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In 1952 78 percent of the land surface of Arno a t o l l  was under 

coconut and breadfruit  forests ,  both of which types were maintained as  such 

only by periodic clearing of unrranted wild plants. With the exception of 

recent ly  in t rodxed  weeds, v i r tua l ly  every species of plant on Arno found 

a specif ic  use -- i n  medicine, conskruction of houses, canoes, and im- 

plements, or i n  the weaving and coloring of mats, t o  mention only a few. 

The poss ib i l i ty  t h a t  even wild native species had been planted on some 

s i t e s  they occupied could never be overlooked. Obviously, Arnots vegetation 

was insep&ably l inked ~ & t h  i t s  people. To the student who regards vegeta- 

t ion  as  simply the r e s u l t  of the interact ion of f l o r a  and habitat ,  inhabited 

a t o l l s  such as Arno can be e;tremely confusing. Cn the other hand, a study 

of the int&relat ions 'of the people and the plants of an a t o l l  is inter-  

e s t i n g & t  only i n t h e  ins ight  i n t o  t h e  l i f e  of the a t o l l  people which it 

provides, but -a lso .in its i l l w h a t i o n  of certain important processes of 

vegetational and edaphic change which might othervise not  be understood. 

o bib out 1000 persons .were resident  a t  Arno i n  1952, most of whom l ived  

i n  rLl.lages along the lagoon shores of the wider islands. Islands l e s s  

than 600 f e e t w i d e  and stony lands were for the  most pa r t  uninhabited. 

Dwellings rrere concentrated near the  lagoon shores of the  wider islands, 

f o r  these s i t e s ,  besides providing easy access t o  the la.goon, were con- 

veniently near those areas best  su i ted  f o r  certain food plants  -- the  

breadfruit  and the yara j  (Cyrtospemia). In the in t e r io r s  of the wider 

islands the s a l i n i t y  of the ground water was su f f i c i en t ly  low t o  permit 

t he i r  growth. The vil lages,  ho'wever, were n o t  always conveniently near 



coconut groves. Copra-making par t fes  often had t o  t r a v e l  considerable 

distances t o  t h e i r  worlc, 

A t  Arno r i g h t  t o  the  use of the land was held n o t  by individuals 
,.. . :  . . 

but instead by extended family groups (btrij), the heads of which were 
.. 

termed alabs. The land holding ( ra to)  was comaonly a narrow s t r i p  O f  

ground one t o  k v e  acres i n  area extending from lagoon t o  ocean. In 
, . . . 

many cases a bwij  held r igh ts  or. more than one +?to. ~ i o m  its w%x 
. . . . . . . .  . . .. .. ... . 

the hij harvested much of i t s  food and woGd and all 'of i t s  coprao The 
. . . . 

l a t t e r  &oduce consti tuted the chief source of cash incorne t o  the  bwig, 
. . 

. . .  
from which i ts  members purchased imported foods, clothing, soap, kero- 

.. ..:. . .  . . .. 

sene, and other trade goods, Land could not  be bought or sold; the 
, , 

r igh t  t o  the use of the  land was iassed i n  s t r i c t  heredi tary fashion 

 fro^,^ one generation of the brrij t o  the  next. Aside from a very small 
. . . .  . 

area claimed by the Lbited S ta tes  ~o&&iment, there  was no public land 

on hrno, Ri$t  t o  the use of each piece of land on the a t o l l  was claimed 

by a t  l e a s t  one Mj. Consequently, it i s  obvious t h a t  the vegetation 

found on any piece of land was dependent upon the previous use of t h a t  

land by its &ij. 
. . . , . .  

Intensi ty  of land use depended n o t  & l y  on tlA s u i t a b i l i t y  of the 
. . . .  

land holding fo r  the growth of economic plants, but a l so  on such fac tors  

a s  i t s  distance from t h e  places o r  residence of the bwij, the number of 

acres per hdj inernber, and very probably on the irdustriousness of the 

members of the  b i j ,  especially the  alab. Ny ass i s t an t  informed'me t h a t  

the bxij of which his father  was alab, was unable properly t o  talce care 

of a l l  the  land rihich h i s to r i ca l ly  it had been alotted.  "Some have too 

much land, Some don I t  have enough." A t  Najuro a t o l l  brush had grown 

up on land occupied by the Ih i ted  S ta t e s  Government during the war  and 



since abandoned. The former IjIarshallese %wnerstl had by no means re l in-  

quished claims t o  t h i s  land, but were n o t  cer ta in  of t h e i r  l ega l  r i gh t s  t o  

i t s  use. Land disputes vere a l l  too common a t  Arno, Since the author was 

advised not  t o  become involved in such disputes he did n o t  investigate 

the i r  relationships t o  the intensLty of use of the land. 

In 1952 the f l o r a  of krno a t o l l  consisted of about 125 species of 

vascular plants (cf Anderson, 1 9 9 ) .  O f  these nearly half  had been intro-  

duced ~ n t h i n  the past  100 years, roughly 38 intent ional ly  a s  cul t ivated 

plants and 19 accidentally as  ~ieeds. That i s  t o  say, the Arno f l o r a  of 

1850 consisted of approfimately 68 species of higher plants. O f  these, 

however, probably about 24 had been introduced by the Narshallese as  

economic plants o r  weeds. Although a nat ive f l o r a  of approximately h!t 

species ma,y seem very small, t h a t  of Arno i s  r e l a t ive ly  r i c h  compared t o  

the f lo ra s  of other lai islands s i tua ted  a t  greater distances from the 

r i c h  source of seeds of Malaysia and Nelanesia, or receiving l e s s  ra infa l l .  

Canton Island i n  the Phoenix group, r e l a t ive ly  near the  r i ch  f l o r a  of 
. . . . 

F i j i ,  has a nat ive f l o r a  of only. 16 species, but it i s  nearly a' desert. 
.. . . ~ . .  . . . . . . . 

Palmyra Island, lying t o  the  eas t  of Arno, receives about a s  much r a i n f a l l  
. . . . 

as  the l i t t o r  a to l l ,  but it i s  nwch more remote from major sources of 
. . 

seed. Its f l o r a  consists of only 16 species. 
. . 

Although the f l o r a  of lirno is la rger  than tha t  of many a t o l l s ,  it is 
. . .  . . , .  . . .  . . .  . 

small and r e i a t ive ly  ininterestin;  compared t o  the r i c h  f loras  of high 

islands l i k e  F i j i ,  Hawaii, Tahiti ,  o r  even Ponape. Not a single vascular 
. .  , . , 

plant  species i s  r e s t r i c t ed  t o  Arno a to l l .  A l l  o f  the native mild species 
. . ,. . . . . 

are  wide-ringing plants, most' occurring on the shores of islands in both 
. . 

. ... 
the ~ac i l^ ic  and Indian oceans, and at. l e a s t  7 -- 16 percent of the  nat ive 

. . .  

f l o r a  -- occur na tura l ly  i n  the t ropics  of both hehipheres .  ' Excey~t for  a 



single species, Pisonia .-.-.I grandis a l l  of the  nat ive plants . . of Arno possess 

seec'.s or f r u i t s  which are  dis t r ibuted by wind or ocean cwrcnts .  The fruits 

of the Pisonia are glutinous and adhere t o  the feathers  of the wide-ra?gi.ng 

seabirds which roost  and n e s t  i n  i t s  branches, I t  i s  not  siwprising, then, 

t ha t  t h i s  t r e e  occws on nearly every high and low i s land  in the Pacif ic  and 

Xn'jldian Oceans which is  sWfic ien t ly  moist t o  permit i t s  growth, a s  do, indeed, 

a large proportion of the  other nat ive species of t h e  Arno flora.  

The ciimate of Arno i s  proba.bly n o t  very d i f fe ren t  from tha t  of nearby 
, . 

Hajuro, where annual r a i n f a l l  is of the  order of 220 inches. The winter is 
. . 

marked by stronger, more constant northeast  trades and by somewhat l e s s  r a?a  
.. . 

than the s k e r ,  :lean annual temperature i s  81° F.; mean monthly teiirperatures 
. . 

vary only within 2' of the yearly average. The dLurnal variation i s  about 

0 
10 ; nights are  pleasantly cool. .. . 

Arno a t o l l  contained 133 islands and i s l e t s  in 1952, which formed 5 

square miles (3200 acres) of dry land, Almost a l l  these islands had the 
. . .  . 

same structure.  Their seaward s ides  consisted of ridges of boulders, 

cobbles, and stones thro:m up on t h e  reef f l a t s  by storm waves. Sand ac- 

cumulated on the lagoon sides of these boulder ridges, anddunes formed 

where a sandy beach faced the ?revail ing northeast  trades. Between the 

stony ridge of the ocean side and the  dune ridge of the lagoon shores, was 

often a.n i n t e r i o r  depression. The islands tended t o  increase i n  width by 

additions of sand on the  lagoon side, and coarser mater ia l  on the ocean 

shores. 

m e  ground water of an a t o l l  i s l e t  i s  characterized by the presence 

of a Ghyben-Herzberg lens  of f resh  water. The depth of t h i s  lens and i t s  

s a l i n i t y  depend on the distance t o  the  beaches and the  permeability of the 

so i l s ,  Stony land is m c h  more prmeable t o  the  salt water of the ocean 



than i s  dune sandg and with..the r i s e  and f a l l  of the t i d e s  x2preciable 

mixing of f r e sh  and s d t  water occurs. Thus the stony land of the ocean 

s ide of is lands is underlain by much more sa l ine  ground water t.han lagoon- 

shore dunes. .The ground water i n  the  . in ter i .ors . .~ . f . the  . . ,.. wider is lands is 

remarkably f ree  from sa l t .  Cox (1.951) found only 8 ppm chlorides in. a 

well a t  Ine about 500 f e e t  from the  lagoon;..,.,^: +I> inter&or pool on Tatu 

Island only 200 f e e t  from the  ocean I fo.wd.. ,only.l ,~ ppm, 3-50 f e e t  from 

t h i s  pool the  ground water i n  t he  boulder rampa"t,iiad a chloride,col?centra-' ,  
. . 

t ion  of 7100 ppm, about 470 times as  great. Fosberg (1949) qd,.Cox re- 

marked t h a t  ground.-mter s a l i n i t y  apparently ac t s  as an effect ive control  

on the d i s t r ibu t ion  of the breadfruit ,  an economic p1:ant o f  aboriginal 

introduction. Variations in s a l i n i t y  a f f e c t  the ,dis t r&butions of species 

of the  x i l d  nat ive f l o r a  a s  well; the  tolerance :to , .salt  of species of 

the Rhizophoraceae Pemphis acidula, and o the r s  isJ. of -cowse, 

well 1nor.n . . . . . . . .. . 

A s  Stone (1950) and Wells (1951) pointed out, typhoqi ,occur  about, : :. 

4. times per century a t  Arno, and have l e f t  t h e i r  ma.rk on. the  is lands i n  . 

many mys.  The washing away of e n t i r e  i s l e t s  is a spectacular consequence 

of typhoons, but  windthrow and p a r t i a l  inundation have affected s o i l  and 

vegetation. In cer ta in  loca l  a reas  on Kilange Island, f o r  example, near ly  

every large breadfrui t  t r e e  was blown dovm in the  typhoon of 1918 and 

large q u a n t i t i e s o f  s o i l  were thus disturbed. B o t h e r  places considerable 

amounts of sand and rock had been suddenly :dumped on low, land, o r  the  

surface layers had been washed out, Such areas vere o f t enc l~a rac t e r i zed  

by low organic and nut r ien t  content. of t he  surface horizons.. Themore 

supers t i t ious  believed such land t o  be inhabited by malignant s p i r i t s  

which hinder t he  growth of plants,  Stor ies  of hallucinations caused by 

these demons Irere common. 

- < -  



Relatively minor changes were constantly occurring along beacheso 

Betrreen Ine and ?.Iatolen, fo r  exaq~ le ,  the shoreline was eroding i n  

places, and plants which formerly grew along low dune ridges were stranded 

on the  beach. A Perphis t r e e  with several  pebbles embedded i n  i t s  %rood 

3.2 f e e t  above the  present l eve l  of the  ground was discovered growing on a 

sandy beach 1s f e e t  from an e r o d h g  dune containing s imilar  pebbles near 

i ts  surface. The t r e e  had i n  e f f e c t  noved 15; f e e t  toward %he lagoon during 

i t s  l ifetime. Near Lukwsj coconut t rees ,  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 b u i l t  up. lWtire t r m k s  were 

buried save f o r  the erect  terminal par ts ,  about 5; f e e t  t a l l .  The leaves 

vere nearly twice as  long, and some t r ees  were bearing heavily. 

Thevegetation of Arno a t o l l  i s  here c l a s s i f l ed  i n t o ' $  types (Table I). 
. . 

These are  merely a rb i t r a ry  groupings of aggregates of plants  i n to  ?.inits con- 

venient f o r  description, analysis, and :mapping, This, however, ' i s  not  t o  

deny t h a t  in te r re la t ions  m i j r  be found betveen plants growing near one 
. . 

anotker. The vegetational inaphas'been dravn from 191ik-19h5 a e r i a l  photo- 

graphs taken by the  United S ta tes  & q r ,  supplemented by ground observations 

and interpretat ion of oblique taken  by the Navy i n  1952. In 

general, the  vegetational types lis'ced i n  Table I are  only those'trhich could 
. . 

be distinguished c lear ly  on the 'a6ri.d- phdto&aphs. ~ h u s  ttscrub fores t"  

i s  mapped as  a s ing le  uni t ,  but i s  divided i n t o  1~ subtypes in  the descrip- 

t i ve  text.  Boundaries between the  types are, of course, no l e s s  a rb i t r a ry  

than the  types themselves. Even' on the  grotmd it i s  n o t  always possible 

t o  c l a s s i fy  with cer ta inty as  ~lcocon& type11 o r  "scrub fores t"  a stand of 

small, wild native t r ees  through %hi& cocbnd"trees ' @!ejected, Bread- 

f r u i t  groves were usually characterized by a rank undergrowth of nat ive 



t re -s  and v h e s .  "Secondary forest", Oi l  Arno is land contiguous with 

extensive "breadfruit  ~rovesll ,  usual ly  contained numerous breadfrui t  

trees.  Obviously a l i n e  separating "secondary fo re s t "  from %readfruit  

grovet1 r u s t  be based.to some degree on a subjective e s t h a t e  o r  inten- 

s i t y  of use, i l l ~ ~ s t r a t ' n g  the f a c t  t h a t  on .kmo vegetational study was 

inseparable from cul tura l  anthropology, 

. . 
. , .  . 

TABLE 1 
. . 

m e  - ?!umber ' of Stands Acres -- - Average s i z e  of stand Percent 
(acres)-..-- -- - 

Coconut 

Productive 

Laora 

Hel la l  

Breadfruit 

Scrub Forest 

Saline F l a t  

iiangrove Swamp 

Fresh-rrater Srramp 

Secondam Forest  

Total 

COCONUT TYPE 

P r i m r y  species: Cocos nucifera 

IJeight of t rees:  40 t o  50 fee t ,  exceptionally t o  80 f e e t  

Density: about 95 t r ee s  per acre, exceptionally as  low as 40 O r  a s  

high as  11~0 t r ee s  per acre. 



69 of the land area of Arno atoll.  was under coconut fo re s t  

i n  19.52, f o r c o p r a  r"omted the  main a r t i c l e  of export of the  a to l l .  

Copra was feas ib le  on ? rzc t ica l ly  the  e n t i r e  land surface of 

the a to l l ,  s a l ine  f l a t s  and svaxps and cer ta in  par t s  of the in t e r io r s  Of 

wider islands forril& the only s ignif icant  exceptions t o  this rule.  The 

vide in t e r io r s  of islands, however, were devoted in large measure t o  

food production f o r  loca l  consumption, and the exceptionally r i c h  phosphatic 

s o i l s  of Takleb and Namwi had been given over t o  soine degree t o  such 

special  crops as Kapok, Tapaya, and Banana. Remote, narrow, or Stony lands, 

areas in  which t h e  arnershLp of the  land was in  dispute, or 1.ands the 

workers of which were l e s s  energetic than others, in  soine cases supported 

stands of wild nat ive t rees ,  

The coconut thrived over an e:?tremely wide range of environm€nta.l 
. . 

conditions. It bras productive over a 1,000-fold range of grouna-wafer 

s a l i n i t y  and over a t  l e a s t  a SO-fold range of concentration of aval-lable 

phosphorus. It was found on a l l  habi ta ts  from fresh-water smmps t o  

dry, windmeptdunes, on organic mucks, f i n e  or coarse-text~&ed sands, o r  

among fragnents of coral  rock. Ecbept on those few areas i n  which it 

Tras not productive, the  coconut ms u t t e r l y  worthless a6 an indicator of 

environmental differences. 

The plants which grew under t h e  coconuts, however, were not  always 

the same in the  different habi ta t s  on which the coconut was planted. 

Consequently, it i s  convenient t o  recognize three environmental subtypes 

within the coconut type, corresponding t o  the 3 major physiographic 

divisions of an a t o l l  i s l e t .  

1. Lagoon shores and dunes 

Secondary species: Pemphis acidula, Scaevola frutescens, 

- 8 .. 



Hernandia sonora, Calo~hyllum i.nophyllum, 
Harringtonia as ia t ica ,  Suriaaa mari t im,  
Pmdanus tcctor ius ,  Sophoi.a koinentma, 
Canaval-La i,licyocarpa, Ipomoea tuba 

Ground layer: Lepturus repens, Fim'oristylis atol-lensis, 
Thuarea involuta, Cassytha f i l i f o r m i ~ ~  
Triuinfetta procmbcns, Vigna marina, Tacca 
leontopetalo:des, I'olfiodium scolopendria, 
Kuphorbia chamissonis, Canavalia serjlcea 

The coconut t r e e s  usilally overhung t h e  lagoon, sometimes toppling 

onto the lagoon beachwhere the. shoreline was eroding. Along the lagoon 

shores of the leeward islands Pemphis acidula, a much-branched 1011 t r e e  -- 
rrith exceedingly heavy, hard >bod, iias often abundant on exposed beach- 

rock. In or  near  v i l l ages  Hernandia sonora and Calophyllum inophyllur~~ -- -- 
were observed, the  l a t t e r  conunonly befing used for  r a in  catchment, C n  

dunes Lepturus, Fimbristylis, and Thuarea formed a low, dense cover 

under t he  coconut t rees .  

Lor? In te r iors  2. 

Secondary species: Morifida c i t r i fol ia , ,Pandanus tector ius ,  
and other t r ee s  of the  scrub f o r e s t  type, 
. . . . , . . . , . . 

C-round layer:  Lepturus repens, Fimbristylis  a to l lens i s9  
Thuarea involuta, Vedelia b i f lo ra ,  Cassytha. ... 

fi l ifornris,  Triumfetta procunlbens, Vigna 
.. . . . . .. ' - , 'marina, Tolypodiun scolapandria, Euphorbiahetero- 

phylla, Tacca leontopetaloides, Aspleniun nidus, 
. .  . . . .  Nephrolepis:,sp. Boerhavia d i f fuss . .  . . 

;Fimbris tyl is .and the grakses.! grew t a l l e r  here, and Pan@.mus, sprouts 

of iiorinda, G~iettarda, and other t r e e s  of the scrub forest:foxmed jungles 

in some poorly tended groves. Epiphyti .~ mosses, I\rephrolepis, and Aspleniutn 

appeared on stumps, f a l l en  logs, and rocks. .The veloci ty  of t he  wind Was 

much reduced and the habi ta t  seemed moister, . . .  

Boulder r idges and stony land --- 
Secondary species: Trees of t he  scrub fo re s t  type . . .. . . 



Ground layer: Asplenium nidus, Nephrolepis sp ,~ ,  Wedelia bf.flora, 
Polypodium ph3;matocles, Fiiiibrist;'l.ir; ato:Llensis, 
Lepturns repens, Triumfet'ca procumbens, V l y a  
marina, Thuarea involuta, 

Ground cover tended t o  be spo t ty  mong the rock fragments of boulder 

ridges; l e s s  than 5 percent of the  ground might be covered rrith vegetatjon, 

The fe rns  Aspleniurn, Eephrolepis, and Polypodium,. together r : i t l ;  patches 

of Wedelia i n  openings, rrere perhaps t h e  most abundant plants. Invasion 

by trilcl t r ee s  from stands of native f o r e s t  along the ocean necessS.tated 

near ly  cons tmt  clearing, and in many places thickets  had groin up t o  such 

an extent t ha t  col lect ion of f a l l en  coconuts was inpracticable.  

Types of Poor Coconuts -- - 7 

About 4 percent of the  acreage under coconuts on Arno Atol l  rras 

r e l a t i ve ly  unproductive. The iIarshallese recognized two types of llpoor 

coconuts:~l ItLaorat1 and tWellal." Each had a f a i r l y  consistent s e t  of . , 

character is t ics  which, with practice,  could be recognizedeasily.  

1, llT,aoralt on Arno a t o l l  occurred on Arno i s land  and in  the breadfruit  

b e l t  i n  Ine village. In i t s  extreme form on Amo i s land  "LaoraI1, Tias 

charaterized by: 

Yellowing and scorching of the l e a f l e t s  of the coconuts, most severe 

a t  the t i p s e  Areas adjacent t o  t h e  midribs were usually green, 

. .. The l e a f l e t s  were sonetiines twisted and more or  l e s s  knotted together, 

. Dead leaves tended t o  hang on the t ree ,  

The trunks of t he  coconut t r e e s  vere  sometimes blaclcened, 

i Density of stoclcing was 1 0 1 ~  -- about 40 t rees  per acre i n  the  worst 

affected areas of Arno island, 

. Dead t r ee s  were conspicuous, About 35 t r e e s  per acre were dead i n  

the worst affected areas of Amo. 

The older t r ee s  were mostly barren of f r u i t ,  although they produced 

- 10 n. 



inflorescences. Apparently the f r u i t s  aborted a t  an ear ly  stage of 
. , .. . . . . . \ .  ,. . .. .. 

development 

The younger t rees  bore f a i r l y  well; t he i r  water was exceptionally 

sweet. 

. In the xorst affected areas of Arno is land the ground cover con- 

s i s t ed  of clumps of Fimbristylis a to l lens is  covering t h e  ground between - --J 
which was a leathery black blue-green alga resembling a crustose lichen. 

Tacca leontopetaloides was common, Its leaveswere yellow except along - - 
the veins and were characterized by the pgesence 'of ' c i rcu lar  brown spots 

: . ,  ' . . . . . . . .  , . 1/8 t o  l / k  inch in diameter.' 

. . - Laora was r e s t r i c t ed  t o  the in&iors of the  wi.d&fsl~'ds, ?,here it 
. . . . . . . . .  

occurred on s o i l s  of the Arno ser5es. . . 

, . . . , . . :  

The Arno people' a t t r ibutet i  %.orall t o  a !'lack of  &lt.!' I t i s  t rue  
, . .  

t h a t  areas on which the &lady w& &&sent contained Gery l i t t l e  sodium 
. . . . . . . 

chloride in the  ground wht&P. . ~ r o d u c i i v e  coconuts, however, occurred on 
, . * : . .  . , . 

sandy sbils no l e s s  d i s tan t  fr;nlagoon and ocean and thus probably con- 
. . 

taining no more available sodium. It w i l l  be noticed (~ig. 13) t h a t  the 

area of poor coconuts on Arno formed a Semi-circle aroundan' area of 
.,. . .  . 

secondary fo re s t  containing numerous' 'abandoned house-sites A d  yara j  

(Cyrtospcrma) pi ts .  On small clearings within the secondary f o r e s t  the 
.. . 

coconuts invariably exhibited severe i'laorau symptoms. 'As one proceeded 
. . .  

r ad ia l ly  from %he' former center of 'h&i ta t ion  immediatbly dn th* iagoon 
. . 

side of the yara j  pi ts ,  the malady appeared t o  become progressively l e s s  

severe. It i s  t h u s  possible t h a t  the  poor 'growth of coconuts i n  pa r t  
. . 

of the in t e r io r  of Arno is land i.& re l a t ed  t o t h e  i'ormbr use of the land 
. . . . 

. . ) ,  . . 
f o r  hum& habitation. 

: . . . . . : . . ~ .  . . 



2. 1~;3ellal", unlike tllaora,ll occurred a t  or near t h e  shores of 3.sland.s. 

Its distinguishing features were : 

General yellowing of the leaves of the coconuts<. New leaves 

were slmr t o  turn green. 

The palms ap.peared stunted and ~jiobably died ear ly  ( t rees  i n  
. . . . . .. 

l aora  areas were often very t a l l ) .  - 
Dead leaves did not  f a l l  readily,  

The t rees  bore only a fe'ir nuts, 

Ground cover was invariably depauperate, consisting chief ly  of 
. . .  

an open stand of bunchy Lepturus repens. 
. . 

The pa ras i t i c  vine, --- Cassytha - f i l i formis ,  was usually abundant, 
. , 

In t s i a  bi ju& grew a s  a s t raggl ing shrubo although on be t t e r  
. . . . .  . . . 

s i t e s  it be&& a t r e e  60 or more f e e t  t a l l .  
. ,  . . .  . . ,  , 

~olypodium scoloplndria was often common. 
. . . . . . .  . .  . 

~ e l l i l  occurred a t  o r  near t h e  lagoon or ocean shores of islands, 
' T . . 

on immature s o i l s  of t h e  Shioya series,, 
. .. . . . . . . .  

Stone.suggestedthat the poor growth of these coconuts might be at-  
. : 

t r ibuted t o  sodium toxicity.  A n a l p i s  by the present author of t h e  ground 
. . 

r.rat& in  an area of llmellalfl on Langar is land demonstrated only 135 ppm, 
. . .  

chlorides. Judging from the r e l a t ive ly  s l i g h t  accunulation of organic 

matter i n  the i r  upper layers,  the "mel.lalr1 s o i l s  appear t o  be young, and 
, 

may have r e s u l t e i  from washouts o r  heavy deposition of sand during ty- 

phoons. It i s  here suggested t h a t  many mellal s o i l s  may be def ic ient  

in n i t r a t e s ,  but t h a t  these deficiencies probably do not  become s t r ik ing  

u n t l l  nore than 30 years a f t e r  t h e  or iginal  deposition of a s o i l  or the 

exposure of a f resh  surface i n  a typhoon, Areas washed out during the  



1918 tmhoon supported a p ~ a r c n t l y  vigoyous stands of young coconut t rees ,  

A legend s t a t ed  t h a t  the  lehe13.alu area of Langar i s land  vas buried mdcr  
. . . . 

'sand deposited during an a m i e n t  tbhoon. Ine::cavating a p i t  t o  t he  
. \ 

- I  

water table, however, the  m i t e r  encountered no buried prof i leso  
. . 

~conomics of Copra ~ roduc t ion  on Arno --- -- 
~. . .. . . 

The pr ice  of copra has fluctuated djid.eiy s ince  1950. m. K. E. 

Blodgett, manager of t he  Island Trading Company, Majuro, pzid the follow- 
. .. .. , 

ing"&ices ton of copra 'delivered (on ITC trucks) a t  Najuro: 

. ,  . 

Jan. 1, 1951 110 
. , ... 

Feb, 10, 1 9 9  ,130 '  

June 16, 1951 115 
,.. , ,:, . . . . .  , . .  

Oct. 1, 195 ,  ' 105 
. . . , .  : .  , , .  . . 

Jan. 1, 1952 95' 

April 1, 1952 70 

July 1, 1952 . . .,: 70 v : 7 ~ .  

Sept. 1, 1952 70 
. . ... 

The 1952 pr ice  of 3& per  pound, a f t e r  f ixed costs  .were deducted, 

l e f t  very l i t t l e  f o r  the "ri jerbal" (workers). The chief costs  were: 

Share of t he  i r o i j  Id, 

Share of t he  a l ab  004 

Shipping costs  (Arno-Na$iro) 0,7 

Total 2.1& 
- .  . . _ I: .. ;. ' , 

That is, a t  the pr ice  of 3& per pound, the r i  jerbal  nett 'ed'only 

1& per pound (!:28,00 per ton). The share of t he  i r o i j  tras fixed; it 

did not.  f luc tua te  ~ i t h  the  pr ice  paid by ITC-31ajuro. I believe the  game . .  . , . .  . 
. ~ , . .  . . . . . 

was , t r u e  o f  $he, share of t he  d a b a  . : 

. . , . . . . . . ., . . . . . . . 



A t  the  r a t e  of I$ per pound of the 622 tons of copra sold a t  I.lajuro, 
. . 

income of the i r o i j  of Arno in  1951 was about $129:100, or 1,:5,!% per a w e  

of coconut land, Although the p o l i t i c a l  and soc ia l  prest ige of the royal 

classes of the P13rshall Islands is said t o  have declined .(spoehr,. l?49), 

t he i r  economic posit ion has probably improved with the introduction of the  
it 

copra trade, The r e l a t ive ly  l a rge  income derived from lkent'l  of copra 

land may have been a primary consideration i n  the revol t  of the three  
, . 

. . . . . . ,: . , 

i r o i j  e r ik  of L i w i t o  (ilason, 1952). In 1952 these men i n  e f fec t  con- 

sidered themselves i r o i j  lablab on a t  l e a s t  pa r t  of t h e i r  land -- t h a t  

i s ,  they demanded (but did not  altgays receive) the share of the i r o i j  . . 

on t h a t  land, 
. . .  . 

In 1951 ITC Majuro purchased 622 tons o f c 9 p r a  . . from Amo a t o l l .  
, , .. , ,. 

This copra vas produced by about 216,000 trees. 
. : . . :  

TABLE I1 

Type Estimated coconut t r ees  
per acre 

Coconut 
... .I. ,,;: 

95 .,, ., ,, 
, ' . . .. : . . <  

. . 
! Acres ' ~ o t a f  G e e s  

e ,,.; . . . *. ., , . . . . , . >  ' ). .. i', 

Breadfruit 1.5' / '  

Scrub Forest  5 

Pandanus swnp 45 

Secondary f o r e s t  10 

Total 
\ .  

3tA considerable proportion of the copra share of the i r o i j  was s e t  aside 
by the council of alabs f o r  the payment of extraordinary medical expenses 
incurrcd by Arno residents. The prest ige of the i r o i j ,  however, was 
probably not  lessened by such philanthropies, however irvoluntary they may 
have been. 



In shipping copra the dried coconut meatwas s t i d f e d i n &  coffee 
~. 

bags. The contents of about 350 nuts  were strEficient t o  fill one bag, 

which then averaged about 106 pounds in weight, That i s ,  the  contents 

of a single nut, when dried, weighed abont 0.303 pound on the average. 

6 
It folloris t h a t  the contents of L o l l  x 10 nuts produced on 2.16 x 1 0  5 

t rees  mere exported t o  Majuro in 1951, Thus, the average number of 

r ipe  nuts  haves t ed  f o r  copra was 19.0; 0.28 tons were produced per 

acre of coconut land., 

Local consumption of coconuts as  food i s  here estimated from the 

Majuro data of Spoehr (1949; p.153). In 1947 58 persons belonging t o  
. . 

7 households consumed i n  21 days 1083 nuts and 607 quarts of coconut 

toddy ( jukaru) . It i s  d i f f i c u l t  accurat& t o  estimate the "aquivalent 

of the toddy in nuts. Copeland (1931) s t a t e d  t h a t  5785 coconut t rees  

in the Philippine Islands produced an average of 0.65 l i t e r  per t r e e  

per day i n  the  year 1909-.1910. In malcing jukaru an inflorescence of 

the coconut t r ee  i s  cut  off and the  sap dripping from the cu t  s t a l k  i s  

collected over a period of 2 t o  3 weeks. Assuming, conservatively, 
. . : . , . . .  

t h a t '  the  ikflorescence would have produced < &t;s had it n o t  been cut, 
. . . .. . . . .  . . ... , . .  , 

one qua& of jvka.$u i s  app!:c:~:imat'ely e q u i ~ c i h n t  t o  0 , 4  nut. Thus t h e  
. ., .. . ., . . . . 

t o t a l  cons&&ion of co&~.~v.t  brodi:cts as food repcr-bed by Spoehr was 
, . . . .  , .  . . . :  . . . 

approximately the ey~~2::nle.n5 65 1355 nu%s, or 1 ,L  coconut per person 
. . . . . .  . . , . . 

per day. 1 suspect Ynl?; f igure i s  consexira.tive 5.f appl.5,ed t o  h o e  
. . 

Majuro v i l lage  was crowded rri* wir ref  : y e w  i n  J.S-'ir:l, when Spoehr made 
. . 

his study, and coconuis w?re ;nroirrAly i n  sx:c?:l; s,;ppiy, Accepting t h i s  
. . 

f igure a s  being of the correc-i; order of rii~lg~itude!, howe-~er, the t o t a l  

l o c a l  y e a r l i  consumption of coconuts a s  food a t  Arno i s  about k00,000 



nuts, or about 1-85 nuts per bearing t r eee  Nuts processed local3y fo r  

coconut ha i r  o i l  and massage would p~obab1'~ b ~ i n g  the  f igure t o  2 nuts' 

per bearing tree. This t o t a l  i s  the equivalent of about 60 tons of 

copra, 

Summarizing these data f o r  l o c a l  and export production, on Arno 

a t o l l  about 21 nuts were harvested per bearing t r e e  i n  1951, the 

equivalent of a production of 0'31 tons of copra per acre of coconut 

land. How do these f igures  coypare with those of other copra-producing 

areas? Webster (1920: p,h3) s t a t ed  t h a t  Itowing t o  close spacing and no 

cult ivation, the average annual y ie ld  per t r e e  i n  the  Philippines is 

estimated a t  25 nuts,lf but t h a t  on wel l  managed plantations an average 

of 60 nuts per t r e e  could be expected, Cooke (1932) reported t h a t  i n  

well managed plantations in Ceylon on good s i t e s  where the number of 

t rees  per acre was 48 t o  60, y ie lds  of 56 t o  86 nuts per t r e e  were ob- 

tained and t h a t  15 piculs (0.9 tons) of copra per acre were harvested, 

Child (1950) es t imatedGthat  world production of copra i n  1938 was 

3,906,11~3 metric tons, produced on about 9,616,000 acres, or about 

O , l 6  tons per ,acr& (a  metric ton equals 2204,6 pounds), The estimated 

production i n  the ItPacific Terr i tor ies"  was 0.333 tons per acre. 

It is apparent t h a t  Arnots per-tree and per-acre productivity i s  

1ot.r cor,~pared with t h a t  of the world, and even with t h a t  of the  average 

of the "Pacific Territories." This low productivity i s  probably i n  

pa r t  due t o  ine f f i c i en t  harvesting, although proba.bly no more than 25 

nuts per t r ee  could be expected, given the crcrrded conditions of the 

exis t ing groves. Total production of the a t o l l  could no doubt be in-  

creased by converting soine of the  ].and under scrub f o r e s t  t o  coconut 

jc  Wased on Schnumacher 2s -- ~evicw..oE"~oconut .- Products f o r  193 8, 
Ilanila, 1939, Table IVY p022," 



plantations,  Much of this land, however, i s  not wel l  su i t ed  t o  copra 

production, as  mos t  of it consis ts  of boulder ramparts and stony land 
. . 

exiosed t o  wind and s a l t  sprayd Assuling t h a t  a l l  t h i s  land be planted 
. , 

t o  coconuts, the  acreage under coconut pla&at5.0ns wo&d be increased 
. . . . .  

only 25 percent over t h a t  of 1952. The gains in copra product ion to  be 
. .  . . . 
obtained by increase i n  acreage o r  more e f f i c i e n t  harvesting a r e  

. . 
probably s l igh t ,  howev&, compared t o  those which might r e s u l t -  from more 

careful management than was practiced i n  1952. If the groves were 

thinned, competing vegetation kept  nore e f f i c i e n t l y  i n  check, t he  pract ice  

of ap21jing phosphate and perhaps potassium fe r t i l i , z e r s  i n i t i a t ed ,  . and . a 

program of introduction of high-producing races establ.ished, per-acre 

productivity might wel l  be doubled. The introductr'.on of a vari-ety such 

as  the  Philippine Romano would save considerable labor i n  making copra, 

Only3,270 Ronmo nuts  e r e  required t o  make one metric ton of copra on 

Hindanao (ldebster, 1920), whereas about 7,280 nuts  were necessary a t  
. . 

. .. 
Arno i n  1952. 

. . .. . . 

It i s  obvious, h&ever9 tljtit prograils designed t o  increase copra 

prodnction a t  Arno and elsewhere i n  thesouthern  Marshalls would require  
. .. 

changes i n  soc ia l  pat terns  which might be undesirable o r  unpopular, 

Although complaints about $he low pr ice  of copra and t he  resu l t ing  low 

income of the  "rF jerbal" were frequent i n  1952, it was the  author's 

impression t h a t  the  people of Arno were not  eager t o  acquire wealtfi and 

property. Regdar working hours were unirnorm, To produce enough copra 

t o  buy cigaret tes ,  needles, thread, soap, f i sh ing  l ine ,  hooks, and other 

trade goods t o  l a s t  h i s  i m e d i a t e  family one year, a man had only t o  

work two t o  th ree  weeks a t  making copra. Nuch time was spent f ishing, 

vis i t ing,  and talking. More e f f i c i e n t  management of t he  Arno coconut 



groves would possibly double the cash income of: the "ri jerbal", but on1.y 
.. . . . . , . 

a t  the sac-ri:fice of le;.sure hourso Abundant l e i su re  time i s  perhaps one 

of the most pleasant aspects of Marshallese life: Programs t h a t  m i &  de- 
. . 

crease it in the name of inc&ased effj.cien&r shou_l.d be reconnnended on1.y 
. . 

a f t e r  careful  cofisideration has been given t o  the i r  sociological implica+~ionss 
. . . . . . 

BmpPpuIT TYPE , , , . 

Primary s p c i e s :  Artocarpus a l t i u s  (15 t o  30 t rees  per acre) 

Secondary species: Cocas' nucifera (10 t o  15. . t rees  . per acre) 
Pandanus tectorius '  
prqnga obtusifol ia  
~ l l o p h y l u s  timorensis 
Pipturus argenteus 
Guettarda speciosa 
Norinda o i t r i f o l i a .  

Ground layera- Wedelia b i f l o r a  
Tacca leontopetaloides 

..: Lepturus repens 
Thuayea involuta. 

. , .  . . . , . . Fleurya ruderal is  
Fimbristylis a to l l ens i s  
Polypodium scolopenrlr5.a 
Asplenium nidus 

. Nephsolepis sp, . 
Yara j  psts: Cyrtosperma chamissonis 

Xusa paradisiaca 
. . Nibiscus t i l i aceus  : . . 

Colocasia esculenta 
, . . . .. . .. .. . Clerodendrum inerlne 

Vigna marina . . 

Centella a s i a t i ca  . . 
Ipomoes tuba 
I. l i t t o r a l i s  
Oplismenus sp, 
Triumfevta procumbens 
Hedyotis b i f lo ra  
Alocasia macrorrhiza 
Crinum asiaticum. 
Stenotapl~rum subulatum 

A considerable proprotion of the centers of the wider islands was 

occupied by breadfruit  forests,  A coinmon approximate boundary of t h i s  

type on the  lagoon s ides  of islands was the main v i l lage  path pa ra l l e l  

t o  the lagoon, On r e l a t ive ly  narrow islands the boundary on the ocean 

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

On .wider islands, hoveverg the breadfrui t  zone usually did not  extend 



t h i s  fa r ,  for  po ten t ia l .  breadfrui t  l a n d  n o t  . needed . .. fo r  food production 

%jas given over,where feasible,  t o  copra culture. 

I ' The breadfruit type was bes t  developed a t  Ine, where pigs had not  

been allovred t o  run wild a n d  devas ta te  the yara j  (Cyrtosperma) p$ts, . .. . as  

they had atArno, Bilcarej, and Tutu. . A t  Ine these p i t s  were about 15 

t o  20 f e e t  wide, 30 t o  80 f e e t  long, and 5 t o  10 f e e t  deep;:artp heaped . . 

up around t h e i r  s ides  formed t h e . s o i l  upon which the breadfruit  and. 
. . 

. p l a n t s  associated v i t h  i t g r e w .  . The breadfrui ts  grew a s  widely . . . . 

sc'attered t rees  50 t o  70 f e e t  t a l l ,  v i t h  spreading crorrns 25 t o  . ?S,f.eet . . .  

in: diameter, A s t r i k ing  feature. of t h i s  type was the  near ly  complete . . 

absence of small Wemeter classes. . Breadfruit t rees  between one and 

' eight  inches in diameter wene:def*i-tely. u n c o ~ ~ o n ;  most were . 18 . t o  36 

inches i n  diameter above t h e  b u t t r e s ~ s , . : ,  Coconuts were com~on . .  in the  

forest, but occupied .only , a  s i n d l  proportion of . the . , c&opy,. Sprouts 

of Allophylus, Premna, Guettaraa, and i40orinda~pre usually abundant 

along with small breadfrui t  seedlings, and formed secondary fores t s  in  

abandoned breadfruit  groves, Openings in +he;canopy permitted rank 

growths of Wedelia bif lora ,  the stems of which a t  Ine were often in te r -  -- 
laced by ' t h e  purple florrered ;owning glory,. ... Xpomoea - l i t t o r a l i s .  In . . 

more co~npleiely shaded places t h e  grasses Oplismenus, Thuarea, or ,,-A 

taphrum covered the ground. In f ac t ,  the  near ly  complete ground cover -- 
in both breadfruit  aild coconut types -- except where the l a t t e r  occwred 

on stony laiid near t h e .  ocean --  was a character is t ic  of these. a r t i f i c i a l  

.! : . fores t s  not' shared. by types in which wild nat ive t r ees  were predominant, 
. . 

A t  Ine the bottoms of the y a r a j  p i t s  were usually occupied by the 

. : g igan t i c  Cyl'tospei-ma, but.  abandoned p.its supported rank growbhs of . , 

Clerodendruin o r  thickets  of Hibiscus t i l i ~ c e u s . ,  .:,A fresh-water . . .  .. . swamp 

at Tutu is land formerly was planted t o  yaraj, but since pigs made its 



c u l t w e .  impossible Bruguiera had been .introduced, 
.. . . . . .  . . 

, . . . . . . 

According t o  Fosberg (1?11.9) and Cox ( l95 l ) ,  ground-water s a l i n i t y  
r :  . .  . .  

i s  an important fac tor  c f t h e  physical  environment .. l imi t ing  the d2str i -  

bution of t he  breadfrxit ,  The typhoon which swept through. the eastern 

P?a.rsha!ls i n  1.951 provided s t r i k ing  confirmation of these ideas, A l -  

though most of Arno a t o l l  was r e l a t i v e l y  unaffected, the breadfrui t  

groves of Bikarej were hard-hit, There many t r e e s  grer.7 r e l a t i ve ly  
. . 

close t o  the ocean, along the majn path which extended in a north-south 
. . 

direct ion along the  v e s t  s ide of t he  is landa KLgh storm waves from the 
. , 

west washed o v e r  the  land and extended pephaps 200. f e e t  inlanda A l l  

breadfruit  t r ee s  i n  the  path of these waves yere  icilled o r  severely 
, . .  

damaged, but  coconuts and cu l t iva ted  var&eti,es . . of pardanus were unaffected, 
.. . 

In 1952 patches of &ad breadfrui ts  a l ternated with healthy bearing trees,  

so. t h a t  it vras s t i l l  possible .. . t o  detern@ne a t  .%rhich ,points . . and horr far 

the storm waves had washed over t he  land, 

Weeds - - . . :. ,.. . . . . 

Agricultural  land throughc~ut much o f  t he  t ropics  i s  characterized 
. ,. . 

by the presence. of a r e l a t i v e l y  unironn weedy f lo ra ,  These, weeds owe 

t h e i r  present wide d i s t r ibu t ions  t o  the  agency of man who, with  modern, 

rapid methods of transportation,  has unintentional!.y car r ied  sonie of 

them t o  even the most remote places, Arno a t o l l  i n  1952 had about 26 

species of mvanted a l i e n  weeds, most of them ~ r i t h o u t  rrell established 

na.tive names o r  usese Most of these had probably been introchced a f t e r  

1873, when an Haiiaiian mLssion tras established a t  Ine, It i s  of i n t e r e s t  

t o  observe t h a t  on Arno a t o l l  these weeds were v i r tua l ly  r e s t r i c t e d  t o  

v i l l age  paths and houselots. a t h o u g h  the breadfrui t  and coconut groves 

were maintained a s  such only by periodic disturbance in  t he  form of 



clearing and burning underbrush, t h e i r  f l o ra s  consisted almost exclusively 

of native species or &&ts of ancierit Aboriginal introduction. Noreover, 

it is a curious f a c t  t h a t  the nat ive herbs of coconut. and breadfruit  

forest ,  wit11 very f &J exceptions, did n o t  occur i n  t h e  f o r e s t s .  of w i l d  

native trees. Thus a r i ses -  t h e  problem of the nature of t h e i r  ancient, 

pre-aboriginal habitats,  f o r  the coconut and breadfrui t  groves, t he i r  

present habitats,  became established on Arno only a f t e r  the  a r r iva l  of 

the  Marshallese,, . , 

Certain of these s p c i e s  ? e r e  found in 1952 on open, newly formed 

land. Betrzeen Langar and &iatol.en, islancls near ly  obl i terated in the 1905' 

typhoon were reforining. The follorJing species of herbs trere observed on 

sand f resh ly  deposited along the lagoon shores of these islands: 

Lepturus repens Vigna marina 
: , ' ~ h i b r i s t y l i a  -a tol lensis  . . Wedelia b i f l o r a  

,Txiumfetta procumbens , . . . Cas sytha f i l i f  ornks 
. . . . 

Since there i s  no reason t o  believe t h a t  typhoons were formerly any l e s s  

frequent than they are  nov, it is extremely probable t h a t  t h i s  habi ta t  

. has always been available t o  these species. A more extensive search 
. . , .  . . . .  .. . . 

would probably reveal a f e v  other  species of the ground f lo ra  of bread- . . . . ,.. , 

. .. .fruit. and coconut groves -- e,g., Euphorbia chamissonis and Thuarea -.- 

involuta, -- growing i n  similar s i tuat ions,  Certain species which were 
. . , 

r e s t r i c t ed  t o  r e l a t ive ly  moist, p a r t i a l l y  shaded s i tuat ions may never 

. . have grown on open sandy . . shores. Could such plants  as  Centella --$ as ia t ica  

Hedyotis b i f lora ,  Ipomoea --- l i t t o r a l i s ,  and - Gplismenus spe be weeds of 

axcient aboriginal introduction? .. .. It trou3.d be surpr is ing lndeed i f  such 

introductions . d id  . not  take place i n  the past  as  they do today. The 
. .;.. 

seedless va r i e t i e s  of breadfruitg f o r  example, a re  propagated chief ly  



by root  suckers. In transporting small t r e e s  from i s land  t o  is land the  

va.ialrdei"jag ::ars:~a?.lese c o d d  ecarcely have avoided accidental introduction 

of unwanted seeds in the s o t 1  around the roots. Other weeds of possible 

ancient ia tmduct ion a re  Port,ulaca sai?oensis and Cyperus polystachyos --.-- ---..-- -- --.-.$ 

both r e s t r i c t e d  t o  v i l l age  paths and houselots, but  possessing well 

established nat ive nanes. 

. . . . 

SCRUB FOREST 

Since the jntroduction of t h e  copra t rade in the l a t t e r  pa r t  of the 

19th century, about two th i rds  of the  land surface of Arno a t o l l  has been 

cleared and planted t o  coconuts, Probably a t  l e a s t  80 percent of the  22211 

acres of Arno under coconuts i n  195'2 must have suppwted stands of 16ld 

nat ive t rees  q d  shrubs l e s s  than LOO years before t h i s  study was made. 

In 1952 nat ive f o r e s t  and scrub exis ted ch ie f ly  i n  the  form of numerous 

small stands which f o r  the  most pa r t  were r e s t r i c t e d  t o  s i tuat ions  i n  

which copra production riould probably have been r e l a t i v e l y  uneconomic. 

1Jal;ive fo re s t  and scrub ms thus charac te r i s t ic  of small or  narrow 

is lands remote from vi l lages  and of stony land and ramparts, especial ly  

those exposed t o  s a l t  spray and t'ne drying e f f ec t  of tine northeast  

trades,  In such s i tua t ions  the native brush acted a s  an e f fec t ive  vind- 

break, protecting the coconut and breadfrui t  t r e e s  planted fa r ther  

inland. 

This wild vegetation was com:?osed of wood;. p lan ts  ranging from 2 t o  
. . 

. .  . . .  . 
80 f e e t  in height> and varying i n  s t ruc ture  from near ly  . . impene'crable 

thickets  of shrubs along ocean shores t o  closed-canopied fo re s t s  of 
, , .  

l a rge  t r ee s  through which one walked pxith ease, Furthemore, the  type 

included 17 woody species, few of which were d i s t r ibu ted  over the  e n t i r e  



area of the type as  it is mapped. In vier? of the  great  range of var ia t ion 

of physiognomy and f l o r i s t i c  composition of t h i s  vegetation, it is  perhaps 

unrea l i s t ic  t o  consider it a s ing le  type. Largely f o r  convenience of 

mapping, however,, the  scrub fo re s t  i s  here t rea ted  as  a unit .  It was not  

possible in the f i e l d  t o  examine each of the lb3 stands mapped a s  scrub 

forest ,  and in  general . the  . cor~ponent species cannot be distinguished on 

a e r i a l  photographs of a s ca l e  of l e s s  than 1:~,000. Subdivision of the 

type based on f l o r i s t i c  composition was thus inpracticable. Furthermore, 
. . 

the  average s i z e  of the  stands of scrub fo re s t  a s  here presented i s  only 
. . 

bacqs ;  many of these are  200 f e e t  or l e s s  wide. S p l i t t i n g  o f  the  type 

vould have l e d  t o  obvious d i f f i c u l t i e s  i n  drafting the map. 

Although the scrub f o r e s t  of Arno vas reduced i n  1952 t o  nmerous 

small. stands occurring ch ief ly  on the ocean sides of wind~rard islands, 

i t  is perhaps possible conceptually t o  reconstruct the  appearance of the 

vegetation of t h e  a t o l l  of t h e  ea r ly  19th century, when perhaps only 

about 15 percent of t h e  land surface of the a t o l l  was appropriated f o r  

agriculture. Certain regular i t ies  were observed, f o r  example, in the  

dis t r ibut ions of the native t r ees  , :  as  one proceeded across the islands . , of 
. .. 

t h e  a t o l l  from lagoon t o .  ocean., . Thus, l a r g e  individuals of Pisonia -.- , . . .  

grandis occurred on s e v e r a l o f  the  vindward islands from Jilang t o  Takleb. 
r . .  ., 

It is probable t h a t  these t rees  were r e l i c s  o f  former fo re s t s  i n  whbh 

Pisonia was an important species. In 1952 Pisonia a l so  formed fo res t s  

along the  boulder ramparts of a ferr islands, but the t r ees  were much 

s . d l e r  than the  scat tered individuals s t i l l  standing inland. Gn the  

basis  of such observations it i s  possible t o  construct a diagram (Fig. 12) 

on which are  charted the d is t r ibu t ions  of the more important species of 



the  nat ive woody f l o r a  across an hypothetical, re1.ativel.y undl.sturbed 
: . . 

a t o l l  i s lmL, ,  For each species the  ordinate represents the  authorss 

inpr?,ssion of the iinportance of t h a t  species i n  t he  vegetation. Those 
: , .  

par t s  of the f igure  in so l id  black represent t r ee s  actual ly  observed a t  
. . ,  . .'< . . ,,; . .  

. . 
Arno atoll.; s t ippled areas represent  t h e  author ts extrapolations. For 

example, a few Large Pisonis t r e e s  were observed about 300 f e e t  from the 

lagoon shore of Takleb island, s~xrounded. by young breadfr tdt  and kapok 

trees.  These :'isonia t rees ,  together with other individuals observed 

i n  similar s i tua t ions  on other is lands of the atol.1, are  represented i n  

the so i ld  black area near the ].agoon shore of t he  hypothetical i s l e t ,  

The char t  thus const i tutes  a diagrammatic conceptual synthesis of the  
. . 

authorls observations of many stands and individual t r e e s  on several  
. . .  

i s l e t s  
. . 

In many cases it Tvas impossible t o  support these impressions of 
. . . . , ' ,  .. 

llhportance" with numerfical data based on sample plots,  for  they a re  
t '. . . .. . . 

based i n  pa r t  on the observations of t he  heights and trunk and crown 
. . ,.., . 

, diameters of s ingle  t rees ,  Despite the  highly subjective manner i n  
. . : . .  

~ih ich  Fig. 12 was constructed, t he  author believes t ha t  it i s  i n  a 
., . . 

sense reproducible -- i,e., t h a t  an independent invest igator  on Arno 
, . . . . . . . 

could construct a similar s e r i e s  of diagrams vi thout  having f i r s t  con- 

sul ted the ones here presented, Essentially, t he  diagrams cons t i tu te  

an attempt t o  avoid verbal descriptions of the  f i e l d  occurrences of 

t r ee s  (e.g,, "Iiernandia sonora: corninonly encountered near lagoon shores, -- - 
especial ly  along v i l lage  paths, bu t  on Langar observed on stony ].and 

200 t o  400 f e e t  from the ocean, %??ere the t rees  a t ta ined  rnaxbium 

heights of approximately 60 f e e t  ."). 



It may be noted from the char t  t h a t  the  author noted a general 

zonation in the f l o r a  and in t h e .  vegetation as  expressed i n  the "impor- 

t,:xcell o f  the  d i f f e r en t  species.. Certain species, such as  Scaevola 

frutescens and Toumefortia argentea ranged completely across the  is lands - - - 
of the atoll., but  w y e  much more abundant and forned a l a rge r  proportion 

of t he  vegetation near iagoon and especial ly  oceaq shores. Other species, 

such as -- Pisonia grandis, ~ l l o p h y l u s  - t inorensis,  - and -- Pipturus --..- argenteus 9 

were f a r  more chara,cteristic o f  t he  iritezriors of islands, where, indeed, 

they at ta ined t h e i r  g rea tes t  sizes.  ,Guettarda - -.-- --- speciosa and Pandanus 

tector ius ,  on the other hand, ~ ~ e r e  qore o r  l e s s  ubiqui-tous. In general., ---- 
the dis t r ibut ions  of t he  species overlapped., but did  no t  coincide. 

~urthermore,  as i s  discussed below inmore  de ta i l ,  the  fo re s t .  and scrub 

a s  it existed on Arno i n  1952 vras cormnonly characterized by the presence 

of small stands consist ing of a. ~ i n g l e  species of ;  t ree ,  It vould seem 

u w e a l i s t i c ,  therefore, t o  attempt t o  dis t inguish within the broad . . scrub 

foyest  type p lan t  commxnities based on f l o r i s t i c  composi.ticn. Not. only 

did the distributions o f ' t h e  species making un almost any conceivable 

plant community f a i l  t o  coincide, but very cornmo!lly the  component species 

d i d  no t  even grow together. Indeed, the  author found no evidence on 

Arno t h a t  t he  nat ive plants  were d i s t r ibu ted  i n  such a fashion as  t o  

suggest t ha t  any of the  species might be mutud.1.y dependent. Competition 

f o r  l i gh t ,  nutr ients ,  and water undoubtedly occurred, but  such in te r -  

actions did no t  r e su l t  i n  apparently integrated plant  cormunities the  
. . 

composition and appearance of which =re .relatively uniform from place 
. . 

t o  place, 

Since it i s  unrea l i s t ic  t o  attempt t o  c l a s s i fy  the nat ive scrub f o r e s t  

of Arno a t o l l  i n t o  c o r m i t i e s  based on differences i n  f l o r i s t i c  composition, 

. . - 25 - 



it i s  convenient instead t o  consider t he  var ia t ion of t he  scrub f o r e s t  

i, re l a t i on  t o  t he  different  h.?hj.&ts o n ~ r h i c h i t  was found* The major 

phjisiographic d-ivisions of rn atoll .  i s land ( a t  Arno) were boulder ran- 

parts, low in twi .ors ,  and l&60n shores and dunes, The 1@ i n t e r i o r s  

may conveniently be classed i n t o  those yossessing stony o r  saildy so i l s s  

. . 
' since it i s  ho%n t h a t  t h e  s a 1 i n i . t ~  of t he  groMind water of an a t o l l  

i s l e t  depends on the permeabi.lity of the  mater5als making up i t s  so i l s .  

When one cornpares &h a class5.fication of habit;ats with tile d jk t r i j u t i on  

of species as  pGesented in ; r i g ,  12$ i t ' i s  evident t h a t  a general corres- 
. . 

pondence exis ts ,  although, of course, it may be objected, that , .  t h i s  c.or- 

respond.ence i s  manufactwed, s jnce the diagram a re  based t o  a la rge  ex- 

"Cent won subjective impr&ssions. ~ever th&ess ,  it i s  t rue  t h a t  Scaevola 
. . .  

and Tomnefbrtia Qs important species were large?-;? ' res t r ic ted t o  boulder 

ramparts and lagoon shores. Ochrosia, IIerflandiag Ints ia ,  Barringtonia, 
, , ,. 

a n d  Cord& occurred as  iii1~6&.nt species only on stony l.and on th&odean 

'sides. of islands xostly'iC0 fi&t 6r more from t h e  ocean..-: Pisohia and. 

Allophylus reached thk i r  b e s t  develo2ment on the s5nds'of i s land  i.nteriors. 
. . 
The follotfi.ng'descript'i6ris of t he  nat ive f o r e s t  and::scnzb, -then, a r e '  

basical . l j  &scrlptions &f - the  11scru.b foresWt vegetatioli a$ it occ~ri.ed 

on the different  "nat?.ira!. areas" of the  a t o l l o  

Primary species: Scaevo3.a . . frutescetls .... . . . 
. . . . , . ,  : . . . , .  . . . . 

Secondary species: T o ~ n e f o r t i a  argentea . . 

~ ' - ~ ~ e t t a r d a  speciosa . ' 

Terininalia sanoensis 
Pandanus tectoyius 

. . Cocos nncif e r a  . . 
Pemphis 'aci.dula : 



A t  Arno coconut plantations pery commonly extended t o  the tops of 

boulder r m p a r t s  of the ocean &ores of leeward isl.ands, The proportion 

of wild woody shrubs in the understories of these groves commonly in- 

creased tovard the ocean shores, and thickets  occurred i n  neglected 

plantings, Cn ocean shores exposed t o  the f u l l  force of the  prevail ing 
, ! 

northesrst trades -- e . ~ , ,  Bikarej, Langar, and the chain of i s l e t s  ex- 

tending between them; Ijoen; and the northern t i p  of ilatolen -- nat ive 

shrubs and t r e e s  formed b e l t s  of vegetation on the  tops of t he  boulder 

ramparts and extending inland i n  places 2 0 0 f e e t  o r  more.: . .' 

. .  , . :, 

In most such s i tua t ions  the . primary species of the  vegetation of the 
. . . . :  . . 

: . 
tops of boulder ramparts was Scaevola frutescenss , Th?.cicets of t h i s  species --- - 
i n  places extended about 75 f e e t  inland f romthe  ramparts, increasing i n  

. . ,. . . 

height froln one foo t  . a t  , . .  t h e i r  . . . . . . .  outer margins along the  stony beaches t o  
. . .  . . .  . . . . ... , . 

f i f t e e n  f e e t  where they mergedwith . , . .,. the fo re s t s  of l a rger  nat ive t r ee s  i n  
. . . .  . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  

the i n t e r i o r s  of the  islands.  These thiclcets were i n  e f f ec t  sloping 

hedges, consist ing of , an , sbroken  layer  of lmge,  f l e shy  leaves supported 
, , . .  

by innumerable upright branches. . . .  Although such thickets  were no t  
. . 

l i t e r a l l y  impenetrable, they were exceedingly d i f f i c u l t  t o  t raverse  and have 
... 

been ap t ly  termed !'beach bar r ie rs"  . . by Mr. E. H. Bryan. Tournefortia 
. . .  --. 

argentea, Guettarda speciosa, and Terminalia samoensis usually grew among 
, 

the  shrubs of Scaevola, in places pa r t l y  replacing them over small areas, 
. . .  . . . .  . . .  . . .  

Primary species: Pandanus tec tor ius  
Ochrosia oppos i t i fo l ia  
Guettarda speciosa 
Tournefortia argentea 
Cordia subcordata 
I n t s i a  bijuga 
Allophylus timorensis 
Pisonia grandis 



Eernmdia sonora 
Earringtonia a s i a t k a  
Cocos nucif era  

Secondar:? species: Terioinalia samoensis 
Scaevola frutescens 
Pipturus argenteus 
Soulamea w.ma 

Ground layer: Aspleniurn nidus . :  

polypodilifn ' scolopendr2a 
FeperoGa . .: . sp, 

Lianas : Ipoinoea tuba 
Wedelta b i f lo ra  

. . 

Epiph-ytes : ~splen iu in  nidus 
. . Nephro3.epi.s sp, 

Height of Canopy: 15 t o  6 0 f e e t ;  mostly 25 t o 3 5  f e e t ,  
$6 

Density: ,100 t o  300 or  nore t r ee s  per acre over 1 inch d.b.h, 

A f o r e s t  i n  which 11.1. species of na t ive  t r ee s  occurred was commonly 

encountered on the  stonx s o i l s  of windward is lands irrJnedialely . i n l m d  . 

from the beach-barrierscrub of --- Scaevola ---.- frutescens. The width and 

development. o f -  . .  %h5s . fo re s t  . appeared t o  be la rge ly  depended upon the 

extent. of human .aci;ivity, Where the land was renote from hunan habita- . . : 

tion, too narrow f o r  effect ive crop prodtlction, o r  possibly i n  areas 

of :disputed land ownership, t he  zone of nat ive f o r e s t  was in pl.aces 
. . 

300.cr  more f e e t  wide, I n  such s i tua t ions  as  one proceeded inland the 
. . 

s i z e  of the  t r ee s  increased until indj.vidua3.s of Hsonia, Ints ia ,  

Earringtonia, Hernandia, or  Ochro~ ia  might a t t a i n  heigkts of 50 t o  60 

f e e t  and trunk diaineters of 20 inches o r  more. The average diameter of 

the t r ee s  over 1 inch deboh. i n  one Ochrosia s tmd ,  was 14,L~ lnches 

4t. diameter a t  breast  height. 



(Basal . area: . 164 sq. f t /acre;  . . . density: . 150 . c  .. trees/acre). To walk i n t o  
. . . . . . . . . .  . . .  , t . . :  . .  , . .  . . . .  . . . . . . . . .  . . . . . . .  : : .! , .  ,, . 

such a fo re s t  from the ocean reef  f l a t  was t o  s tep  i n t o  a d i f fe ren t  world, 
. . .  . . . . . . .  . ,  . , . . . .  ., : . . . . .  . . L . . :  . ( . .  . . $,-;. . . . .  . .  .% : .  . . .  . . .  : . . .  l . . 

The l i g h t  i n t ens i ty  f e l l  t o  only 2*S  percent . . . .  of the glare  obtaining on 
. . . . . . . . . . . . .  .. , . . . . .  . . 

. .  , . 
. . . . .  . . . . .  ?...: : .  

the  reef f l a t .  . . . . .  
Cne was immediately conscious of nwerous coconut and 

. . : .  . . .  . . . . .  . , . , .  .:. '. ' .:. . . . . . . .  . . : .  I 

lwge hermit crabs; the former usually scu t t led  rapidly t o  holes excavated .... . . . .  . : . . . . .  . . . . .  . . " . . .  . . . . . . . .  . . . . . .  . . . .  , . . .  . . . , 
, . : I  . . . . 

in the purple-broim phosphatic sand betvreen the stones and cobbles of 
. . . . . . . .  . . . .  . . . , .  . . . . ,  . . .  . . . .  

. . 
. . .  , $ .  ' .  

. , : .  . . ,  
,. ,: 

the  fores t  f loor.  A t  the approachof an intruder, the te rns  roosting and 
. . . . . .  . . . , .  . . . .  . . . . .  , .  ,. . ,. .; ,. 

. . 
nesting i n  the t rees  s e t  up a hoarse c la t te r .  I.Jhere the  bird's  nes t  . . . . . . .  . . . .  . . .  ., . ,., . . . .  . . . . . . . . . . . . . . . . . . .  

. . 
fern, Aspleniuin nidus, grew among t h e  fragments . . . .  of cora l  rock, i t s  enormous . . .  .... . . .  . . . . . . .  . . . .  . . . . .. 

. . . . . . . . . . .  
~. . 

. . . . . . 
leaves -- t o  f i v e  feet ' iong -- were o'ften conspicuously spattered v i t h  the 

. . . . .  . ,  . , .  . . .  : . . . . 
. . .  . . .  . . . .  . . . '. . . . . . 

white droppings of these birds. Here and there patches of Peperomta . , .  .: . . .  . . .  ' . ,  
. . .  

. . . . .).! . . 
. . . . 

formed s m a l l  Vock gardens" under the  trees.  Elsewhere, however, the 
. . . .  . . . . -. . . . . . . . . . . . . . . . . .  

ground was qui te  bare of plants  other than t h e  sl ippery algae covering 
. . . . .  . .  , . . .  . . . . .  . . : . . . .  . . .  .~ . : . .  . . 

. , .  . 

t h e r o c k  fra@.ents. Tree seedlings were usually n o t  conspicuous, 
. . .  . . .  . . . .  . . . . .  . . . . . . .  . .  , . . > 

. ., . On . ,. t h e  ,,. windward . . . islands these fo re s t s  ref lected i n  t h e i r  growth the 
, , .  

: , , . :  ~. . . . . 

prevailing . . .  direct ion of the wind. The canopy of the f o r e s t  and of the .. ,.. . . .  . . . .  . . . . . . .  ~ , '::"'I , ,  ' . . , ? .~ . . . . . . . .  

,, 
Scaevola scrub t o  w i h m r d  && i n  e f fec t  a plane of leaves dipping toward 

. . . . . . . .  . . .  
8 . .  

. . . .  . . .  . . . . . . . . . .  . . . . . . .  . . .  , . , . 

the ocean beach a t  angles of 9 t o  13 degrees. On Langar, Barfingtonia 
. ,  . ,. . . . .  . , ,. . . . 8 . .  . . , . , .  . . . . . . .  .. , 

and Hernandia were predominant i n  a small portion of the  nat ive forest .  
. . . . . . . .  . . . . . . . . .  . . .  . . 

. . . .  . , . . 

These t rees  appeared t o  have been r e s t r i c t ed  i n  the i r  upward growth by . . !  . . , ,  . . . :  .. , , . . ' : . . . .  . . . . . . . . . . .  . . . .  , . . . . .: . . . . 
the salt-laden rrinds, f o r  although they were massive, ~ & t h  trunks over 

. . .  . . .  . . . . . .  ., ',:',.:,:,. . ... . . .  . . . . . . . . . . . .  
. . 

2 f e e t  i n  diameter, many were sc'arc& 25 f e e t  tall .  ~ h & r  trunks vere 
, . .  . . . . .  . . . . . . . . . . .  : . . .  . . . . . .  . . . . ; . . ,  , 

. . . .  . . . . . .  , I  

inclined a t  dangerous angles or ac tua l ly  prostrate  on the  ground, and 
. . .  . . . . . . . . 

: ,.. 

branches projecting above the canopy of the f o r e s t  were mostly leaf less .  
, , , . .  . . . . . . . . . . . .  . , .  , ,  . . ... , . , , .  . . i 

The grotesque shapes of t rees  suggested' the fanc i fu l  thought t h a t  f a i l i n g  
. . . . . .  . . . . , . , .. , . . . .  . . . , . . , . . . . . . . .  . . . . . . . .  . . . . .  . . 

i n  the i r  struggle t o  pierce an inv i s ib l e  ba r r i e r  above them, they grew 
. . .  < , .> . . ,  . . : . : .  . . . . .  . . .  , .  . . . . . . . . . . .  . . . . 

horizontally instead of ve r t i ca l ly  i n  a claustrophobic attempt t o  escape 



. . , ,. '. i n h d ,  'howver, 1Iernandj.a. trees. .  of the: ~a i le :~ . s t ,wd xere.  . . ere&,.,+d . .. 

at ta inedhe ' ights  of 60 f e e t  o r  more;. . . 8 . . .  . .  , . .  . . ~ .  . .  . . .  

~ 

' An in te res t jng  fea.tu.e of these forests,  probably t o  .. be . a t t r i b u t e d  . . 

- .  . . 
Lb &cj.de&,s of d i s t r ibu t ion  of propagules, was the tendency .of .. ~ . the, .. . corn- . .. 

. . -  

ponen.t species t o  form al ternat ing near ly  pure stands a y e r a g b e  . , gerhaps .. . 

0.1 acre iri.ar6ae In walking peral.le1 t o  the  sllore, oneiGght pas3 .. . . . .  from . . dark 

pxt"hes of bchrosia fdres t .  &-to m n y .  open stands of. Pandanus , , te~.t .o~i, ,~ 
f . .  . . 

an'd frtim.tk?&e i n t o  tMckets:oX~Guel%arda . . spec-iosa o r  . .-. ,Al*hylus . - - . -  timoltensis. 
.; . . . Here arid there   ere obiermd groups of f i v e  and . . s5.x-small . . Sbulamea .... ,. . trees.  . 

~l.&wher&, a s  on Takleb island, - groups of ... t a l l  I n t s i a  or P$,s.onia .. ocqw-jred, . ,. . .. 

or  the heavfbrznches of -- Cordia ---.. sttbcordata - leaned. t o  'the ground . and.,., : . . ,  

struck rdot, giving r i s e  t o  thickets  of t ha t  speskes* ..:Thege al ternat ions  : . . ,  . 

of ~ ~ & & ~ 7 e c i e s  dofimance occurred with no regular i ty ,  nor. di:d there  
, ,;. , .. appe&to be any marked tendency f o r  one species, t o  replace another, It 

.. is t@&' h a t  seedlings and saplings of -- Ochrosia z o s i t i f o l i a  were  con- . . ---- , . .. , , 
. .  . .  ' spi&ously vig&us *hen gr&ng i n  h6avy shade, but  a high .proportion .,%. of 

"t& l a rge  fruits of t h i s  species f a i l ed - to  ,germinate among the stones and 

' 'cobbles of t he  f o r e s t  f loorg  in& there  m,uld seem t o  have been no agency 

other than heavy storm waves by which these awkward propagules might be 

car r ied  from place t o  place, Guettarda -.- speciosa, - and the coconut, h~we7er, 

were ubiqdtous,  and old t r ee s  02 __ Tournefortia __- _.__ areentea occurred in 

scat tered fashion throughout t he  fores t .  

Stands of large Hernandia, Barringtonia, Ochrosia, Pisonia, o r  

I n t s i a  were ra ther  e ~ c e p ~ o n a l .  ilore commonly the  nat ive f o r e s t  con- 

s i s t ed  of thickets,  sometimes containing several  sprouting cut  s tmps,  



immediately behind the ocean beach bar r ie r  of Scaevola frutescens. In 
. . . . .  

such situe.tions the :nost common t r ees  were ~and&ui,  Gbettarda, and 

Tourneforti& the l a t t e r  tvro '  G t h  short, thick, crdoked boles,  sending 

out may low, spreading branches. Terminalia samoensis and Scaevola 

frutescens were a l so  abundant, and such l ianas  a s  ipomoea and a 

scendent form of Wedelia biflorai'bound somi of these  thickets  i n t o  -.- - 
nearly impenetrable tangles. 

Primary speciesr Pisonia grandis 
Allophylus timorensis 
Cordia subcordata ? 
In t s i a  bijuga 

. . . . . .  
. . 

seconda$y spc i& : Pipturus argenteus 
. . . . Premna obtusifol ia  

... Guettarda speciosa 
. . . . Pandanus tector ius .  .:. . . . .  

Ground layer: Polypod+n scolopendria 
, . .  

. . . .  Height. af Canopy:, 20 t o  8p f e e t .  . . .  . . . . . . . .  . . :.. . . . . . .  . . 

Density: . . 15  . . . .  t o 3 0 0  t r e e s .  per acre  over . , 3. inch d.b.h, , . , 

& 

In. . . 1952 . . 3 massive . . Pisonia t r e e s  stood in t h e  middle of Talcleb island, . . . . .  i 

s u r r o ~ d e d b y  a fo re s$ , s f , sma l l  . . .  . . .  kapok. and breadfrui t  trees.  The l a rges t  
. . . . . .  . . 

of .the Pisonias was. about 80 f e e t  t a l l ,  q d  28.L f e e t  i n  ci;cumference. 
. . .  . . .  ., 

Other large, i so la ted  Pisonia t r ees  were observedin the in t e r io r s  of 

Ehidrik and Jilang islands.. Since it appearedpossible . . t h a t  these . . . .  t rees  
. ~ . . . . . .  

might be remnants of the  nat ive fo re s t s  which must have once covered the 
. . . . . . . . .  

i n t e r io r s  of these islands, t h e  m i t e r  questioned . , Felix J., the . magistrate . 
. . . . .  

of Arno a t o l l  i n  1952, whose family holds land r igh t s  on Takleb, as t o  

t h i s  his tory of Talrleb. He very: kindly offered . . ,the following data: 
. . , 

. . .  . . . .  . . 
> 'Unt i l1876  Takleb i s land  &:ah %&nd"of  . . .  . : .  .birds,'i i.e;., a Poyal 

. . . .  



.. . , .  , .  .. . . ?  . .  

b i rd  resemat ion  upon .which t respass  was forbidden (c,f. Tobin, 1952), 
, . '  . . . , 

Periodic v i s i l s  r e r e  made by autho.?ized col lectors  t o  gather birds  and 

eggs. In 1876 .t+e prohibition . again@ . v i s i t i ng .  . .. Takleb was removed, and . . .  . .  . . . . :  .. . . ,. . . . . . . . . .. - 
S t  

around 1886 Tobik,lep ,a,,"brotherll of F e l i x ,  having obtained r igh t s  t o  
. .,. * . : :  : . . - .  ..: . .  . ' . . . 

. .. ... . . . .  .. 
the  use of t he  land,, conunenced t o  c l ea r  the  wild. f o r e s t  . and . plan t  

,. , .  . . . .  . . . 

breadfrui t  and coconut t rees .  Fe l ix  s t a t ed  t h a t  the  or ig ina l  fo re s t  
. .  . 

of the in ' terior of Takkb d id  no t  consis t  exclusively of Pisonia trees.  

Rather, the  Pisonias occurred i n  two &ro:lps, which al ternated with pure 

stands of AlLophylus, Ints ia ,  and. C0rdj.a. Sp&cies of birds n o t p r e s e n t  

a t  &no in 1952 and not  reported by Marshall (1951), including the  I1akt' 

( f r i ga t e  bird) ,  Wma,lt and flkalo,l' roosted,  i n  the  t rees ,  together with 
. . .. 

many terns  ("rabit," 11 jakar", etb.), The rookery was evidently much 
. . 

l a rge r  than any remaining on Arno a t b n  i n  1952, The kapok was intro- 

. .  . . . . < 

duced in 1915, seed having b r e n & n t  from Ponape, 

Fe l ixrs  account was confimed by Tobu, the paranount chief of ' ~ m o  

i n  1952, who added 'that Nanwi i s land  had a l so  been an is land of birds  
. . . . 

. ,  : 
u n t i l  1876, when the  i r o i j ,  Lekaman, removed the emo (tabu) from both 

. . . . 
: Takleb and N ~ w F .  The wr i te r  encountered numerous small Pisonia t rees  

in the i n t e r i o r  of Narmdi, growing on phosphatic sand and rock. A l l '  

appeared t o  be df sprout origin,  I n  view of the  very grea t  pomrs of 
. . 

vegetative reproduction possessed by Pisonia . .  ,,,J i randis  I consider it 

qu i t e  l i k e l y t h a t  the  stand of sprouts '  and suckers observed on Narm.ri 

i n  1952 consisted of the  same t r ee s  which g r w t h e r e  before 1876 and 

. . 
4 The term llbroth& in the Marshall I i l ands ' i s a l j pa ren t ly  applied t o  
a l l  male r e l a t i ves  of t he  same generation a s  the  speaker, Thus9 Tobikle 
may have been Pe l ix l s  cousin. 



t h a t  these t r ees  then formed:ahigh fo re s t  over much of  ph phosphatic 

area of : t h a t .  i s lando . . i . '  . . .  . . . . .  

. . I n  s p i t e  of its.::tIecir~ated character i n  1.952, t h e  remnant of; the  

Pisonia' fo re s t  was most s t r W n g .  The pre-187.6. groves of Takleb and 

Namwi  must have-been:.kpress.ive,' Cn the  basis of my observations of 

the TaKLebtrees the following reconstruction may be hazarded. ,. 

: T h e f e r e s t  was 'composed almost exclusively of old t rees  of 

Pis'onia grandis between 3. and 9 f e e t  in diameter a t  breast  . . . .  height . . and 

75 t o  85; f e e t  t a l l .  Assuming t h a t  the canopy was about 90 percent . ... 

: closed, .the density of 'stocking was about;l$trees per acre, The 
.. . . .. 

Corest ' f loor was essent ia l ly  bare of tree,  seedlings o r  herbaceous plants, 

b u t l e a f y r o o t  suckers. of the  P i s o n ~ a s m u s t  have . .., been conspicuous. 

Tho~sands of birds  perched i n  the,branches: of..the t r ees  and the a i r  

- :  r&oWded.r~iishi~t:aeil'..raucous cries.  Their droppings combined with the 

: :  decaJring leaves of %he Pisonia t r ees  t o  form a black, mucky humus . .. resembling 

: the:greasy mor erne-...of t h e  humid :temperate regions,. . . .. Over and through 

this:.humm c r e p t  :.%.h&:-serpentine roots of the  Pisonias, only occasionally 

pene t ra t ing to .  d q t h s ' o f  more than one foot. Phosphatic s a l t s  Leaching 

fr& the. hmnus's tained the: pinkish limesands beneath a purple-b,uor,n and 

with t h e  subsequent. precipTtation 0.f calcium phosphate, p h o ~ ~ j h a t i c  rock 

w a s  'formed; iT1iis phosphatic hardpan was i n  some places .able . . t o  perch a 
' . 

' hater  table, $0. t h a t  m a l l  pools pers is ted on @ne ground . . . . af te r .  heavy 

rains; In places where the .  rock had not consolida&ed completely, hori- 

ever, rainwater percolated through t h e p n d y  s o i l  t o  the.pcrm.nent 

'ground.-water tab le  more than fowr f e e t  below the  surface , of the s o i l ,  

Typhoons l e f t  t he i r  mark on t h i s  forest ,  alt.hough they did. l i t t l e  

t o  a l t e r  i t s  composition, The tops of the great  t r ee s  in some cases 

, 
L .  . . - 33 - 



were broken offi  a t  t i9es  10  t o  20 f e e t  above the ground, and some 

t r ee s  were complet,ely uprooted. These t rees ,  hbwever, were no t  a l l  
. ,.. 

l e d  From broken trunks and creepkg roots  numerous quick-grocxing 

suckers arose, quickly fi!.ling the g a p  i n  the  canopy, Fallen logs 
. . . . 

develo2ed roots  along mGh of t i ~ e i r  length, and rapidly gro:ring 

sprouts along t h e i r  upper surfaces l a t e r  developed ini;o %rees which 

i n  1.952 seemed t o  be g3xdng i n  ram, a s  i f  planted, Even f a l l e n  

branches struck root  and developed 2nto t r ee s  where the l i g h t  in- 

.. . 
In 19 j2  Pi.sonia grandis was considered a maJor pes t  andhad been --- --- 

. . . . : : . . .  > ..: . 

e radka ted  a s  an inportant species from ill &nds of Arno a t o l l  ex- 
.... ., . . >  . .  . , : .  ... . . . . .. 

cept Ta!;leb, Takleb e j ,  k i d r i k ,  Jilang, itm~i, and  Langar, In ad- 
. . .  . . .. . 

. .. 
dition,  lone Flsonia ,ti-ees s-tood a t  MatoZen and 011 Arno island, 

Habitats which anpeared su i tab le  f o r  t he  species, however, occurred 
, . 

i n  the  secondary fore& of Arno i s land  as  wel l  as  on Ijoen and other 
%... . . , . . 

i s lands reforming between Malel'anh'&tol&, following the  typhoons 
. , 

. . . . .  

of 1905 and 19l8, The s t icky  f r u i t s  o f '  th& Pisonia adhere t o  t he  
, , .. :. . , . . 

feathers  of bi rds  roosting and n e s t k g  in ~ t s  branches, and a r e  be- 

l ieved ths  t o  be cayried from i d a n d  t o  island, Evidently t h i s  

mechanism of dis?ersa!. i s  no% very e f fec t ive  in the short  run. A 

careful  search f o r  %rcs:; of mi2oubted seedling or igin  revealed on127 

a few, although spronts arid W C ~ C ~ I - S  were abuncia~t , Once established, 

however, the  t r e e  seemed t o  be almost &mortal. The v i r t u a l  in- 
. . 

destructibil . i ty of t he  older Gl:ees -- f i r e  is the only e f fec t ive  means 
. .. 

of clearing Pisonla f o r e s t  - -  conbined &th $heir  g rea t  powers of 

vegetative repro4uction seem t o  be sufficj.ent t o  accoimt f o r  the 
.. . . . 



former predominance of Pisonia on pa r t s  of Takleb and Wamwi. It is  

possible t h a t  these t rees  were members of clones resul t ing from the 

chance long-distance dispersal  and eskablishment of s ing le  seeds. 
' 

The groves of ~ l l o ~ h ~ l u s ,  Cordia, and In ts ia ,  which;according: 

t o  Fel ix  shared the in t e r io r  of Takleb is land with the  Pisonias,' 

were reduced i n  1952 t o  a few %rees growing on stony s o i l  near the 

ocean side of the  island. O f  these I n t s i a  i s  the l a rges t  tree, a t -  

ta ining a trunk diameter of 19 inches, and heights of over 60 fee t ,  

Cordia subcordata i s  a much inore compact t r e e  than In t s i a  bijuga; - 
on Arno a t o l l  it reached heights of 45 feet.  Its crotms were 

mostly wide-spreading and its tkiick branches originated lcw on the 

main bole, which at ta ined a max imum diameter of 28 inches. 

Allophylus timorensis was common in the in t e r io r s  of Arno and Langar 

islands, It was never t a l l e r  than 30 feet ,  and its trunks were 

. . . . 
. . .  mostly slender whips.. . . . . . . . .  

. . .  . ., . . . . . . . . .  . , ., .. : . , . ~  

U G O O N  SHORES AND DUNES 

Primary species: Scaevola frutescens 
Pemphis acidula . . . . . .  

~ :: . . 

Secondary species: Suriana maritima 
Sophora tomentosa 
Guettarda speciosa 
Pandanus tec tor ius  
Tournefortia argentea 
Cordia subcordata 

. . . . . . .... 
Barringtonia a s i a t i ca  

. ... . i: , :' '"Terminalia samoensis 
Hernandia sonora (planted?) 

. , >. ' :: ' - Callophyflum inophyllum (planted) . . ., . . 

Hibiscus t i l i a c e u s  (planted) 
. . . .  . . . . .  . . 

. , . .  .,. . . . .  . . . . .  

Herbaceous pioneers: . . .  Lepturus repens 
. TJP@a :marina 
Wedelia b i f lo ra  
TTi:uinfetta procumbens . . .  

, . ,  , . . 
Fimbristylis a to l lens is  

.. , ,.< . . . . .  . . . . . . . .  . . .  . . .  ., . 



:.: . Between Lukvo j and Jabu,i.:on the long southern i s l and .  of Arno 

at01.l~ and on several  of -;the islands devastated by. the.:.t~iioons,.,of 

1905 and 1918 'betpreen Larg$t~-md i4atolen native:. f g e s t  a n d  sc rub  : 

occurred along lagoon shores, !, . The primary :specie$ i n .  such s i tuat ions 

mre. SCaevcila fru%escens and Perbphis .aciduIaa::, The l a t t e p  comr;lonly --.- --.-.- --.- --.- 

fos%ied puive s t a n d s  where t h e  beach was composed of sandstone o r .  con- 

s61idated fragments of reef :.rock. ... A t  high. t ide .  the Pemphis t rees  

often overhung the  la,oodn,.so?that when t ravel ing:along. the beach: 

one.:frequentQr::iias . . . . . . . . . . . . . . .  ~. .forced.:t.o:~wa~e:~~aro:md.tfle t rees  o r .  detour inland. . . . . .  ,. . 

?.emphis:also occurred o n  tinconsolidated sands and.dunps along 

1agcion:-shores, . together w i th  ..ErcaevOla and, near Lulcwoj, -- Suriana 

marit%nalr:.Cordia subcordata. ' Terrdna3.ia samoensis, Pandanus -- --- I- --- -- 
' teotorius, Guettarda - spec4osa, and -- Tournefortia argentea vere  other 

trees:frequently encountpred'on::san@ s o i l s  near the  lagoon. In 

vil lages  Hernandia sonora and Calophyllum inophyllum were common, - -- - 
Rainwater running down the trunks of the l a t t e r  was often collected 

. . . .  ; ;,; .... 
% . . . . . .  

i n  large i ron  drumse 
.... . . .  . . . .  .. . . . . . . .  ,. .<:. : :., :_, ... ,. : . . . . . . . . .  

:.. . . . .  . . 

SALINE FLATS 
. . .  ,:. . , -, i: . . ,  ., . . . . . .  " .  . . . 

Primary species: ?emphis acidula: : . 
. . .  

Secondary species: Scaevola frutescens 
Tournefortia argentea :. 
Bruguiera conjugata . '.: , , 

. . 

Snal l  i n t e r i o r  sa l ine  . f l a t s  occur' onseve ra l  islands of Arno a t o l l ,  : .  . . .  

Commonly these  had the form i f  e l l i p ~ i c a l ,  flat-bottomed depressions 
. . .  

: .'! '' 

about 2C0 f e e t  long and 50 f e e t  wide. Island sandstone was exposed i n  
. . .  . . .  

the bottoms of sone of these depressionsy.-&if.ting sand had accmi la ted  
.: 

. . 

i n  others. A t  high t i de  sa l ine  ground wate? might r i s e  above the  l eve l  
, . . . . . . . 

of the bottom of the  f l a t ,  or where a channel opened t o  the ocean or 



lagoon, s a l t  water washed i n  with the t ides .  Commonly a t  low t i d e  
. - .  

small pools were found i n  'depr!essi&s'in the f l a t s  and the water i n  

these was s a l t y  t o  the  tas te .  

The s l i g h t l y  higher rim of such f l a t s  was composed commonly of 

consolidated rock, and on t h i s  . . rock a s  well  a s  on is lands of sand or  
. .... , 

rock within the f l a t  i t s e l f  occ~lrred.  . . . .  near ly  .pure stands of Pemphis 
. . . . 

acidula, The Pemphis i s  a large shrub o r  small t r e e  15 t o  25; f e e t  in height. -- 
Its exceedingly hard, heavy wood, which sinks l i k e  a stone i n  s a l t  water, 

ws prized a s  a source of durable constructj.on timbers and coconut 

husking s t icks;  formerly it FJaS the  preferred wood f o r  spears. Where 

sand had f i l l e d  the bottoms of t he  f l a t s ,  Scaevola frutescens and -- 
Tournel'ortia argentea together with the Pemphis formed open stands, 

The l a rges t  of t he  s a l ine  f l a t s  of Arno a t o l l  was found betireen 

Bilrarej and Badrbaren islands. There, on low is lands between t i d a l  

channels and pools, the  Pemphis formed essen t ia l ly  pure stands. A t  

high t i d e  s a l t  water washed over i t s  exposed roots  and those covered 

by sand were undoubtedly bathed i n  the  s a l i n e  ground rrater. Fiddler 

crabs had excavated innumerable holes i n  the  muddier portions of the  

f l a t ,  and permanent pools a few inches deep were inhabited by gobies, 

vhich darted i n t o  holes or  under sheets o f  algae when disturbed. 

A t  Bikarej, Nan%&, and Enidrik is lands . . Pemphis bordered mangrove 

36 
swamps. It differed.  . . from the mangroves,, however, .in t h a t  .whereas the 

l a t t e r  m r e  r e s t r i c t e d  t o  swamps i n  which peat formed under water, 

Pemphis was most abundant on sites which a t  l a r  t i d e  appeared t o  be 

well  drained and even dry. Small depressions 751 beach conglomerate 

formed along lagoon shores const i tuted an especial ly  common habitat. 

st Sonneratia, Bruguiera, Lumnitzera (Combretaceae) . 



W1GROV.E SWAFI ---- --- 

Prrimary species : ,-.-- BI-uguie?:a conjugata - 
Secondary species: Somera t ia  caseolaris --.-.-.- 

Lumnitzera l i t t o r e a  --.-- 

. . Pemphis acidula --.- -.we- 

Epiphytes : ' Asp3.eni.m nidus -.- ...-- 
. . 

n'ephrolepis sp, --.--.- 

Density: About 90 t rees  per acre  over 6 ?aches DBI4, but variable,  

Iieizht of canopy: 35 t o  55 f e e t ,  

The pr incipal  a.reas oT occiu?ence of mangrove s w p  were Tinalr, 

Langar, Bikarej, and Nan& Islands, and the d i s t r i c t s  of ICinajong and 

Ilatolen, on Ine Is!.and. Elsewhere' stands cons i s thg  of one t o  a few 

t r ee s  may grow i n  loca3. depressions, The swarny were of tvo kindsa 

The more common tyye was the i n t e r i o r  swamp o r  "bat,r' cut  off from any 

connection with the lagoon o r  ocean by dunes on the  lagoon s ides  o r  

by boulder ramparts on the  ocean s!lores. Certain o f  these i n t e r i o r  

mcddy depressLons apparently resu l ted  from tlie formation or  successive 

boulder r idges of coarse rock on t h e  ocean s ides  of islands,  

The l e s s  com,ion(vjinbatbat") ty$e of mangrove swamp occurred a t  

Bikarej and AIaI?n?i Island$> bordcrk~g.  t he  enclosed North Horn lagoon, 

On both of these island's shallow kmbayments opened on' t he  Lagoon, The 

stramp a t  P J a n f i ,  ho~~ever ,  had been cut  off  from the  lagoon by s&d ~rhich 

d r i f t ed  across the ou.ttlet, Dr i f t ing  sand had also covered the center 

- o f  the N a m r i  embaynent forming a s a l t  f l a t  on which grew scat tered 

shrubs of Pemphis and Scaevo2.a. The lbcnnection of the Bikarej sriamp 



with the  lagoon was s t i l l  open, ,and va ter  ran in  and out of t h e  embay- 

ment with t h e  t ides .  During the day a t  low t i d e  t h i s  water became ex- 

tremely hot, and evaporation probably tended t o  increase i t s  s a l i n i t y  

appreczably. Brine shrimp were abundant. 

: In bothpla6Gs the  mahgrove . t r e e s  .:formed .nterely.a bordering r ing  

around' the i n t e r i o r  f la t ; .  Scattered, mostly prostrate  t r e e s  of 

Sonneratia: which on Arno a t o l l  was r e s t r i c t ed  t o  the  Bilearej 

- .  and Namwi swamps, bordered the cent ra l  f l a t s  of sand o r  mud; t h e i r  erect ,  

conical pneuinatophores extended twenty f e e t  o r  more beyond the main 

boles of the  t r ees  toward t h e  center of the  embayment. Behind the  

Sonneratia t rees  and eending t o  f i l l  the gaps between then occurred the 

more e rec t  Bruguiera conjugata, perched upon which were a e r i a l  baskets 

::of hrephrolepis and Asplenium:' Setidlings of Bruguiera a l so  became 

established in::Chemucf beyond. the Sonneratias, but they were apparently 

shorthliued in -such situations.! Forming a zone around::the Bruguiera 

were th icke ts  of Perrrphis- acidula,. the spravling main trunks.. of .which sent up 

e rec t  bcanches 15 to,. 20 f ee t ' j n '  height and over 6 inches in diameter. 

Behind the Pemphis occurred t r ees  of the scrub f o r e s t  (especially In t s i a  

and ~ l l o p h y l u s ) ,  impenetrable thickets  of Clerodendrum inerme, or  
. . 
coconut plantktions r " : ' ' . . 

. . ,  ... , . , . ~~angr'otre si?amps of .  the  i r t e r i o r s  of islands were s t r ik ing ly  dif - 
.. 

, ' fWence in appeara;~~..: Insteail of a mere s i n g  of fe trees bordering a 

barren embayment o ~ , . f l a t , '  a conplete cdver of t r e e s  occupied the. inland 

swamps;: hs t :  or these stands conta)ed only a s i n g l e  species of tree, 

~ r u ~ u i e r a  ; con j~ga ta . ,  Gnly a t  liatolen. did Lumnitzera l i t t o r e a ,  prized 

''. ' . for '  f ishing. poles and garlands,  grow &ith the Byuguiera. Thickets of 

the sittPactive; rjhite-flowered Clerodendrum, a l so  used f o r  garlands, 



sometimes bordered these interi.or swa?lpsa 
. . . . . . , 
. . I$angrove stramps of the- i n t e r io r s  of islands varied considerably 

in'"d&&ty of stocking, dis'crkbution of diameter classes6 .and forn:bf 

the !.arger trees.  A t  Tinak and Iiinajong t h e  l a r g e s t t r & s  w e r ~  mos%ly 
, 

ta"l1 and s t ra ight ,  arid'the d i s t r i b u t i o n o f  inature..%~&4sp: young poles, 

and sapl'ings, was Geiatively u n i f o ~ n t h ~ o u g h o u t  t h i  mamps.~ The . : . ,  

l a rges t  t rees  a t  Xinajong were 50 f e e t  or more i n . h e i g h t  and. about:. 

'&o feet; in diameter a t  b reas t  height. The t r ees  a t  Tinak. were Soxe- 

what smaller, but the  proportion of tall, s t r a igh t  trees.'which had '  
. . 

pruned themselves of t he i r  lower branches was higher* 

The case was d i f fe ren t  a t  14atol.en and Langare In those- places 

the stands consisted of scat teredgroups of'6Xd t r ees  of poor form 

a l t ~ m a t i n g  with &oups of yo&ger, ' s t ra ighter  poles. A dense.ero~rth 

of ~ r u ~ b i e r a ;  iei?dlines about 18 inches t a l l  :constituted the  ground 
. . .  . 

layer, and'the: bi&l~s-nest fe rn  grev- perched' on the l a r g e r  t rees  6. 

Seedling mor&lrt$ of the  ~ r u ~ ~ i e r z : y r a ~ ' ~ r o b ~ b l ~  high i n  t h e  heavy 

shade, f o r  the  density of poles 10 f e e t  or'more in height was much: 

. . .  reducedo 

The poor form of the ol.der t r ees  a t  ~ S g a r  and- Matolen, which: 

were about 35 t o  45 f e e t  t a l l ,  exceedingly crooked, an3 commonly with 

heavy branches originating l e s s  than 10 f e e t  above ground, indicates 

t h a t  they must havegrown ~ d e r  conditions very d i f fe ren t  from those 

obtaining in 1952. 'Their  offspring, grotring densely under p a r t i a l  

shade, had developed i n t o  t a l lg  s t ra ight ,  slender poles which had 

prunecl.khemselves of t h e i r  lower branches. This suggests t h a t  the  

Angrove fdres t s  of Langar and &toIenmight have:been of very redent 

?orig& The older, '  poor.~y'f o&d flholft~' t r ee s  must have grown i n  



openings a s  scat tered individuals and s m a l l  groups. Those p a r t s o f  

the sriamps occupied. i n  1952 by young poles were probably a l so  open: 

p r io r  t o  t h e  establishment' o f  the latter; f o r  t h e  stocking was dense and 

uniform and the t rees  were of n e a r l y i d e n t i c a l  size,  diameter, and form. 

It is not  impos,sible, of course, t h a t  such loca l  openings could. have 

resul ted from the  uprooting of patches of a former f o r e s t  during typhoons, 

but no evidence of typhoon damage - in  the  form of f a l l en  logs. p a r t i a l l y  

or wholly buried in the  peat could be found; the 1918 typhoon, in rihich 

many.breadfruit t rees  wereuprooted on Langar, i s . s a i d  t o  have caused no 

appreciable damage t o  t h e  mangrove f o r e s t s  o f  tha t .  i s lahd.  "High-grading," 

t h a t  is, the practice of harvesting t h e  more desirable trees whils t  

leaving behind those of poor form, may have contributed t o  t h e  prepon- 

derance of .trolf t rees  among the older age classes. In 1952, however, 

cut t ing methods. consisted of removing only a few of the be t t e r  formed 

:pdlese In the terminology of the forester ,  ,this consti tuted merely a 

" l i gh t  thinning." Clear cut t ing was not  practiced i n  1952 on Arno a to l l ,  

and. perhapsnever rias. Thus, previously existing open places of con- 

siderable s i ze  probably cannot be a t t r ibu ted  t o  typhoons o r  former cu t t ing  

practices. It seems a t  l e a s t  possible, therefore, t h a t  the  mangrove 

forests  of Langar and Matolen originated i n  r e l a t ive ly  open, swampy 

depressions with t h e  establishment of the pyesent wolf t rees*  Vhen 

these t rees  reached maturity, t h e i r  f ru i t s -were  scat tered thickly 

throughout t h e  swamp, giving r i s e  i n  openings t o  the present dense 

stands of poles. In other words, the  mangrove fo re s t s  of Tangar and 

Matolen swamps may be no older than the  wolf t r ees  s t i l l  growing i n  them. 

Dr. Harold St, .John had suggested t o  the author , that  cer ta in  of the  

. . .  . . . . . ' 

-La- 



i n t e r io r  mangyo7re swamps mi-ght. ilav? originated through the del iberate  

introd.uction on the pa r t  o f ,  the  iiarshallese of f ru5. t~ of the  B m g ~ i e m  

i n t o  open s ~ ~ m i p s ~  Cne clear  case of a r t i f i c i a l  introduction and. 

establlshqent of Bruy ie ra  was actual ly  encountered, suggesting t h a t  

a t  l e a s t  some of the existing in t e r io r  Brugruiera s tands,of  Arno a.tol.1 

may have originated i n  this wayo . . . .  

Cn .Tutu Island a f resh  water swnp  was encoun%er,ed. (ch!.or.i.de-. 

concentration 15 ppm, !.e,ss than G,1$ of t h a t  .of the loca l  

i n  yhich , several .  y o g g  t r ees  of Bru@+era were growirflg. The known 
. . 

. . history o!. t h i s  swamp i l l u s t r a t e s  ..tine possible origin of other inland 

mangrove .f orestso;  : Yaraj. (~yrtosperma) was formerly grow successfully 

i r :  the  Tutu qampj.  but the rooting of pigs :made i t s  ~~~~~~e impossible, 

. - and firuguiera, previously absent, ,t.;as. del iberately introduced some 

. . t i n e  bettieen 1933, and 19b2, In 1.95'2 there  were a t  l e a s t  two age , .  

c lasses  present, The older, l a rger  t rees ,  . . .gnming.in openings mong 

. , t a l l e r  coconuts and pandanus, were of d i s t i i~c . t ly  buslrjr habit, .and . . 

seedl ingsof  Bruguiera were scat tered throughout the swamp,. The 

, - . .  Bruguiera. plants were perhaps not so vigorous a s  those. growing. i n  

more sa l ine  environments, but they were srirviving and reproducing 

a t ~ d  mayl well tend eventually t o  displace. the  other species of., t r ee s  

nov -pr,gsentl If - t h i s ,  5x1 f a c t  occurs,, a stand iLll be formed .can- 

s i s t i n g  of scat tered groups of old Bruguiera t rees  of poor form, 

originating from hands f u l l  of f r u i t s  casually tossed i n t o  the  swamp 

from points aLong i t s  margin, a l ternat ing with d .ense , .g r~~~ths  of young 

saplings.and poles, The stands of Langar and Natolen had precisely 

t h i s  appearance ?n 195'2, so  t h a t  similar origins a re  not impossible. 

It may fur ther  be conjectured tinat as  the  old, poorly fornied t rees  of 



Langar and Matoxen die, they will be replaced by t h e i r  t a l l e r ,  s t ra ighter  

progeny, giving rise' to ' s taads  such a s  were seen in 1952'at  Tinak and 

Kinajong. The r e l a t ive  an t iqu i ty  of the &and a t  Kinajong is  fur ther  

suggested by the f a c t  tha t '  i&e $ i c e  name is evidentl? derived from 

~~j0ng,~~"the'14arshdlese name fo r  Bruguiera. That is, the mangrove 

swamp is probablyoider t i a n  the name of the  d i s t r i c t ,  i f  the l a t t e r  

was i n  f a c t  named fo r  if&,. 

' . .  It i s  of course possible t h a t  cer ta in  Bruguiera swamps of the 

in t e r io r s  of islands became established through natural  agencies alone,, 

High storm waves washing over the land may have carr ied Bruguiera. 

f r u i t s  in to  pre&&sly e x i s t i n g i n t e r i o r  swamps, o r  stands of Bruguiera 

formeriy growing along 'lagoon .or ocean shores may have been cu t  off 

inland by the  formation of new dunes or boulder ramparts, The writer, 

however, 'walked the en t i r e  southern lagoon shore of Arno a t o l l  from 

the northern end of Arno is land on the west t o  the nor thern  end of 

Langar on the  eas t  without observing a single plant of Bruguiera 
. . .. . .. . , . 

growing i n  such situations.  In t ravel ing among the northern islands 

of the a t o l l  he noted Bruguier&.&owing along lago6liihores only a t  

Bikarej, where scat tered t r ees  extended out f rom %he i n t e r i o r  embay- 
. . 

ment along the northern lagoon shore . . .  of t h a t  island, Nor was Bruguiera 
. .. 

observed growing along ochan shores, although a special  search was 

. . made f o r  t h e  t r e e  i n  such s i tua t ions*  . . 

It i s  a common impression t h a t  mangrove' swamps are  invariably 

sa.line or brackish. Such was cer ta in ly  not  the  case i n  the stand 

developing a t  TutuS where t h e  ciilori.de concentration of the  swamp 

wa'cer ,$as only "twice t h a t ' o f  t h e  l o c a l  rainriatera Analyses of the 

. .  . . , . . .  . . . - . .  . . .. , . .  . 

b3 - 
. , 



water i n  the  Xatolen Bruguiera-Lhinitzera swamp demonstrated a 

chloride concentration of only 6!40 ppm3 about '3 percent of t h a t  of 

the  l oca l  seavaterr The water of the  Tinak swampp however, was 

d i s t i nc t ly  s a l t y  t o  the  tas te ,  .an.d a t  high t i d e  the water of the 

Bikarej swamp mixed f r e e l y w i t h .  t ha t  of. the  North Xorn lagoon, 

Obviously, then, Bruguiera i s  capable of growing in sumps having 

an extremely wide range of s a l in i ty .  Consequently, it should never - -- - 
be assumed i n  the  Marshall 1sl.ands t h a t  the  presence of Bruguiera - -- - --- - - -- -* --- 
is posit ive indication of high ground-water s a l i n i ty ,  - -- --- - - -- P 

In passing, it shouldbe noted tha t  l a rge  numbers of f ish- 

eat ing seabirds roosted and nested in the Bruguiera t r ee s  of the 

Langar and other Arno srramps, The high phosphate content of the  

Arno mangrove peats (stone, 195'1) may be conveniently explained by 

t h e i r  presence3 

FRESH-WATER SWAMPS 

Primary species : Pandanus tec tor ius  

Secondary species: Cocos nucifera  
Eibiscus t i l i a ceus  
I n t s i a  b i  juga 
ihlorinda. c i t r i f  o l l a  
Allophylus timorensis 

Ground layer:  Eleocharis sp. 
Dryopteris goggilodus 
Polypodium scolopendria 

Epiphytes: Polypodium scolopendria 
Nephrolepis sps 
Asplenium nidus 

Fresh-water swamps o r  bogs were observed on Ulien, Tutu, and 

Arno islands. O f  these the Ulien sr7amps were the l a rges t  and most 



posed of coarse fragments of reef  rock, Perhaps the  most remarkable 

fea ture  was a small pond, about 100 f e e t  long and 20 f e e t  wide, which 

contained knee-deep standing water when vis i ted.  This water was f resh  

t o  t he  tas te ,  and apparently not saturated with calcium o r  magnesium 

salts, f o r  Stone (1950) s t a t ed  t h a t  soap could be used. Ihch more 

shallow standing water occurred in other swamps on Ulien; on s t i l l  

others peat was exposed above the ground-water level. The Tutu swamp 

contained shallow standing water, but  cer ta in  small areas i n  t he  

northrrest p a r t  of Arno i s land  were merely wet underfoot, Included here 

a l so  a r e  t he  abandonedyasaj p i t s  of Arno island, f o r  t h e i r  vegetation 

was very similar.  

The predominant t r e e  i n  a l l  these swamps was the  wild va r i e ty  of 

Pandanus tectorius,  Vrdwan.l! The t r ee s  were mostly about 35 f e e t  t a l l ,  

but density was variable, depending t o  some extent, a t  l e a s t 9  on the 

depth t o  t h e  ground rrater, Thus the miillbog surrounding the Ulien 

pond supported an open stand of Eleocharis. Polypodium and young 

Pandanus formed a zone around the  sedge, followed by a b e l t  of l a rge r  

Pandanus and f inal lyg on the  higher, d r i e r  land, by coconut fo re s t  v i t h  

an understory of sca t te red  Pandanus. In the  swamp rrest of t h i s  stand 

occurred both dense dark stands of Pandanus, containing perhaps 250 

t r ee s  per  acre and much more open stands of probably half  the  densi ty  

of the  former, The niore open s tands occwred on a fibrous peat which 

sinelled s t rongly of hydrogen sulf ide,  whereas the substra tes  of the  

dense stands were dark mucks. Coconuts had been planted i n  many of these 

swamps; When windthrown, t h e i r  roo t  systems to re  up patches of peat, 



: '. . . . . .  . . . . . . .  . ,  . 
. . . . . .  . . . . . .  . < . .  ::.. . . . . . .  

. . 
. . . . . . . . . .  

6xpbs&g t h e  standing w a t e r  beneath. ~ n t s i &  $os$daj~7&d,~l&oph$~us , .., . . . . 
. . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  >.,: . ';., : . . . . . .  

6ccur&d on ' s i i gh t  r i ses ,  a n ~ ~ i b i s c u s .  t i l iaceus,  elsewhere . . common in 
. . . . . . . . . . . . . . . .  . . . .  , . . . .  , 

. . . . ,  . 
~. 'abindoned yaraj  p i t s ,  grew along the &arg5.ds' of the's\?amps. ~ l ~ o o h a r i s  

. . . . . . .  . . . . . .  , , .#.. . . . . . . . . . . . .  . J . ' . "  
. . . .  ;/ . 

was abundant in open places i n  t h e  Ulien and Tutu stramp, but was not  
. . . . . .  . . .  .. ,. - , . i : . . .  . . 

sken on A&IO island. A; noted by stone, ' ~ & ~ t e r i s  goggilodus grew in 
. . . . .  . . . . . . .  i . ' .  j , . , '  ., , .' 

open places in the  ab&doned y&& pits' of Arno, but apparently d i d  
. . .  .... . . . . . . .  . .  :. 

. , ' I >  ' . .  ':'.', . ., ;. 

not  occur  els&ihere &I . the .a to l l .  This suggests t h k  it may have 
. . . . . . .  . . . .  . . .  . .  :. . . . .  ...: . . . . . . .  ... , . .  ' .  > 

beeq:;df adciderital aboriginal introduction, spores possibly having. ad- 
, . , .  . . . . . . . .  . . . .  . . .  . . 

' h e r e d t o  the,  corms of ~ ~ t o s p & k a .  . On ' the dry &posed peat tiest. of . the 
. . . . .  . . .  

:  lien p6nd ~ k p t u r u s  repens formed bunches, and Fimbristylis a to l i eps i s  
. . . .  

1,ras conkon on s l igh t ly  higher si tuations.  
. . . . .  , . . .  

The h is tory  of the vegetation of the Ulien swamps and the sur- 
. . . . . .  

: rounding higher land might w e l l  be worth intensive study by the methods 
. . . . 

i c  
.of pollen analysig, Such a ,s tudy would necessarily incl'ude aniiccount 

, . . . . . 
. . :, . 

of the origin and of. the  sriamps and the unique pond. It is , sug-  
.......... 

gested here t h a t  these  in t e r io r  depressi?ns a r e  of na tura l  s t ruc tu ra l  
. . . . 

origin, the r e s d t  ' o f ' t h e  formation of successive boulder ridges on the 

ocean s ide of the island, possibly a s  the reef grew outward. A t  l e a s t  

one such i n t e r i o r  boulder ridge contained a thicket  of Scaevola 

frutescens similar in a l l  respects t o  the brush of t h a t  species which 

so commonly borders ocean shores. On the  other hand, my informants 

confirmed the legend re la ted  t o  Stone t h a t  an ULien r e t t i n g  p i t  was 

' kxcavated by a s tar .  
.. 

.it A radio-carbon analysis of the l a y e r  of peat in which breadfrui t  
pollen first appears might give a minimum date of the  occupation?f 

< .  Arno a t o l l  by the  Marshallese. . . . .  , . . ~. . . :. 



It wovld seem improbable, however, t h a t  the  Ulien swamps were formed 

by a shower of meteorites* 

Secondary Forests of t he  In t e r io r  of Arno Island -- -- 
Primary species -- Ground l aye r  

7- 

Allophylus timorensis 
Artocarpus &ltilis 
Wenma obtusifol ia  
Guettarda speciosa 
Pandanus tec tor ius  
Cocos nucif e r a  . . 

. . 

Ochrosia opposi t i fol ia  
. . . . 

Secondary - species 
. .  . . 

Tacca leontopetaloides 
Polypodium scolopendria 
Rephrolepis sp. 
Asp?-enium nidus 
Crinum asiaticum 
Dryopteris goggilodus 

(abandoned ya ra j  p i t s )  

Randia cochinchinesis 
Scaevola frutescens . . 

Ipomoea tuba 
~ i b i s c u s t i l i a c e u s  
Norinda c i t r i f  o l i a  
Ixora case i  . . 

Pipturus argenteus 

In  1952 a considerable p a r t  of the  i n t e r i o r  of Arno i s land  was 
. . 

occupied by a growth of small t rees ,  of which Allophylus timorensis 

rras the  most abundant. Growing wiVn the Allophylus and often l o c a l l y  

predominant were Guettarda -- speciosa, -- Prenma obtusifolia,  and Pandanus - 
tectorius.  An aggressive seedless va r i e ty  of the breadfruit ,  MBukaralll, 

maintained i t s e l f  i n  these fo re s t s  by roo t  suckering; a seeded variety,  
. . . . 

Wijwan,ll was also present but l e s s  common. The main, closed canopy 

of the  fores t s  was 25 t o  35 f e e t  above the ground, but breadfrui ts  and 

coconuts 40 t o  50 f e e t  t a l l  occurred scat tered throughout. Randia 

cochinchinesis, resembling a small coffee t ree ,  was common in the 

shrubby layer, and Tacca, Crinum, and seedlings of AlLophylus were con- 

spicuous on the ground. 

Although the r e l a t i ve  abundance of t he  component species of t rees  



was s p a t i a l l y  variable, t h e i r  s izes  i n  general were not. The brcad- 

f r u i t s  were mostly 6 t o  10  inches i n  diameter ahd lacked buttressed 

roots. The ~ l l o p h y l u s  .trees were slender !rhips., 2 50 L ,inches i n  

diame%er, and the  Guettirda was scorcely larger ,  The small s i z e  of 

the  t r ee s  suggested t h a t  these fo re s t s  were not old, T h i s  supposition 

was confirmed by t he  presence in the f o r e s t  of abandoned house s i t e s ,  

around which &ora blooined profbsely, and. yara j  p i t s ,  occupied by rank 
. . , .  . 

gror~rtlls of the  r.rild pandanus (flErdwanlt), Hibiscus - - 3  Ciliaceus and 

Dryopteri.s goggiloSrus, These secondary fo re s t s  c l e a r l ; ~  had grown up --.--- ---- . .., 

i n  land formerly u t i l i zed  f o r  agriculturea . , 

An attempt was made t o  determine t!le h i s tory  of land abandorurient 
. . 

on Arno, According t o  several  inforrnan'ts, Arno i s land  was once 'the 

headquar-Lers of a poverful prince, Lojette, who is s a i d  t o  have con- 

quered 'seven a t o l l s  of 'ch&:?adalr chain and to:.have .originated such 

instituti.ons as  a mi l i t a ry  school and a corps of physici-ans, After 

L o j e t t e f s  depapture fro'n Arno dissension broke out among h i s  foll.owcrs; 

wars, famine, and diseaseare  e:.supp6;Sed..~to have. . . . . . decimated . . . . . , the population. 

?hcA of the  h i s tory  of libjet-te i s  undoubtedlypwe myth. Ch the  

other handg Lojet te  i s  l i s t e d  on the  r e g i s t e r  of the  i r o i j  l ab lab  of 

lirno'.~kept by ~ a j i b i l i ,  the former magistrate o f  .the:.atoll. ,  and 1,ojette:s 

ciescend~qts a r e  among the n o b i l i t y  of Maloelap and Majuro. The ruling 

t r i b e  of 3ebri:c and Kaibolce a t  Majuro, f o r  example, t races  i t s  descent 

t o  '1,ojeite and h i s  second %fife; Liwarelik, a-fiember of the  Rarno . .  clan. . 
The genealogy of a t  l e a s t  one descendant of Lojette, Xarjin of Ailolc, 

i s  known accurately and serves t o  place the date of b i r t h  of Lojette 

$6 Lubne X Lojet'te -9 Liinajjen -.$ Neikom -9 Lekam -3 Lajen -3 
Litoene -3 Karjin, about 50 years old  i n  1952. Length of generation: 20 
t o  30 years. Informant: Rapnimond de Brunl. 



Jon, an old man of Arno island, icinL2l.y shoved the author the  s i t e  
: : . . . . . .  

of a house w h i c h  he s a i d  i,~as '&cc&iedi'by Lojette ,.&d permanently 
. . . .  . .  : 

abandoned a f t e r '  h i s  f ro&.&&.  ' ~ c a v a t i o n s  revealed t h a t  t h e  
. . -. 

depth of a k n u l a t i o n  of coral  pe$bl.& i n  the &mien% c o 1 ~ 3 y a ~ d  varied.  
. . 

from 12 t o  19 'iiiches. pebbles in courtyards of known age were found t o  
, i . . . . .  . . 

accumulate a t t h e  r a t s  of ibd& &e inch every ten years. Thus the 
. . .  .. >~ . .  

housesite had been occupied &.ilg~iy 120 t o  190-'~rears a t  the ti&' of 
. . 
. . . ., 

abandonment. 1 f ' " ~ o j e t t e  vras 40 t o  70 of age when the  house was 
. . .  

abandoned, then it wis f i r s t  occupied somethe between 1570 and 1730, 

Many abandoned courtyards were found inland from the one sa id  t o  have 

been occupied by Lojette. Most of these belonged t o  the commoners (kajur), 

who cultivated the nearby yara j  p i t s  and harvested the  breadfruit .  

The i n t e r i o r  of Arno is land was probably inhabited u n t i l  about 1860 
. . . . . . .  

or  1870, ~a~ib'&i,who.is..fi6~~.f~'~hi;o<t'~60 $&a& :01dy;'state8.that Arno 
.::. . . . . . .  ..; 

is land c&sis&dof  3:hhkbYted d~&r?f&s.during the time of h i s  grand- 
. . . .  . 2 .  : 

fa ther  -- oc&i and' lagoon k i k r & '  ind'th.6. i a te r ior .  - During the time of .  
.... . . .  .:, . . . . -.....'I ...... ; .,. 

h i s - f a the r  only the ockaii &Clagooi  &hd%s'wer~ inhabited, and in 1952, 
. .  < . : .  - .  

except f&a  s ingle  . int&i& 'ho<se, d~~&llings.~rer&'~:res%ricted to.  the , . . : ,  

.,. . . . . . .  
path near the lagoon shore. Yara j  was gram in the.nd+abandoned - hi1 

, . ~ .  .. ~ . . . . . . .  
( p i t s )  dur ing~ the  time & the  ~ a ~ a n e s e  (1911~1944)~  but rooting by pigs 

.... 
had r e s u l t e d &  theL abandolviten-fAf afmost a l l  yaraj  p i t s  b-efoPe t h e  ar-, ' . 

. . . . .  -. ' . . :  . . . . . . . .  
r i v a l  of the  dme$i~aiisj..~I saiq %YlY onk pit'& the.f$landrr8~hi.ch s t i l l  

. . . . . . . .  - . ~. . cont&;d Cyrt&pk&ae . . . . . . . . . . . .  . . -I . . . .  _ . . .  . , , . . . '  
. . . ,  . 

, . . .  .... 
The &no people kiii-ibuted' the--aban'd&inieiit of housdsites in the: . . 

. . . . .  . . . . . . .  . .  - 
i n t e r i o r  of Arne i s l a d  t o  & s S p f e  &&&ease. %I t h e  .hW~a.p .population.: 

. . . .  . . 
About 200 people l ived on Arno i n  3.952, but many:bf tin'ese.',rere r e l a -  

. . .  . . . .  
t i v e l y  recent innnigr&ts from ~ i i l e ,  Wotje, and NajW6,: .A' former l a rge r  



population i s  cer ta inly no t  impossible. Muchinore food must have been 

proilu.ced before the ya ra j  p i t s r r e r c  abandoned, Gn the  other hand, a 

simple migration of b . io log icd  ,families from the  i n t e r i o r ,  of the is land t o  

t he  lagoon shore m y  have t*en place rrii'th no change . . .  i n  t he  t o t a l  popula- 

t ion  of the  i+lando The rr r i ter  observed abandoned housesites s imilar  t o  the 

Arno ones i n  the  i n t e r i o r  of Ebon is landg Ebon a t o l l ,  He was informed 

by 3wigh.t Heine, a res ident  of Ebon but superinten6ent of schools a t  

Najuro in1952,  t h a t  a t  iCbon "ri jerbalfl formerly occupied the l e s s  

desirable  i n t c r i o r  houses, lagoon shore s i t e s  of t he  m t o s  ha-jsng been 

reserved f o r  the  d a b s *  A t  Ebon and Arno a l l  t h e  members of a bwij i n  

1952 l ived  i n  a group of houses conveniently near.. a comnonly ssl~ared. 

cook house n e a r  t he  lagoon s ide  of the wato, 

If the popidation of Arno i s land  xias formerly considerably la rger  

than it iias ir, 1952, the in-Lerior -- the  area  of secondary f o r e s t  and 

much of the  land under coconuts -- may have resembled t h a t  of Xajuro i s land  

i n  1952, where i n t e r io r  houses s e t  among !.arge breadfrui t  t r ee s  irere s t i l l  

occlrpiee., The yaraj  p i t s  were m a i n t a h d ;  bananas and limes were abun- 

dant; and the underbrush was kept more o r  l e s s  i n  check, 

I f ,  on the  other hand, the  population of Arno has not changed ap- 

preciably and the biological  families const i tut ing a bt~i-j  were formerly 

sca t te red  i n  a l i n e  running from ocean t o  lagoon, wild nat ive t r e e s  may 

have made up an appreciable p a r t  of the  vegetation, Perhaps only a small 

area  around each house was kept re!.atively c lear  of brush, T t  should be 

emphasized, however, t ha t  i n  t he  ikirshall i s lands it i s  no t  possible t o  

make a sharp d i s t inc t ion  between a g r i c u l t ~ ~ r a l  and rraste land. Mamgement 

consis ts  ch ie f ly  in cut t ing back competing unwanted v i l g  vegetation. 



Intensively managed coconut and breadfruit  groves a re  parklike. On 

the other hand, breadfruit, yaraj ,  and coconuts are  harvested i n  . . . . . .  . . . . . . .  ~. 

jungle-like areas which mi.ght wel l  be mapped as  secondary forest .  The . . .  . . .  . . . . . . . .  . . .  

degreeof  neglect varies from wato t o  wato. It i s  not  unusual t o  f ind  
., ~. . . 

. . . . .  
,: a s t r i p . o f  land aL?lost completely devoid of underbrush bordered on both 

. . . . . . . .  ... : j / . . .  . . . . . . . .  
sides by nearly jmpenetrable thickets  of small native t rees  -overtopped 

. : , . . : .  . ' 8 . .  , . 

by coconut o r  breadfrui t  trees. 

, A t  a b o u t t h e  time of abandonment . . . .  of the i n t e r i o r  dwellings on Arno, ,; . . . . . . . .  . . . . . . . . . . . . . . .  ~ . , . . .  

German t raders  commenced buying copra i n  the  Narshall islands. Gradually 

land y d e r  native scrub and unneeded breadfrui t  f o r e s t  was cleared and . . .  . . . . . . .  

plantecl t o  coconuts. Although the  new coconut plantations were generally . . . . . . 

. . .  ... . 
successful . . . near ocean and . . . . .  lagoon shoreso the conversion met d t h  d i f f i -  

, . . . .  . . . . . . . . . .  . . . .  

cul ty  i n  the inter i ,ors  of the widest islands of several  a t o l l s  i n  the . , . . . .  . . . . . . .  . , . .  . . . .  

southern Harshalls. After a few productive years, the t r ees  effect ively . . . . . . . . .  . . . 
. . .  . ., ,:. . . ., 

. . 
. ceased bewing and many diedc J$ 1952 a fa? Arno landholders continued . . . . . . . . . . . .  

. . . :  . . 

to.mainta5.n the i r  f a i l i n g  groves,whereas others had abandoned the at-  
. . . . . . . .  . , . . . .  . . . . .  : . . . . .  . ,$. 

.tempt t o  , .  produce . copra i n  the  i n t e r i o r  of the island. Horq much of the  , . .  , .  . , . - . .  
. . . . ,  . . . . 

presentsecondary f o r e s t  followed d i r ec t ly  i n  the wake of the f a i l i n g  
. . ,  . . . . . . . . . . . 

coconuts i s  not  known. Probably some breadfrui t  land passed t o  secondary . . .  . . . . . . . .  
. . . . 

fo re s t  without f i r s t  having been planted t o  coconuts, t h e  older breadfruit  

t r e e s  having been salvaged f o r  canoesa 

In 1952 some areas of poor coconuts were being invaded d i r ec t ly  by 

breadfruit  t rees ,  especial ly  the var ie ty  %ukaral.fl More commonly the  

e a r l i e s t  invaders werewedelia and Premna, the l a t t e r  forming thickets  of 

Whippy stems six t o  nine f e e t  tall. A representative zonation was ob- 

served in the  wato Mwun Karelnear  the ocean s ide  of the secondary forest .  



The sequence was (1) poor coconuts rrith Pimbristylis  and a black alga 
. , . . . . 

prominent on the gro~md; (2)  tledelia; (3) 6-foot Premna; ( h )  --. Pipturus - 
argenteus with an un?.ergro!rtn of scat tered Thuarea; ( 5 )  Randia --.--- . . --.- 
cocI~.inchinensis and Norinda c i t ~ i f o l i a  over which xpomoea tuba climbed; --- ---- -- - 
(6) 12-foot Guet'tarda; and ( 7 )  closed f o r e s t  of Pandanus, ~l!.ophylus, 

. . : .,. . . 

Prenma, and Guettarda. 

In the closed fo re s t  Al.lophylus, young t rees  of which were abundant 
. . . . . . 

on t h e  f o r e s t  f loor ,  appeared t o  be increasing at the  expnse  of Premna 
. . ,  

and Guettarda. Seedl.ings and saplings of the  Premna were never observed 
. . 

grotw5.ng under closed secondary fores t ,  and small Guet tada  were common 
. . 

only in openings and a t  t he  edge of the fores t .  Ochrosia opyjositi:olia . . - . - - -  9 
. , 

a ra re  species except near ocean shores, occurred in abunda.nce a t  one 
. . 

place i n  the  i n t e r i o r  of Arno island. It appeared t o  be t1?eioniy s p c i e s  
. .. 

on the a t o l l  capable of groriing in i t s  own dense shade, The area under 
. . . . 

Ocllrosia is no t  ll1cel.y rap id ly  t o  increase i n  s izes  however, f o r  t he  

Ochrosia f r u i t s  a r e  la rge  and heavy and are  not  usually disseminated 

f a r  from the parent t ree ,  The same may be sa id  f o r  the f r u i t s  of - Her- 

naridia sonora, A s ing le  la rge  Hernandia was found in a patch of --.... 
secondary f o r e s t  near the ocean s ide  of Arno island, but s eed ings  were 

observed only within 50 f e e t  of the  trunk of t he  parent t ree ,  

Secondary f o r e s t  on Arno occurred on Arno loamy sand. According 

t o  Stone, these s o i l s  were formed l1und.er a nat ive mixed broadleaf fo re s t  

t h a t  was renlaced i n  pa r t  by t h e  indigenous agr icul ture  and more or l e s s  

completely by !copra cu l twe ,  Thus the i r  development cannot be re la ted  

t o  the  exis t ing vegetational The present author, however, encountered an 

immature Arno s o i l  on the r i m  of an excavated ga ra j  p i t  i n  the  breadfri5.t 



fo re s t  near Ine vil lage,  suggesting t h a t  the  s e r i e s  can develop xmder 

brzaclfruit trees. It appears f a i r l y  cer ta in  t h a t  a large p a r t  of the  

area of & n o  l o w  sand on Arno island, ,@clucking the present secondary 
. . .  . . 

forest ,  was under a forinof indigenous agr icul ture  f o r  a t  l e a s t  130 t o  300 
. . . , .  . . . . . . .  . 

years before the advent of "copra ~ u l t u r e . ~  The h is tory  of use may be 
. . .  . . . . .  . . .  . . . . 

much Longer, Since the  hrno loamy sands occur ch ie f ly  i n  t he  i n t e r i o r s  . .:. . . . . . . . . 

of t hewide r  isl.ands -- the  regions bes t  sui ted f o r  breadfrui t  and ya ra j  
. . ~. 

cul ture  becacse of t he  low s a l i a i t y  of the  ground water, it i s  no t  un- 
. . . .  ? .  , ... . . . . 

reasonable t o  postulate t h a t  t h e  areas under s o i l s  of the  Arno se r i e s  . . . . .  . . . . . . .  ~ . . .  . . 

in.1952 yere  among the f i r s t  t o  be occupied by the Marshallese voyagers 
. , .  . . . . . .  . . 

,upon . . .  t he i r  a r r i v a l  a t  t h e  atoI.1, With the establishment of the  iIarshallese 
. . . . . . . . 

. . . .  : I  

agriculture, . . the s o i l s  were disturbed by the  excavation of yaraj  p i t s *  
,,. . . . . . .  . . 

. . . . .  
. . .- .. , . . . , .  ,..; , ' , . . . . . . .  

The ujjro,oting of t r ee s  during typhoons and l e s se r  stbrms has been another 
. .,. , . , . . . .  . . .  . . . . . .  . . . . . . , .  .... . . .  . . . . . . . . . .  ~, 

: !  . , '  , 

. . factor  . . .  tending, toobscur ,e  the  or ig ina l  so i l .  . . .  . . . . . . . .  . . . . :  . . . .  

It should fu r the r  be emphasized t h a t  there i s  no f ie l 'd  evidence t h a t  
. . . . . . . . . . . . . .  . . .  . . . . 

. . . ?  . . .  

. . the i n t e r i o r  of . . .  Arno is land was ever occupied by a native mixed broadleaf . . !. , . ,  . . . 
. . 

,, fore.st..,, present s tands of rrild na t ive  t rees  infrequently v i s i t e d  by 
. . . . . .  . . . .  . . .  . . 

, .. humans a re  commonly characterized . . .  by the presence of seabirds and 
. . .  .~~ . . . .  . . , . 

, .  . 

phosphatic sands o r  rock. Phosphatic areas  indicat ive of former floclts 
.. . . . .  . * ,  . . . .  , -  . .  . . . . .  

of roosting and nesting seabirds . . trere en t i r e ly  lacking on Arno island. . . 
. . 

Indeed, Stone's analysis of a sample of Arno loamy sand from the area of 
. . 

poor coconuts on Arno showed a surpr is ingly low content of available 

phosphorus i n  the  black s u r f i c i a l  horizon. He reported only 10 pounds . . .  
. . . . . .  

per acre, about 10  percent of t h a t  obtaining i n  the productive groves. 



VEGETATIONAL C!WGE 

Processes of large-scale change i n  the vegetation of Arno a t o l l  

were not  evid-mt i n  1952, IJG i s  t rue  t h a t  brush of small native t rees  

and s!.u'kbs tended t o  grow up i n  the  coconut and b read fnd t  groves, but 
. . 
,. . 

the  cut t ing and burning ~ c t i v i t i e s  of the land-holders lce'pt pace with 
~ ., 

these threa ts  except 3.n a feta places, The encroachent  bf-&tf.ve 

secondary f o r e s t  on the area of poor cocmuts o f ~ r n o  i s iand  has been 

discussed aboveg but the invasi.on did not  appear t o  be s t r ik ingly  rapid, 

Special study was made o f  areas affected by t h e  typhoonsof 1905 

and 1918, In the a rea  west of ~ a b u .  washed out during the typhcd  of 

1*8 (of. WeSls3 1 9 9 ;  f i g ,  81, Scaevola, Toumefortia, Piindams,' 

Terminalia, Vigna, Canaval.iag T r i d e t t a 9  Fimbristylis, Lepturus, 

Euphorbia, Polypodium, and Cessykha were noted under the  youhg', coconut 
. . 

t rees ,  Gne Scaevoia plant grodng i n  a washed-out depression had 

at ta ined a height of about i 6  f e e t e  ~ h e V i g n a  was especial ly  prominent 
.. ,.. . . 

among the  herbaceous plantso Its apparent competitive a b i l i t y  i n  t h i s  
. . 

s i tua t ion  is  perhaps not  surprising i n  view of the r e l a t ive ly  low nitrogen 
, . .  . . . 

content of the  immature s o i l  (stone, 1951; p ro f i l e  No, 27). 
. . .  

Y a k i n g  frbm Langar i s land  t o  In& vj.llage I noted young plants of 

the follorring species growing i n  sand deposited since the tplloon of 
. . 

1905' devastated much of the  eastern par t  of Arno a t o l l :  Cocos, Scaevola, 

Calophyllum, Pand.anus, Guettarda, Tourmefortia, Lephrus; Vigna, Triumfettas 
. . 

Fiinbristylis, I.!edelias In mos.6 placesj the sand which had d r i f t ed  i n  

between pa ra l l e l  ridges of beachrock representing the shore l i n e s  of 

former is lands was devoid of vegetation. Yet it was possible t o  walk 

the  en t i r e  distance from Langar t o  the southern end. of Aljatuen Haatolen 



on dry land a t  m i d  and high t ide ,  Primary swcession undov.btedly takes 

p?-ace, but  it is apparently a slow process i n  such si tuations.  

Penphis acidii la,  however? was especial ly  abundant along the lagoon -.- -.-- . 

shores of t h i s  devastated s t r i p *  Plants of a l l  s izes  up t o  low t r ee s  

15 t o  20 f e e t  t a l l  were observed groriing on the so1j.d beach rock, 
. , 

Shallotr pockets i n  t he  rock i n  which small quant i t ies  of sand had 

accunulated wwe the .  seedbeds of t h i s  hardy plant,  Scaevo3.a frutescens . . -.-- - .-.- - 
and sprouting  coconut.^ formec! th icke ts  along sone of the  high boulder 

: ... . . . . .  

ramparts behind the, shrxbbery of Pemphis, Ubiquitous vas a black blue- 

green alga which covered completely the rock fragxents of boulder ram- 
, .  . ~ ' .  

pa r t s  i n  exposed s i tuat ions ,  

Further conf?.rmntion of tile liyaothesis tinil.t vegetational change 
. . 

was slow a t  Arno i n  1952 i s  afforded by the f a c t  t h a t  it was possible 

t o  use a e r i a l  photogra,phs taken in 19hh and 1945 i n  mapping the vegotat5.on 

of t he  a to l l ,  The photogrxphs were repea.ted.1~ checked i n  the  f i e l d  and 

no discrepancies were noted other than s l i g h t  changes i n  land forms, The 

vegetation of Arno a t o l l  had remained essen t ia l ly  s t ab l e  f o r  a t  l e a s t  74 

yeam. 

The a t o l l  hab i t a t ,  monotonously un i fom t o  super f ic ia l  observers, 

i s  ac tua l ly  s t r i k ing  in i t s  var ie ty ,  Permanent residents, f o r  example, 

a r e  ~ i e l l  aware of the  differences i n  the abundance of f i s h  axd sharks in 

d i f f e r en t  s i tuat ions .  On Arne a t o l l  the  f i sh ing  was especial ly  good off 

Blkarej island. Although there  was an abundance of f i s h  on the ocean 

reefs  near t he  Takleb passg spear-fishing there was dangerous because of 

the  great  concentration of sharks. The lagoon shores of the  whdward 

is lands of Arno a t o l l  were often unpl.easmt1y hot because the coconut 



. .  . 

pl&tings t o  rrindhrd cu t  off  t he  cooling trades,  The lagoon shores 

of Arno i s land  and. Ine, on the  other hand, were f o r  t he  nost  pa r t  plesant- 

l y  cool, foY t h e  trade winds impinged on the vil!-ages along t h e i r  lagoon 

shores a f to r  an uninterrupted sweep acros's the  broad lagoon. Mason (1952) 

discussed. tb.e s t r t k ing  cu l tu ra l  differences t o  be f o w d  on the dZfi7erent 

i s l a i d s  of Arno a to l l .  L found t h a t  almost every i s land  had a l o c a l  %on- 

der" o r  legend associated %it11 it; The a t o l l  vas i n  e.ffect 'a ~nicrocosm. 

Narked differences i n  the  habi ta t s  available t o  plants  were a lso 

found. So i l s  varied in te;ctwe-'frol:l peats and muc:cs through sandy loam 

t o  materials conposed ch ie f ly  of stones And cobbles, Some sb i l s ,  l i k e  

those of highg windswept dunes, appeared excessively drained;' but else- 

where fresh-water swamps were encountered, The s a l j a i t y  of 'the ground 

&ter varied over a 2,000-fold range, and t h i s  var ia t ion  was re f lec ted  
. .. 

in the vegetation, Breadfruit and :raraj 'plantings xiere l imi t ed : to  2rea.s of 
. . .  

r e l a t i ve ly  1077 s a l i n i ty ,  

The variation in concentration of read i ly  eztractable  phosphorus i n  

the  s o i l s  of Arno a t o l l  kas e s p c i a l l g  noteworthy, Stone reported only 

1 0  pounds per acre in the area of poor coconuts on Arno island,but 860 

pounds per acre a t  one l o c a l i t y  on Mamwi i s lando Concentrations i n  the 

mangrove peats of Langar i s l and  reached 1600 p0und.s per  acre. 

Local. concentrations of phosphates and phosphatic limestone a t  Arno 

were often correla ted 5 t h  present concentrations of roosting a ~ d  nes-Ling 

seabircls. The mangrove swamps of Lmgar and l'inak ha-bored la rge  

colonies of fish-eating ' t e rns ,  the  droppings of which are  be!.ieved t o  be 
, . 

r i c h  sources of phosphates. Takleb axd Nmri islands,  fo ln~er ly  

l~~arsha l lese  b i r d  reservations, had Local deposits of phosphatic sand and 

rocko 

- 56 .. 



Althogh unconsolidate6 phosphatic sar.ds were comnon'y mcountered 

i n  areas of naWve f o r e s t  doninated by Ochrosia, Guettarda, I f i t ~ 5 . a ~  
. . 

. .  , 

Barringtonla, o r  IIernandia, consolidated. phosphatic limestone aras ap- 
. . ,  . , 

pnrently r e s t r i c t ed  t o  those areas of nat ive fores t  i n  which Pisonla 
. . --- 

g~ani l i s  ?-as o r  c<.eay!.y formerJy had been the primary species. On --- 
Takleb i s l a id ,  f o r  example, phosphatic rock .was found only on the 

. .  . 

pa r t  of the  i s land  on :ihich gre:t 3 large Pisonia t rees ,  probably r e l i c t s  
. . 

of the fon~ ie r  . . nati.ve fores t ,  In order t o  study t h i s  p1losphati.c soil. t he  
I .  > . .  

,. . . 

author excavated a deep p i t  near t h e  l a rges t  of t he  Pison5.a trees.  The 

p ro f i l e  was: 0 - 2 inches, but  ext-nding t o  a depth of 1 7  inches i n  

f i s sures  i n  t he  phosphatic roclc: Black gr.?asy humus with Pisonia roots. 

Cmnb s t ructure  :,?ell developed when dry. ?4uckg when xet. 

2 - ?J inches, but cormonly outcropping a t  surface and i n  places conthu'ing 

t o  depths of 2!i inches: Erown phosp11ati.c limestone, The roclc rms highly 

b r i t t l e ,  inuch fissured,  and pockets of unconsoliclated phosphatic sand 
. . 

were present. 

13 - 22 inches: Pink coral  and f o r m  sand with verti-cal  brorm phosphatic 

s t reaks  and fragments of brmn phosphatic rock. Grading i n t o  

22 - 52 inches: pink coral  and f o r m  sand, gradually increasing in 

coarseness of texture  with depth, arid containing near the  bo-ttom of p i t  

well  preserved fragmmts of branched corals, 

This s o i l  apparent1.y developed on a. parent material  of coral-and- 

f o r m  sand s imi la r  t o  t h a t  found i n  the 22-52 inch horizon, Phosphatic 

s a l t s  from b i rd  droypings moved domriard from the humus layer i n to  t he  
. . 

lime sands beneath, coinbining with  these t o  form insoluble calcium 
. . 

phosphate. Novernent do~nward of the  phosphatic s a l t s  vas e f fec t ive ly  . . 



l imited t o  t he  upper 22 inches of s o i l  by t h e  f i l t e r  of lime sands. 

Gradually a matrix of calcium phosphate formed around the grains of 

limesand, cementing them i n t o  s o l i d  chunks of rock. The mucky 

phosphatic humus washed dmm i n t o  the i n t e r s t i c e s  of t h i s  rock, in 

places preventing t h e  fur ther  downward movement of materials, Around 

the l a rges t  of t he  Pisonia t r e e s  stood 3 pools of water an inch or  two 

deep, which served as mallows f o r  t he  numerous pigs of Takleb island. 

One of these wallows was s i t ua t ed  only 11 f e e t  from t h e  s o i l  p i t  

described above. Standing water remained in t h i s  wallow a t  t he  end of 

a 36-hour ra in less  period, vhereas no water was encowtered in the p i t  

a t  a depth of 52 inches. Evidently t h i s  phosphatic hardpan was capable 

of perching a rmter table. 

A fragment of rock removed'.~uring the excavation of the  s o i l  p i t  was 

suggestive of the length of time necessary f o r  the  formation of the  hardpan. 

One s ide  con'oained a semi-cylindrical cavi ty  approximately 2 inches in 

diameter. The rock ms hardest  and darkest around the cavity, which 

apparently had once been occupied by the roo t  of a tree.  It i s  suggested 

tha t  the rock must have formed around the roo t  a f t e r  the  l a t t e r  had 

a t ta ined  a diameter of 2 h c h e s j  f o r  had the root  penetrated the rock 

a f t e r  the l a t t e r '  had formed, it sure ly  w0ull.d have shat tered the b r i t t l e  

rock during i t s  increase i n  dtameter. Further, the rock must have 

formed around t h e  root  while the  l a t t e r  was s t i l l  a l i ve  o r  only recent ly  

dead. Coarse, unconsolidated sand ~rould q$clcly have f i l l e d  in t h e  

cavi ty  l e f t  by the decaying r o o t  had the l a t t e r  ro t ted  before the rock 

was formed. This suggests t h a t  the phosphatic rock formed very rapidly, 

perhaps within l e s s  than 100 years, although the length of l i f e  of the 

roo t  of an unknown species of t ree  under the  conditions described is of 

course no t  lmom. - 58 - 



Fel ix  Jc, the magistrate of 3 .m~ &to-11:;whose fa:nXLy holds land 

ri.gki"ts on Tak1eb;'stated' t h a t  the  pho'sphatic rbclr was f i r s t  noted i n  

1905. The l s land  mas f i r s t  s e t t l e d  in rL886, and cer ta in  crops no t  observed 

on the n.tol.1 i n 1 3 5 2  .-- the  pineapyde,::tomato, and watermelon -- were 

g ram on the f e r t i l e  Taklob s o i l s u n t i l  ' the deve!.opment or  exposure of 

the  rock made %heir cul ture  difficu7.t 0' impossi-ble. It i s  possible t h a t  

the removal of the  wild t r ee s  tendecl to  have a dessicating e f fec t  on the 

s o i l s .  Dwing periods of drought the  s o i l  nay have been exposed t o  tine d i r e  

d i r ec t  rays -of the  t rop ica l  sun, and the resu l tan t  "baking" may have ac- 

celerated the forination of phosphatic rock, On t he  other hand, removal 

of the t rees  may have been followed by heavy erosion during the t o r r e n t i a l  

downpours so charac te r i s t ic  of Arno a t o l l ,  The mucky iayer  of phosphatic 
. . 

humus, in r.rhic1-1 the  crops were grown, may simply have washed away, ex- 

posing the previously forined phosphatic limestone beneath, 

For the roost par t ,  productive coconut t r ee s  occurred on s o i l s  of 

intermediate concentrations of phosphates: 80 t o  120 pounds pe- acre 

accoiding t o  StonePs analysis. Although coconuts rrcre successful on 

these so i l s ,  t he  spec ia l  crops .-- tomatoes, watermelons, pineapples -- 
i n  general were not, In 1952 Iiapok t r ee s  had been successfully introduced 

only on Takl&It~  hey weres t a t ed  t o  have f a i l e d  on Ine. 

Cn s o i l s  of .very low concentrations of read i ly  extractable phos- 

phorus even t h e  koconut did  poorly,' In t he  i n t e r i o r  of Arno is land (Fig, 13) 

Ghere'Stonets analysis  showed only 10 *hds  of read i ly  extractable 

phosphorcs per acre. i n  the  s w f a c e 6 i n c h e s  of the  s o i l ,  was an a r e a  of 

poor coconuts (%iora") forming a semicircular b e l t  around an area of 

secoiidary fo re s t ,  Coconuts observed i n  clearings of t he  l a t t e r  exhibited 



the  same symptoms as  those in t h e  area of poor coconuts adjacent t o  the 

secondary fo re s t ,  If. is  t l~e re fo re  probable t h a t  the  cond.ilion res?onsj-bls 

f o r  t he  'poor growth of coconuts was present throughout the  secondary 

forest .  Combined, t he  two areas t o t a l ed  136;6 acres. 

Poor' coconuts of t h e  1llaora". type were a l s o  observed by the  author 

i n  the  i n t e r i o r  of the  widest i s iand  of: &on a to l l ,  i n  t he  southern 

Marshall;,' The s o i l g  of which samples were s en t  t o  Dr. ~ t o n e ' f o r  analysis,  

was a p p a ~ e n t l y  o_C the &no ser ies ,  k both s ides  of t h i s  area of poor 

 coconut^ bu t  no nearer the  lagoon were groves of healt.ky, productive 
. . 

t r ee s  growing on phosphatic so i l s ,  These l o c a l  phosphatic deposits, 

nei-ther of wkioh t.~as l a rge r  than 2.0 acres in extcht, had h e w  mined by 

the Japanese u::tKl. united S ta t e s  bombers dest~o:red :,k loading f a c i l i t i e s ;  

about .50,000 ton3 rrwe removed. The author excavated a smnall soi.1 p i t  in 

an ai*ea vndistwSad by ndniing operations,, A highiy organic, fine-:textured 

layer  8 inches t;?icic covered 8 inches of gray sand, which in tu rn  la,y over 

o l d  r p . .  limestone, through which it was ixlpossib'ie t o  

dig  ~fi.bh a hz..;d i'r~cmL, The formation was apparently %i.ck, h~wever, 

for t i is: ;'ap.:.!,esu i;i..;+:~rll;ion~ had pierced the ?rater t ab le  and created a 

fresh-wa.ie:c perrxqxli LOGO square f e e t  i n  area, 

To su:mnarize, "Laorall i s  a disease of coconuts occurring i n  the 

i n t e r io r s  of the ?rider islands of a t o l l s  on s o i l s  of l m  concentrations 

of read i ly  extractable phosphorus. On l o c a l  phosphate deposits i n  the  

i n t e r i o r s  of one such wide i s l and  the coconut t r ee s  were healthy and 

productive, whereas the  pal-n~s on an adjacent, non-phosphatic area were 

not th r i f ty .  The s i t e s  were apparently i d e n t k a l  i n  a l l  respects with 

the exception of the  difference in phosphate concentration of t he  s o i l ,  



The presence or  absence of l o c a l  phosphate d-eposits i n  t he  i n t e r k - s  

of wide 5.slands :,s ;roba,bly i10t f o r t d t o u s .  A t  Arno the tops of large 

Pisonia t r ee s  were invariably crowded with flocks of roosting and nesting 

seabi.rds. In fact ,  t h s  b i rds  appeared t o  Ifprefer" the  branches of the 

PisonLa t o  those of any other t ree .  The dvoppings of these myriads of 

birds m u l d  eventual1.y r e s u l t  i n  t he  formation of phosphatic rock, as  ob- 

served on Takleb is?.and. Li!:e m a y  of the native t rees  of t he  southern 

ThshaLls, Pisonia. grandis .tends t o  occur in grows  -- t h a t  i s ,  in pure -- ---- 
stands l e s s  tnan 10 acres i n  size, Present l o c a l  deposits of phosphatic 

rock may well coincide with forner  Pisonia groves, 

The Itarsh~l?,ese voyagers, anon arr iving a t  a nerr atoll.,? probably 

c lear& f i r s t  the foYesi;s of the  wider islands,  In the  i n tn r io r s  of 

these islands the ground water ~ ~ a s  suffj.cient1.y Yresh t o  permit the  

growth of t h e i r  basic  crops, breadfrui t  and yaraj. A t  Arno i s land  

yaraj  pits  and abandoned housesites were concentrated i n  the in te r ior ;  

it i s  probable t ha t  t h i s  i n t e r io r  land has had a longer h i s tory  of oon- 

tinuous human use than any other area  of the  a t o l l .  From the time it 

was f i r s t  cleared u n t i l  1952 -.- a t  l e a s t  220 years and probably much 

longer -- l a rge  flocks of f i s h e a t i n g  seabixds were absent, f o r  the  

birds  tendec' t o  avoid ~-rill.a.ges, where they irere persecuted, Conseyv.entSy, 

any large-scale deposition of phosphates by seabirds e f f ec t ive l r  ceased 

in the  in te r ior  of Arno i s land  w i t h  t he  a r r i v a l  and establishment of the 

MarshaLlese voyagers. It i s  >erhaps not  surprising t h a t  a f t e r  centuries '  

of cropping and leaching losses  some of these s o i l s  were not  able  t o  

supply the coconut t r e e  with su f f i c i en t  phosphorvs t o  m e t  i ts  needss 



. . 

According t o  the  data of Walker (1906), a r i pe  coconut minus the 

husk and si iel l  contains 1,911 gr ,  phosphoric acid  ( ~ ~ 0 5 ) ~  Cn the 
. . .. 

ava-age about 1850 nuts  per acre o f  coc&ut land were c ~ r i v e ~ t e d  i n t o  
. , 

copra on Arno a t o l l  i n  1 9 9 , '  This i s  about 3.h pounds of phosphorus 

(P) removed per acre i n  cdpra, In addi"cin about 0,8 pounds of 

phosphorus was removed from coconut plantations i n  t he  she l l s  of t he  
. . 

husked nuts, liiaking a t o t a l  of 4.2 pounds per acre, About 308 tons 

of ;>hosphorus were l o s t  t o  thc a t o l l  in 1951 in the  export of copraa 

The shel ls ,  of course,, were n o t  exported but  were used as  Pael local ly ,  

Using the data of Bachofen (,Wonymous, 1900) the  amwmt of p h o s p h o ~ ~  

l o s t  t o  t h e  a t o l l  i n  lgS1  i n  t h e  export of copra drops t o  1 J 7  tons; 

the Loss per acre becomes 1.3 pounds. O f  course, i n  order t o  a r r ive  a t  a 

more accurate esi;imate it rrodd be necessary t o  analyze Arno coconuts 

or  copra, The data a r e  merely intended t o  indicate  ikaorder  of magnitude 
. . 

of the cropping 3-oss, Indeeds with ' the abandonment of the  unproductive 
. .  . . .  

groves and the es.tablishment of secondary fores t ,  the  ear ly  s tages  of a 
. . 

sh i f t i ng  ai?ricu?,tvre -- were present i n  1952, Cnly the  establishnent of 

Pisonia groves and rookeries within t he  secondwy f o r e s t  were necessary 

t o  complete the cycle. It would thus appear t h a t  the  cycle of rnovcment 

of phosphorus from sea t o  land and back is of considerable iniportaice i n  

the  agr icnl ture  and ecology of inhabited a t o l l s  5.n the southern Pia&shalls. 
. , 

believe t h a t  a careful  geochemical study of the pho'sphorus cycie bn in- 

habited cora l  a t o l l s  would be of considerable general in te res t ,  f o r  i t  

would comb:ine the tiork of the  chemist, t he  s o i l s  s c i en t i s t ,  the  geologist, 

the  ichthyologist, the  ornj.thologist, t h e  botanist-.agriculturist,  and the  

anthropologist i n  the  investigation of a v i t a l  phase of the economy of 

a tol ls .  
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1, Before the a r r i v a l  of. the l%rsha.l!.ese voyager,?,. the vegetation of 
. . 

. . .  

, ~ r i ~ o  atoll.  ms composed ch ie f ly  of dicot~ledonous t r e e s  and shrubso 
. .. . 

Along boulder mmpayts and extend-ing peyhaps 10.0 f e e t  inland on tri&d- 

ward islands ms a scrub vegetation composed pr inc ipa l ly  of Scaevola --.- 

frutescens but a l so  i n c l ~ d i n g  Tou?nefortia arpentea Pandanus --.--.- -- . . . ,. _ _ _ _ - - A $  -.- 
tector ius ,  - Terminalia - .smoensis, --- and -- Guettarda ---- speciosa, This scrub 

merged inland on stony soLls x i t h  a f o r e s t  of t r ee s  29 t o  60 f e e t  t a l l ,  
. . . . 

Prominent among these wr.e  Rarrin&onia as ia t ica ,  )Ie-rnardia - .  sonora, 
. . 

Ochrosia 9&iifolia, Intijia bijuga, ---- Pandanus tectonius, -.---.. GueGtard? 
. . . .  

s ~ e c i o s a  Pisonia grandis ar.d Cordia subcordata. G r o u d  coyer ??as .. -.A -i -.-.--.' -. ----. . - . . 

sparse, being featla-ed chief ly  by t r e e  seedl.icgs and suckersp clumps of 
. . 

Asn1.en:u.n nidus among the r x k s ,  and patches of Peperoinia sp. , On sandier 
--7 -.-- 
s o i l s  nearer the lagoop, groves of t a l l  Fison-iz t r e e s  served as rookeries  . . 

f o r  numerous fish-eating seabirds, Rardpans of phospha-tic !.imes i;ones 

developed under t h e  P;son5:as, -- Al.lop:lylus ----9 tjmoreilsis Gwttarda speclosa, 

I n t s i a  bijuna PCgturus argenteus Cordia subcordata and Trerrma __- --&.I -.-.- " -,-.- 5 -.-,- ---- 2 --- 
obtnsif o l i a  were a lso presen t  on ,mndy intnr iors ,  al'though they probably -. .--.- 

did not form mixed stands wLth thePisonias .  . . .  Along the dunes of lagoon 

shores a scrub of S c a e ~ o l a  with occasl onal -- Sur ima maritima .-- and Sophora 

tomentosa formed a narrov b s l t  a t  t he  edge of the forest .  Along eroding 
-7 

lagoon shorel-ines in which beachrock was exposed, Pemyd~is acidula formed 
. . 

the  bulk of the  vegetation* 

Saline f l a t s  m r e  covered with nearly pure stands of Pemphis, S a l h e  

swamps may have, been occupled by a vegeta.tion of mangrove trees, although 

it i s  possible . . t h a t  these were introduced l a t e r  by the  ilarshallesee 



Along the  lagoon shores of is land damaged by t~yphoons herbaceous 

plants  such a s  Triumfetta ~rooumbens, Lepturus repens, Wedelia b i f lo ra  --_ ,--- --- --- -- -.-..-.2 

Vigna mar,.ina --.-- 3. F3euqya --L-- --$ ruderal is  and Pimbristylis  atoll.en'sisrniaintained - 
precarious: footholds i n  the  face  of .$he advancing woody vegetation, 

. . 

2. The.arriva1 of the  Narshallese . . s e t t l e r s  introduoed a period of major 

change in the vegetatlon,   he f o r e s t s  of the sandy i p t e r i o r s  o f  isl.ands 

w e r e p a r t i a l l y  cleared, yara j  p i t s  dug. andcul t ivated,  and breadfrui t  and 
. . 

coconut t rees  planted'. - ,Perhaps 15 percent . . of the. land area,of  the  a t o l l  

was given over t o  agricult&eo Breadfruit . . groves flourished in. the . .. in- 
. . .  . 

t e r i o r s  of the  wide is lands and coconu-t t rees  l i ned  t h e i r  lagoon shores, 

3 Housesites in. $he i n t e r i o r  of Arno is land were abandoned i n  the 
.. ,. . , 

middle of the  19th century a f t e r .  having been occupied f o r a t  l e a s t  120 
. . . , . . . . . . . . . . 

and perh,aps 300. , .  or  . :more. years, An Hawaiian mission was e s ~ a b l i s h e d  a t  

,&e i n  1873, markjng the f i r s t  recorded date injArnoTs history. . In,, 

,1876 I r o i j  Lekaman removed the r e s t r i c t i ons  on-colonization of the only 

two sizeable is lands of Arno a t o l l  - TaIrleb 'and N a m i  I -  on which the 

nat ive vegetation remained una l te red .or ,near ly  so; much of t h e n a t i v e  

f o r e s t  &as removed t o  make way f o r  breadfruits, coconuts, and other 

crops. Germany established a protectorate over the Ilarshall Islands i n  

1885, German administrators and t raders  encouraged the production of 

copra. .Pigs  were introduced. .. 

b. During the ea r ly  p a r t  of t he  20th century the  acreage under coconuts 

increased rapidly a t  t he  expense of the  nat ive scrub and f o ~ e s t .  Native 

herbs, however, prospered i n  t he  newhabitat .  . . P i g s  devastated the yaraj  

p i t s  and uprooted Tacoa plants  i n  . the  .co.oonut groves, , The breadfrui t  

groves 3f the i n t e r i o r  of Arno i s land  with t h e i r  yara j  p i t s  were abandoned, 



and a nat ive f o r e s t  of. .All.dphyl~ls*j iOn&tt.arda, '~remna, and Paficlafius 

developed in which cer ta in:  var ie t i&s.-of  breadfrui t  pe r s i s t ed  a s  ., 

scat tered t rees ,  rep~oducing by soo t  suckers and seeds, A typhoon 

did serious damage t o  the  is lands of the  eastern p a r t  of t he  a t o l l  i n  

1905. 

5. Soon a f t e r  the beginning of t he  f irst  WorldWar the Japanese replaced 

the Gerlnans as  aciministrators of t h e  Narshall Islands$ The I$arshallese 

were encouraged t o  purchase Japanese exportsg especial ly  r ice .  A 

destructive typhoon h i t  Arno a t o l l  in 1918, washing out par ts  of islands 

and uprooting t rees .  Japanese ag r i cu l tu r i s t s  advised the Narshailese 

t o  increase the i r  coconut plantings, Plantations were unsuccessful, 

however, in the in t e r io r  of Arno i s land  on the lands surrounding the 

s i t e  of the ancient vi l lage* Copra production in the Marshall Islands 

probably reached a maximum under t he  Japanese* 

6, In 19Llr Kwajalein, Hajuro, and Eniwetok were occupied by armed 

forces of the  Wi ted  States. Although t h e  copra t rade  was disrupted9 

Arno was not t he  scene of major mi l i t a ry  act ivi ty .  Aerial  photographs 

taken in 194L and 1945 revealed t h a t  about 69 percent of the  land area 

of Arno a t o l l  was under coconut t rees .  This area  had no t  changed ap- 

preciably by 1952. Native fo re s t  and scrub were r e s t r i c t e d  ch ie f ly  t o  

stony land and tne ocean sides of vindward is landso By 1951 copra 

production had increased t o  an output of 622 tons, but secondary f o r e s t  

continued t o  encroach on the  area of poor coconuts of Arno island, Dry 

land was exposed a t  mid o r  high t i d e  the e n t i r e  length of the  eastern 

pa r t  of Arno a t o l l  from Langar i s land  t o  Aljatuen !fatolen, but p lan t  

colonization on t h e  newly forined land was slow. Peinphis acidula, howeverd 



had ,succee:leed in, .establishing i t s e l f  i n  la rge  numbers on the  exposed 

beach rock of the Lagoon shore o f  this . region and Scaev.01.a bushes 

grew along the.-iiigh boulder r<unparts:* . . -  . . .  

. . 
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FIGURE 12. DISTRIBUTION AND IMPORTANCE OF CERTAIN NATIVE TREES. 
( E X P L A N A T I O N  I N  T E X T )  



F I G U R E  13. W I D E  P A R T  OF ARNO I S L A N D  



Fig. 14. Productive Coconut grove. Ine. Fig. 15. Poor Coconuts ("Laora"). Arno 
9/23/52. 

- 
Island.  early half  the palms 
are  dead. 7/15/52. 

Fig. 16. Breadfruit grove. Ine. Ground layer  i s  
dense in open groves. 8/23/52. 



Fig. 17. Yaraj p i t ,  Ebon island, 
Ebon a to l l .  9/20/52. 

Fig. 18. Guettarda on stony land 
near rampart. Langar 
island. 8/15/52 

Fig. 19. Ochrosia stand on stony 
land, Bikarej island. The 
t r ee s  are  about LO f e e t  
t a l l .  7/25/52. 

Fig. 20. Barringtonia stand, stony 
land, Langar island. 
8/15/52. 



Fig. 21. Large P i son ia  
i s l and .  Tree was 28.1, 
cumference and 80 f e e t  

t r e e ,  Takleb Fig. 22. P i son ia  t r e e s ,  Takleb i s land .  
f e e t  i n  c i r -  The t r e e s  have o r i g i n a t e d  from sp rou t s  
tall. Note along a s i n g l e  f a l l e n  log ,  t h e  remains 

numerbus suckers.  8/5/52. of  t h e  r o o t s  of  which a r e  v i s i b l e  a t  
l e f t .  8/5/52. 

Fig. 23. Mangrove swamp. Compare 
forms of  o l d  t r e e s  a t  r i g h t  with 
s t r a i g h t  young po les  on l e f t .  Langar 
i s land .  8/15/52. 



Fig. 25. Fresh-water pond and swamp. 
The water was about 74 inches deep 
when photographed. Ulien i s land.  
7/16/52. 

Fig. 24. Fresh-water swamp. The 
stand c o n s i s t s  c h i e f l y  of  Pandanus 
t ec to r ius .  Ulien is land.  7/16/52. 

Fig. 26. Secondary f o r e s t .  Rank growth 
of  Pandanus t e c t o r i u s  in abandoned yaraj 
p i t .  Arno is land.  7/15/52 

Fig. 27. Modern house. Note gravel  
courtyard around house. Arno is land.  
8/20/52. 



Fig. 28. Gravel  i n  modern courtyard. 
Arno is land.  8/20/52. 

Fig. 29. Gravel i n  courtyard of 
abandoned housesi te .  Near y a r a j  
p i t s ,  Arno is land.  7/15/52. 




