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INTRODUCTION 

The role  of the land ecologist  rias t o  describe and t o  obtain a represent- 
a t i ve  collection of' the  land biota .  This was accompanied by observations and 
analyses of the  interrela t ionships  which ex i s t  between the  plants  arid animals 
and t h e i r  exmironmen~t. Since man plays a dominant ro l e  i n  the environment, 
special  emphasis was placed on human influences with respect t o  f l o r i s t i c  
u t i l i z a t i o n  and vegetation managenieni;. It was ant ic ipated t h a t  by t h i s  ap- 
p'oach da.ta would be obtained which would a l so  be of value i n  guiding future  
adminis-trative po l ic ies .  

Kapingamarangi Atol l  i s  lccated i n  the southern Caroline Islands lo 
north of the equator (Fig. 1%). It is extremely isola$ed, the  ilearesf a t o l l  
being Nukuoro 164 naut ica l  miies corthward. The pear-shaped a t o l l ,  approxi- ,,.. 

mately 5 by 6 miles i n  diameter comurises th i r ty - three  i s l e t s  all.  of yhich " 

a re  located along the eastern reef (Fig. 3) .  The i s l e t s .  vary consi2erably i n  
s i ze .  I n  length they range from 100 f e e t  (Matukerekere) t o  one mile (Hare) 
while width rarlges from 25 f e e t  (~a- tukerekere)  t o  1200 f e e t  ( ~ e r u a ) .  The t o t a l  
land area comprises approximately 2'76.4 acres or  0.h2 square mile. The a t o l l  
i s  populated by 426 Polynesians (June 1954) who l i v e  primarily on tvo of the 
i s l e t s  - Touhou and Werua. These as  well as  the ou-tljring i s l e t s  sewe a s  
t h e i r  plantations.  

Geologically the  land area i.s compcsed of limestone bedrock, lime sands, 
and coarser c o x 2  anu limestone fragments. On the ocean s ide  the majority of 
t he  i s l e t s  areformed of boulder conglomerate anri/orr co ra l  rubble limestone 
which, except fo7 occasional outcrops, i s  overlain w i t h  unconsolidated cora l  
rubble and la rger  limestone fragments. Lagoonward tine bedrock and rubble 
give way to bbezch sands. A few of the  smaller i s l e t s  loca-bed lagoonward on 
the reef are  aominartly sa.nd while others s i t ua t ed  more oceanward a re  p r i -  
marily l im?s tme  overlain with rubble arid boulders. Two processes - erosion 
and deposi'cion .- play a major ro le  i n  modif'ying the i s l e t s .  Oceanward,both 
processes a r e  operative. Erosion occurs as undercutting especially along 
the channei maugizs. On the other hand as a r e s u l t  of deposition a beach 
ridge cozgo'oced of rubble and. boulders extends a few f e e t  above sea l eve l  
along the o c e n  and channei margins. Elevated reef rock areas frequently ex- 
tend tmmrd the ocem from tine i s l e t s  and probably represent remnants of a 
higher 1-eef l eve l  t h a t  was possibly vegetated a t  one time. Dipping beach 
rock, apparen-c1.y representing the former extension of the i s l e t  oceanward, is 
especially conspicuous on Torongahai. Lagoonward, deposit ional processes re- 
s u l t  i n  sandy beaches. Here sand bars  commonly proJect from tine ends of the 
i s l e t s .  An exception occurs on h a t a h a t i  where an extensive rubble beach 
extends inland f o r  50 f e e t .  This may be correlated with severe stoims i n  
the  past .  In  general, the i s l e t s  ace r e l a t i ve ly  f l a t  with a r i s e  of only a 
few f e e t  above sea leve l .  However, i n  the i n t e r io r ,  banks of cora l  rubble 
reach a maximm of 1 4  f e e t  above sea l eve l  as  a r e s u l t  of puraka p i t  excava- 
t ions .  A s  a r e su l t  of causeways constructed between the i s l e t s  several  have 
been completely connected. This accounts for  the extensive length of Hare 

* A l l  f igures w i l l  be found a t  the  end of the  report .  



i s l e t .  The formation of Pepeio, 0.7 acre ,was i n i t i a t e d  by man through h i s  
construction of a cora l  boulder wall  on tile reef f l a t .  ( ~ t i t a  i n  p a r t  from 

. . E. McICee, 1956. ) . .  . 

The s o i l s .  are .  r e l a t i ve ly  imma-hiwe and consist  largely of mixtures of 
lime grove or rubble, sand, aild f i n e  lime par t ic les  combined \ri.th varying 
amounts of humus. Throughout.most of -the smaller i s l e t s  arid 'oceanward on tine 
la rger  ones rubble s o i l s  a r e  most co1ii1?1011.. Here the surface rub'ble i s  typ- 
i c a l l y  gray as a r e su l t  of the presence of blue-green algae, primarily 
Entophysalis -- crustacea, i n  the surface layer.  The organic layer  var ies  con- 
sidera7dy but reaches i ts grea tes t  development i n  these rubble areasrihere 
it ranges Srorn 6-3.2 inches i n  de13Ch. I n  two areas, depths of 18 inches and 
30 inches riere recorded (~olrongo and Rikw~ianu, res l~ec t ive ly) .  On Pmataha t i  
a dark brown hwus layer  6-8 inches i n  depth, f ree  of the usual sa.nd apd 
rubble, overlies a highly phosphatic cemented layer .  The or&~iic.  riiaterial 
i s  a l so  phosphatic '(100% apa t i te ,  McICee, 1.956) and acidic  (pH 4;5). The '. 

coi?sdlida-bed layer  u d e r l y i n e  the humus consists of l i g h t  brown cemented 
sarid w'ith s c a t t e r e d  rubble. Lighter cream-colored pa r t i c l e s  a r e  scat tered 
-thoughout t h i s  brorciish matrix. The u.pper zoie i s  cernented givine; way t o  
sof t  c rmoly  msterial  below. . With the l imited ciata ob-taikea from these. two . , , ,  . 
layers .  the  p ro f i l e  resembles t h a t  described by Fosberg (1954) a s  the  Jemo 
s o i l  s e r i e s  (see  section on Associated fauna, bi rds) .  Lagoo~ir,rard, sandy 
s o i l s  a r e  most consp2cuous, especial ly  on the l a r g e r  i s l e t s .  I n  these s o i l s  
incorporation of orgmiic material  ranges from l e s s  t h a n '  2 inches to. 6 inches 
i n  aepth. This is . .correla ted wi-i;h t h e  lagoormard migr,ation of the  i s l e t s  . . 
and t h e  extreme immaturity of these s o i l s  as'compai%d v l t h  the  rubble areas. . .: . . :  
I? the  rubble and scindy s o i l s  only the A and C hdrizons a r e  represented. A 
darker surface l a y e r  gives bray t o  a grayish t r ans i t i ona l  zoae which ill, .turn . , 

gives way t o  the parent material  conposed of cream ahd orangeformi i i i fe ra l .  .. . 

sands and/or whitish rubble. ~ur-ied'  p o f i l e s  vhich occuY 'on seveka l  i s l e t s  . . 

a re  indicat ive of previous storms. In  the  puralra p i t s  a poorly drained muc:c . . . .  
type s o i l  occurs (stone 1951). On the  smaller i s l e t s  t h e  s o i l s  would 
probabl.+be c lass i f ied  i n  the stoily a d  very stony complek r.rhile on the 
la rger  wider i s l e t s  they appear s imi la r -  t o  the Shioya or  Arno tjrpes (stone 
7 nr7 1. . . 

On the a t o l l ,  fresh, water occurs i n  ihe  form of a shallow Ghyben-Herzberi: 
lens .  Although i t s  d i s tance  above sea  l eve l  was not determined, it may be . . 
assumed t o  be about 10-12 inches, a$ found in t h e  MarshaJls (Cox 1951; Arnow 
19511). The upper 1 i n : i . t ~  of the water' 'xible vary considerably frorn the lagoon 

. . 
t o  %tie ocean s ide.  On the la rger  i s l e t s  of Werua and Taringa, i t a v e r a g e s  . . :' 

24-4 f e e t  from the surface near t h e  center and lagoonward, while on the ocean . . 

s ide  i t - v a r i e s  f70m 5 - ~ 2  f ee t .  ' On the  smaller i s l e h  %he rfater t a b l e  is 
nea re r  the sv.rfac&. and the degree 'of s a 1 i n i . t ~  is higber. Oceanward on the 
la rger  i s l e t s , '  the  s a l i n i t y  ranges from 1,000 pQm, t o  3,800 ppm. and lagoon- 
+lard frorn 18 ppm. t o  340 ppm.  able. 11).  On the lagoonside, wells fur-  
n i s h  f resh water f o r  bathing and washirig . Aithough t h i s  .r,7ater. i s  .potable 
ther ia t ives  p r e f e r  ra in  water rdiich i s  c o i l e ~ t e d  i n  c i s te rns .  On one of the 
smaller i s l e t s ,  Hukuniu, 0.9 acre ir. area, the s a l i n i t y  i s  sirnllar t o  t h a t  
of the ocean, averaging 18,000 ppm. Throughout, the s o i l s  and underlying 
bedrock have a considerable influence on the degree of saliixTty. 



Climatic data for  Kapingamarangi i s  l imited t o  t'i:~e Sa i l ing  Directions ---- 
f o r  the Pacific Islands, 1.952 and obsrirvatiofis made d ~ r i ~ ~ ~ o u s  and cur- -------- 
r en t  emedi t ions .  P.s l!rou:.d be ant?.cinated, within t h i s  equator ia l  region 
the temperature is r e l a t i ve ly  uniform-thi-o;ghout the Data taken dur- 
ing 2uLy and Avgust 1954 indicated the  average maximum t o  be @.lo F ;  the 
average 74' F. The average dai ly  r e l a t i v e  humidity wa.s '57.47& with the aver- 
age dai1.y maximum reaching 83.8$. Available estimates on average yearly 
precipita-tioii range from 76-1.08 inches. The Sailirig Directions for  .the Pa- ----.--.--.--. --.- 
c i f i c  I s l a n d s . 5 2  indicate the  gread;es+, r a i n f a l l  &!r ing May arid June acd - -. -- - - - 
October and November (:2 inches) a i d .  r e l a t i ve ly  1igh.t p rec ig i ta t ion  from 
February t o  April and frou July t o  September ('7 inches). The average f o r  De- 
cember t o  January i s  9 inches. I n  1954 there  was l i t t l e  r a in  during July 
and August - the average f o r  the seven week period was only 4 inches. ?re- 
vious expeditions a l so  encountered dry sluuners which extended in to  t he  "fal l" .  
Within a regio!? dependent upon squal ls ,  the  r a i n f a l l  pa t te rn  i s  pobab ly  very 
e r r a t i c .  Droughts occur, the  most se-?ere of which extended from 1316 t o  19i8 
and cos t  the  l i ves  of ninety na-tives . Alt,ho~gh . the Sa i l ing  Directions f o r  
t he  Pacif ic  Islands, 1952 indicate winds from varying direct ions  throughout 
the  year, during July and August they vere primarily from the eas t .  Although 
the area i s  outsi_de the typhoon 'belt ,  severe storms frequent1.y occur, usually 
from the southwest. Information was avai lable  from the native secretary 
Rikaneti on the aamage caused by these storms as  f a r  back as  1858. The most 
recent and severest  was i n  19b.7. S ~ e c i f i c  damage resu l t ing  from these storms 
w i l l  be included under the section on Climatic Infhences .  

METHODS 

The small s i ze  of the  a t o l l  and proximity of the i s l . e t s  f a c i l i t a t e d  
f i e l d  studies.* During the first few weeks a general reconnaissance was 
made of a l l  i s l e t s  e i t he r  by foot o r  cat ive outrigger canoe. This was fo l -  
lowed by more detai led corroborative. s tudies  on specif ic  i s l e t s .  It included 
col lect ing both f l o ra  and fauna, laying out s t r i p  t ransects  across represent- 
a t i ve  i s l e t s ,  s tudj ing the various environmer?tal influences and ta lking with 
the natives concerning t h e i r  land management practices,  pa s t  and present, as  
they r e l a t ed  t o  b e t t e r  u~!r?erstanaing of the a t o l l  complex. Joint  s tudies  
were car r ied  on ~ i t h  the expedi-tion geographer ( ~ e r o l d  Wiens) i n  mapping 
shorelice features and general vegetation maps. 

Native i n t e ~ r e t e r s  aided i n  mapping tne coconut and breadfruit-coconut 
plantat ions .  This involved measuring from the high t i de  mark t o  the  outer 
edge of the breadfrui t  caropy a t  100 foot intervals  around the i s l e t s .  In  
order t o  estimate the  number of coconut and breadfrui t  per  acre, t o t a l  t r e e  
counts were made on several  of the  smaller i s l e t s  and quadrats 52 by 52 f ee t  
and 104 by 104 f e e t  were l a i d  out i n  t he  various plantations types on the 
l a rge r  i s l e t s .  S o i l  and ground water data  were obtained from wells and 
puraka p i t s  with t'ne team geologist (Edwin McKee). In  conjunction with the 
marine b io logis t s  (Cadet Hand, Robert Harry and Jan Newhouse) the  land vege- 
t a t i on  was mapped as  a p a r t  of a continuous t ransect  extending from the sea- 
ward reef margin across an i s l e t  i n t o  the lagoon. 

- 
*Field work l a s t ed  from 22 June t o  31 August 1954. 



TIE LAM) BIOTA AND ASSCCIATED INFLUENCES 

As a ' r esu l t  of man's a c t i v i t i e s  the e n t i r e  land area i s  dominated bv 
coconut ( ~ o c o s  nucifera),  breadfrui t  ( ~ r t o c a r p u s  a l t i l i s ) ,  pandan~ts (pandanus 
t e c t o r i u s m  puraka*-(~yrtos~erma chainissonis). On the smaller i s l e t s  co- 
w w--- -- 
conut dominates completely. However, on tne la rger  ones a typical  zonation 
is evident ( ~ i g s .  1.0, 1 5  ,- 30).  ere. the pure coconut plantations form an 
outer band and a re  replaced toward the  in t e r io r  by a mixture of breadfrui t  
and coconut or  pure breadfrui t  around zhe pwaka p i t s .  On the beach ridge a 
mixture of Guettarda speciosa and Scaevola se r icea  forms the outermost zone -- 
under the leaning coconut ~ a l m s .  The v a r i e b  of vegetation t w e s  freauently 
encountered on a t o l l s  is absent (Fosberg 1953;  ath he way 1953);- The typical-  
s t rand  vegetation, r e s t r i c t e d  primarily t o  the  undergrowth and marginal areas, 
consis ts  mainly of indigenous species. 

As is typ ica l  of most a t o l l s ,  Kapingamarangi is represented by a re la -  
t i ve ly  sparse f l o r a  and fauna. Of the ninety-eight vascular plants  found on 
the  a t o l l  it i s  estimated 'that th i re j -e igh t  a r e  indigenous and f i f ty -e igh t  
introduced ( ~ i g s .  28, 2 9 , 3 l ) .  Of those introduced, Sixteen a re  possibly of 
aboriginal or igin  (ear ly  introductions by man) and fort$-two of  more recent 
origin.  Another category includes four species po ten t ia i ly  indigenous but  not 
found as  mature specilnens. These were found on the beach as  d r i f t  seedlings. 
Since two species a r e  considered t o  have more than one means .of entry, the  
various categories, when tota led,  s l i gh t lyexceed  the ac tua l  f lo ra .  

Since the to-La1 land area was suf f ic ien t ly  small a r e l a t i ve ly  complete 
f l o r i s t i c  l i s t  was made f o r  each i s l e t  (Figs: 28, 29). The number of species 
per  i s l e t  varied from seven on the smallest i s l e t  (~a tuke reke re  0.03 acre)  t o  
sixty-one species on one of the la rger  inhabited i s l e t s  ( ~ e r u a ) .  When the 
t o t a l  number of species per i s l e t  is p lo t ted  logarithmically against  i s l e t  
s i z e  two l i nea r  re la t ionships  are  evident (Fig. 32). Those i s l e t s '  l e s s  than 
3.5 acres f a l l  along one l i n e  with l i t t l e  var ia t ion i n  number of species. 
The other re la t ionship includes those i s l e t s  3.5 acres 'md over and shows more 
s t r ik ing ly  the d i r ec t  re la t ionship between i s l e t  s i z e  andnumber of species. 

. . 

O f  the l imited fauna, land and hermit crabs, insects ,  skinlts, geckos, 
and birds a r e  most abundant. The only mammal besides the  p ig  and c a t  is a 
small r a t  which i s  loca l iy  abundant. 

I n  order t o  adequately describe the land b io t a  the  vegetation has been 
a r b i t r a r i l y  divided i n t o  several  types or areas: coconut plantations,  
breadfruit-coconut plantations including a breadfrui t  grove, puralia p i t s ,  
marginal vegetation and inhabited areas. Since the faunis t ic  aspects a r e  
generally similar ~hroughoQt, a section on Associated Fauna follows the de- 
scr ipt ion of the vegetation. This is followed by sections on other environ- 
mental influences. 

*Native name. 



I Coconut plantations (Figs. 10-2'7) -..---- 

Although cocoilut plantations dominate the  smaller i s l e t s ,  on the  la rger  
ones they usually occur as  marginal bands 100-150 f e e t  i n  wid.th oceanward 
and 60-100 f e e t  lagoonward. According t o  the most recent survey of the T I W S ~  
Terr i tory these plantations occupy 320 of the  332.8 acres* of land area.  This 
survey revealed by a reportedly ac tua l  count t ha t  there  were 44,752 mature 
coconut and 22,213 immature coconut (Trust  Terr i tory S t a t i s t i c a l  Requirements, 
1954). However, durillg the  present survey it was found t h a t  only 15'7.03 acres  - 
are  covered by coconut plantations.  When the t o t a l  imnber of t rees  is e s t i -  
mated i n  .the coconut as well as  breadfruit-coconut plan.tations only 22,174 
coconut are  present, i . e .  a,bout ode-third the nvnber previously reported 
( ~ i e n s ,  Table 111). It i s  obvious t h a t  the  "320 acres" i n  plantations l i s t e d  
by the Trust Terr i tory S t a t i s t i c a l  Requirements has not discriminated between 
coconut and breadfruit-coconut plantations.  The va l id i ty  of t h i s  lower f ig-  
ure (22,174.) f o r  the  t o t a l  number of coconut t r ee s  is accoiulted f o r  by Wiens 
i n  calculating the t r e e  density from close-up a e r i a l  photographs of other 
a t o l l s  and comparing them with Kapingamarangi. From these it i s  obvious t h a t  
the  estimated 116.5 cocomt t rees  per acre on Kapingamarangi already repre- 
sen t  overcrowding and t h a t  the  census by the natives for the Ponape Di s t r i c t  
Administration was much too high. 

The plantations a r e  dominated by r e l a t i ve ly  mature t r ee s  spaced on an 
average of 21 f e e t  apar t .  Of course some var ia t ion occurs depending upon 
the age of the stand and the necessity t o  p lan t  new t r ee s  i n  order t o  replace 
the older l e s s  productive ones. The rrost desirable plantation,  according t o  
Rikaneti, i s  planted so t h a t  the  fronds merely touch t o  form a closed canopy. 
On Kapingamarangi there  is considel9able overlapping of the fronds, which 
would fur ther  substant ia te  the  overcrowded aspect of the plantations.  

The undergro7,~th var ies  considerably due t o  the  recency of clearing, pro- 
tec t ive  marginal vegetation, and i s l e t  s ize .  On the smaller i s l e t s  it is 
usually sparse or  p rac t i ca l ly  absent, while on the la rger  ones it has the 
po ten t ia l  of forming a continuous unders-corjr and dense ground cover. I n  
general, Guettarda i s  most conspicuous on the smaller i s l e t s  and gives way 
t o  Morinda c i t r i f o l i a  and Premia obtusifol ia  on the la rger  ones. Pandanus - 
i s  common e i the r  as  scat-cered mature t rees  o r  as  immature local ized stands. 
Numerous native va r i e t i e s  of it occur. Although seedlings a r e  often abundant 
under some trees,  most of them are  propagated by burying the cut end of a 
branch from a known productive variety.  

The shrub layer  consis ts  primarily of sprouts and sucl~ers  of Guettarda, 
Morinda, and Premna. Scaevola, although a common marginal shrub, i s  unim- 
portant i n  the  i n t e r io r .  Other shrubs contributing sporadic cover include 
Allophylus t iaorensis ,  Clerodendrum inerme and Pipturus argenteus. 

On the smaller i s l e t s  herbaceous cover may be absent or  consis t  of 
scat tered specimens of Asplenium a, Tacca leontopetaloides and Crinum sp. 

*Wiens ' mapped land surface indicates  only 276.43 acres.  



On the la rger  i s l e t s  these species as  well as  -. B t e n m r u m  micranthum, Thuarea 
involuta, Nephrolepis - ----) hirsutula  Wedelia b i f lo ra  arid o t h z s  a r e  most conspicu- --- 
OUS . 

Sharp l i nes  of demarcation i n  .the x~de;.growth aye widen-t  betceeii recec'i?:;. 
clea.red and uncleared areas. The ground is l i t t e r e d  with coconut ax?. pandams 
leaf  debris and occasional coconut logs. ' Coconu't stumps, which a r e  r e l a t i v e l j  
common, a r e  often covered with Leucophanes smaragdinurr, a moss which forms - 
cushion-like mats. Old stumps of ~ u e t t a r m r e m n a  - a re  a l so  present. 

Since considerable var ia t ion occurs within t h i s  type, depending upon i s l e t  
's ize,  the i s l e t s  have been divided i n t o  three groups: i s l e t s  3.5 acres or less ,  
isle'cs 3.5-9.5 acres and i s l e t s  over 9.5 acres (Fig. 31). The f i r s t  category 
includes the smaller i s l e t s  characterized f o r  the most p a r t  by a Guettarda 
understory, a general uniformity i n  number of species and a spars i ty  of 'Krba- 
ceous cover, In  t h e  'Second and t h i r d  categories the .coconut plantations 
usua l lyoccur  as  a band surrouhdiiig the  i n t e r io r  breadfruit-coconut type. 
Here the understory is primarily Premna and Morinda accompanied by an increase -.- 
i n  herbaceous cover, especially grasses. The secondan& t h i r d  categories a r e  
separated chief ly  by the more mesophytic aspects of 'the l a t t e r .  These var i -  
an ts  c losely resemble those described by Hatheway (2953) on Arno Atol l  i n t h e  
Marshalls . 

/ 

A. Smaller i s l e t s  (3.5 acres o r  l e s s )  
.. , 

Most of the  riineteen i s l e t s  i n  t h i s  group a r e  elongated i n  an ocean 
t o  lagoon direct ion across the  reef .  They vary i n  s i z e  from 25-350 f'eet i n  
width and 100-500 f e e t  i n  length. Due t o  the severe environmental bonditions 
tKey support an extremely sparse f l o r a  ccmprising 5-16 species. . . 

Coconut t rees  completely dominate these smaller i s l e t s  and average 
55-65 f e e t  i n  height. On the immature sandy s o i l s  ch lo ro t i c  p a l m  a r e  very 
conspicuous. For example, on Pepeio, a recently formed sandy i s l e t ,  the t rees ,  
which a re  only 35-40 f e e t  i n  height, a r e  extremely yellow. According t o  .the 
natives the  t r ee s  a re less . :p roduct ive  on these i s l e t s  than on the la rger  ones. 
Breadfruit i s  v i r t ua l ly  absent: only one t r e e  was observed. 

. . .  The understory development varies considerably. I n  general, Guet- - 
tarda i s  most character is t ic  with sca t te red  Morinda and Premna. The former - 
occurs a s s c a t t e r e d  t rees  25-30 f e e t  i n  height with various t r ans i t i ona l  
stages, primarily stumpsprouts or  roo t  suckers, as  a r e s u l t  of continuous 
cu t t ing  i n  the  past .  Periodic c lear ing of the undergrowth Leaves only oc- 
casional t a l l e r  Guettarda and Pandanus scat tered throughout the understory. 
I n  the i n t e r i o r  l agoonard  Scaevola occurs only sporadical lyal though -- 
Rilrumanu i s l e t  is an exception where it forms a continuous shrub layer .  On 
two of the very narrow.is le ts  (Matuketuke and Matawhei), which a re  covered 
with coarse coral  boulders seaward, the  understory is p rac t i ca l ly  wanting 
except f o r  ail occasional Pandanus. From the ocean margin. these areas extend 
i n t o  t he  i n t e r i o r  for  1 0 0 f e e t  or  more and give ?ray t o  scaittered low under- 
growth lagoonward. I n  such areas lacking an understory old stumps indicate  



previous vegetation which has e i t he r  been cut  during clear ing operations or  
k i l l ed  by sal-t  spray or  s a l t  water inundation. 

I n  general, the herbaceous cover is absent o r  comprises scat tered 
specimens of Tacca, Asplenium, Crinum and Lepturus repens. Cassytha f i l i -  ---- -- 
formis occurs as a paras i te .  Only on one i s l e t ,  Turuaimu, which i s  extremely 
sandy and open, i s  herbaceou$ cover abundant. Here Triumfe.tta -.-- procwnbens 
occurs as  'an important ground cover. 

B. Intermediate i s l e t s  (3.5-9.5 acres)  ---- -- 
I n  contrast  t o  the smaller i s l e t s ,  these seven tend t o  be more o r  

l e s s  elongated pa ra l l e l  with the ocean and lagoon or  along the reef .  I n  s i ze ,  
they a t t a i n  a maximum of 500 f e e t  i n  width and 800 f e e t  i n  length.  A s l i gh t ly  
more favorable environment exis-ts and therefore a s l igh. t ly  la rger  number of 
species occurs. Although coconut plautations a r e  d-ominant, on a few i s l e t s  
they give way t o  the  brea.clfruit-coconut type. 

On these i s l e t s  the  coconut a r e  somewhat t a l l e r ,  ranging from 75- 
85 f e e t  i n  height. Sprouted coconuts a r e  usually not found i n  the  planta- 
t ions .  However, on one i s l e t ,  Pumatahati, they a re  r e l a t i ve ly  comon. Since 
t h i s  is one of the two i s l e t s  owned by the community it i s  apparently not 
managed as  judicia l ly  as  those pr iva te ly  owned. 

. . 
. . 

The most s t r ik ing  change occurs i n  t he  understory. Although - Guet- 
tarda s t i l l  occurs as  scat tered t r e e s  Premna and Morinda, 5-7 inches i n .  -- 
diameter or  l a rger  aild 25-30 f e e t  i n  h m  predominate, I n  addition, 
Pisonia grandis i s  loca l ly  abundant, especially on Punatahati, which was P- 

.-- 
formerly covered by a Pisonia fo re s t .  Pandanus is sca t te red  or  localized.  
Sucker and sprout growth of Morinda and Premna often form a shrub layer  3-4 -.- 
f e e t  i n  height. Again land management:p=es account f o r  the  var ia t ion 
from a r e l ' a t i v e l y p ~ e n  shrub layer  with scat tered la rger  Morinda and Premna 
t o  a r e l a t i ve ly  dense undergrowth. . . 

Herb cover incremes comparedto t h a t  of the  smaller i s l e t s .  In  ad- 
d i t i on  t o  those speci.es ccund on .the sma l l e r  i s l e t s  the  two grasses =- 
taphrum and Thuarea arenibst  frequent, especially i n  the openings. Other 
species which appeax f o r  the  f i r s t  time include Fimbristylis  - spathacea, 
Ipomoea l i t t o r a l i s  and Ipomoea ' pes caprae . - 

, . .. 

C. Larger i s l e t s  (over 9.5 acres )  

These seven i s l e t s  a t t a i n  a maximum of one mile i n  length  are) 
an& 1200 f e e t  i n  width ( ~ e r u a ) .  Although the coconut plantat ions  reach 
t h e i r  maximum development on these l a rge r  i s l e t s  the breadfruit-coconut type 
approaches, or  roay actual ly  exceed, the  area  occupied by coconut. With the 
exception of bombed areas on two i s l e t s  and causeways on Hare, t he  coconut 
form a r e l a t i ve ly  uniform closed canopy 85-95 f e e t  i n  height. I n  the  bombed 
s i t e s  on Xare the post-war t rees  a r e  already productive, although they have 
not a t ta ined  the height of the surrounding pre-war t rees .  This is especially 



evident over a wide s t r i p  through the middle of the  i s l e t .  I n  contrast ,  
recovery has been considerably slower on Nunakita where scat tered t a l l  pre- 
war palms stand out conspicuov.sly. This nay a l so  be correlatecl with greater  
disturbance and the  abundance of bedrock outcrops. 

As on the previous i s l e t s ,  Premna Morinda and Pandanus are the 
- 7  . --- 

typical  understmy species, although variants occur. Occasional associates 
include Pisonia and Hibiscus t i l i a ceus .  Others such as  Hernandia soizora --> 
Cerbera manghas ~ h e s e s i a  poFlnea  and Ochrosia opposi t i fol ia  usually occur -- j --- -.-- 
as  scat tered i so la ted  t rees .  A small pure s tana  of Soulame? zmx, 50 by 50 
f e e t  occurs on Nunakita. These t r ee s  a r e  6 inches i n  diameter or l e s s  and 
seedling reproduction i s  abundant. As  on the smaller i s l e t s  Premna and -- 
Morinda sprouts and suckers a r e  e m ~ ~  -.- I Ion. 

The herbaceous cover. increases'markedly compared t o  t he  smaller i s -  
l e t s .  Considerable variation a l so  occurs especially between the wide and 
namow i s l e t s .  On the l a t t e r ,  such as  Matiro, Hare, and Nunakita the  two 
grasses Stenotaip&$ and Thuarea, Vedelia, Vigna ma.rina, and occasional ferns  -- - -- 
a re  most typical .  On the wider more mesic i s l e t s ,  Ringutoru and Torongahai, 
ferns a t t a i n  a lush development i n  the  more shaded plantations with scat tered 
grasses i n  the  openings. The ferns Nephrolepis and Asplenium, form a con- 
tinuous ground cover 2-3 f e e t  i n  height. Further var ia t ion occurs from the  
ocean t o  lagoon s ide .  Herbaceous cover i s  usually l e s s  continuous on the  
recently deposi-ted sandy areas, i n  contras t  t o  the highly organic l-dbble 
areas oceanward, I n  openings around abandoned house s i t e s ,  now within the 
plaiitations, Vigna frequently forms dense tangles vhich completely elgulf the  - 
other vegetation. The two most troublesome weeds a r e  Wedelia and Vigna. - 
Throughout, t h i s  pa t te rn  is modified per iodical ly  by complete clearing.  

1. Sandy lobes 

On the sandy lobes forming lagoonward a successicnal t rend is 
evident i n  the  understory. This i s  most s t r i k ing  as one progresses from the 
Lagcon beach in to  the in te r ior .  On Ringutoru the lagoonwaru migration i s  so 
rapid tha t  the  tyg ica l  marginal species - Guettarda, Scaevola an6 Messer- 
schmidia argentea p e r s i s t  inland where t h e x m % i  open sporadic understory. 
On these r e l a t i ve ly  unaltered sands the nrouud cover i s  saarse u i t h  only 
scat tered patches of ~ e p t d r u s  and occasi&al seedlings and saplings of " 

Morinda and Prema. A t  L O O  f e e t '  or  more from the margin t h i s  pioneer under- 
grovth gives way t o  aPremna~Morinda ---- unclerstory typ ica l  of the inter ior  
regions. Here P-splenim Nephrolepis and Stenctaphrum form a continuous - - i ,  ---- 
ground cover. These areas indicate a successional t rend i n  the  uidergrowth 
from the ear ly  beach pioneers t o  a Premna-Morinda type. 

2 - Fil-led channels - 
These areas have formed as  a r e s u l t  of deposi-tion occurring be- 

tween the i s l e t s  t o  the point of connectin& them. This accounts fo? the 
extreme length of Hare is le t .which actual ly  consists of three i s l e t s  t h a t  
have been joined together i n  the  pas-t by severe storms ( ~ i g .  23). The older 



Raws,-Hare channel closed around 1865 and the more recent Herengaua around 
1942. The former i s  clear* demaxated by the old i n t e r - i s l e t  beach ridges 
which occur diagonally across the i s l e t .  The lcrLtey i s  de?.irnited by the 
unaltered sandy s o i l  and low yellowish palms. These areas a r e  of par t icu-  
l a r  i n t e r e s t  i n  t h a t  they give some i rd ica t ion  of the  r a t e  of organic accu- 
mulation and subsequent inf1.uence on the vegetation (see section on Biotic 

b Influences). Ju s t  how soon coconut were pl.anted on the older causer?ay i s  
unknown. However, it may be.assuriied t h a t  plai~tirrg occurred soon a f t e r  it 
closed since the t o t a l  land area of -?ne a t o l l  is so l imjted.  On the more 
recent f i l l e d  channel they were planted soon a f t e r  i ts  formation. 

On the recently closed Herengaua channel the sandy s o i l  shows 
no organic development. Tle larger  palms 35-115 f e e t  i n  height a r e  jus t  be- 
coming productive while the smaller immature t r ee s  a r e  extremely chlorot ic .  
This area  i s  i n  sharp contrast  t o  the more recently bombed and replanted areas 
on Hare where the t r e e s  a r e  already t a l l e r ,  more vigorous and more productive. 
In  the sparsely developed unders-tory sca t te red  stump sprouts of --) Guettarda. 
Scaevola and Messerschmid.ia occur'. Herbaceous cover i s  wanting. Morinda -- ----- 
and Premna seedlings a r e  ra re  a n ~  ' h e  *inend toward such an understory i s  not -- 
as  yet  evident. 

On the older channel a layer  of dark o r ~ a n i c  matter 1 inch i n  
depth has developed.' It i s  intermixed with grass roois  and gives way t o  a 
6 inch layer  of gray s ta ined f o r m i n i f e r a l  sands which i n  tu rn  give way t o  
unaltered parent material .  The vegetation 'd i f fers  considerably from the Sur- 
rounding a r e a s .  Coconut domihates across the e n t i r e  channel i n  colitrast t o  
breadfruit-coconut plantations o n  both s ides  of the channel. The understory, 
where present, is dominated by Guet'carcla which occurs e i t he r  as  sporadic -- 
t rees  or stump sprouts. Large shrub clvmps,of S c a e o l a  which have been cut  -- 
many times a l so  occur. Grasses such as  Stenotaphrunl, Lepturus and others 
form a continuous grouid cover. Some areas a r e  extremely savanna-like, i . e .  
r e l a t i ve ly  open with scat tered palms and grasses.  Asplenium occurs only. 
local ly .  I n  the  adjacent areas on e i the r  s i d e  of the  causeway Morinda, . . -- 
Premna and Pandanus dominate and form a dense understory.. Here Asgleniurn 
i s  more comon with grasses forming a l e s s  continuous aspect.  In  con4Lrast 
t o  the  sandy lobes, there  i s  l i t t l e  evidence of vegetational change even on 
t h i s  older f i l l e d  channel. 

On the coarse c o r a l  boulders of the r e l i c t  beach ridges crossing 
the i s l e t s ,  guettarda forms a'cons@icuous band along with Asplenium. One of 
the t a l l  leaning coconut palms' on the ridge, which i s  highly scarred by in- 
numerable knife  cuts,  was sa id  t o  have been planted when the causeway closed. 

. . . . 

I1 - Breadfruit-coconut plantations ( ~ i g s .  10, 11, 15-18, 20-23) 

On th i r teen  of the  la rger  i s l e t s  coconut plantations give way i n  the  in- 
t e r i o r  t o  a mixture of coconut and breadf ru i t  occurring on, but a l so  beyond, 
the  rubble banks surrounding the puraka p i t s .  From the lagoon the breadfrui t  
stand out conspicuously with t h e i r  dark green canopies which tower 15-20 f e e t  
above the coconut. This type extends t o  within 100-150 f e e t  of the  high t i d e  



mark on the ocean s ide  and 60-100 f e e t  on the lagoon s ide ,  An exception oc- 
curs on Touhou i s l e t  where t h i s  admixture domi.nates the e n t i r e  i s l e t  and oc- 
curs t o  within 35-lt5 f e e t  of the  ocean shwe and 12-25 f e e t  of the lagoon 
shore (see section on Inhabited Areas). On the smaller i s l e t s  only a few 
scaikered breacifruit occur while on the la rger  ones the breadfruit-coconut 
type nay equal, or exceed, the area  occupied by coconut plantat ions .  It 
reaches i ts  maximum development from the center of the  la rger  i s l e t s  lagoon- 
ward. Oceanward the breadfrui t  decreases i n  abm.darice u n t i l  only scat tered 
recently planted smal.1 t rees  demarcate t h i s  type from the puye coconut. This 
r e s t r i c t i on  t o  the la rger  i s l e t s  is apparently correla ted with the greater  
protection afforded from adverse s a l ine  e f fec t s .  

The presence of breadfrui t  i n  t h i s  type contributes t o  a more dense and 
mesophytic aspect. The breadfrui t  occur f i f t y  or  more f e e t  apar t  interspersed. 
v i t h  coconut and together they form a re la t ive ly  closed canopy. Although 
there  a r e  fewer breadfruit  than coconut the  large crowns of the former con- 
t r i bu t e  considerably greater  cover. The trunks average 2-3 f ee t  i n  diameter 
although occasional t rees  reach 5 f e e t  i n  diameter and of ten a t t a i n  a height 
of 90-100 f e e t  or over. The s t r a igh t  f lu ted  trunks a r e  usually devoid of 
branches fo r  the f irst  25 f e e t  o r  more. I n  some areas  the  recent planting 
of breadfrui t  i n  the coconut type i s  evident by the generally smaller t rees ,  
8-12 inches i n  diameter. Opeixings t h a t  occur i n  the  canopy a r e  due primarily 
t o  dead or  par t ly  defoliated branches as  a r e su l t  of storms. On two i s l e t s ,  
EIukuhenua and Ringutoru, damaged t r e e s  a r e  especially common. In the upper 
canopy large branches a r e  frequently devoid of leaves or  t ne  fol iage is 
dwarfed. These branches a r e  the favor i te  cesting s i t e  of the gregarious 
white-capped te rn  (see section on Associated Fauna). Under the breadfruit ,  
seedling repmduc-tion i s  evident only on Hare i s l e t .  Here the seedlings a r e  
of ten nipped off,  probably by hermit crabs. 

The understory varies considerably from the rubble banks t o  the area 
beyond. On the banks the recency of excavation r e s u l t s  i n  diverse patterns.  
On those more recently- disturbed, Thuarea, and occasionally Leptums, a r e  
t yp ica l  pioneers. These species,  especially the l a t t e r ,  are-importan-t i n  
s t ab i l i z ing  the sloughing of the banks caused by crab ac t iv i ty .  

On the older more s t ab l e  banks Pandanus plantings a r e  common. The t rees  
a r e  spaced 3-5 f e e t  apar t  and range from 6-12 f e e t  i n  height.  Their general- 
l y  smell and uniform s i z e  suggests post-war planting, probably resul t ing 
from the recent demand for  mats and other handicrafts. Since they provide 
an important source of leaves used i n  mt making, many of t he  lower ones have 
already been cut off close t o  the  stem. Shrubby undergrowth includes 
thickets  of Clerodendrum and sprouts and suckers of Morinda and Premna. 
Scattered Hibiscus t i l&eus  frequently lean out over the puraka- I n  
the  more sTacied areas  Thuarea and Stenotaphrum form contiouous carpet-l ike - 
patches over the rubble. They a re  occasionally intermixed but more conunonly 
o c m r  as  pure grassy areas. On the more open banks Vigna and Wedelia some- -- 
times form a continuous cover 1-2 f e e t  i n  height. 

Beyond the banks the undergrowth pat tern i s  qui te  similar t o  t h a t  found 
i n  the  coconut plantations on the larger  i s l e t s ,  except f o r  a l e s s  profuse 
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growth due t o  -the deme shade prorluced by the breadfruit .  Varia-tioil i n  t h i s  
pa t te rn  occurs on Ringutoru where a small area 1CO by 1.1jOfee2c i s  pl.a:ited t o  
banaria ( ~ u s a  -- saPj.erihini) and. papaya (~~zt:;~ papaya). !GZthil~gii some bana.nas 
a r e  produced, they a re  cons idereda  i u x w j .  In contrast ,  .few of the papaya 
t r ee s  appeared very produc-tive . 

On Werua, the  wid-st i s l e t ,  t h i s  mixed type gives way t o  a relati.vely 
l a rge  area dcminated exclusively by breadfrui t  which occurs on the rubble 
banks surrounding the pnraka. pa-tckes ( ~ i g .  15 ) .  'Phese t r e e s  a r e  occasioilally 
la rger  i n  diameter and form a denser canocy, '?he paucity of t r ee s  i n  the  
snialler s i ze  classes i s  s imilar  t o  tha-t reported from the bhrshalls  (~at,herqay 
1953). The undergro~vth heye i s  s imilar  t o  t h a t  found i n  t he  breedfruit-  
coconut plantations but  i s  l e s s  dense. I n  the openings extensive pand.anus 
plantings occur. 

. . . . . 

Within tile pl&ntations there  a r e  several  kinds of brea.dfruit: t h e  
Kapinga type, probably an aboi'iginal iatroduc%ion, and t h o s e  of more recent . .  

origin:  the Rukuoro, which ms origf.nal& ini;roduced from Sernoa c i rca  19'22 
and the Ponape bro'.~ght i n  c i r ca  i935. I?l'chough opinion var ies  as  t o  which 
f ru i - t  is best ,  the Ihpinga type i s  appare++ly preferred:aiid dominant through- 
out the  plantations.  This i s  fol.lo?red by. lh!cuoro and Ponape types i n  prefer-  
ence and abundance. The Kclpinga and Nukuoro var ie t ies  a r e  propagated by seed 
and the seedless Ponape t r e e s b y  a i r  g r a f 3 n g  and suckers. Accord.ir,g t o  the 
natives,  a l l  t r ee s  a r e  productivetwo'co four times per year depending upon 
r a i n f a l l .  

Although they report  t ha t  there  was more breadfrui t  i n  the  past, today 
there  is l i t t l e  evidence of t h i s .  On the coxtrary, the lack of old  stumps 
i n  the  breadfruit-coconut type i s  suggestive of r e l a t i ve ly  recent expansion 
of ' t h i s  type in to  .are+ formerly Con~inated by pure. coconu5. Today the 
presence of young t r ee s  i n  t i e  marginal areas i s  a l so  - indicat ive t ha t  the  
mixed plantations a r e  s t i i l .  increasing i n  area. On the other hand, i n  the  
pure breadfrui t  grove, the la rge  cu t  stumps would suggest t h a t  this area has 
probably been producing breadfrui t  longer than any other a rea  on the ato1.1. 

I11 Pwaka -- p i t s  ( ~ i g s .  10, 11, 13, 15, 17, 18, 29-24, 30) 

Pura.ka p i t s  occur on eleven o f  t he  la rger  i s l e t s .  Tney a re  located near 
the  center or  s l i gh t ly  lagoonward and are  sLu^rbunded.bybreadfruiC andcoco- 
nut. The p i t s ,  vhich vary i n  s i z e  frorn a few square f e e t  to .  one extensive 
area of eleven acres on Werua, a r e  formed by excavating the  rubble t o  
s l i g h t l y  below tine f resh  water l eve l  and. then addingorganic mat ter '  i n  
which pur.aka (Cyrtosperma - -. chamis;?onis) -. -. %-. ., . - is subsequently planted, A muck ' t ype -  
so i l : eventua l l>  develops, the  upper 6 inches of which cons is t  of a fibrous' 
network of roots  with an axgal covering over the  s u r f a c e l a y e r .  Since t h i s  
s o i i  i s  usually saturated,  narrow elevated paths t raverse  tine p i t s .  N- 
though the banks a r e  generally 3-5 f e e t  i n  height above the  f loors  of the  
p i t s  l a rger  ones on Werua a t t a i n  a height of 10-15 f e e t  or  more. 

The puraica i s  .planted 8-12 inches apar t  and varies i n  height from 2-6 
f e e t  or  over, depending upon the s tage of maturity and l i g h t  intensi ty .  In  



the more shaded s i tuat ions  the plants  a r e  t a l l e r  and more vigorous. Those i n  
*,he center of the la rger  patches a r e  frequently smaller and the leaves a r e  
~el lowish-bro~.~n,  which may be caused by the intense insolation.  According 
t o  Lia, one of the native women, the  nlarginal areas a r e  most productive. This 
woulk suggest t ha t  intermediate l i g h t  in-tensi-ty is most favorable. 

Banana ( h s a  - sp . )  and ornainen'cal h ~ o i s & s  (Hibiscus sp . )  a r e  scat tered --..- 
throughout the patches. Cassia a l a t a ,  a. recently introdmed shrub, used for  --- - 
medicinal purposes,. is rare.  In  a few of the  older patches rows of Premna, 
6-8 inches i n  diameter, s t i l .1  p e r s i s t  and demarcate previous p r o p e r t z d -  
a r i e s .  

The most abundant and troublesome weed i s  Jussiaea suffrut icosa which -- 
grows 2-3 f e e t  i n  height. Other herbs occasioiialiy found include Angelonia -- 
angustifolia,  Lindernia antipoda, Iponioea l i t t o r a l i s ,  Cyperus brevifolius,  ---.- -.-.- -. ---- - 
He&jchium coronarim, and Fimbristylis  miliacea. Along the paths one f inds  ---- 
Alternanthera s e s s i l i s ,  ~ i F t a r i a  microbachne and Paspalum vagir .a -t um. 

Puraka is planted, cult ivated,  and harvested by the native women. Weed- 
ing  of the  above species, especially Jussiaea, is one of the  major jobs. 
Periodic mulching involves adding banana and breadfrui t  leaves. 

Only one small abandoned p i t  was noted where the natives indicated tha t  
they were unable t o  grow puraka. Since the  wa.ter was s l i g h t l y  s a l ine  t o  the 
t a s t e  t h i s  may account for  t h e i r  f a i l u r e .  

Over the years the number of puraka p i t s  has increased with the increase 
i n  population and i n  several  areas expansion is s t i l l  under vay. One land- 
owner k i l l e d  a la rge  breadfrui t  by f i r e  i n  order t o  enlarge his  puraka 
holdings. Although Cyrtosperma is most common now, ta ro  ( ~ o l o c a s i a  esculenta) 
was dominant i n  the past .  Apparently the more vigorous drought-resistant 
puraka crowded out the l e s s  successful taro.  Today the l a t t e r  occurs only 
as  scat tered i so la ted  specimens. 

I V  - Marginal vegetation 

The marginal vegetation includes a r e l a t i ve ly  conspicuous border beneath 
the leaning coconut ( ~ i g .  33). It i s  bes t  developed on the ocean~rard and 
i n t e r - i s l e t  beach ridges.  Lagoonward the border i s  interrupted by nat ive 
s t ructures  and f i n a l l y  gives vay t o  sand bars a t  the  ends of tne i s l e t s .  

Along these marginal areas two geological processes a r e  operative: sea- 
ward, severe erosion and deposition and lagoonward, primarily deposition. 
A s  a r e su l t  of the d i f f e r en t i a l  influences of these factors  diverse pat terns  
r e s u l t .  Therefore the discussion w i l l  be divided i n t o  Oceanvard and Lagoon- 
ward aspects. 

A. Oceanward 

T a l l  leaning p a . b  a r e  typ ica l  along the beach ridge. They a r e  
generally planted t o  within a few meters of the  edge and with subsequent 



erosion mature t rees  ore found gro%ing a t t h e  high t idemark .  Under these 
palms ) - Guettarda -. - ----. and --- Scaeyo1.a form a two layered border on the beach ridge.  
The former occurs e i t he r  as  low trees ,  12-15 inches i n  diameter and 18-25 
f ee t  i n  lieigyt, or  as  n?x&erous stump sp'oi*.ts of varying s ize .  'The l.att,er 
grows i n  f ron t  of or  under the  , - . Wettarda -. as  a narrow oPtei  discontinuolis 
shrub layer  5-12 f e e t  i n  .height. The width of t h e  band varies from 15-30 
f e e t  with the Gu.ettar0.a canopy projecting 15-20 f e e t  out over the  water. 
These species occur e i t h e r  together or  i n  nearly puye stands depending u.pon 
the prevai.ling win&: and erosion'. -- ~cae- jola  "- tends t o  increa.se i n  importance 
vhere erosion is !.east severe while -- Guettarda i s  common 5.n the uore severely 
eroded sectors.  

On the seaward points of the  smaller i s l e t s ,  where ra ised reef  rock 
extends oceanward 'beyond the high t i d e  mark, small th ickets  of - Scaevola 
backed by ---.- Guettarda a r e  extremely charac te r i s t ic .  The persistence of t he  
former here i s  apparently correla ted with t he  protection afforded by the reef 
rock. On the la rger  i s l e t s  the pa t te rn  i s  more heterogeneous, but  again de- 
pendent upon the sever i ty  of erosion and cleposiition. 

Along the inter-is:.et channels, where erosion is most severe, a 
s t r ik ing  pa t te rn  i s  evid-ent betveen the  windward ana leeward sides.  On the 
east-southeast windward sides Guettarda is dominant and forms a continuous 
border. On the s l i gh t ly  more p r o t e c t z  leewarc! margins the  two species 
nearly share domifiance. Ki-iere -..-- Scaevola occlks i n  abundance on the windward 
s ide  there  i s  usually some protection s u c h a s  ra ised reef rock or  beach 
rock off shore. Even f i s h  t raps  cons.tructed i in the  channels serve t o  les -  
sen erosion., 

. , .  . 

In  addit ion t o  -.-. Guettarda and ~ ~ a e y o l a , :  severB1 o t h e r  marginal 
species a r e  represented. Accordj.ng t o  t h e i r  r e l a t i ve  importance they in- 
d u d e  Pandanus tector ius  Messerschmidia.argentea Cordi&sul3corda~, ?=- -,-.- 9 . . - . - - _  -.-..-..2 -- 
minalia -- samoens*, Clerodendrum'inerme, and . . Barrinp- a s i a t i ca .  

. . . . . .  . -  
On some of the smaller i s l e t s  such & Matuketulre and Matawhei the  

marginal. vegetation is ccmPletely absent exciPt for  coconut and sporadic 
Pandanus. This may be a r e su l t  of s a l t  spray, erosion, cu t t ing  or  a com- 
bination of these fact,ors. .. . 

The ef fec t s  of marginal e ros ion 'and .sa l t  spray a re  most s t r i k ing  
along the windward sides.  Here root systems a r e  often p a r t i a l l y  or  almost 
completely exposed. Coconut pa-hs a r e  sometimes eroded out and t h e i r  
trunks found strewn on the beach. Clumps of ScaevoLa a re  a l so  washed away. -.- 
Probably the paucity of t h i s  species i n  these:ayeas i s  correlated with i t s  
l e s s  extensive more shallow root  system compqred t o  t ha t  of Guettarda. O f  
these marginal species Guettarda, Cordla, and Terminalia a r e  most conspicu- 

7 ously affected by s a l t  s p r a y  \see sect ion on Climatic ~n f luences ) .  

Some of the  natives apparently recognize the protection afforded 
by t h i s  marginal band i n  the  interception of s a l t  spray and i s l e t  s t a b i l i t y .  
Others, however, cu t  or  burn the o ld  Guettarda i f  they no longer produce 
wood useful i n  construction. 

-13- 



B . Lagoonward ---..- 

Although leaning coconut a r e  characteri .st ic a,long the lagoon shore, 
t he  understory i s  often l e s s  continuous, etioeciall?: where houses or  other , - 
native s t ructures  occur. Pandanus i s  comonly associated with --..- Scaevola 
and Guettarda. On the la rger  i s l e t s  large t rees  of %lophyllum inophyllum 
v- --.- ---- 

12-211- inches i n  dimeter  lean out over the Lagoon. Their res t r ic- t ion t o  
t he  lagoon shore i s  unique. Only two t rees  were found elsewhere: one sea- 
ward severely damaged by s a l t  spray and another i n  the  i n t e r io r  i n  excellent 
condition. Although seedlings occur on the beach, most of these t rees  a r e  
planted. 

A t  the  ends of the i s l e t s  sand bars project  lagoonward. Some a r e  
ephemeral with l i t t l e  or  no vegetation while others a r e  covered with scat-  
tered c lmps  of Scaevola and Messersc'midia -- as  pioneers. Within t h i s  low 
shrubby matrix young coconut a r e  planted by the nat ives .  I n  other areas, 
where the advance of pioneers keeps pace with the accumulation of sand, a 
s tep- l ike  band of Scaevola resu l t s .  Here rows of Scaevola seedlings on the -- 
back shore give way t o  Scaevola 3-6 f e e t  i n  height which a re  backed by a 
t a l l e r  band 9-12 f e e t  i n  height. Guettarda forms a t r e e  layer  beyond. -- 

A s  the  i s l e t s  migrate lagoonward Guettarda and Scaevola p e r s i s t  in- 
land. Large Guettarda occur scat tered under the  coconut or  sometines on 
former beach ridges l e f t  behind as  the i s l e t s  b u i l t  lagoonward. Some appear 
t o  be quite old and others have been cu t  many times and resprouted. If 
these a r e  r e l i c t s  of the  e a r l i e r  pioneers, the  building processes are  taking 
place extremely rapidly.  On Ringutoru the r a t e  of migration was estimated 
from data furnished by the natives regarding the posit ion of former marginal 
t rees .  In  t h i s  area  the cove sector  of the beach between the  sand bars is 
building a t  the r a t e  of 1 foot per year,  From the  vegetational pat tern,  the 
adjacent sand bars a r e  probably building even f a s t e r .  

A l l  along the lagoon beach, d r i f t  seedlings a r e  common. On the 
back shore detailed observations were made on seven i s l e t s  regarding the 
frequency and abundance of seedlings. The l i s t  which follows includes the 
most important species arranged according t o  t h e i r  r e l a t i ve  abundance. 

Scaevola se r icea  
Guettarda speciosa 

Pandanus tec tor ius  
Messerschmidia argentea 

Barringtonia a s i a t i c a  
Hibiscus t i l i aceus  

Morinda c i t r i f o l i a  
Calophyllum inophyllum 

Premna 0-utusifolia 
Hernandia sonora 

The f i r s t  s i x  species occurred on over two-thirds of the i s l e t s  
studied. Although saplings of Barringtonia a s i a t i c a  were present on a l l  



i s l e t s  acalyzed only one mature t r ee  was found. Apparently the  severe insec t  
and crab damage prevenLs more t rees  from at ta ining rnat,urity, Or1 the beach. 
four new species of d r i f t  o r lg i i~ ,  l o t  preseiltly represented i n  the  f l o r a  a s  
mature specimens, vere f ouryd. ' These i c c l ~ d e d  igcwx gigantea, J.n.s% bi-iuga, 
Parri.ngto11i.a raceniosa and 1ileinhovj.a hospita. -.---- --me- --- -.- 

In  addit ion t o  the  humerous t r ee  seedlings, herbaceous cover is  also 
abun2ant i n  some areas a l m s  the bea,chl. On several  i s l e t s  V&a is the aou- 
inant  pioneer and coclrnonly forms dense tangles over the  adj&ent marginal 
speci.es. This species often a t t a in s  such denseness tiiat t r e e s  such as  -.- Pan- 
danus must be per iodical ly  cleared of it. Other herbs frequen-t1.y found --- 
include Tpomoeapes ' caprae a n d  Triumfetta procimibens . --. -.- --- - , -..-. . -- --- 

On Pumatahati, i l l  contrast t o .  t h e  typ ica l  sar i$~ beaches, the lagoon 
beach is formed of coral, rubble. Here . ----. cordia 35. f e e t  higb forms a border 
50 f e e t  i n  width. The t r e e s  ex?ib:.i; a p o o r  growth fo rmas  a result.  of cut t ing 
and possible disturbance by storms i n  t he ' pas t .  Herbaceous cover i s  wanting. 

, . 
V Inhabited areas .. 

---.-- 
. , .  

The majority of the  425 natives l i v e  on ~ouho~ , . a r id  Werua. On the fo~Ie2 '  
the en t i r e  area i s  inhabitecl while. on the l a t t e r  orily tkie lagoon and irxter- 
i s l e t  shore areas a r e  populated. A few f a m i l i e s l i v e  on the outlying i s l e t s .  
Throughout the vill6,ges cocoriut or an admixture of breadfyuit  and coconut 
predcmj-nate. I n  aridition t o  the  regular coconut two recent3.y introduced 
variet2.e~ a re  representes: the so-called "red coconut" wi-th a d i s t inc t ive  
reddish' f r u i t ,  and a dwarfed type which is productive when 10-12 f e e t  i n  
height, As previously mentioned., the  breadfrui t  canopy on Touhou extends 
closer t o  the  beach than cn any other i s l e t .  It occurs on an average of 30- 
50 f e e t  from tine high t i d e  mark but a t .  onepo. int  comes t o  witnin 12 f e e t  of 
the  water. The occurrence of breadfrui t  so c l o s e ' t o  t he  margins may be cor- 
re la ted  with tine considerable elevation of the  ' i s l e t  above sea. . level - 
naximh.12 f e e t  - i n  contras t  t o  t he  others. According t o  the  natives t h i s  
topography has resul ted from tho acc'w.ulation of rubble and sand from former 
cooking s i t e s .  As on other i s l e t s ,  occasional branches of the  breadfrui t  
a r e  k i l l ed  back, especia?.iy t h ~ . s e  facing tne ?revail ing eas t e r l i e s .  One of 
-the la rges t  brea,rifruit on t : l eea to l l  i s  found along the v i l l age  s t r e e t  on 
Werua. It i s  '77 inches i n  diameter'and 115 f e e t  i n  height.  

.. 
The underpowth is c h a r a c t e r i ~ ~ d  by an abunsance of Pandanus and re-  

cently introauced species. Even o.nTouhou where the nat ive houses a r e  closely 
spaced, each family o%ms su.fficient'land. t o  support several  Pandanus which 
supply a readi ly  available source of food. 'Other understory species include 
Morinda, -- Fisonia, --.- - Prch.a, and Guettarda. The leaves of Pisonia were formerly ->.-- -.- 
mixed with ta ro  i n  cocking. Howver, the spars i ty  of t h i s  species ( t a ro )  no 
longer necessitates planting Pisonia and it is. therefore not as  common i n  t he  -- 
vi l lage  areas as  previously, Banana and papaya a re  sca t te red  throughout t he  
vi l lages  although productive specimens a re  ra re .  Recently introduced orna- 
mentals include Codiaeum variegatum, ~lunie%ia =, e p h y r a n t h e s  &, . .  . 
Polyscias s cu t e l l a r i a  - J  - Polyscias f rut icosa,  Crinm sp. and Hibiscus sp. -- 
(hybrids). Plumeria i s  highly valued f o r  i t s e r  which is used i n  making 



l e i s .  These ornamelitals a r e  especial ly  conspicuous arourd the ceme-teries, 
The shrub Polyscias s cu t e l l a r i a  is cornonly used as  a border al.ong the s t r e e t s  ---- 
and t o  demarcate property l i nes .  

Aithough the natives weed and clean up fa l len  leaf  debris a fex,r scat-  
tered introduced .creeds p e r s i s t  amoxg the gray coral  rubble. These include 
Adenostemma lavenia, Eclipta alba, ~k~r l la&l lus  n i r u r i  Pord;ulaca oleracea and ---.-- ---- -- - - -- - - . .  -.-9 -- 
Hemigraphis reptans as  well as  sca t te red  patches of grasses and sedzes. On ---- 
the bare rubble Premna and Morinda seedlings a r e  especially abundant under --- 
Pandanus and other t rees  which a r e  v i s i t e d  by s ta r l ings .  However, there  i s  
l i t t l e  evidence tha t  these seedlings survive. Around a fetr of the  houses 
small nurseries of breadfrui t ,  s o p h y l l u m ,  and recently introduced species 
a r e  encountered. Seedlings of d r i f t  or igin  such as  Calophyllum a r e  protected 
i n  these nurseries u n t i l  moved t o  tine plantat ions ,  

VI Associated fauna and re la ted  influences - - 
Since the  determination of ce r t a in  groups i s  incomplete at t h i s  writing 

~e:leraL common names a re  used i n  ce r t a in  sections.  The ecological r o l e  con- 
t r ibu ted  by the more important 

A. Annelids (~arthworms 

Earthworms  hereti ti ma 
though not common, a r e  loca l ly  
tu re  and organic mat-ter i n  the 

group follows . 

upoluensiz, g. bicincta,  Dichogaster sp.)  
abundant wherever there  is considerable mois- 
process of decomposition. Ln the plantations 

they a r e  found i n  the moist humus under p i l e s  of decaying coconut-husks. 
I n  one such area 101 specimens were collec-ted i n  a sample p l o t  by meter 
and 15 cm. i n  depth which had been t r ea t ed  wi-th mercuric chloride. They 
Irere a l so  found under old logs, f e rn  clumps, and p i l e s  of p lan t  debris.  Their 
influence is apparently localized i n  areas of high organic content. 

D r .  G .  E. Gates who determbed the annelids reports  one new species. 
Its or igin i s  puzzling but  ".,.it must be somewhere i n  Southeast Asia or 
the Malapian islands including New Guinea." 

B. Crustaceans  a and, Hermit and Coconut Crabs) - 
In  the plantations,  the  mos'c abundant forms of animal l i f e  a r e  the 

land crabs (Cardisoma ro tundu,  Gecarcoidea la landei)  an& hermit crabs 
( ~ o e n o b i t a  brevimanus, C. perlatz).Other land crabs of l e s se r  importance -- -- - - . - .- . 
include: Metasesarma acbryi, Sesizrma rotun?atum, Geograpsus c r i s ipes  and - -.--- + 

G. grayi. These crabs play a major ro l e  i n  the incorporation of organic mat- - -- 
t e r i n t o  the s o i l  and t h e i r  numerous burrows a i d  i n  s o i l  aerat ion a s  well as 
i n  increased porosity.  They a re  found on a l l  i s l e t s  but  a r e  most abundant 
on the la rger  ones. The land crabs occur e i t he r  above or  below the Ground. 
Above ground they a re  charac te r i s t ica l ly  found i n  association with hermit 
crabs under old  p i l e s  of coconut husks scat tered throughout the plantat ions .  
The pandanus prop roots, as  well as  the  but t ress ing breadfrui t  bases, a l so  
afford excellent cover. In  the sca t te red  bedrock areas innumerable holes, 



resul t ing from the weathering of the  bayous limestone, o f f e r  a natural  habi- 
t a t .  Eerecocoriut crabs (Birg;us -.--- - -..- l a t r o )  .are a l so  found. I n  t he  sacdy or  
loosely consolidated rubble s o i l s ,  lalid crabs dig burram at  l e a s t  18 inches 
i n  depth. Areas were observed i n  th,e loose rubble where up t o  f i f t e e n  holes 
occurred within a 1.0 by 10 foot  area. The banks surroundin.g the puraka p i t6  
are  undermined, with holes wiiich occuy i l i ' a ,  layer-like fasl!ion among the 
breadfrui t  roots.  The amount of const,ant s L o u ~ h i n ~  of the banks indicates  
considerab1.e ac t iv i ty .  ' The cra'ck,' except f o r  the smaller h e m i t s ,  a r e  
usually not readily observ-ea during the  day save l n  the more moist, and 
shaded s i tua t ions .  

I n  a s t r i p  t ransect  on Torongahai.,~nvolvi.ng f i f t e e n  52 by 52 foo t  
quadrats the  crab pwgulation was s tudied by ac tua l  coua-l; of those found 
under coconut husks, old  logs- arid other debris as  well as  t he  nuinher of 
holes (Fig. 30), A t o t a l  of:316 hermit, 205 land and  5 coconutcrabs was 
found i n  the  40,560 square foot area.  The, maximum mnber recorded. f o r  a 
s ing le  quadrat was 72 hermit arid 38 land crabs, This quadeat occur red~mder  
the l a rges t  and oldest  coconut vhere the r'dbble was extremely'c0mpact. In: 
contrast ,  the  la rges t  number of holes occurped i n  t h e  sandy 'or loose rubble' 
areas. Although the number of p i l e s  of coconut h u d w p e r  quadrat varied, 
thus modifying the aata, ce r ta in  %rends a r e  evident when fne nuniuer of bur- 
rows a d  number of crabs a r e  plot ted.  The maximum number of crabs was ob- 
served i n  the compact rubble where tiney were u t i l i z ing  the p i l e s  of coconut 
husks f o r  cover. In  conzrast, on the  adjacent loose rubble banks and i n  the 
sandy areas lagoonward burrows were very nunierous but ac tua l  n~mibers of crabs 
observed were generally low, One exception occurs 200 f e e t  i n  from the 
lagoon, but here the high population apparently correla tes  with a grea te r  
number of p i l e s  of coconut husks. Tine absence of  crabs i n  ce r t a in  areas  
appears t o  be compensatedby increase illburrows which suggests t h a t  t h e ,  
population may be comparable i n  the  d i f fe ren t  s i t e s  but not evident because 
of the d i f fe ren t  habi ta ts  they u t i l i z e  i n  the  d i f fe ren t  areas .  

Smaller hermit crabs were numerous, especially near the  beach:, 
Recently f a l l en  or  discarded  anda anus keys a n d  exposea ccconut meat yere,  --- 
rapidly covered with nordes of these small crabs. Few coconuts ~ ~ e r e  availa- 
b le  f o r  them but occasional opened ones were observed. The la rger  hermits 
probably open the nu.: a f t w  which both large and small forms e a t  the  meat. 
I n  order t o  have coconuts f o r  plant ing the natives e i t he r  t i e  mature nuts 
on branches above the ground o r  l ay  them o n t h e i r  roof tops u n t i l  good 
s ized sprouts a r e  formed. They a r e  kpPare&ly unhai-med b y  the crabs a f t e r  
they have germinated t o  t h i s  poin%. 'These smal1,crabs were a l so  observed 
chewing the t i p s  of the  twigs of E3ar&ingtonia. -- as i a t i ca  and pe t io les  of -- 
Guettarda were a l s o  damaged. Terminal portions ofsee'dlings of bread.fruit, 
Calophyllum and Hibiscus t i l i a ceus  were nipped off, probably by crabs. --.-- - - 
Although not observed feeding they were fqund on lox  Premna sprouts. -- 

Land crab and la rger  hermit c r ab -ac t iv i ty  began a t  tvi1igh.t and 
continued i n t o  the n igh t , ;  ~oc twna1~:observa t ions  revealed numerous crabs 
e i t he r  pul l ing breadfruit  l e a v e s i n t o  t h e i r  burrows or  ac tua l ly  feeding on 
them.' Althoughbreadfruit  leaves appeared t o  be the preferred food other 



materials found i n  t h e i r  burrows included coconut husks, twigs, and Pan- -- 
dams leaves. One whitish intermediate s ized species was observed with a - 
dead geciro. 

The coconut crab, found e i the r  i n  the  cavernous bedrock areas, 
puralra banks, or l a rge  holla7 breadfruj t trees, i s  the  m1.y land crustacean 
u t i l i zed  by the natives f o r  food. Because they a r e  primarily nocturnal, 
they are  hunted a t  night  with l i gh t s .  The pressure on zhis delicacy keeps 
the population a t  a minimum. 

C .  Insects  and arachnids 

Although insects  a r e  common there  a r e  no major pests .  I n  the  plan- 
ta t ions  orthopterans (primarily grasshoppers), lepidopterans and hemipterans 
(leafhoppers) a r e  abundant i n  the Stenotaphrum and Thuarea grass cover. I n  
the  more open areas a la rger  lepidopteran ( b u t t e r f l j m e l a t i v e l y  ccmon. 
Over the  puraka p i t s  dragon f l i e s  a r e  charac te r i s t ica l ly  found apparently 
feeding on smaller insects .  Under p i l e s  of coconut husirs and other debris 
ants,  earwigs, cockro.aches, scorpions, spiders, and sowbugs ( ~ r u s t a c e a )  
are  numerous. Two species of the Phasmidae, seldom seen by the natives,  
were collected from the understory vegetation. I n  the  bombed a r e a s , c r a t e r s  
and old c i s te rns  accumulate stagnant water which provides excellent breed- 
ing s i t e s  f o r  the mosquito. These areas could be readi ly  controlled by an 
application of o i l .  

Certain t r ee s  and shrubs show considerable insec t  damage. The 
leaves of Scaevola a r e  frequently attacked by a leaf  miner. New shoots -- 
and buds of Calophyllum and Barringtonia a s i a t i c a  a r e  often infested t o  t he  
point of disrupting the normal growth pattern,  especial ly  i n  the l a t t e r .  
The scalloped fol iage of Premna and other species is indicative of leaf  
feeding or  cu t t ing  forms. The smaller Pandanus t rees  a r e  sometimes para- 
s i t i z e d  by mealy bugs t o  t he  point thati;t'ney a re  c u t  and burned. 

The f ly ing  insects  a r e  probably of primary importance i n  the pol- 
l ina t ion  of most species.  However, on Guettarda an ts  apparently play a 
similar ro l e  i n  the  process of feeding on the sweet nectar.  

In  the inhabited areas insects  were uncommon during the day ex- 
cept where marine specimens were drying or  f i s h  were being handled. Around 
such material  dipterans (common f l i e s )  were abundant. In  the plantat ions  
they a re  sometimes a troublesome pest, especially on the l e e  sides of the  
i s l e t s .  I n  the  evening lepidopterans (small moths) and coleopterans were 
re la t ive ly  common around the l igh ts .  Ectoparasites were found on birds  and 
r a t s  as  well as on the  natives.  

D, Reptiles   kinks and ~ e c k o s )  

Skinirs and geckos a r e  the only r ep t i l i an  forms on the a t o l l .  O f  
these the skinks a r e  more abundant aad occur on a l l  i s l e t s .  They a r e  seen 
almost everywhere rapidly scampering over the f a l l e n  leaf  debris i n  t he  



plantations.  Their abwdan,ce is probably corre!.a.ted with the,l.aclr of pred.a- 
to rs .  Al-though they a r e  primarily insectivorous i n  habit ,  'earthworms and 
smaller geckos occasionally beconie 'heir Freg. Geckos, although found on 
the small.er i s l e t s ,  a r e  most numerous on t h e . l a r g e r  ones. The la rger  species 
i s  usually found on the coconut trunks o r  i n  the  a x i l s  of the.,,fr.~ilds. The 
small form, al-though found i n  the  plaatat ions ,  i s  most cornonly seen i n  the  
native houses. . . 

E. Birds 

The avifauna comprises permaneut'resPdents, migrants, a rdoccas iona l  
v i s i to rs .  O f  the former, the Micronesian s t a r l i n g  ( ~ p l o n i s  -- -- apacus), reef 
heron tern , ( ~ e m i g ~ e t t a  sacra sacra) ,  - noday te rn  (flnous s tol idus  p i lea tus ) ,  white 

--- , - - -- -- .- 
,Gygis alba candidaT? and white-capped t e rn  (Anous minutus: marcusi) -- - --- -- -_- _I 

nest  i n  the plantatioiis. According t o  the natives the f r i g a t e  birdl jFregata  --- ' .  

sp. ) does not nest  but  merely roosts on Tirakaume i s l e t .  A domestic var ie ty  
of the introclucedfovrl (((;allus --. -- gal lus )  occasionally escapes froni cap t iv i ty  
and also seeks refuge i n  the surrounding plantations.  The New Zealand: 
cuckoo ( ~ r o d ~ n a m i s  -.-- ta i tensis) . ,  .- a migrant, was observed seve ra l t imes  gl iding 
secret ively through the breadfi-uit-coconut canopy. g o n g  the shore, migrants 
such as the whimbfel. ( ~ m e n i u s  .---- phaeopus j, plover (F&vialis dominica fulva),  -- -- 
and turnstone ( ~ r e n a r i a  - -.- interpres in te rpres )  a r e  ~ = f e e d i n g  on the 
marine l i f e .  The black-naped t e r n m e r n a  sumatraria - sunatrana) i s  re la -  
t i ve ly  comon and, according t o  the  natives,  nests  on the elevated reef rock. 
Two v is i to rs ,  the b r o w  booby ( ~ u l a  leucogaster plotus)  and c re s t ea  tern --- -.-- 
(Thalasseus --.- be rg i i  pele&$noides)re seen oqly once during the two months. 

Those birds found nesting i n  coconut or  pandanus include s ta r l ings ,  
reef herons,' noddy and white terns ,  In  c o n t r a s t , ~ h ~ ~ t e - c a p p e d  .$ems 
nest  exclusively i n  the  la rge  b r e a u r u i t  t rees .  O f  these birds only .the 
s ta r l ings  feed on land. Their main sources o f  food 'comprise the f r u i t  of 
Premna, Morinda, and b read fmi t ,  A preference f o r  the  l a t t e r  has made it 
necessary t o  pick zhe f r u i t  while s t i l l  immature. I n .  contrast ,  the  main 
d i e t  of the noddy, white-capped, and white. -kerns is f i sh .  Large f locks  a r e  
often seen feeding i n  the lagoon, especially ar.ound the cora l  mesas. The, 
so l i t a ry  reef  hero11 wades t h e  outer and i n t e r - i s l e t  reef areas a t  low t i d e  . ' 

feeding on the various marine forins. 

The gregarious nesting hab i t  of the  white-capped te rnmayhave  con- 
siderable influence on the breadfrui t .  The natives report  t h a t  'these birds 
have actual ly  k i l l ed  t h e i r  t rees  i n  the  past. '  I n  one90  f e e t  i n  height.and 
2 f e e t  i n  dime-ber eighty nests were estimate&,'aYl of which were concen- 
t r a t ed  i n  the  ugper 30 f e e t  of t'ne crown. On one branch 6 inches i n  
diameter and 1 5  f ee t  i n  length,  twelve nests  i-2 fee,$ 'apart  were recorded. 
Where the nests  a r e  t h i s  abundant a t  leasb 75% of the.  branches a r e  white 
with f eca l  matter, Below these nests  no branches occur. Previously ex- 
i s t i n g  branches were probably severely injured or  k i l l e d  a s  a r e s u l t  of the  
birds ,  thus necessi ta t ing removal. . . 

The ro l e  played by these birds  presents a r e d  dilemma. Do they 
prefer  those branches p a r t i a l l y  defoliated,  possibly by s a l t  spray or  ground 



water s a l in i ty ,  or  has t h i s  condition resul ted so le ly  from the  a c t i v i t i e s  of 
the  birds? Although these terns  a r e  occasionally found nesting i n  the  outer 
branches of denser more vigorous breadfruit ,  the  concentrated populations 
a r e  most conspicuous on par t ly  defol ia ted limbs. Since t h e  branches where 
the nests  a r e  most numerous a r e  s imilar  i n  appearance t o  those resu l t ing  
from.saline e f fec t s  t h i s  may be the  i n i t i a l  factor ,  followed by the avian 
influence. If the b i rds  prefer  t h i s  type of nesting s i t e  t h e i r  continuous 
f eca l  accumulations on the branches may fur ther  accentuate the e f fec t .  On 
the  ground under the t r ee s  a rank odor prevai ls .  Here the f eca l  whitened 
leaves of Asplenium, Nephrolepis and Guettarda a r e  turning brown and dying. 
The high concentratioki of f eca l  matter which accumulate i n  the  s o i l  may 
a l so  have a detrimental e f f e c t  upon the breadfrui t .  

Although the natives report  t h a t  these birds  have k i l l e d  t h e i r  
t r e e s  i n  the pas t  they were unable t o  indicate any t r ee s  recent ly  k i l l ed  
i n  t h i s  manner. Today they constantly destroy the nests.  Possibly t h i s  
judicious care of t h e i r  t r ee s  accounts f o r  the lack of any recent ly  k i l l ed .  

On Tirakaunie huge flocks of f r i g a t e  birds  roost  i n  the coconut 
palms. From the f eca l  deposits there  resu l t s  an extremely unpleasant odor. 
A t  present no adverse e f f ec t s  a r e  evident on the vegetation. Hovever, the 
small s i z e  of the  i s l e t ,  the  sparse f l o r a  and recent c lear ing make in te r -  
p re ta t ion  d i f f i c u l t .  

The highly phosphatic s o i l s  i n  the i n t e r io r  of Pumatahati a r e  of 

,/ ,,''especial in te res t .  This area  was formerly covered with l a rge  Pisonia t r e e s  
/ where large flocks of boobies and f r iga t e  birds nested. Around 1920 the 

Pisonia w a s  cut  and the  area planted t o  coconut. Today, under th'e coconut, 
the  s o i l  is qui te  dif ferent  from t h a t  on the other i s l e t s .  An acidic  dark 
brown humus layer pH 4.5 gives way t o  a brownish cemented layer  containing 
100% apa t i t e .  A t  18 inches i n  depth t h i s  layer  is l e s s  consolidated and 
crumbles easi ly .  The formation of t h i s  d i s t i nc t ive  s o i l  type is presumably 
correla ted with feca l  deposits resu l t ing  from birds nesting i n  Pisonia 

, t r e e s  ( ~ o s b e r g  1954). The theory . .. , of , origin of t h i s  s o i l  p r o f i l e  is t h a t  
/ t h e  humus Trom Pisonia leaf  l i t t e r  i S  normally acid and the calcium phos- 
! 

-,- phate deposited on t h i s  l i t t e r  by the nesting or  roosting birds  i s  carr ied 
down i n t o  the humus by ra in  water. The calcium phosphate dissoLves be- 
cause of the  acid reaction of the  organic matter. When the  solution 
reaches calcium carbonate beneath the humus, it becomes a lka l ine  and phos- 
phate prec ip i ta tes  out cementing the  sands and gravel p a r t i c l e s  together 
in to  hardpan. With fur ther  bathing by t h i s  solu$ion the calcium carbonate 
may become p a r t i a l l y  or wholly replaced by calcium phosphate. 

With the exception of the  l i gh t e r  brown consolidated layer,  the 
upper horizons a r e  s imilar  t o  those described by Fosberg (1954) as  the Jemo 
s o i l  s e r i e s .  Since the cementation and replacement processes probably 
ceased following the cut t ing of Pisonia, t h i s  l i gh t e r  color is probably 
due t o  weathering. Although the cemented layer was not excavated t o  a 
su f f i c i en t  depth t o  determine whether'unconsolidated material  was present, 
a t  18" i n  depth pockets of very crumbly material  were encountered. It would 



appear t h a t  the process described w a s  at leas t 'opera t ive  i n  p a r t  i n  the for- 
tilation of t h i s  phosphatic cokpiex. . The coconut t rees  within t h i s  area ex- 
h i b i t  extremely weird groyth forms. 

. . 

The presence of a la rger  b i ~ d  in t h e p a s t  has already been 
indicated i n  the case of Pwmtahati i s i e t .  Prior t o  habita-tion birds  were 
probably much more abundant. The presence of high concentrations of phos- 
phorite i n  the in t e r io r  of some i s l e t s  216 on the reef rock remnants is 
h i s h l ~  suggestive. I t s  presence i n  the reef rock sugeests t h a t  these deposits 
probably occurred when these areas .were:ve3etated. . Since t h a t  time erosion 
has removed the ve&tation and l e f t  only the projecting phosphatic remnants. . . . . 

F. Mammals -- 
The mammals represerked iiiclu.de the ~ o l ~ a e s i a n  rat ( ~ a t - t v s  exul.ans), 

ca t s  and pigs.  As reported by Miller (1953) r a t s  a re  uncoumon on tine dense- 
l y  populated i s l e t s  of Touhou and Werua where the cats  a r e  supposedly keep- 
ing them under control..  I n  conicrast, they are  local ly  abundant i n  the l i v -  
ing areas on some of the o u ~ l ~ i n g  i s l e t s .  On Hare i s le - t  several  were trapped 
during the day i n  a boat house. Hhwever, none was seen i n  the plantations 
and no damaged coconuts were observed. The pigs a re  small and inbred but a re  
regarded a s  a luxury because coconut i s  t h e i r  chief food. Since they a re  not 
permitted toroam i n  the plsntat ions they a re  e i ther  t i ed  t o  a t r e e  or kept 
i n  pens made of coconut logs. Where, they a re  t i ed  i n  the plantations the 
area is completely uprooted and xihenever they escape from capt ivi ty  young 
breadfrui t  or other plantings may be destroyed. 

. . 

V I I  Human influences 

I n  interpreting the' land ecoio&y".hb& influenies a re  by f a r  the most 
important. Man's influence i s  most' eyidgn-t i n  t h e o r i g i n  of the present 
f l o ra  a s  well  as i n  h is  manipulation &d u t i l i za t ion  of the vegetation 
(Table I). . . I  , .  

. ~. 

O f  the t o t a l  f l o r a  over .one-half of the  species have been introduced by 
man. Several of the e a r l i e r  ?&.roductions such as  coconut, breadfruit ,  E- 
danus and puraka now conprise the 'domiaant~egkta t iona l  aspect. Of lesser  - 
abundance, but more importance i n  $ m b e r s o f  species, a re  the inore recent 
introductions. These consis t  p r ina r i ly  of ornamentals which a r e  constantly 
being brought i n  from surrounding islands such as  Ponape and Nulruoro. On 
Kapingwarangi,..as well a s o t h e r  islands i n  the Pacific,, man has played a 
very impor%ant ro le  i n  the dispersion of plants as has been recen-tly em- 
phasized by M e r r i l l  (1954). . . . 

I n  contrast  t o  the dominants, most of the species which comprise the 
understory are  rarely propagated by man. Though unimportant i n  furnishing 
food, they provide a valuable source of wood f o r  construction and other 
purposes. . Therefore, throughout the plantations continuous clear ing by 
cut t ing i s '  quite selective; the la rger  better.  t rees  being spared. Another 
c lear ing technique involves burning t h e  bases of large t r ees .  Gnarled 



Guettarda of l i t t l e  value a r e  sometimes removed i n  t h i s  manner, as  well a s  --- 
l a rger  Premna -.-I when competing with plantat ion species. I n  contras t ,  t h e  
dense herbaceous cover, primarily Wedelis, and ferns,  is en t i r e ly  cleared by ----- 
c u t t i ~ g  or  ac tua l  removal by pulliilg. However, roots and rhizonies, rihich 
again produce a lush growth, frequently remain. This genera,l clearing of 
the wdergrovth may be annual. or  more of-ten, depending upon i s l e t  s i z e  and 
seasonal conditions. A s  previously mentioned, the  sharp l i nes  of dernarca- 
t ion  which a r e  evident throughout t h e  understory are  a r e s u l t  of dif i 'erent ia l  
clearing by the various land owners. 

I n  addition t o  obtaining food and she l t e r  from the land khe natives a l so  
export some copra. This business reached i t s   pea^ during the Japanese period 
when mpor ts  reached 300 tons per year. A-t t h a t  time Pandanus were frequent- --- 
l y  cut  i n  order t o  allow more space for  coconut. With American occupation 
exports have decreased considerably, t:ox,r ranging from only three t o  t h i r t y  
tons every two months. During &ly and August 1954 f i f t een  tons were ex- 
ported, This decrease i n  copra production mi3y be correlated witin several  
factors .  F i r s t ,  t he  population has been constantly increasing and second, 
there i s  an abundance of ol6er l e s s  prccluc-tive t rees .  I n  addition, the  re- 
cent demand f o r  t h e i r  superb handicrafts now affords a new and equally good 
source of income. For example, the current  demand for  Pandanus mats has 
i n i t i a t e d  extensive planting of Pandanus i n  l i e u  of coconut i n  cer ta in  in- 
stances. The most recent demand has been a contract  f o r  100,000 square f ee t  
of mats. Therefore, the  young Pandanus a r e  being stripped of t h e i r  leaves 
as  rapidly as  they mature. This emphasis on handicrafts i s  a l so  re f lec ted  
i n  the demand f o r  Calophyllum whose wood is highly prized f o r  coconut graters ,  
some of which a re  so ld .  'TheTe t rees  a r e  disappearing from the lagoon shore 
. fas te r  than they a r e  beini;: replaced. In  general, however, the natives a r e  
extremely cognizant of the i r  dependence upon t h e i r  envircnment as i s  evi- 
denced by the excellent care given Kneir plantations.  Further evidence is 
seen i n  t h e i r  reluctance t o  s e l l  a canoe, which means the l o s s  of another 
large productive breadfrui t ,  which must be used t o  bu i ld  a new hul l .  

On an a t o l l  comprising 0.42 square mile of land there  i s  a very def in i te  
l i m i t  t o  the  number of people such a microcosm can adequately support. Any 
c r i s i s  can prec ip i ta te  a catastrophe. For example, the prolonged drought 
of 1916-18 brought death t o  ninety Kapingans. Of course, it was accentuated. 
by the r e s t r i c t i o n  placed upon the taking of coconuts and f i s h .  Following 
t h i s  incident a Kapinga vi l lage was established on Ponape t o  re l ieve  the  
s i tua t ion .  However, since 1920 the population of 300 on Kapingamarangi has 
been s tead i ly  increasing and reached a peak of 527 i n  1947 a t  which time more 
people moved t o  Ponape. It is estimated t h a t  450 i s  the l i m i t  which Ka- 
pingaaarangi can scpport. With the presellt demands of t he  426 natives now 
l iv ing  on the a t o l l  t h i s  f igure approximates the l i m i t :  0 ~ 6 4  acre per person. 

V I I I  C1-imatic influences 

Akthvugh numerous climatic fac tors  modify tlle biota,  several  a r e  of 
especial  importance. Probably the most continuously operative i s  -that of 
prevail ing winds laden with s a l t  spray. Throughout t he  ssummer  hen the 



Species Wood Leaves Fruit Root Flowers 

**Cocas nucifera *construction mats, baskets l.green:%ater, baby food sweet 
*roofing, brooms, 2,mature:*food, copra, oil drink 
food wrapping, torches, 3,sprouted:food, husk: 
"fishing rope" +ope, fuel, "toilet 

tissue" 
- - 

*Artocarpus altilis *canoe construction, food mapping, *f ood 
canoe bailer, Kamit ground oven 
boxes, crafts: model 
canoes, bovls 

*Pandanus tectorius W t s ,  baskets, *food string from 
+oofing prop roots 

Wyrtospem chamissonis *food 

{ 
Guettarda speciosa *construction, 

implements shark hook lei 

Morinda citrifolia *construction 
P 
p Premna obtusifolia *construction, 

I *canoe paddle 

'mcCalophyllum inophyllum construction, lei 
implements, *crafts 

Messerschmidia argentea implements, crafts 

Cordia subcordata construction, 
implements 

*Hibiscus tiliaceus implements, *canoe 
pole, bark: lava-lava 

Clerodendrum inerme fish trap 

Tacca leontopetaloides food-source 
of starch 

*Muss spp. ground oven food 

* major uses. TABLE I - Utilization of species. 
* species present primarily as 

a result of planting. 



r a i n f a l l  i s  f r e i y e n t l y  & ' a  .migj.mm.q t h i s  s a l t  spray, combined wj . ththe dry- 
ing e f f ec t  of the wi.cd., has .p~mou?ce& effec-ts upon the vegetation. Although 
the a t o l l  is outside the typhoon.belt, mwther but more e r r a t i c  influeace i s  
t h a t  of the severe storms which can modify the veg?tational pa t te rn  for  niany 
years thereaf ter .  

. . 

While the dominant vegetatjoa is to le ran t  of s a l i n e  influences, i t s  de- 
gree of tolerance var ies ,  For example, among the marginal. species the 
fol iage of Guet;a,r&a i s  more eas i ly  damaged than tba'; of Scaevola, Oceanward ---- - 
the  3.eaves of the fcrmer show a geiieral- broming o f .  the margins vhi le  1agoo11- 
ward t h i s  i s  not a t  al.1 evident. In  contrast, Scaevola is unaffected. except 

--, .- 
fo r  occasional shrubs with dwarfed rose t tes  of leaves, Along the marginal 
areas as  well as  i n  the i n t e r i o r  of some of the  s a a l l e r  i s l e t s  the lower co- 
conut fronds a r e  often brownish and dying. Ho~wever, the  success  of these 
three species along tine margha l  areas would suggest tha% these e f fec t s  a r e  
r e l a t i ve ly  susz r f i c i a l ,  I n  contrast ,  other marginal spec%es o f  l e s se r  i m -  
portance such as  ....... Cordia -.- and Termhnalia samoensis a r e  more adversely affected,  ~- 
which c'ay a.ccourt ?or t ie : i r  m i m r  role .  A l l  Terminalia observed were ex- -. - - 
tremely di:pxilpc-?ate w:i.-i;;l cniy a few leaves a t  the  ends of t h e  branches which 
exhYk!--ied c c ~ y  sl3w N;'w:;~. Ar~cther species, Cqra-a, shows .considerable 
wina she:xr.e;i, or as i s  prcjably more correct ,  spray &eared S f e c t s  (Fosberg 
1953). &re % m y  of the stenis were k i l l ed  back 6-12 inches or  more by the 
end o r  the survey. This condi?ion may b e  the r e s u l t  of 8. combination of 
s a l t  sgraj- md *ought since the r a i n f a l l  during +.he survey was extremely 
low. 

Whenever typ ica l  in te r ior  species such as  Premna and lvlorinda occur i n  -- 
the  marginal zone, :probably a s  a r e s u l t  of erosion inland, dead or  dying 
branches a r e  evl;.dent and leaves sho~r marked s a l t  sp:ray danage. A similar 
condition is present where the rra-i-giml vegetat ion ' i s  absent and the f u l l  
force of the s a l t  iade.n.'&inds a i rec t ly . . s t r ikes  the unprotected undergrowth 
111 the in te r ior .  Where t h e  ~readfrui t .cmopy.projec ts  above the surrounding 
coconut, dead or  defo l ia ted  branches are' evident. - According t o  the  natives 
the  upper branches frequently.lose.their'leav& following a severe storm. 
However, new ones usual ly  agp.ear Meri .:.Ground water s a l i n i t y  (see  section 
on Ground Water In fhences j  is st~parencly another interac.ting fac tor  wh5ch 
i s  fundamental i n  aelimiting the breadfruit:. d i s t r ibu t ion  .(F'osberg 19k9) ., ., 
Another species very sens i t ive  t o  s a l t  spray.  is --.- Calophyllum which is planted 
exclusively along the lagoon shore. ..The lone specimen observed oceanward 
showed both s a l t  spray damage and serious i n s e c t i n f e s t a t i o n .  

I n  order t o  give some idea of t h e , r e l a t i v e  tolerance of t he  more common 
species a l i s t  follows beginning with the most s a l t  to le ran t  group. ' .  . '  . , 

. . . .  Cocos nucifera . . .  

Pandanus tector ius  
Messerschmidia argentea . - 

. . . .  . . . . .  Saaevola ser icea . . 
. . 

. . . . .  Guettarda speciosa ~. : 

Cordia subcordata' ! .... 

Clerodendrum inerme : 

Terminalia samoensis 
Premna obtusifol ia  
Morinda c i t r i f o l i a  

Calophyllum inophyllum 
Artocarpus a l t i l i s  



As previously mentioned, periodic droughts occur. Although the effects  
of the 1916-18 drought a r e  not completely lcnocm, a t  l e a s t  coconut and bread- 
f r u i t  production was great ly  reduced a t  t h a t  time. Shorter periods, such 
a s  a s m e r  of low precipitation,  can a l s o  r e s u l t  i n  decreased production. 
Even i n  the puraka p i t s  where the ground water lens is usually a t  the sur- 
face the replacement of t a r o  by puralra is a t t r ibu ted  t o  the  greater  drought 
res is tance of the l a t t e r .  These dynamics may a l so  be operative i n  other 
areas .  

Although the  lack of typhoons lends a remarkable s t a b i l i t y  and uniform- 
i t y  t o  the  plantations compared t o  t h a t  of other a+.tolls, periodic storms o r  
t i d a l  waves r e s u l t  i n  sporadic damage as revealed by the data avai lable  back 
t o  1858. These e a r l i e r  storms (1858, 1886, 1896) a l l  resu l ted  i n  numerous 
windthrows and damaged o r  dead t r ee s .  Around 1920 a thunderstorm resu l ted  
i n  the  l o s s  of considerable coconut. A 1937 storm was folloured by one i n  1947 
which was probably the most severe during t h i s  generation. A t  t h a t  time s a l t  
water inundated the i n t e r io r  on t'ne lagoon sides of Touhou, Werua, Ringutoru 
and possibly others.  On Ringutoru s i x  puraica p i t s  were destroyed by the  
s a l t  water. An estimated sixty-seven breadfrui t  and ten coconut were k i i l ed  
or windthrown sad many others suffered damage but remained a l ive .  Today 
some of these large breadfruit ,  probably k i l l ed  or weakened by t h i s  storm, 
s t i l l  stand within the breadfruit-coconut zone. Many of the  breaaf ru i t  
k i l l e d  were removed and u t i l i z e d  f o r  canoes or general construction follow- 
ing the storm. 

I X  Physiographic influences 

Erosion and deposition are  constantly modifying the i s l e t s  and subse- 
queatly the  vegetation. Erosion on the oceanside i s  undermining and remov- 
ing marginal species such a s  coconut, Guettarda, and Scaevola. During bad 
storms the  smaller i s l e t s  a r e  severely eroded. For example, during the 
storm of 1858 Macukerekere, then about 0.7 acre i n  size,  was completeljr de- 
stroyed. However, rebuilding occurred u n t i l  by 1947 it supported ten  coco- 
nut, when another storm destroyed nine of them as well a s  most of t he  i s l e t .  
Immediately upon our a r r i v a l  the meager vegetation of t h i s  25 by 100 foo t  
i s l e t ,  comprising one mature coconut and f i v e  immature chlorot ic  palms and 
numerous d r i f t  seedlings, was accurately mapped. A remapping a f t e r  seven 
weeks indicated t h a t  25% of the land surface had been washed away including 
one of the  smaller coconuts and numerous d r i f t  seedlings. No storms of any 
consequence occurred during t h i s  period indicat ing the ease with which these 
smaller i s l e t s  undergo retrogression. Gn the sand bars continuously forming 
lagoonward, new areas are  constantly being exposed f o r  the invasion of pio- 
neers such as  Scaevola and associated species (see section Marginal Vegeta- 
t i on ) .  Recently t h i s  process has been accelerated on sorne i s l e t s  by the 
construction of coral  boulder causeways across the channels. 

Although no one species appears t o  be r e s t r i c t ed  t o  a par t icu la r  s i - te ,  
ce r ta in  species a r e  more abundant and charac te r i s t ica l ly  found i n  cer ta in  
areas. For example, on the boulder beach r idge Guettarda i s  most typical .  
Since seedlings frequently occur i t s  success here is apparently correla ted 
with i ts  a b i l i t y  t o  ge t  established i n  t h i s  boulder complex. Although 



herbaceous cover i s  usually sparse o r  sbsent, Asplerium -- readi ly  becomes es- 
tablished vherever coconut husks o x u r  on the large boulciers. I n  %he in'cerior 
i ts  r e s t r i c t e d  occurrelice on old coccm~.t s-t-mps, bases of t r e e s  m d  other 
organic matter woulli iiidicate the  importance of an organic subs-trate fo r  
its establishment. On the unaltered sa.ndy so i l s ,  such as  the recent ly  fomed 
sand bars, Scaevola -- -- and MessersckiiCia a r e  typical  pioneers, Herbaceous spe- -- -. - - .- 
ties commonly foiuid i n  sandy areas inclucie Lepturus repens Firnbristy1.i~ -.--. --".J ,,..- - 
spathacea, Ipomoea pes caprae and Triumfetta procumbens. -.- - -. -- -.-- --.-- -.--- 

Although mineral anaLyses of t he  s o i l s  a r e  not yet  available,  no s t r i k -  
ing ;ieficiencies were evident such a s  those reportedfrorn Arno Atol l  i n  the  
Marshall Islands. ( ~ a t h e w a ~  1953). However, on the recent3.y deposited sands, 
with l i t t l e  or  no organic matter, t he  smaller coconut a r e  very chlorot ic .  
Along the rnargir~al areas Scaevola leaves a r e  often yellowish-green o r  covered -.-- 
wi-th yellorr spots. In  the  l ivii ig areas the leaves of banana a r e  a l so  chlo- 
r o t i c .  I n  these instarices the  casual facfor is probably a nitrogen defi- 
ciency. The lack of organic matter a l so  re ta rds  the growth of coconut. This 
i s  especially evident on $he recent ly  f i l i e d  Herelgaua causeway on Hare 
i s l e t .  Here coconut planted c i r ca  1943, p r io r  t o  the  ones i n  the adjacent 
bombed areas,  a r e  smaller and merely a t ta in ing  the productive s+;age. I n  
contrast ,  those planted since the war on Hare, c i rca  1946, a r e  t a l l e r  and 
producing f r u i t .  A similar s i t ua t ion  is evident  on the recently deposited 
sands f ormine; Pepeio. 

Mature chlorot ic  coconut t r ee s  o f  low productivity a r e  rare .  On Toronga- 
hai  these occw on a narrow elevated bankdividing two puraka p i t s .  Here re-  
st i- ict ion of root  developmenti rather.  thW aminera.1 defzciency, may be the 
causal fac tor .  

I( Ground water inr'luences ----- 

The ro l e  of ground water s a l i n i t y  i n  the r e s t r i c t i on  of b readf ru i t  t o  
the i n t e r io r  regions has been suggested by. several  investigators (Fosberg 
1.949; Cox 1951). From present s tudies  it is apparently controlled by a 
complex of factors;  namely, previously mentioned storms, s a l t  spray, ground 
water s a l i n i t y  a s  re la ted  t o  s o i l  permeability, and minor topographic dif-  
ferences i n  elevation,  

During storms, s a l t  water frequently inundates the i s l e t s  resu l t ing  i n  
breadfrui t  damage. Many t rees  which were k i l l e d  as  a r e s u l t  of the  1947 
storm a r e  s t i l l  standing. 

As previously mentioned, t h e  upper exposed branches of many t r ee s  a r e  
k i l l ed  back or defoliated bj s a l t  spray. However, the e f f e c t s  of ground 
water s a l i n i t y  appear quite s i m i l a r , ,  An incident which occurred during the 
summer i s  indicat ive of t h i s .  During a high t i d e  accompanied by strong 
winds 8.nd accentuated by a causeway obstructing the.natura1 flow of water 
between i s l e t s ,  s a l t  water rose t o  within 50 f e e t  of a sma l lb read f ru i t  5 
inches i n  diameter. The leaves turned brown and a month l a t e r  four branches 
were dead and some brown leaves s t i l l  pers is ted.  



Ground water samples were analyzed from dug wells and puralra p i t s  where 
breadfrui t  occurred i n  order t o  determine if possible, i t s  dis , t r ibut ional  
pat tern i n  re la t ion  t o  s a l i n i t y   able I I ~ .  Within the breadfr1.li.l;-coconut 
plantations, the  &'cremes ranged from 18 ppn on the lagoonr,raird sitie of 
Torongahai t o  3,040 ppm,ncar the  ocean WLI Kuriairita. Although the t r ee s  a r e  
i n  good condiiion on both i s l e t s ,  t h e i r  r e l a t i ve  s i z e  and abundance d i f f e r  
considerably, On Tororigahai they a r e  larger ,  3-4 f e e t  i n  diameter, and more 
continuous i n  cont?:ast t o  Nunakita where ihey a re  only 1-1-& f e e t  i n  diameter 
and very localized.  The l a t t e r ,  near a bomb cra te r ,  a r e  agparently 2ost- 
war plantings. In  the  pure breadfrui t  grove on Werua, vhere some of the  
l a rges t  t r ee s  occur, t he  s a l i n i t y  ranged from 28-46 ppm. In  general, the  
la rger  and more productive t-ees a r e  found from the center of l a rger  i s l e t s  
lagoonvard where the s a l i n i t y  is l e s s  than 350 ppm. This compares favorably 
with the 300-400 ppm, mentioned by Cox (1951). 

The interrela t ionship of the  so i l s ,  bedrock, and salini . ty,  as  affect ing 
breadfrui t  d is t r ibut ion,  i s  a l so  of in te res t .  Oceanward, the  bedrock and 
coarse overlying materials more readily permit the  movement of sa,lt water 
i n  contrast  t o  the  f i ne  sandy sediuien-ts lagoonr.~ard. Therefore, the bread- 
f r u i t  extend closer t o  the lagoon shore where the water i s  l e s s  sal ine than 
oceallr~ard where s a l i n i t i e s  r i s e  rapidly as  one approaches the beach ridge, 
On Torongahai, where the lowest s a l i n i t y  was recorded, the  parent material  i s  
dcminaatly sand and scat tered rubble, and bedrock outcrops are  absent com- 
pareti t o  t he  other la rger  i s l e t s .  The influence of t h i s  sandy substra te  i s  
a l so  evident on one of t he  smaller i s l e t s ,  Parakahi ( 3  acres )  where, aLthough 
no breadfruit  are found, the  s a l i n i t y  is lower compared t o  other la rger  is- 
l e t s  with breadfrui t  which a re  covered by rubble and underlain i n  p a r t  by 
bedrock. 

On several  i s l e t s  marked fluctuations i n  the  s a l i n i t y  occurred between 
the two sampling periods. The sa1.ini-i;~ increased i n  a l l  s i x  wells on Taringa 
and' Werua as  well as  the  community veil on Touhou  able 11). These in- 
creases might well be correla ted w i t h  the lopr prec ip i ta t ion  (4 inches) during 
seven weeks .of the survey. Although breadf ru i t  i s  not  usually considered a 
phreatophyte ( a  p lan t  which u t i l i z e s  water from below the water -table) during 
such dry periods the vadose water ( t h a t  vater  held i n  the  s o i l  above the 
water t ab le )  my be badequate and through capi l la ry  r i s e  the underlying s a l t  
water may exercise adverse e f fec t s  (Cox 1951)- if t h i s  was the case, it wa.s 
not ye-t evident at  the end of the survey. However, some wil t ing of the 
other vegetation occurred, especially i n  the  exposed s i t e s ,  

On one of the  smaller i s l e t s ,  Hulruhenua, 5 acres i n  s ize ,  the s a l i n i t y  
f luctuat ion was very e r r a t i c .  Here, i n  contras t  t o  the increases previously 
recorded, a marked decrease occurred between the sampling periods, The 
first sample was qui.te s a l t y  (1,740 ppm.) while the second 57as r e l a t i ve ly  
f resh  (480 ppm.). The few breadf ru i t  were i n  poor condition and one dead 
t r e e  was evident. I n  t h i s .  case the small s i z e  of the  i s l e t ,  the e r r a t i c  sa- 
l i n i t y  fluctuation,  and the condition of the breadfrui t  s u g g e s t a  r e l a t i ve ly  
shalluw f resh  water lens .  Therefore, changes i n  the  s a l i n i t y  vould be ea s i ly  
affected.  For example, l i g h t  rains,  or  even very high t i d e s  could cause 
considerable fluctuations and storms would r e s u l t  i n  even greater  changes. 



ISLET OCEANWARD PEDDLE OF ISLET LAGOONWARD REMARKS 
high (tide) low high (tide) low high (tide) low 

?%= 2600 2600 776 900 100 106 Dug wells; breadfruit-coconut type occurs from 
8/20 3800 1100 340 middle of islet lagoonward; breadfruit large 

and productive. w 2200 1000 28 28 30 28 Dug wells; one of the largest islets; bread- 
8/20 2860 46 54 fruit-coconut and pure breadfruit types domi- 

nate areas sampled; very productive. 
Parakahi 
7 3 0  380 380 Dug wells; small lagoonward islet; parent mat- 
8/20 380 erial dominantly sand; coconut plantation ex- 

cellent; no breadfruit. 
Hukuniu 
7/30 16,800 17,480 Dug well; oceanward islet; dominantly bedrock; 
8/20 16,840 16,440 sample taken lagoonward; no noticeable adverse 

effects on coconut, although extremely xeric 
- and lacking in herbaceous cover; no breadfruit. 

j (56) Puraka pit; breadfruit productive. 

@ 8/19 (31.0) 
Touhou 

T K  (202 Community well; upon arrival. Breadfruit very 
(214) Following rain. productive. 

8/8 (284) ---------- 
8/27 (286) Upon departure. 
Matiro 
8/ 18 (50) Puraka pit; breadfruit good condition. 
Torongahai 
8/14 18 Furaki pit; breadfruit large, very productive. 
Nunakita 

8 / 2 5  3,480 Bomb crater; breadfruit 10-12 in. d.b.h.; 
good condition; no fruit evident. 

Takairongo 
8/16 140 - Furaka pit; breadfruit vigorous. 
Hukuhenua 
8/17 1,740 Furaka pit; breadfruit very poor condition;many 
8/27 (480) dead or defoliated branches; one dead tree. 
TABLE I1 - Salinities (ppm.) of Ground Water Samples. Data ascertained by silver nitrate titration technique. On the 

wider islets oceanward samples were taken approximately 100 ft. from high tide mark; lagoonward samples 
50-100 ft. Tide level data not available for those salinities in parentheses. For comparison, salinity of 
ocean water 17,760 ppm. near breakers; lagoon water 19,600 ppm. 



Since only scat tered t rees  a r e  present on i s l e t s  l e s s  than f ive  acres,  t h i s  
appareiltly approaches the miniinurn s i z e  'rhere breadfrui t  cul ture  i s  feas ib le  
on t h i s  a-toll. O f  course, some va r i ab i l i t y  occurs depending upon geological 
s t ruc ture .  On Hukuhenua. the underlying nlaterials .are  primarily loose rub- 
b le  and boulders with s l i g h t  c e ~ i e n ~ a t i o n  a t  3-4 fee+, . i n  depth. I n  contrast ,  
on %he eve&naller saiidy i s l e t  of Pai.akahi, l e s s  sa l ine  conditions were en- 
counte3:ed. Therefore, b readf ru i t  wou:~d probably grow more successfu1l.y on 
Farakahi than 011 HiIk.ui~enua even though the i s l e t  i s  smalier. This emphasizes 
the importa,nce of the  substra te  as we1.1 as  i s l e t  s i z e  i n  regard t o  bread- 
f r u i t  d i s t r ibu t ion .  

Another possible factor  involved i n  breadfrui t  d i s t r ibu t ion  is the 
minor differences i n  topographjr. The s l i gh t ly  higher elevations oceanward 
where the wa-ter table  i s  5-jq fee.t below the surface, may account f o r  the  
younger brea.dfruit extending as  f a r  oceaiward as  they do. In  these areas,  
even during ciry periods, it i s  doubtful whether cap i l la ry  action would occur 
through the coarse materials t o  the point  of reaching tile' roots of these 
smaller t rees .  Other elevate2 areas include the puralta banks. observa- 
t ion  made on Hare concerli in~ the r o l e  of these banks i s  per t inent .  Here 
two t r e e s  of equal s i z e  which xcurred.  ;>ractically a t  equal dlstance from 
the lagoon, one on the bank and the other several  f ee t  Selow, were very d i f -  
fe ren t ly  affected by the 194: storm. The t r e e  on the bank several  f ee t  
above the average leve l  of the  i s l e t  shows no adverse e f f ec t s .  I n  contrast ,  
the adjacent t ree ,  located off the bank a t  a lower level ,  was k i l l ed .  On 
the somewhat ra i sed  isle,: of Touhov. -this may accowit for  the  presence of 
large produc-Live breadfrui t  t r ee s  which extend closer  t o  the beach there  
than on any of the  other i s l e t s .  The presence of these t r ee s  on the  banks 
throughout the e n t i r e  a t o l l  may i n  p a r t  account f o r  t h e i r  s u m i v a l  duri.ng 
severe s-korms and other c r i t i c a l  pericds. Observations over a longer period 
a re  needed before def in i te  conclusions can be drawn on the in te rac t ion  of 
these various influences as  re la ted  t o  breadfrui t  d is t r ibut ion.  

In  contras t  t o  breadfrui t  the dis-tr ibution of coconut i s  not noticeably 
influenced by sa l in i ty .  Although the t r ee s  e r e  la rges t  and most productive 
on the la rger  i s l e t s  vhere the s a l i n i t y  is low, vigorous and productive t rees  
completely cover the smaller i s l e t s ,  such as  Hukuniu, where the ground water 
s a l i n i t y  is comparable t o  t h a t  of t he  ocean. 

X I  Biotic influences --- 
Since the faunis t ic  aspects have been discussed under Associa-Led Fauna 

t h i s  sect ion w i l l  consider ?;he f l o r i s t i c  and vegetational aspects. 

Only one species, the paras i te  Cassytha f i l i formis ,  has any d i r ec t  ad- -- 
verse e f f ec t s  upon i t s  associates,  It is most commonly foundon Scaevola 
and Guettarda. Here it forms such d-ense tangles around the  stems and leaves 
t h a t  portions of the former a r e  frequently k i l l ed ,  

The influence of the marginal vegetation as  an interceptor of s a l t  
spray, and therefore a protector of the  i n t e r io r  areas, has been mentioned, 
The more mesophytic character of t he  vegetation on Ringwtoru and Torongahai 



may be correla ted with tine dense continuous band surrounding these i s l e t s  
i n  contrast  t o  the other la rger  ones lac!ring a comparable border. I n  addi- 
tion, t h i s  may have a l so  been accentuated by l e s s  clearing of the understory 
which, over a long period, would ad.& t o  t he  nresic co~liiition. A t  1ea.st today 
the understory i s  extremely dense cornpired t o  t h a t  on the other i s le - t s .  HOW- 
ever, an equally important fac tor  is t h e i r  more oval shape, along with t h e i r  
considerable width. 

Another protec-Live aspect of the vegetation is evident i n  a technique 
occasionally employed by the natives t o  protect  tineir young breadfrui'c. 
This involves leaving a small. c i rcu la r  stand of vegetation such as  Morinda 
around smaller t rees  i n  order t o  reduce the d i r ec t  effects  of s a l t  spray. 

I n  a region of extremely immature so i l s ,  gossibly t21e most important in- 
fluence of the vegetation i s  i n  so i l fo rma t ion  as  a r e s u l t  of organic accumu- 
latioii .  Although tine depth of organic development averages 6-8 inches i n  
the  rubble areas, it i s  usually much l e s s  i n  Lne sandy s o i l s  which a r e  of 
more recent o r i s in .  However, on two i s l e t s  extreme organic accumulations 
were encoun%eredr Tokongo, 2.8 inches and Rikumanu, 30 inches. I f  i t  can 
be assumed tha t  the d.egree of accumulation i s  proportional t o  the  lecgth of 
time the area has been vegetated without dishrbailce, i t w o u l d  appear t h a t  
these txo i s l e t s  have had the l e a s t  disturbance iil  the pest. Mhen the 
topographic features a r e  examined t h i s  seems l ike ly ,  especially for  Rik~u~anu. 
Here the i s l e t  i s  elevated on a bedrock pedestal  several  f e e t  higher above 
sea leve l  than any of the others. Tnerefore, it may not ha-ve been sub- 
jected t o  the constant erosional and depositional action operai;ive on the 
other i s l e t s  i n  t he  past .  Alt'nough no noticeable topographic difference 
was evident, on Tokongo the s l i g h t l y  greater accumulation of organic material  
may merely indicate  the  chance of someb7hat l e s s  disturbance than occurred 
on the surrounding i s l e t s ,  It is in te res t ing  t o  note t h a t  t h i s  i s l e t  has 
the l a rges t  number of species for  i t s  s i ze  and is dominated by a -- Pc.e~nna- 
Morinda wderstory' s imilar  t o  tha t  found on the la rger  more mesic i s l e t s .  
This may a l so  r e f l e c t  i t s  longer esistence.  

The r a t e  of organic accumulation bras a l so  investigated by studying the 
depth of the  organic lay+r  on the t1.70 Hare i s l e t  ceuseways. The older Rawa- 
Hare causeway, which f i l l e d  i n  about 1CO years ago is of especial  in-terest. 
I n  several  samples the  maximum accumulation of organic material  vas approxi- 
mately 1 inch since about 1865. This vould indicate  t ha t  i n  sandy s o i l  
under a coconut ty-;3e vegetation the r a t e  of organic accurrulation i s  about 
1 inch per century. 1 f . t h i s  f igure is now applied t o  Rikumanu is let  where 
30 inches was detected the length of time involved would be ab0u.t 3,000 
years. Tnis dates back t o  the end of the xerothermic period which occurred 
from 3,000-6,000 years ago  lint & Deevey 1951). During the peak of the  
xerotherinic it is presmed t h a t  the ocean l e v e l  was several  feei: higher than 
a t  present. Therefore, the  i s l e t s  may not have been for~ned u n t i l  the  end 
of the  xerothermic or  appcxirne.tely 3,COO years ago, binich correlates with 
the organic acc*xnulation evidence here presented. Further research i s  neces- 
sary before def in i te  coriclusions can be formulated since t h i s  represents one 
isolated example. 



PAST VEGETATION I?ND PRESENT TRE.FNDS 

Since the e n t i r e  land area is no:.? w d e r  exterlsive managemerit a recon- 
s t ruct ion of the  pas t  vegetation, 2rio.r -to the  a r r i v a l  of man, i s  extremely 
hypothetical. There i s  l i t t l e  evidence of a ~ o n t i ~ u o u s  aspect compai-able t o  
the present coconut and breadfrui t  except on Puroatahati. Here, as  formerly 
mentioned, a large Pisonia fores t  dominated u n t i l  around 1920 when it was 
cut  i n  order t o  expand the coconut plantat ions .  Today a l l  tha-t remains is 
the bsse of one of these large t rees  and the understory i s  domiinated by 
the i r  stung sprouts. The presence of a simil.ar wders tory  occurring 1ocall;y 
on other i s l e t s  wouid suggest tne former importance of Pisonia. From t h e i r  
present ro le  ---- Gue-ttarda and Trenna probably comprised the dominant aspect. ---- 
Even i n  the recent pas t  these species were more important arid occurred as 
la rger  t rees .  Other species such as  -_ Hernandia .- .. ---) sonora ---- Ochrosia ----- oppositifol.ia, 
Cerbera marighas, Thespesia -.- ~opulnea ,  and ---- Soulmea m a r a  possibly occixrred 
e i t he r  as  s ca t t e~ec i  t rees  or loca l ly  a s  pure stands. The herbaceous f l o r a  
was very limited. Those represented, such as  ferns and grasses, formed a 
dense ground cover. The ma-rginal vegetafion was probably s imilar  t o  that, 
found. today except f o r  i'cs greater  deixity.  Along the beaches a few pioneers 
may have been preseLt. However, the  rea-tricted d i s t r ibu t ion  of these species 
toCiay suggests t h a t  they a re  r e i a t i ve ly  recent t o  Kaplngamaral&i. 

Within the l a s t  century several  changes have occurred. &om the natives 
it was learned t h a t  breadfrui t  and Pandanus were more abundant i n  the  past .  ,. 

Althou-gh iiYt1.e evid.ence was found f o r  the forzer,  the  decrease i n  Pandanus 
probably resu l ted  from cut t ing during the Japanese regime i n  order t o  make 
room f o r  more coconut. However, with American occupation Pandanus is again 
on the increase because of the current demand for mats ax$ other handicraf-ts. 
Although man plays the dominant ro le  i n  regulating the abundance of coconut, 
breadfruit,  ard  puraka, Eandanus reproduction i n  the  plantations i s  of con- 
siderable importance. The natives claim t h a t  such t r ee s  produce only useful 
leaves and t h a t  the  f r u i t  i s  of i n fe r io r  qual i ty .  With man's continual 
clearing there  i s  l i t t l e  indication of successional change i n  the understory. 
Only on sandy lobes of the  la rger  i s l e t s ,  i s  a successional trend evident 
from the ear ly  pioneers - Scaevola_, --!- Messerschmidia:'and Guettarda - t o  a 
Prenma-Morinaa -- type. On the recently formed sana bars, Scaevola am3 -.-- Messer- 
schmidia a r e  the typ ica l  pioneers. Even i n  -this ear ly  stage, coconut a r e  
planted and as  the  plantations develop Guettarda a l so  becomes a p a r t  of the  
understory. Hovever, eventually a succession s imilar  t o  t ha t  descrmed 
above occurs. I n  *he over-al l  plantation ccmplex, areas of breadfruit-  
coconut type a re  expanding in to  the pure coconut plantations while the  l a t t e r  
i s  expanding onto the continuously forining sand bars.  A s l i g h t  increase i n  
puraka areas i s  evident within the breadfruit-coconut p1anta;tions. Although 
introduced species a r e  now very abundant, especial ly  i n  the l i v ing  areas, 
t he i r  ro le  may be of even greater  importance as  native t r ave l  is f a c i l i t a t e d .  



1. Kapiagaxarangl Atoll  cimprises thi r ty- three i s l e t s  representing 
0-42 square mile. Due t o  maits influence, the en t i r e  area i s  dominated by 
cocomzt, breaufruit ,  Pandanus and puraba (~:~rkosuerrna c h a ~ i s s o n i s ) ,  A l -  ..--- -,-- -..-...-- 
though coconut plantations doii:inate the  siml!,er i s l e t s ,  on tke la rger  ones 
a typical  zonation i s  evident. Eere ccconi;t plantations form an outer band 
tiad s ive  way i n  *,he in t e r io r  :to an ad.mixture of breadfrui t  ar-d cocoriu'c, or  
pure breadfruit , ,  in-terspersed with puraka p i t s .  

2. The stra5.d vegetation, of dominactly i:idigenous species,  i s  r e -  
s t r i c t e d  primarily t o  the undergro-i~th. 'and marghal  areas. On tine sroailer 
i s l e t s  the understory i s  predominantly Guettarda s p x i o s a ,  while on the iarg- - . - -- -- --. 
e r  ones Mnrinda c i t r i f o l i a  and Prerpna o b t u s i h l i a  a r e  most conspicuous i n  ---- --.--- ..-? - 
tine p?.ar:tations. On a l l  i s l e t s  Pariaanus i s  r e l a t i ve ly  common as  sca t te red  
t rees  or  a s  extensive p l a n t i n g ~  on the  puraka banks. Iierbacems cover in- 
creases on the la rger  i s l e t s .  Here ~ s p l e r i ~ u n  niaus Nephrolepis hirsutula,,  - -  -_-) --- 
and two g a s s e s ,  gt_enotaphrwn mi,,rcn_t& and Thuarea involu:ta a re%zs t  ---- - 
typical .  This e n t i r e  pat tern i s  coritinqously belng modified by man's c iear-  
ing operations. 

3. 'The marginal vegeta-tion comprises a conspicuous border of Suettarda -. 

and Scaevola. Although the former is ccrrnon throughout, Scaevoh i s  mos-z ..--- 
im2ortant i n  the l e s s  severely eroded sectors .  On the recent ly  f3rcied sa:d 
bars, Scaevola i s  the charac te r i s t ic  pioneer. 

4. The inhabited areas a r e  a l so  dominated by breadfrui t  and coconut. 
Yovever, the undergrowth is predominantly Paadanus with an abundance of re- 
cent introductions. 

5 .  Of the  vascular f lo ra ,  comprising ninety-eight species,  t h i r t y -  
e ight  a r e  estimated as  indigenous, f i f t y -e igh t  introauced, ana four as  d r i f t  
seeSilj.ngs not yet  established as  mature specimens." On the ninetee;: i s l e t s  
3.5 acres or  l e s s  i n  s ize ,  the  number of specie.9 found is relat:.vely uniforni 
i n  contras t  t o  the la rger  ones where a general increase i n  number of species 
occurs with i s l e t  s ize .  

6 .  iVan3s influence i s  most evident i n  the  or igin  of the  present f l o r a  
as  well as  i n  h i s  manipulation and u t i l i z a t i o n  of the  vegetation. Some 
copra is exported. I n  addition, the native handicrafts, among h e  f i n e s t  
i n  the Pacif ic ,  a r e  increasing i n  importance. 

7. Of the associated fauna, insects ,  land and hermit crabs, skinks, 
geckos, and birds  a r e  most common. Land crabs play a v i t a l  ro l e  i n  the  in- 
corporation of organic matter i n t o  the s o i l .  The more impor.tant law3 nest- 
ing birds  include s ta r l ings ,  noddy and white-capped terns.  Due t o  t k e i r  
gregarious nesting habit,  the l a t t e r  a r e  reported t o  have lr i l led breadfrui t  
i n  the past .  Although no such k i l l ed  t rees  a r e  evident today, the  natives '  
judicious removal of the nests nay account f o r  the lack of them, 

- 
*Since two species a r e  considered t o  have more than one means of entry,  the  
various categories, when totaled,  s l i g h t l y  exceed the ac tua l  f lo ra .  



8. Among the climatic influences, t h e  s a l t  laden d u d s ,  accentuated 
by extremely c lq j r  periods, niodify the vegetation coiisider8bl.y. Those species 
most tol.erant of s a l t  spray, include coconut, Sr_a~o;~:, ksserschmidia,  Pan- 
danus, and Guetta,rda. In  contrast ,  those n;ost sensiti';e a r e  breadfrui t  and - --. . - .- 
Calophyl.lum. ----.- Alihough severe storms occur the  lack of tjyhoons lends re- 
markable s t a b i l i t y  an6 uniformi-ty t o  the plantations.  

9.  No res- t r ic t ion of saecies t o  a oarticu1a.r s o i l  'cme was evident. 
A - . - 

However, Gue'ctarda i s  most abundant in  the  bouldery areas while Scaevola, 
Lcpiurus r - e g ,  Ipcmoea'pes caprae, and Triumfet:a proclmbens a r e  typ ica l  
on the san0.y s o i i s .  Although no. s t r i k ing  nrineral deficiencies a r e  evident, 
chlorotid cbconut and banan.; oc& where;er the s o i l s  are  lacking i n  organic 
development. Evidence of the Zemo s o i l  series.,  presumably correla ted wit,h 
birds n e s t i n g i n  ~ i s o n i a  t rees ,  i s  ' foi~nd on m a t a h a t i .  . . 

10. The complex of factors  apparently operative i n  breadf ru i t  d i s t r i -  
bution includes s a l t  spray, ground water s a l i n i ty ,  and minor differences i n  
topogra.pny. Breadfruit a t t a in s  i t s  maxim&' develobmenX lagoolmard on the 
la rger  i s l e t s  where. the salini-ty. is usually l e s s  than 35C npm. Oceanward. 
the s a l i&ty  is higher i n  the  bedroclc areas overlain. with coarse rubbxe and 
botilders. In  contrast ,  i t  is lowest i n  the  sandy-rubble s o i l s  lagoonward. 
This accounts i n  p a r t  f o r t h e  present.distribu.tj~o:ial pattern.  Although vari-  
a t ion occurs, depending upon t h e  substrate,  the minil l lurn s ize:  i s l e t  where 
breadfrui t  cul ture  i s  apparently feas ib le  i s  abort  5 acres. 

. .  . . . . .  . 

11. Although the znar&ihal vegetation is of ionslder&ble impoYtance ' in 
' '  

the  intercep-Lion of s a l t  spray, a more important influence of t h e  vegetation 
is i n s o i l  fornation. Extreme organic accumulations.on several  i s l e t s  may 
i n d i c a t e l e s s  disturbance' i n  the past .  When Yne r a t e  of accumulation,: ap- 
proximately 1 inch per century, is a ~ p l i e d  t o  these areas the  time invoived 
would be 3,OC0 years, The presumed. or igin  of the i s l e t s  a t  t h i s  time cor- 

. . .  . . r e l a t e s w i t h  the organic acdimilation. 
. , 

12. ' The vege ta t ibnh  ..is &strel&y h&bthetical, Although 
there  is l i t t l e  evidence of an aspect 'comparable t o  the coconut and bread- 
f r u i t  plantations,  %e&d5, and other la rger  ind i~enous  t rees ,  
such as  Pisonia, prcbably comprised the dominant vegetation. Although there  
were fewer herbaceous species those present possibly formed a more con-tin- 
uous cover. Marginal areas were probably s imilar  except f o r  an increase i n  
density. 

13. Today i n  the over-all  p lantat ion complex, areas of the brea.dfruit- 
coconut type a re  expanding in to  the pure coconut plantations wkile the 
l a t t e r  i s  &anding onto tine continuously forming sand bars. A s l i g h t  in- 
crease i n  puraka is evident within the breadfruit-coconut type. Although 
recent introductions a r e  especially common i n  the l iv ing  areas, they w i l l  
probably continue t o  increase as  nat ive t r a v e l  i s  fur ther  f ac i l i t a t ed .  
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F i g  28 Species l i s t  of t rees  and shrubs. Species arranged according 
t o  freyuelicy of occurrence on a2coLl. Is:.ets al-ranged accoyd- 
ing t o  s i z e  from s a a l l e s t  t o  la rges t .  Relative importance of 
each species indicated by l e t t e r :  A-abundant; F-frequent; 
0-occasional; R-rare. Frobable origin of each species a l so  
indicated by le- t ters :  I-inuigeinous; AI-aboriginal intmcluc- 
t ion; RI-recen-t in-trcduction; C-d r i f t  seedlings not ye t  estao- 
l ished as  nature specimens. Pandanus tector ius  has two ---- 
scmces of origin.  fiLli;;iough ??.P-turus arpe-lteus occurs as  a 

a_--- - 
t r e e  on other a t o l l s ,  here it contributed o n l ~  -to the shrub 
layer. Scae-vola frutescens should be ca l led  S ,  sericea.  The - 
former name r ea l ly  applies t o  Atlantic species. 
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Calophyllum inophyllum R  R  
Hibiscus t i l iaceus R  
Cordia subcordata R  
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Fig 29 Species l i s t  of herbs. See Fig. 28 for  explanation. 



Asplenium nidus K R R  
'racca leontopetaloidcs R R 
Lepturus repens 
Stenotaphrum micranthum 
Thuarea involuta 
Cyrtosperma chamissonis 
Crinum 5p. 
Fimbristylis spathacea 
Musa nana 
Yigna marina 1 
Cassytha fil iformis R 
Triumfetta procumbens 
Fleurya ruderalis 
Hemieraphis reptans - .  
Ipomoea pes-caprae I 
Ipomoev lit toralis 
Hedychium coronarium 
Canavalia microcarpa 
Eleusine indica 
Nephrolepis hirsutula 
Polypodium scolopendria 
Wedelia biflora 
Zephyranthes rosea 
Digitaria micrabachne 
Eragrostis amabilis 
Euphorbia chamissonis 
Fimbristylis miliacea 
Ipomoea tuba 
Juseiaea suifruticosa 
Mucuna gigantea 1 
Musa sapientum 
Pte r i s  tripartita I 
Vernonia cinerea I 
Achyranthes aspera  
Adenostemma lavenia 

Alternanthera sessi l is  
Angelonia angustifolia 
Asclopias curassavica 
Bleclium brownei 1 
Colocasia esculenta 
Cucurbita sp. 
Cymbopogon nardus 
Cyperus brevifolius 
Eclipta alba 
Gomphrena glohosa 
Lindernia antipoda 
Ocimum sanctum 
Panicum ambiguum 
Paspalum vayinatum I 
Phyllanthus nirur i  
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Dioscorea sp. 
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Fig. 30 Diagrammatic representation of the vegetation, soils, and 
crab population on Torongahai. Reconstructed on the basis 
of strip transect 52 ft. in width from the southwest lagoon 
back shore to the northeast beach ridge oceanward (see Fig. 
10)~. Most l w i a n t  development of the vegetation occurs 
oceanward in the highly organic rubble soil. On the puraka 
banks, pandanus and grass cover are most conspicuous. In 
the diagram, banana is shown as associate with the puraka. 
Guettarda and Scaevola are the typical marginal species. 
The soils show a gradual decrease in organic development 
lagoonward. In the line graph the right scale (0-20) refers 
to number of crab burrows and left scale (0-100) to actual 
number of crabs found in the 52 by 52 ft. quadrats along 
the transect. Scale at lower right (0-100 ft. ) is applicable 
to horizontal axis only. 
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Fig. 31 B a r  graph showing number of species found on each i s l e t  and 
presumed origin.  Sol id  bar  r e f e r s  t o  the  t o t a l  vascular 
f l o r a  with adjacent bar divided according t o  t he  or ig in  of 
,these species. Note continuous increase i n  number of species 
on i s l e t s  over 3.5 acres.  On the  most densely inhabited 
i s l e t s ,  Touhou and Wema, recent introductions a r e  most com- 
mon. Numbers adjacent t he  i s l e t s  r e f e r  t o  i s l e t  s i z e  i n  
acres. See Fig. 28 f o r  fur ther  explanation. 
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Fig. 32 Line graph showing number of species p lo t ted  against  i s l e t  
s ize .  Although the i s l e t s  vary from .03 of an acre  t o  79.5 
acres the smallest i s l e t  was deleted s ince p lo t t i ng  was 
f a c i l i t a t e d  and no change i n  the  re la t ionship occur red . (~ee  
Fig. 31). Note the two l i nea r  re la t ionships .  On those 
i s l e t s  3.5 acres or l e s s  there  i s  l i t t l e  var ia t ion  i n  number 
of species per  i s l e t .  Horrever, on those l a rge r  there  is a 
continuous increase i n  number of species w i t h  increase in 
i s l e t  s ize .  
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Fig. 33 Diagrammatic representation of the marginal vegetation on 
beach ridges and lagoon shore, including sand bars, of the 
smaller islets. Guettarda speciosa and Scaevola sericea 
dominate. However, the latter is usually less abundant on 
the windward side. Its occurrence oceanward is apparently 
correlated with the protection of elevated off shore reef 
rock. Lagoonward Scaevola is a conspicuous pioneer on the 
sand bars. 
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