnpied}%y‘Lojétteiénd:permanéntly
abandoned aften;hisﬁddnarﬁnre'fromzﬁrnn.”'EXCavations revealed that the
depth of accumu1atlon of coral pebb]es in the ancient courtysrd varied:
Lrom.12 to 19 1nches. Pebbles in courtyards of kmown age were found to
accnnnlate at the rate 6f ébdn% dne inch every ten years. Thus the
housesite had been occupled roughly 120 to 190 years at the time of -
abandonment. If L01et+e was LO to 70 years of age when the house was
abandoned, then Lt was first occup;ed sometime between 1570 and 1730,
HMany abandoned courtyards were found inland from the one said to have
been occupled ny'Lojette. Most of these belonged to the commoners (kajur),
who cultivated the néarby yaréj pits and harvested the breadfruit.

The interior of Arno island was probably inhabited until about 1860
or 1870, Lajibili, who is ridw about™60 jears old, stated that Armo
island cdnnisﬁédid%HBHEnﬁdﬁi%éd distriets during the time of his grande .
Father w ocoan and lagood Shordd snd thé trberiors -During the time of
his father only the oGassi aAd’lagoon shebés weré inhabited, and in 1952, -
except‘fdnva‘sdngiéTintéfibé'Hdnse, dwellings weré restricted to.the, -
path near the lagoon‘gﬂdfé} :Yaféj was groun in the now=-abandoned bwil
(pits) during:%ﬁd'ﬁimefd§-tﬁéﬂiapane5é (191L~19LL), but rooting by pigs
had resulted in the' abandonment of alindst all yaraj pits befote the av-.
rival of the“_dﬁie‘ii}cﬁs;‘f'f"'saxl}'6ﬁ1y= onis pit on the igland vhich still

contalned Cyrtosperma. )
The Arno people attrxbuted ne- abandonment of honsesites in the -
1nter10r of Arno island to a 81mple decrease in the ‘himan populations:

About 200 people 11V8d on Arno in 1952, but many:oefl tnese;wers-rela—

tively recent imnigfédis from ﬁiliegwwotje, and Majuro.: A former larger
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population is certainly not impossible. Much more food must have been

produced before the yaraj pits were abandoneds On the other hand; a

simple migration of biological families from the interior of the island to

the lagoon shore may have -taken place with no change in the total popula-~

tion of the Ilsland, The writer observed abandoned housesites similar to the

Arno ones in the interior of Ebon island,_Ebon atoll, He was informed

. by Duighl Heine, a vresident of Ebon but superintendent of schools at

‘Majuro im 1952, that at Ebon M"ri jerbal® formerly occupied the less

- desirable interior houses; lagoon ghore sites of the wabos having been

reserved for the alabs, At Ebon and Arno all the members of a bwij in

1952 lived in a group of houses conveniently near a commonly shared

cook house near the lagoon side of the wabtos

If the popwdation of Arno island was formerly considerably larger
than it was in 1952; the interior -- the area of secondary forest and
much of the land under coconuts -~ may have resembled that of Majuro island

“in 1952, where interior houses set among large bresdfrult trees were still

occapied, The yarad pits were maintained; bananas and limes were abun-
dant; and the underbrush was kept more or less in checks
- Ify on the other hand, the population of Arno has not changed ap=-

preciably and the biological families constituting a bwi] were formerly

scatiered in a line running from ocean to lagoon, wild native trees may

have made up an appreciable part of the vegetation. Perhaps only 2 small

area around each house was kept relatively clear of brush, It should be
emphasized, however, that in the Marshall islands it is not possible to
make a sharp distinetion between asgriculitural and waste land. Management

consigts chiefly in cubting back competing unwanted wild vegetation,

- 50 =




Intensively managed coconut and breadfruit groves are parklike., 0On

the other hand, breadfrult, yaraJ, and coconuts are harvested in
_Jungleullke areas which m;ght well be mapped as secondary fbrest.l The
degree of neglect varies from.wato to wato,. It is not unusual to flnd
f‘g_sﬁyip.gf land almost completely devold of wnderbrush bordergdlon.both
_gi@eg By.ﬁearly impenetrable thickets of small native treéS‘évéffgpﬁed
by coconut or bfeadfruit.tfeés. .
. Ab about the time of asbandonment of the interior dwellingéron Arno,
_ German ﬁradersrcpmmenced 5ﬁying,copra in the Marshall islands.r Gradually
) 1agd under native_scpub_agd.ﬁnneeééd breadfruit forest was clegred'énd
planted to coconuts, Although ‘the new coconut plantatiéns were'generally
_successful near ocean and 1agoon shoresy the conversmon met ulth diffi-
klculty in the lnterlors of the widest islands of several atolls in the
_ Asouthern Marshalls. After a few productlve years, the trees effectlvely
J¢_ceased bearlng and many diedo Ih 1952 a fEW'Arno 1andholders contlnued
Ato malntaln thelr falllng grofes, vwhereas others had abandoned the at-
;tempt to. produce copra in the Lnterlor of the 1sland.‘:How much of the
:_present secondary forest followed dlrertly in the wake of the falllng
coconuts is not knowm. Probably some breadfrult land passed to secondary
forest wlthout flrst having been planted to coconuts, the older breadfrult
trees having been salvaged fqr_canoesn |
In 1952 some areas of péor coconuts were béingrinvaded directly by
oreadfrult trees, especially the variety ﬁbukaral.“ More commonly the
earliest invaders were Wedelia and Premna, the latier forming thickets of
whippy stems six to nine feet %all. A representative zonation wag obw

served in the wato Meun Karel near the ocean side of the gecondary forest.
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The qequence was (1) poor coconuts with Fimbristylis and a black alga
p&omlncnt on the ground (2) Wedeliay (3) Gufoot Premna; (k) pipturus
gxggg&ggg Wltn an wndergrowth of scattered Thuarea; (5) Randla

cochinchinensis and Horinda citrifolia over which fpomoea tuba climbeds

(6) l2=foot Guettarda; and (7) closed forest of Pandanus, Allbphyius,

Premay and Guettarda.

T the closed forest P]lophylus,"yoﬁﬁg trees of which were abundant
on the forest iloora appeared to be 1ncr8351ng at the expense of Premna
and uuebtardae beedjlngs and saplings of the Premna were never observed

growing under closed secondary forest, and small Guebtarda were conmon

~only in openings and at the edge of the forest, Ochrosia bppééi%ifolia,
a rarve species except near ocean shores, occurred in abnndéﬁéé étione
place in the interior of Arno island. It appeared to be tﬁegénly:SEecies
on the atoll capable of growing in its own dense Shade; 'The area wnder
Ochrogia is not likely rapidly to increase in size, however, for the
Ochrosia fruits are large and heavy and are not usually dlssemlnated
far from the parent tree. The same may be sald for the fruils of Her~
nandia scnora. A single large Hernandia was found in a patch of
secondary forest near the ocean side of Arno island, but seedlings were
observed only within 50 feet of the trunk of the parent tree,

Secondary forest on Arno occurred on Arnc loamy sand, According
to Stone, these soils were formed "under a native mixed broadleal forest
- that was replaced in part by the indigenous agriculiure and more or less
completely by ‘fcopra culture,! Thus thelr development cannot be related
to the existing vegetation." The present author,; however, encountered an

immature Arno soill on the rim of an excavated yara] pit in the breadfruit
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forest near Ine village, suggesting that the series can develop wnder
breadfruit trees, It appéérs fai?ly'certain that a large part of the
area of Arno loamv sand on Arno 1aland, 1ncludJng the present secondary
forest, was under a form of 1nd1genous agrlculture for at 1east 130 to 300
__years before the advent of "copra cu?ture."« The hlstory of use may be
much lonﬂer, Slnce the Arno loamy sands occur chlefly in the 1nterﬂors
of the wider 1s]ands —— the reglons best sulted for bréadfrult and yaraa
_fculture becatse of the low sallnlty of the groundAwauer, 1t is not -
reasonable to Dostulate thau tne areas under 50115 of the Arno serlés
‘1n 1952 were among the flrst to be occupled by the Marshallese voyagers
;upon. thelr arrlval at the atolls With the establlshment of the iarshallese
g%lculture, the 30115 were dlsturbed by the ezcavatlon of &ﬁf&a pitSo
The uprootzng.of ﬁrees durlng typhoons and 1es er storms has been another
._,factor tendlng to obscﬁre t%e orlvlnal SOllu IR
It should further be emrhasmzed that there is no f:eld ev1dence that
i the‘lnterlor cf Arno 1sland was ever occupled by'a natlve mixed brbédleaf
zforest.{ Present stands of w11d natlve trees 1nfrequently vmulted by
humans are commonly characterlzed by the presence of seablrds and
rhosphatic sands or rock.‘ Phosphatlc areas 1nd1cat1ve of former flocks
of roostlng and nesting aeablrds éére entirely 1ack1ng on Arno island,
,Ihd@ed, Stonefs zhalysis oi a sample of Arno loamy sand from the area of
_qpoq;‘qoconuts on Arno showéd a surprisingly Ltow céﬂﬁent éf availéble

phosphorus in the black uurflclal horlzon. He reported.only 10 pounds

rer acre, about 10 percent o? that obtalnlng in the productive groves,
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VEGETATIONAL CHANGE

| Procesées of large=scale change in the vegetation of Arno atoll
were not evident in 1952, It is true that brush of small native trees
and shribs tended to grow up in the coconut and breadfruit groves, but
- %heAcutting and burhiné”échi%ities of the land~holders kept pace with
theée threats excéﬁt in a few vlaces,s The encroachment bf native
secondary forest on the area of poor coconubs of Arno island has been
éiécuSSed above, but the invasion did nhot appear to be strikingly rapid,
| 'Speéial study was ﬁade of areas affectedvbj the typhoons of 1908
and 1918, Tn the area west of Jabu washed out during the typhoon of
1918 (cf. Wells, 1951y figs 8), Scaevola, Tournefortia, Pandanusy
Termiﬁaiia, Vigna, Canavalilay Triﬁmfefta, Fimbristylis, Leptufuss"
Euphorbia, Polypodium, and Cassytha.ﬁere ﬁdfed under the youhg‘cbcgnut
freééa Cne Scaevola plant growing in a washed-oub depressionfhad
éfféined.a height of about 16 feet, The Vigna was especially prominent
iaméhg fﬁé herbaceocus ﬁlantg; Iis appafent competitive ability in this
situatién is perhaps not surprising in view of the relatively low nitrogen
éonﬂeﬁt 6f the immaﬁuré soil {Stone, 19513 profile Noo 27).

Naikiﬁg ffém'Léngar island to Ine village I noted young plants of

the fblldwing speéies growing in sand deposited since the typhoon of

1905 devastated much of the‘ééétern parﬁ of Arno atoll: Cocos,; Scaevola,

Calephylium, Pandanus, Guettards, Téurnefortia, Lepturusy Vigna, Triumfetba,

Fimbristylis, Wedelia., In mostﬁplécés, the sand which had drifted in
between parallel ridges of beachrock representing the shore lines of
former islands was devoid of vegetation, TYebt it was possible to walk

the entire distance from Langar to the southern end of Aljatuen Matolen
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on dry land at mid and high tide, Primary succession undovbtedly takes

place, but it is apparently a slow process in such situations,

Pemphis acidula, hgﬁeVer, was especially abundgnt along the lagoon
shores of this devastvated stripa Plants of all qiées up to low trees
15 to 26 feet_tall‘were observed growlng on the solid beach rock.
_ Shallow pockets in ﬁﬂe roék in which small quantities of sand had
aceumulated were thé_ssedbgds of this hardy plant. Scaevola frubescens
_and sproutlng coconuia formea thickets along some of the high boulder
ramparts behind the shrubbexy‘of Pemphis. TUbiquitous was a black bluew
green alga Whlch covergd cqmp%etely the rock fragments of boulder ram-
parts in exposed 51tuatlonsg

Further confwrm%tlon cof the hynothe51s that vegetatlonal chaﬁge
was slow at Arno in 1952 is afforded by the fact thgt it was possible
to use éeria} photggraphs takén in 19Lk aﬁa 1945 in mapping the vegetation
of thg.atqllp The photographs were repeatedly checked in the fiéld and
nordiscrepancies were noted obher than slight changes in land formsa The

vegetation of Arno atoll had remained essentially stable for at least 7%

years.

PHOSPHORUS RELATIONS

' The &toll habitat, monotonously wniform to superficial observers,
is actually striking in its variety, Permanent residents, for example,
are well aware of the differences in the abundance of fish and sharks in
different situations., On Arno atoll the fishing was especlally good off
Bikarej island. Although there was an abundance of fish on the ocean
reefs near the Takleb pass, spear-Iishing there was dangerous because of
the great concentration of sharks. The lagoon shores of the windward

islands of Arno atoll were often umpleasantly hot because the coconut
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plantings to windward cut off the cooling trades. The lagoon shores
of Arno island and Iney on the other hend, were for the most part plesant-
1y cool, for the trade winds impinged on the villages along their lesgcon
shores after an uninterrupted sweep across the broad lagoon, Mason (1952)
digcugsed the stfiking cultural differencdes to be found on the different
islands of Arno atoll. I found that almost every island had a local Rolo st
dept or legénd associated with it, The atoll was in effect 'a microcosme

Marked differences in the habitats available to plants were also
" found.' Soils varied in bexture from peats and mucks through sandy loams
to materials composed chiefly of stones and cobbles., Some soils, Like
thoge of high, windswept dunes, appearsd excessively drained;:but else-
where freshmﬁéter swamps were encountered, The salinity of ‘the ground
_ ﬁﬁter varied over a 2,000~fold range, and this variation was réflected
" in the vegetations Breadfruit and jaraj'plantings were limited ' to areas of
‘ relatively low salinity.

The variation in concentration of readily extractable phosphorus in
the soils of Arno atoll was esﬁeéially noteworthy. Stone reported only
10 pounds per acre in the area of poor coconuts on Arno island,but 860
pounds per acre at one lqcality on Namwi islands Concentrations in the
mangrove peats of Langar island reached 1600 pounds Per acres

Local concenbrations of phosphates and phoaphatic-limestone at Arno
were often correlated with present concentrations of roosﬁing'and nesting
‘seabirds. The mangrove swamps of'Langar and Tinak harbored.large
“colonies of fishweating terns, the droppings of which are believed to be
rich sources of phosphates. Takleb and Namwi islands, formerly
. Marshallese bird reseryations, had 1ocal‘deposits of phoesphatic sand and

rockas
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A1+h01gh meonselidated pbﬁsphatic sa;ds wére common.y encountered
1n'axeas of native ¢oreqt dommnated by Oohr091a, Guettarda, Intsia,
Barrlngionla, or Hernandla, consolldated phosnhatlc llmestone was ap-
_parentlv restrlc ed to tbose areas of natlve Jorest in whlch Plquig
grendis fas or csea 1y formerTy had been the primary species. On’

Takleb 1sland. for eyample, nhosphatlc rock as found onlv on the
‘part of the 1vland on whlnh grew 3 large P*sonla trcpsq probdbly relicts
of the former nabvve foresta In order to study this Uhosphatnc goil the
author excavated a deep pit near the 1argest of the Plsonia trees., The
rprofile was: O -~ 2 inches, bubt extending to a2 depth of 17 inches in
‘fissures in the phosrhatic rock: Black grsasy hunug with Plsonia rcots,
Crumb structure well developed when dry. Mucky when wet. |
2 =« 13 inches, but comionly outcroppiﬁg at surface and in places continuing
to depths of 24 LﬁCﬁGS' Brown phosphatic limestones The rock was highiy
"bri.tt?l.e,I much fissuredg and pockéts of weconsolidabed phosphatic gand
were present, |
13 ~ 22 inches: Pink cofai and foram sand with vertical browm phosphatie
strea?s and fragments of brown Dhosphatlc rock, Grading into
22 « 52 inches: pink coral. and foram sand, yradually increaging in
coarseness of texture wmth aepth, and contalnlng nzar the bottom of pit
well preserved frapments of braﬁcﬁgd coralso

This soll apparently devélqped on a pérent material of coral-ands-
| foram sand similar to thﬁt found‘in the 22-52 inch ﬂorizon,: Phésphatic
' salts from bird droPPings movgd dqmnﬁafd from the humus layer into the
Lime sands beneéth, cembining withhthésé to form insoluble caleium

phosphate. Movement downward of the phosphatic salts was effectively
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limited to the upper 22 inches of .soil by the filter of lime sands.
Gradually a matrix of calcium phosphate formed around the grains of
limesand, cementing them into solid chunks of rock, The mucky
phosphatic humus washed down into the interstices éf this rock, in
places preventing the further dowmward movement of materials, Around
the largest of the Pisonia trees stood 3 pools of water an inch or two
deep, which served as wallows for the numerous pigs of Takleb island,

" (ne of these wallows was situated only 11 feet frém the soil pit
described above, Standing water remained in this wallow at the end of
a 36-hour rainless period, whereas no water was encouwtered in the pit
at a depth of 52 inches., BEvidently this phosphatic hardpan was capable
of perching a water table,

A fraguent of rock removed during the excavabion of the soil pit was
suggestive of the length of time necessary for the formation of the hardpan,
One side contained a semi-cylindricsl cavity approximately 2 inches in
diameter. The rock was hardest énd darkest around the cavity, which
apparently had once been occupied by the root of a tree. It ls suggested
that the rock must have formed around the root after the latter had
attained a diameter of 2 inches, for had the root penetrated the rock
after the latter had formed, it surely would have shattered the brittle
rock during its increase in diameters TFurither, the rock must have
formed around the root while the latter was still alive or only recently
dead. Coarse, unconsolidated sand would quickly have filled in the
cavity left by the decaying root had the latter rotted before the rock
was formede This suggests that the phosphatic rock formed very rapidly,
perhaps within less than 100 years, although the length of life of the
root of an unknown species of tree wnder the conditions described is of

course not knoun,
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Felix J.y; the magistrate of Arno atolly whose family holds land
rights on Takleby stated that the phosphatic rock was first noted in
1905+ ‘The island was first settled in 1886, and certain crops not observed
on the atoll in 1952 - the pineapnile, tomato, and watermelon -~ were
growm on the fertile Takleb soils until the development or exposure of
the rock made their culture difficult or impossible, It is possible that
the removal of the wild trees tended to have a dessicating effect on the
goilse During periods of drought the soil may have been exposed to the dire
direct rays -of the tropical sun, and the resultant Ubalding" may have ac-
celerated the formation of phosphatic rock, 0n the other hand, removal
- of the trees may have been followed by heavy erosion during the torrential
downpours so charscteristic of Arno atoll. The mucky layer of phosphatic
" hwmusy in which the crops were groun, may simply have washed away, ex-

- posing the previously formed phosphatic limestone beneath,

For the most part, productive coconub trees occurred on soils of
intermediate concentrations of phosphates: 80 to 120 pounds per acre
according to Stonefs analysis. Although coconuls were successful on
" these soils, the special crops -~ tomatoes, watermelons, pineapples -
in general were not. Tn 1952 Kapok trees had been successfully introduced
only on Takléb., They were stated to have failed on Tne.

Cn soils of very low concentrations of readily extractable phos-
phorus even the coconut did poorly, In the interior of Arno island (Fig. 13)
where Stonels analysis showed only 10 pounds of readily extractable
phosphorus per acre in the surface 6 inches of the soll, was an area of
poor coconuts ("laora®) forming a semicircuvlar belt around an area of

" secondary Torest, Coconubs observed in clearings of the latter exhibited
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the same.symptoms as those in the area of poor coconuts adjacent to the

gecondary foreste It is thereforé'probable that the condition resnonsible
for the'poor growth of coconuts was présenﬁ throughouﬁ the secondaxry
forest. Combined, the two areas totaled 13655 acres.

Poor coconuts of the "laoral' type were also observed by the author
in the inberior of the widest island of Ebon atoll, in the southern
Marshalls, The soil, of which saﬁples were sent %o Dr. Stone for analysis,
Wag appéfently of the Arno series. On both sides of this area of poor
éoconuts bﬁﬁ no neaver the lagoon were groves of heal’hy,'productiﬁe
tréeé éfowiﬁg on phosphabic soiise These local. phesphatic deposits,
neither of which was‘larger than 10 scres in exnmhtj fad been mined by
the Japsnese wtil United States bombers destroyed ths loading facilities;
“about 50,000 tong were removed, The aubhor excavabed a small soil pit in
‘an aves undisturbéd byrmining operationse. A highly organic, fine-texbured
layer 8 inches fhick bo%ered 8 inches of gray sand, whﬁch in turn lay over
'solid; nerd phogphatic limestone, through which it was impossible to
dig with & head shovel, The formation was apparently'thick?'however,
for the Japatiess onuavadlons had pierced the wabter table and created a
freshewaier pond perhap3 1000 sqﬁare feet in afeaa

To swmarize, "Laora" is a disease of coconubs occurring in the
interiors of the wider islands of atolls on soils of low concentrations
of readily extractable phosphorus. on local vhosphate deposits in the
sateriors of one such wide island the coconut trees were healthy and
productive, whereas the palms on an adjacent, non-phosphatic area were
not thrifty. The sites were appareﬁtly identical in all respects with

the exception of the difference in phosphate concentratiocn of the soil,
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The presence or absence of local phosphate deposits in the interiors
of wide islands is probably not fortultous., A4t Arno the tops of large
Pisonia trees were invariably crowded with ‘flocks of roosting and nesting
seabirds. In fact, the birds appeared to "prefer" the branches of the

Pisonia to those of any other tree. The droppings of these myriads of

birds would eventually result in the formation of phosphatic rock, as ob-

served on Takleb island., Lilke many of the native trees of the southern

Marshalls, Pisonia grandis tends to occur in groves -~ that is, in pure

stands less than 10 acres in sizee Present local deposits of phosphatic
rock may well ccincide with former Pisonia groves.

The Harshellese voyagers,'ﬁpon arriving at a new atolly probably
cleared first the forests of the wider islands, In the interiors of
these islands the grownd wabter was sufficiently fresh to permit the
growth of thelr basic cropz, breadfruit and yaraj. AL Arno island
yaraj pits and abandoned housesites were concentrated in the interior;
it is probable that this interior land has had a longer history of cone-
tinuous human use than any other area of the atoll, From the time it
was first cleared wmtil 1952 «= at least 220 years and probably much
longer ~~ large flocks of fisheeating seabird§ were absent, For the
birds tended to avoid villages, where they were persecuted. Conseyuently,
any large~scale deposition of phosphates by seabirds effecltively ceased
in the interior of Arno island with the arrival and establishment of the
Marshallese voyagers, It 1s perhaps not surprising that after centuries
of cropping and leaching losses some of these soils were not aﬁle to

supply the coconut tree with sufficient phosphoruvs to meet its needs,
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According to the data of Walker (l905j, a ripe coconut minus the

husk and shell contalnb 1.911 gre phosphorlc acid (P205)o On the
.ave¢age about 1850 nuts per acre of coconut land were converted into
copra on Arno atoll in 19; o This is about 3.k pomds of phosphorus

(P} removed per acfe iﬁ caprag In é&diﬁion about 0,8 pounds of
phosphorus was removed from coconut plantations in the shells of the
huskcd nuts, makmng a total of L2 pcundo per acre. About 3.8 tons

of Uhosphorus were lost to the atoll in 1951 in the export of copra.

The shells; of course; were not exported bub were used as fuel locally,
Using the data of Bachofen (Anonymous, 1900} the amount of phosphorus
lost to the atoll in 1951 in the export of copra drops to 1,37 tonsj

the logs per acre becomes lo3 poundsa:'Of course, in 5rder to arrive at a
more accurate estiméte-it vould be necesséry to aﬁalyze Arno coconuts

or COpIas AThe‘data are merely intendéd to indicate theorder offmagﬁitude
of the'croppiﬂg losse Indeed, with the abandonment of the unproductive

- groﬁes and thé'establishment of secondary foresty the early stages of a

“éhifting agriéul@ggg ﬁere preseﬁﬁ'in i9§2¢ Cnly the esbtablishment of
fiébniargrovés aﬁd'rookeries Witﬁin the secondary forest were necessary
to comb‘ete the cycle. It would tﬁus'éppear'that'the cycle of movement
of phosphorus from sea to land and back is of considerable importance in
the aériculture and ecology of ihhabited atolls in the southern Marshalls.
I beliefé'that a careful geocheﬁicai studj éf the phoépﬁérus cycie én ine
habited coral atolls would be of considerable general interest, for it

would combine the work of the chemist the soils scientist, the geologist,

‘the ichthyologist, the ormithologist, the botanistwagriculiurist, and the
anthropologist in the investigation of a vital phase of the economy of
atolls,
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HISTORICAL, RESTRE

. II.s Before the arrival of the ilershallese voyagers,. the vegetation of
Arno atol? was comnosod chlefly of dlcotyleuonous trees and shrubs.

Along boulder rumparb} and extending perhaps ¢QO feet 1n1and on wind=
ward islands was a scrub vegetation composed principglly of Scaevola

frutesceng but also LHCLudlng Tournefortla arﬂenteag Pandanus

At e

tectoriug, Terminalila samocensisz, and Guettards speciosa. This scrub
3 _ : 3 . ‘

merged inland on stony soils with a forest of trees 20 %o 60 feet tall,

Prominent among these were Barringtonia asilatica, Hernandia sonora,

Ochrosia cpposivifolia, Intsia bijuga, Pandanus tectorius, Guebtarda
’ 3 - "-—’ . . N v .

speciosa, Pisonia grandis, and Cordia subcordata. .Ground cover was

F

sparse, being featured chiefly by tree seedlings and suckersy clumps of

Asplenium nidus among the rocks, and patches of Peperomia spe.  On sandier
nong ’ Leperomnta Y

soils nearer the lagoon; groves of tall Pisonia trees served as rookeries
for numerous fishweating seabirds, Hardpans of phosphatic limestones

developed wnder the Pisonias. Allophylus timoreasis, Guettarda speclosa
P - ool &

Intsia bmjuca, Pipturus argenteus, Cordia subcordatay and Fremma

obtusifolia were also present. on sandy intsriors, although they probably

did not form mixed stands with the Plsonlas. Along the dunes of lagoon

shores a serub of Scaevola with occasional Suriana maritims and Sophora

tomentosa formed a narrow bslt at the edge of the forest, Along eroding

lagoon shorelines in which‘beachrock was exposed, Pemphis acidula formed
the bulk of the vegetation,

Saline flats were covered with nearly pure stends of Pemphis, Saline
swanps may have been occupied by a vegetation of mangrove trees, although

it is possible that these were introduced later by the ilarshallese.
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Fresh-water swamps were covered by forests of Pandanus tectoriuvs.

Along the lagoon shores of 'island damaged by typhoons herbaceous

plants such'as Triumfetta procumbens, Lepturus repens, Wedelia biflora,

Vigna marina, Fleurya ruderalis, and Fimbristvlis atollensissmaintained

precarlous footho?ds in the face of  the advanclng woody vegetatlonoA

2. The. arrlval of the Marshanese settlers introduced a perzod of magor
change in the vegebation, - The forests of the sancy';nterlors-o+ islands
were partially cleéreﬂ; yaraj pits dug.andlcﬁiﬁivated, and breédfrﬁiﬁ and
coconut trees planted. - Perhaps 15 percent of the. land srea . of the atoll
was giveﬁ.over to agricpltufeo Breadfruit.groves'flouriéhed in the in=-
teriéré of the wide islands and cocoﬁut trees 1ined théir'lagégﬁ shéfesu

3. .Housesites in. the interior of Armo island were abandoned in the

'”‘ﬁiddle of the lQﬁh.century after. having been occupied for-at least 120

and perhé?S-BQOzorfmoré‘years, An Hawaiian mission was established at
Aine in 1873, marking the first recorded date inm. Arnol!s history. . In-
;1876 Troij Lé%aman-rembved the restrictions on colonization of the only
two sizeable islands 5f Arno-atoll = Takleb and Namwi -~ on which the
native vegetation remained unaltered or nearly so; much of the native
forest was removed to make way for breadfruiﬂs, coconuts, and other
cropss Germany established a prdtectqrate over the Marshall Tslands in
1885, German administrators and %raders encouraged the production of
COPYaa .Pigs'were introduceds

Lo During the early part of the 20th century the acreage under cocomuts
increased rapldly at the expense of-the native scrub and forest. Wative
herbs, however, prospered in the new habitat.. Pigs devastated the yaraj
pits and uprootved Tacca plants in.the coconub. groves, . The breadfruit

groves of the interior of Arno island with thelr yaraj pits were abandoned,
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and a native forest of Allophylns) Guettarda, Premna, and Pandanus - -

developed in which certain’ varietiés of breadfruit persisted ag
scattered trees, reproducing by roobisuckers and seeds. A Uyphoon

did serious damage to the islands of the castern part of the atoll in
1505, |

5. Soon after the beginning of the first World War the Japanese replaced
the Germasns as administrators of the Marshall Islands, The Marshallese
were encouréged to purchase Japanese exports, especially rice. A
destructive typhoon hit Arno atoll in 1918, washing out parts of islands
and uprooting trees, Japanese agriculturists advised the Marshallese
to increase their coconut plantings, Plantations were unsuccessiul,
however, in the interior of Arno island on the iands surrounding the
site of the ancient villagea Copra production in the Marshall Islands
probably reached a maximun wnder the Japanese,

6o Tn 19Lh Kwajalein, Majuro, and Eniwetok were occupied by armed
forces of the United States. Although the copra trade was disrupted,
bxno was not the scene of major military activity. Aerial photographs
teken in 194l and 1945 revealed that about 69 percent of the land area
of Arno atoll was under coconut trees, This area had not changed ap-
preciably by 1952. Native forest and scrub were restricted chiefly to
stony land and the ocean sides of windward islands, By 1951 copra
production had increased to an output of 622 tons, but secondary forest
continued to encroach on the area of poor coconuts of Arno island. Dry
land was exposed at mid or high tide the entire length of the eastern
part of Arno atoll from Langar island to Aljatuen Matolen, but plant

colonization on the newly formed land was slow. Pemphis aclidula, however,
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had -succeeded in, esbablishing itself in large numbers on the exposed

beach rock of the lagoon shore: of. this region and Scagvola hushes

grew along the High boulder ramparits. -
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8/23/52.

Flg. 16.

| Fig. 14. Productive Coconut grove. Ine. Fig.

Breadfruit grove. Ine.
dense in open groves.

15. Poor Coconuts ("Laora"). Arno
Island. Nearly half the palms
are dead. 7/15/52.

Ground layer is
8/23/52.
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art.
8/15/52

Guettarda on stony land
sland.
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Fig.

Yaraj pit, Ebon island,
Ebon atoll. 9/20/52.
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Fig.
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, Langar island.
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Fig
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Bikarej island.

trees are about A0 feet
7/25/52.
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Fig. 21. Large Pisonia tree, Takleb Fig. 22. Pisonia trees, Takleb island.
The trees have originated from sprouts
along a single fallen log, the remains
of the roots of which are visible at

island. Tree was 28.4 feet in cir-
cumference and 80 feet tall. Note
8/5/52.

numerous suckers.

left. 8/5/52.

Fig. 23. Mangrove swamp. Compare
forms of old trees at right with
straight young poles on left. Langar
island. 8/15/52.




Fig. 24. Fresh-water swamp. The
stand consists chiefly of Pandanus
tectorius. Ulien island. 7/16/52.

i > Fig. 26. Secondary forest. Rank growth
of Pandanus tectorius in abandoned yara]j
pit. Arno island. 7/15/52

Fig. 25. Fresh-water pond and swamp.
The water was about 24 inches deep
when photographed. Ulien island.
7/16/52.

Note gravel
courtyard around house. Arno island.
8/20/52.

Fig. 27. Modern house.




Fig. 28. Gravel in modern courtyard.

Arno island. 8/20/52.
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L R Fig. 29. Gravel in courtyard of

abandoned housesite.
pits, Arno island.
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Near yaraj

7/15/52.






