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VEC;ETATION OF CENTRlL PACIFIC ATOLLS, A BRIEF SWMAIZY~ 

by F. R. Fosberg2 

Introduction - 
. , 

On6 o f t h e  pri&ry'pwposes'of t h e  mekting ori Atoll  So i l s  and 
Vegetation, held in St .  Louis i n  December, 1952, was t o  s m a r i a e  t he  
results ,  insofar a s  vegetation i s  concerned, of t h e  t h r e e  Pacif ic  Science 
Board a t o l l  investigations,  undertaken on Arno, Onotoa, and Raroia a t o l l s ,  
along with r e su l t s  of recent expeditions t o  t he  Marshall Islands by 
William Randolph Taylor and F. R, Fosberg, Formal papers were not pre- 
pared f o r  t h i s  meeting, nor was a verbatim record kept of t h e  discussion. 
It seems worth-while t o  b r i e f ly  summarize what i s  known of Pacif ic  a t o l l  
vegetation i n  l i g h t  of t h e  resu l t s  of t h e  S t .  Louis meeting and of other 
s ignif icant  s tudies  t h a t  have been made. No attempt w i l l  be made, how- 
ever, a t  this time t o  digest  t he  complete l i t e r a t u r e  on the  subject. 
Work i s  being done on such a project3. but it w i l l  require much more time. 

Unfortunately t h e  reports on t h e  vegetation of Onotoa and Raroia 
have not yet  been submitted, so t h a t  t he  greater  par t  of t h e  following 
summary i s  based on s tud ies  i n  t he  Marshall Islands. The vegetation of 
some of these is lands has been observed by Bryan i n  19&, Taylor i n  1946, 
Stone and Anderson i n  1950, Hatheway i n  1952, and Fosberg in 1946, 1950, 
1951, and 1952. Detailed notes a r e  avai lable  f o r  Arno, Bikini, Eniwetok, 
Rongerik, Rongelap, Pokak, Bikar, Utirik, Taka, Ailuk, Jemo, Likiep, h e ,  
Ujae, Wotho, Ujelang, and par t s  of Kwajalein, with l e s s  sa t i s fac tory  
observations on Ma jwo,  J a lu i t ,  and Ailinglapalap. Fa i r ly  good information 
is  available on Nomwin, Kapingamarangi, Nukuoro, Satawan, and Lukunor i n  
t h e  Carolines, a l so  some on Kayangel and Pingelap. The only comprehensive 
modern study of a t o l l  vegetation, other than those mentioned above, whose 
resu l t s  a r e  available,  i s  t h a t  of Christophersen on t h e  Whippoorwill 
Expedition in 1924 (Chris to~hersen 1927). Incidental  t o  other work some 
notes on vegetation on t h e  southeastern Pacif ic  and a few cent ra l  Pacific 
a t o l l s  were made by St. John and Fosberg i n  1934 and on Christmas Island 
by Fosberg i n  1936. Only a few of these a r e  published (st. John and 
Fosberg 1937, Fosberg 1937, Fosberg and St. John 1952). Hatheway 
investigated Canton Island on short v i s i t s  i n  1950 and 1951 and prepared 
an account t h a t  i s  s t i l l  unpublished. 

The Atoll  Habitat 

Atolls  a r e  r ee f s  of organic limestone t h a t  a r e  partly,  intermittently,  
o r  completely covered with water, and on which the re  a r e  i s l e t s  o r  is lands 
made up of accumulations of limestone debris,  loose o r  consolidated, and 
occasional remnants of former higher reef surfaces. These i s l e t s  a r e  
usually not more than two or  th ree  meters above high-tide level ,  sometimes 
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much l e s s  than t h i s ;  occasionally storm-built rubble o r  boulder ridges and 
wind-deposited dunes r i s e  t o  somewhat higher elevations, The highest of 
these wind-deposited features  is Joe" H i l l ,  a dune on Christrna.~ Island, 
which is varj.ous1y reporked t o ' b e  d s m ~ c h  a s  f i f t e e n  meters. Where t h e  
swfaco of these i s l e t s  i s  more thdn a few dm. above mean t i d e  l eve l  t he  
drainage i s  perfect ,  down t o  t h i s  level. From a few cm, above mean t i d e  
t o  somewhat below ict, lens-shaped bodiesof  f res i l . to  brackish ground water 
l i e  i n  t h e  porous material  of t he . i s l ands ,  f l o a t i n g  on t h e  surface of t h e  
s a l t  water which ot,herwise permeates these s t ructures  and held there  i n  
equilibrium by f r i c t i o n  with t he  so l id  material. 

Since the  a t o l l s  a r e  pract ical ly  en t i r e ly  within t he  tropics,  and 
a l so  a r e  surrounded by water, there  i s  not much temperature variation.  
Rainfal l  and winds, however, show qui te  a divers i ty .  Rainfall  ranges from 
extrenely scanty i n  t h e  b e l t  of a t o l l s  along the  equator and i n  t h e  northern 
Marshalls and southern Gilber ts  t o  very heavy i n  t h e  southern Marshalls and 
Caroline a t o l l s ,  Most of t h e  a to l l s ,  of course, have a moderately wet 
climate. In some, though t h e  t o t a l  average r a i n f a l l  may be moderate, t h e  
e r r a t i c  precipi ta t ion makes the t o t a l  f igures  give a f a l s e  impression. Also, 
t he  porous nature of t h e  substratum makes comparison with regions of ordinary 
s o i l  d i f f i cu l t .  For example, Pokak Atoll,  with r a i n f a l l  comparable t o  t h a t  
of par t s  of t h e  eastern United States,  has t h e  aspect, vegetationally, of 
a semidesert. Winds a r e  important i n  t h ree  main respects. The drying 
power of a steady f a i r l y  strong breeze, even a f t e r  it has blown over t h e  
sea f o r  great  distances, i s  extreme, and t h e  e f f ec t s  of wind on the  
vegetation i n  t he  t r a d e  wind b e l t s  a r e  very obvious. It is never d i f f i c u l t  
t o  t e l l  which s ide  of an a t o l l  i s l e t  i s  t h e  windward side, a s  t h e  vegetation 
is commonly Wind-shearedEE (probably more correct ly  spray-sheared i n  many 
cases) i n  an inclined plane down t o  t h e  t op  of t h e  beach. On the  leeward 
s ide the  edge of t h e  vegetation i s  usually perpendicular or  rounded. The 
s a l t  carr ied i n  spray by winds undoubtedly has a very important e f fec t  on 
the vegetation. There have been no ac tua l  measurements of t h i s ,  e i t h e r  as  
t o  quanti ty o r  e f fec t s ,  however. The absence o r  r a r i t y  of cer ta in  species 
of plants on t h e  windward s ides  of i s l e t s  i n  windy b e l t s  may very wel l  be  
due t o  t h i s  s a l t  accumulation. The th i rd  climatic fac tor  of great  significant 
i s  t h e  occurrence of typhoons or  hurricanes, These powerful storms create  
and destroy land, drench t h e  land with s a l t  water, remove vegetation, 
modify it, and ind i r ec t ly  a f fec t  it through changing the  human population. 
They create  a type of long-term i n s t a b i l i t y  of the  habi ta t  t ha t  i s  re f lec ted  
i n  t h e  character of t h e  vegetation i n  several  ways which a r e  apparent t o  
t he  observer, but which must be studied more c r i t i c a l l y  than they have ye t  
been t o  be understood. In  some of t h e  Marshalls, considerable areas  have 
been denuded of t h e i r  vegetation or  most o f  it by r e l a t i ve ly  recent typhoons. 

The ageo f  these is lands i s  an important consideration, ecologically. 
It is possibly ascertainable,  within cer ta in  l imits ,  through knowledge of 
t he  r e l i t i v e l y  recent eus6atic f luctuations of sea level,  though t h e r e  i s  
some difference of opinion::& 'both t h e  time and nature of these fluctuations.  
The current ' idea seems t o  b e  t h a t  a period of higher levels ,  perhaps two 
meters above t h e  present stand, occurred several  thousand o r  up t o  f i v e  
thousand years ago, during t h e  so-called post-glacial "xerothergic period" 
o r  l lcl imatic If such a. higher sea i & e l  did ex is t ,  it might not 
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be necessary t o  regard ecological reasons only, as  responsible f o r  t he  
impoverished f lo ra s  of coral  a to l l s .  It may well be t h a t  drjryland did 
not exist  on most a t o l l s  a t  t h a t  period, arid t h a t  these  f l o ra s  have come 
in to  existence through accumulation of chance seaborne and airborne 
colonists i n  a period as  short a s  f i ve  thousand years. 

In t h e  b io t i c  environment, sea-bi.rds, land-crustacea, and .man a r e  
t he  three most conspi.cuous gmups and probab:Ly the  most impoztant, ecological.ly. 
The birds played a most inportant par t  i n  ~uaking t h e  habitat  favorable f o r  
plants and i n  naintasning it so, by additions of phosphatic and nitrogenous 
material, u n t i l  they were driven away from most places by man. Land crabs 
and hermit crabs, present i n  ~qyriads on most a t o l l s ,  promptly reduce organic 
matter of most s o r t s  t o  s o i l ,  tending t o  make t h e  habi ta t  sui table  f o r  other 
than the  most extreme pioneer species of plants. They must a l so  play an 
impoptant ro le  i n  mixing so i l s ,  bec-zuse of t h e i r  burrowing habits, bringing 
up deposited ar,d unaltered materials and burying vegetable debris (Woad- 
Jones, 1910) . Dr. Otto Degener (convex~sation, 1950) contends, also,  t h a t  
t h e  hermit crabs a r e  important i n  devouring seed]-ings of plants and thus  
impoverishing t h e  vegetation. This has not been noted by other investigators,  
though they have been seen occasionally eating leaves from l iving plants,  
Man has, ever s ince h i s  a r r iva l ,  been an extremely destructive agent, 
especially toward indigenous fores t  vegetation. He has, of course, replaced 
it with coconut and breadfruit  p lan ta t i~ lns  and t h e i r  attendant weed species; 
he has contributed a host of exotic weeds; and he has upset t he  phosphate 
balance both by driving away t h e  sea-birds and by exporting uxitold quant i t i es  
of copra, which has a high phosphorous content. He also,  in many places, 
burns t he  organic matter which would ordinar i ly  go t o  build up t h e  s o i l ,  
Where he ex i s t s  i n  l a rge  populations, he may reverse these  processes t o  
some extent by coluposting and f e r t i l h i n g .  

, . .  
, .  . ,  

Colonization by Plants 
. . 

Plant seeds may be brought t o  an a t o l l  i s l e t  by water, wind, on the  
feet ,  plumage, o r  i n  t h e  stomachs of birds,  or  by m a n ,  accidentally o r  
deliberately. One case has been observed by D r .  Kenneth Zmory on Kapingamarangi 
of a portion of a t r e e  d r i f t i n g  ashore while s t i l l  a l i v e  and taking root. 
An examination of t h e  f l o r a s  indicates  t ha t ,  before t h e  coming of Europeans, 
t he  water was probably much t h e  most e f fec t ive  means of transport .  Most of 
t h e  plants possess adaptations f o r  f loat ing t h e i r  seeds across even l a rge  
expanses of water. 

The plants  t h a t  make up almost t he  e n t i r e  indigenous f lo ra s  of 
a t o l l s  a r e  those t h a t  const i tute  t h e  strand f lo ra s  of high islands, continents, 
and other coral  islands,  and they a r e  mostly very widespread, There a r e  very 
few species confined t o  o r  even pr incipal ly  found on a t o l l s .  

Contrasted with t he  probable s i t ua t ion  on high islands,  successful 
establishment of transported plants on a t o l l  i s lands i s  a very frequent 
a f fa i r .  Abundant seedlings from d r i f t  seeds may b e  seen during almost any 
walk along the  beaches of an a to l l .  These are, of course, mainly t h e  same 
ser ies  of pioneer species, over and over again. The following species were 



seen as  d r i f t  seedlings i n  t h e  northern Marshalls: .:. 

Abundantly establishing themselves i n  d r i f t :  

Messerschmidia argentea 
.: Scaevola frutescens . . 

Lepturus repens %. 

Guettarda speciosa 

Ila611er frequently seen: . . 
, '. 

Pandanus t ector ius  
Portulaca lutes (in d r i f t  . s i t ua t i&  but not posi t ively of 

d r i f t  origin) . . . . .  , 

Triumfetta procumbens ... 

Vigna marina 

Harely seen i n  d r i f t :  

Cocos nucifera Barringtonia a s i a t i ca  
Ipomoea pes-caprae Suriana maritima 
Hernandia sonora Terminalia samoensis 
Calcphyllum inophyllum Wedelia b i f lo ra  
In t  s i a  b i  juga Ipomoea tuba 
Morinda c i t r i f o l i a  

. .  . . . . . .  
Seen a s  seedlings, once each, never .seen t o  pers is t :  

Caesalpinia ma  jus 
Caesalpinia c r i s t a  

.~ ' , , . 
A number of kinds of seeds ' f requel i t ly 'dr t f t  ashore but were not seen 

germinating. Among these were Entada and several  species of m. 
. . .  . .  ,' . . 

%. .. 
Although not  d i r e c t l y  observed, colonization by many other species 

uhquestioaably takes place.. Many species do not seem t o  be able t o  survive 
oropen  beaches and bars, but need e i ther  t h e  protection from wind and s a l t  
., .. 

; o r  shade f romthe  sun provided by already established vegetation o r  t he  
presence o f . a t  l e a s t  a small amount of humus in the  s o i l ,  Some deeprooted. 
species doubtle'ss require a cer ta in  degree of freshness i n  t he  ground water, 
The species t ha t  require t h e  presence or  influence of other plants, a s  we.Q 
a s  those t h a t  need f resh  ground water, a r e  commonly found i n  t h e  inter5or 'of  
i s l e t s ,  though they of ten may be much nearer t h e  lagoon than theseaward 
beaches,. ' . , 

.. . 

How t h e i r  seeds a r e  carr ied t o  such s i tua t ions  i s  not always apparent, 
Unquestionably m n i a  i s  carr ied around by birds.  Its f r u i t s  a r e  exceedingly 
s t icky and a noddy (Anous) was seen on Wotho l i t e r a l l y  plastered with them. 
Several species of birds  seem t o  prefer t o  roost and nest  i n  Pisonia t rees .  
Boerhavk and Peperomia, as well  as Adenostemma, a l so  have s t icky  f r u i t s  and 
may be transported by birds,  Cassytha and Piptmus have small f leshy f r u i t s ,  
which doubtless a r e  eaten by birds  and the  stones transported i n  b i rds?  
stomachs. Which birds  would do t h i s  i s  not demonstrated. Scaevola is, 
without question, carr ied around i n  t h i s  way i n  addit ion t o  f loat ing,  a s  t h e  
droppings of curlews were seen t o  be commonly packed with t h e  stones of t h i s  
plant, Ximenia might be carr ied i n  t h e  same way, though i t s  f l eshy  f r u i t s  * /  



. . 
. . . . . . ' ... . . , . ~ .  

a re  qu i te  large, resenibling small Anckher 'aspect of t h i s ,  not ''. 

previously suspected, was dissavered on Aqo by Marshall (1951). . He 
found' i n  t h e  stomach of a f a i r y  t e rn  (@&i ' t he  seed of Ipom6ea pes- 
c a e 9  a plant not even growing on. Am?, , but'  common on Ma jurd, a few - 
miles away. Why t h e  bird 'had eateti t h i s  is not apparent, a s  t e r n s  a r e  
fish-eaters. Perhaps t h e  seed was picked' up t o  serve, a s  a gizzard-stone; 
Wind doubtless accounts f o r  some small-seeded species, but there  a r e  few 
indigenous a t o l l  p lants  t h a t  seem especial ly  adapted for  t h i s  method of 
transport ,  except t he  ferns,  mosses,and other cryptogams, Plants with 
f loa t ing  f r u i t s  or  seeds, s w h  a s  Ochrosia, Thuarea, -- -- Cordia, and the  ones 
mentioned above as  pioneer species, s ince they may be found growing back 
of o r  f a r  from t h e  beach, must sometimes b e c a r r i d  inland by storm waves, . . 
a s  i s  t h e  occasional pUm;Lo$ found scat t ;e~ea dn  the  s u r f w e  f a r  in- 
s ide  t h e  beach. Man must not  be disregarded a s  ar, agent of ;distribution, 
even of appa.rently indigemus plants, a s  wel l  a s  of h i s  cul t ivated ones and ':. 
camp- follower.^, , f a l l a x  i s  planted about houses i n  t h e  Marshalls and 
Carolines, as  well a s  growing wild. Evidence seems t o  be acc&ulating tha t  
t he  mangroves, a t  l e a s t  g~up&r,a_~ feud in lqd lucked  'pools and muddy . . .  

depressions have' been del iberate ly  introduced, and planted by 'the Mai-shallese, ,,, . , . ,  
And i n  addition t o  plantirig t h e  various obviously useful  and ornamental . .. 
plants,  t he  Gilberkese, a t  l e a s t ,  (Luomala m.3,) pick up and plant any seeds 
tha t  happen t o  be ca'st. up  on t h e  beach. A fur ther  influence i s  exer'ted by 
man i n  the  creation ,of .habttatts fo+species which otherwise might seldom . . ': 

find a place t o  get  a foothold. Such a r e  especially t h e  taro-pits ,  digdown , 

' 

t o  ground water and f i l l e d  with vegetable muck, Severalweeds, such as . : 
Eleocha&, Cyperus, Jussiaea, and a number of fe rns  a r e  found only o r  
usually in such situations, The coconut plantation i s  a l so  a r a the r  spec ia l  
habi ta t  and may, a t  l eas t ,  give some plants  enormously more opportunities 
o r  llleben'sraumtt than $hey normally would have, "Willis and Gardner (1901) 
give a much more comprehensive discussion of these matters for  t h e  Indian 
Ocean atolls , ,  

. . 
L i t t l e  is  known about t h e  reasons for  t h e  small numbers' of species  

i n  a t o l l  f loras .  These range from three. (Christophersen 1931, Fosberg 1937) 
t o  perhaps 150 i n  Pacif ic  a t o l l s  and ks  ,many a s  284 (k i i l l i s  and Gardner 1901) 
i n  those close t o  continents a s  t he  Maldives i n  t he  Indian Ocean. Distance 
from sources of colonis ts  and t h e  effectiveness of t h e  ocean a s  a ba r r i e r  
are  obviously of primary importance. Shortness of  t he  his tory of land, 
ava i l ab i l i t y  on a t o l l s  may .well be another consideration. The scarc i ty  :of 
endemic species r e s u l t s  f.rom th i s .  Lack of topographic o r  a l t i t u d i n a l  
d ivers i ty  i s  another 'obaous factor.  However, t h e  d i f f i c u l t y  i n  get t ing many 
of t h e  commonly t d e d  cul t ivated species t o  grow i n  these is lands and t h e  
la rge  number that:simply w i l l  not growthere,  a t  a l l ,  point t o  t he  importance 
of edaphic considerations, though these have not been much analyzed a s  yet ,  
Sa l in i ty  and the  highly calcareous nature of t h e  s o i l s  a r e  two unquestionably 
controll ing factors.  Such observations a s  t h e  d i s t r ibu t ion  of species i n  
re la t ion  t o  ground and a e r i a l  sa l in i ty ,  t h e  death of breadfruit  t r e e s  where 
washed by typhoon waves o r  where t h e  ground water ~ ~ C O M ~ S  s a l i ne  (cloud 1952), 
and the  nat ive pract ice  of leaving a protect ive s t r i p ' o f  ' fo res t  on t h e  wind- 
ward s ides  o f  coconut plantations a r e  a t  l e a s t ' i n d i c a t ~ v e  in t h i s  direction,  
though systematic s tudies  remain t o  be done; Ceptainly one of t h e  most 
s t r ik ing  systematic var ia t ions  observed is the increase i n  number of species 
from a t o l l s  with a d ry  climate t o  those with a wet climate. Pokak and Bikar, 



i n  the dry extreme north of the  Marshalls, have 9 species of vascular 
p l a n t s  eaxh, while from Arno, i n  t h e  wet south of the same group a r e  recorded 
129 species (Ariderson 1751, Stone 1951). This discrepancy i s  nut due t o  
inadequate collecting, a s .  Pokak and Bikar have been very thoroughly examined. 
Any fur ther  collecting may r e su l t : i n inc reas ing  t h e  difference, a s  more 
plants  may possibly,be found on Arno while t h i s  i s  not l i k e l y  on t h e  others. 
There a re  doubtless other l imi t ing  or controlling factors  and combinations 
of factors  influencing t h e  s izes  and compositions of a t o l l  f lo ras ,  but t o  
discover and uhderstand them w i l l  require fur ther  study and fur'ther - 

" 

correlation o f  available information. . .. 
. . . , .  . . . . .. 
. . 

, '. , , . ..,. . . . . 
. . .. . Succession o r  Vegetational Chime . . . . .  

. . 
. . .  . . 

. , . '.. , : 
. , 

No coral a t o l l  has had suff ic ient  study f o r  even , thep r inc ipa l  
'vegetat ional  successions t o  be well'known. No s ingle  .$u&ssion, froin bare 

' 'ground t o  a re la t ive ly  s t ab le  vegetation, can be described i n  anything l i k e  
a complete fashion, Only- l oca l ly  a r e  re la t ive ly  s t a b l e  (climax) vegetation 
types known with certainty.  But it i s  possible t o  outline, however. 
roughly, some probable successional trends, and t o  point out w i t h  some con- 
fiaence certain successional relationships. . that  a r e  more than accidental. 
In  t h i s  paper any change i n  vegetation tha t  seems t o  proceed i n  a de f in i t e  
direct ion i s  regarded as  a succession. This i s  i n  contrast  with fluctuations 
around a point of equilibrium. And, i f  t h e  l a t t e r ,  over a period of time, 
resu l t  i n a  direct ional  change in t h e  equilibrium, t h a t  a l so  i s  regarded 

. . .  . a s  a succession. Such changes a s  a re  known o r  suspected a re  describedbelow 
'under several  categories. . . 

. . 

' 1. Usual development of vegetation: 
. .  . . .... . 

As noted above, under Colonization, bare sand and .gravkl'bars a re  
soon covered by seedlings of a small  number of pioneer species.' Tiiese 'are 
able t o  stand. f u l l  and very bright sun and high sa l in i ty ,  a l so .  considerable 
dryness. O f '  these, a large propo@ion a r e  t r e e  species, and, i n  an ordinary 
mixed stand of 'pioneer species, many w i l l  be t rees .  In most ' s i tes  hi-* i s  

. . t h e  f i r s t  vegetation t o  appear, a n d  i f  t r e e  beedlings form &I impok-tan? 
component, these soon overtop the. others, d,eveloping a low fores t  i': :Growth, 
even under qui te  dry conditions,, i s  extremely rapid. On Wake I&and;' with 
in annual r a i n f a l l  of 650-1370 mm., Messerschmidia has been observed t o  
grow almost two meters i n  a year,. .The simplest fores t s  thus formed a r e  pure 
stands of Messerschmidia, mixtures of: Messerschmidia and Guettarda' albne, o r  

'with Pandanus tec tor ius  and -a va+ng smaller proportion of a rider of 
other  t rees .  . Terminalia samoensis, Intsia bijuga, Barringtonia as ia t ica ,  
and possibly Cordia subcordata a r e  pioneer species and may make up a part  
of t h e  or iginal  composition of such'a stand. There is no doubt, hdwever, 
t h a t  they, as w e l l  a s  Guettarda aqd ~ahdanus a r e  a l so  capable of increasing 
i n  number in. mixed statlds. Pisonia grandis,  Allophylus timorerisis','Pipturus 

+. , argenteus., Soulamea amara, Ochrosia opposit ifolia,  and other '  's~jeckes-are, 
so  f a r  a s  know;. added only a f t e r  t h e  or iginal  stand 6,as become esWblished 

. .  ~ 

' 

and usually :afCer it has.  assqmed 'the character of fo'rdst. , The resul t ing 
mixed 'forest  i:s t h e  commonest type of na t ive ' fores t  exis t ing i n  6he:MWshalls . . . ~ .  . . ., 

; -%oday. The same type apparently, .develops.following cxearing by man. In t h e  .... . 
: northern Marsha1ls:there i s  no par t icu lar  .p+ttern .. , i n  t h e  arrangement.of . . .  . .  

, . .. . 



. . 
species in.  t h i s .  type of forest ,  Sut..Hatheway (1953) reports t h a t  i n  t h e  
southern Marshalls t h e  t r e e s  commonly occur i n  small clumps o r  groves of a 

. . s ingle  s p e ~ i e s  ( i . ,. , . . , . ., . . . , . . . . . . 
. ( .  . . . . , . . .. .. 

The shrub and herb species present.  in  $ h e  o r ig ina l  stand pe r s i s t  fo r  
a long time i n  these  fores t s  a s  undergrowth and ground cover. Eventually, 
however, they may be almost en t i r e ly  eliminated. Lepturus9 curiously enough 
one of t he  f i r s t  and most abundant pioneers t o  a?pear, often pe r s i s t s  longest, 
forming a t h i n  grass  ground cover i n  a l l  but t h e  most dense mixed forests .  
With it '5s usually Thuarea, which was not  seen a s . a  t r u e  pioneer on new. . . . 
habi ta ts  i n  t he  northern Marshalls. F&bristylis_, a lso one of t h e  pioneers, 
of ten pers i s t s  a long time, especially i f  t he  canopy i s  not too dense, Wedelia 
and I&moea tuba may pers i s t  a long time, t he  l a t t e r  probably becoming more 
abundant a s  time goes on, It i s  an important par t  of t h e  canopy i n  many mixed 
forests.  I n  rocky places Fleiuya rudera l i s  pe r s i s t s  a ].one time i f  t h e  canopy 
i s  a t  a l l  t h in ,  

m e t h e r  t h i s  mixed forect  ever reaches s t s b i l i t y  i s .  not known, Its 
widespread occurrence suggests t hz t  it may, a s  does t h e  s t r u c t u r e o f ' t h e  most 
mature and well-developed stands, with l a rge  trunks, dense canopy, t h i n  o r  
absent undergrowth, and seedlings of some of t h e  doi~.nant species. It seems 
certaln t h a t  ivlesserschmidia., one of t h e  most abundant ear ly  consti tuents,  
drops out a f t e r  one generation. Healthy seedlings of it a r e  never seen i n  
f u l l  shade, and when it is present i n  a very wel l  developed mixed fo re s t  t h e  
t r e e s  a r e  a l l  old and very l a r g e .  M a r s c h m i d i a  logs a r e  of ten seen lying 
i n  t h i s  type of fo re s t  where there  a r e  no l iving.  trees., Observation of 
PisoiiLa, with its habit  of sending up root sprouts and of usually kakingroot  
wherever it touches t he  groundwhen blown down, suggests t h a t  it may-gradually 
take over mixed fores t  i f  l e f t  long enough. Common occurrence of pure stands 
of Pisonia may be due t o  t h i s  ,process. These may, ,however, r e su l t  'a lso from 
colonization of --- Pisonia in Lepturus grassland, as seen on Pokak fioll. . '  This 
might more conunonly be the  case on d r i e r  is lands,  where stands of. L e ~ t u r u s ,  
or  Lepturus and a d &  f a l l a x  often. pe r s i s t  f o r  a long, t5me. 

There seems l i t t l e  question tha t ,  a t  : least  under. c:ond,it ions of 
moderate r a in fa l l ,  such a s  'in t h e  c e n t r a l  Marshalls, 0c.hro.sia opdosi t i fol ia  
may eventually dominate mixed fores t  once  it gets  sta.rtgd,. ;and often w i l l  
take over completely, forming extensive pure stands. Thebest  areas  seen 
of t h i s  type a r e  on Wotho Atoll, but it i s  a common occurwnce on Lae, Ujae, 
Kwajalein, and Erikub, a t  l eas t .  There i s  good evidence t h a t  it w i l l  
eventually crowd out even Pisonia. Pure stands of Ochrosia a r e  r e l a t i ve ly  
permanent and s t a b l e  a s  shown by t h e  normal occurrence of a dense ground 
cover of seedlings-' several  din.%all, which shoot r igh t  up i f  even a l i t t l e  
l i g h t  i s  avai lable . '  One puizling circumstance about these stands of. Ochrosia 
i s  t h e  pres&ce'of pe r s i s t en t  yellow spots, seen i n  t h e  same locations on 
photos t a k e n i n  1944 and on the  ground i n  1951. . .  The t r e e s  a r e  chlorot ic .  
and in: s h e  cases t he re  a r e  a few dead ones., and i n  t h e s e  places Al loph~lus  
and even o t h e r t r e e s  seem a b l e t o  come in. There i s  no obvious difference 
i n  s o i l  or  other environmental - fac tors  i n  these.  spots. 

Frequency of pure stands of various species i s  a pecul iar i ty  of 
a t o l l  vegetation, a t  l eas t  i n  the  northern Marshalls; pure stands of Pandanus 
and Pisonia and perhaps others a r e  a l so  found in cent ra l  and southeastern 
Polyriesia. How t h i s  i s  related t o  t h e  general successional p ic ture  i s  not  



apparent,  except perhaps i n  t he  cases of P&o&a and Ochrosia, These and 
a t  l e a s t  some of t h e  other pure stan2 types may very possibly be end s tages  
of successions w d e r  cer ta in  cond.itions. This i s  certa:inly not t h e  case, 
though, with such pure s tands a s  those of I,e&tarus, Portulac?, Scaevola, 
Messerschmidia,' . , ~ p & g p  and other s t r i c t l y  pLoneer plants. Pure Pandanas ... : 
forests,  while r a r e  i n  the  Marshalls, seem t o o c c u r  more commonly i n  t h e  :-!,-,': ..:::. 

Tuamotus, a l so  on Maria &oll ,  Austral Group, Their or igin  i s  a matter of 
great  i n t e r e s t  and curiosity.  . . 

On bare rock, especially rough conglomerate o r  p i t t ed  beach rock, 
Pemphis acidu3.a i s  ordinar i iy  t h e  f i r s t '  plant t o  appear, though ac tua l  seed- 
l ings  colonizing such habi ta ts  have seldom been observed, Hatheway. (1953) . , '  . 
says t h a t  sma'd pockets of sand on such rock surfaces a r e  t he  seed beds f o r .  
t h i s  species. Once established on rocky places, these t r e e s  pers is t ,  of ten 
o r  usually i n  pure stands, even where t h e i r  roots  a r e  bathed i n  pure sea . . t 

water a t  high t i de ,  Such stands were not observed t o  be succeeded by any- 
thing else, 

,. . . 
. . .  

2. " m c t s  of catastrophe and in s t ab i l i t y :  . . .. 
. . . . 

Naturai catastrophes on coral  ato1.b a r e  mainly of two sor ts ,  typhoons 
(hurricanes) and tsunamis (so-called. t i d a l  waves). The former are,  of course, 
much more frequent than the.  l a t t e r ,  and their.,frequency var ies  much more :in 
di f fe ren t  par ts  of t h e  .world, Typhoons a re  almos$. unknown, f o r  example, i n  
t he  Gilberts,  somewhat more frequent i n  t,heMarshalls, and common i n  t he  
western Carolines, S t a t i s t i c s ,  on. typhoon. incidence. would be very valuable 
i n  in te rpre t ing  vegetation differences,: 

Both typhoons and tsunamis a r e  capable pfi;&ding. s a l t  water completely 
over a t o l l  isSets. 'There a r e  apparently no ac tua l  recprds of t h e  e f f ec t s  of 
tsunamis'on a t o l l s ,  but they  have poured water onCohigh is land shores t o  a 
much greater  height than the. . to ta l  a l t i t u d e  of most a t o l l s .  Certain plants  
woula undoubtedly be k i l l ed  by t h i s ,  but few f a c t s  a r e  available. Breadfruit,  
a t  l e a s t ,  has been observed. t o .  be so :k i l l ed  b y . s a l t  storm..waves (Cloud 1952). 

Typhoons, i n  additio;; coiunonly uproot t r e e s  of a l l  s izes ,  They 
defo l ia te  t r e e s  both ,by ac tua l ly  - tear ing the,  leaves.  off and by "bumingI1 them 
off by driven. s a l t  spray, , w d  perhaps by drying a t  t h e  same time. They 
profoundly aLter both t h e  character and topography of t he  substratum, and 
change thg ac tua l  ou t l ine  of islands. Large areas of land surface on Arno 
Atoll  were. actual ly  removed- during the  typhoons of 1905 and 1918, vegetation 
and all, Some of these places  have been extremely slow t o  becoming revegetated.. 
In  others Pemphis haq taken over effectively.  There i s  no doubt tha!, i n  
many areas,. instalj i lccy of substratum owing t o  typhoons i s  a major ecological . .  
factor  i n  t he  d e t e h i n a t i o n  of t h e  character of t h e  vegetation, : Even where , 

t r e e s  a r e  not ac tua l ly  blown down, s o i l  m y  be removed from around t h e i r ,  roots, 
o r  rubble or ' sand may be p i led  up around t h e  bases, smothering smaller 
vegetation and possibly eliminating cer ta in  l a rge r  species. Trees blown down 
make openings i n  t h e  canopy i n  which species may appear t h a t  cannot es tab l i sh  
themselves in its shade when unbroken. Defoliation of t he  canopy may allow 
temporary undergrowth t o  cane .in. 



Effects of typhooris o n  thervegetation a re  qui te .  evident t o  t h e  
observer on most a t o l l s ,  but a ~ a s e f d ' a $ s e s s m e n t  o f  these e f fec t s  ha& not 
been attempted, a t  l e a s t  i n  &cent times. ~ons ide rad l~e  inforination i s  
recorded, but most of it by. casuai.+nd honbotanical observers. The thing 
tha t  i s  most lacking i s  an ac tua l  eye-witness account, by a botanist , :of a 
severe typhoon on an a t o l l .  A c c o d s  by others are u sua l l s  conflicti.ng 
and show evidence of very unreliable observation. 

Effects on t h e  vegetation maintained by are  sombtimes recordCdd. 
The coconut t r e e s  were ,removed, along with t h e  r e s t  of t he  vegetation, on 
Arno i n  t he  typhoons mentio~led above. Hundreds of coconut t r e e s  were blown .. . . .  , down on Utirik, and many on soine of t he  other c t o l l s  in t h e  Marshalls, , 

' 

:.. . 
especially Bur and Maloelap, b y  "Typhoon Ge~rgia"  i n  March 1951, Likiep . .  & 

was completely de.va.stated and apparently rerideredtemporarily unf i t  f o r  
.,\' 

human habitation by a typhoon sometime a f t e r  the  middle of t h e  nirieteenth". . . 

century. In German colonial .1i terature  a r e  many accouhts of natives on t h e  " 
. . .  

Caroline a t o l l s  being moved beca;use $heir  islands were rendered temporarily 
unable t o  support them by typhoons. One of t h e  important e f f ec t s  was. t he  . '  

f i l l i n g  i n  of t a r o  p i t s  with sand and s a l t  water. Many accountsof  hurricanes 
i n  t h e  Tuamotus ex is t ,  but they  give very l i t t l e  informatipn on the  e f fec t s  
on t h e  vegetation. In. p?,aces, however, t h e  coconut gruves were ac€u&.ly 
swept a,way. . . 

. . .. . 
3, Effects of :climatic f luctuations:  , . 

. . , ~ . .  
Although the re  a r e  a t o l l s  with.ith& same :annud~: r a i n f a l l  4 t h  i d  with- 

out pronouncedyearly d r j  seasons, no compa~i%ons haae been made of t h e i r  
vegetation. So t h e  e f fec t  of simple annual f luctuation,  i s  not  known. It would 

.! 
probably resul t ,  a t  l eas t , ,  i n  l e s s  epiphytes and a smailer t o t a l ' f l o r a ,  
probably i n  l e s s  overal l luxuriance.  Pisonia and possiblysome other t r e e s  
would.show br ie f  defol ia t ion during t h e  dry season. A strong dry season in 
1951 i n  t he  northernMarshalls showed i n  some places. p a r t i a l  defol ia t ion of 
some other t r ee s ,  such as  Cordia and .Te~minalia. , Whether t h i s  was normal 
o r  only t h e  resu l t  of an e-xtreme f luctuat ion i s  not known. The general aspect 
of t h e  more northern a t o l l s  during t h i s  particular" season became quit'e drab, . . .. 
where a few monthsear l ier  it was green. 

. . 
In many a t o l l s ,  especial ly  tbose just  south of? t h e  equator--the 

southern Gilberts, Phoenix, Howland. apd Baker,., Jarvj,s, and Malden--one of 
t he  inost potent fac tors  influencing the  vegeta$ion is the  extreme f luc tua t ion  
i n  r a i n f a l l  %rom year t o  year. Sometimes more than a year may elapse with 
no r a in  a t  a l l ,  I n  o ther  times, more than t h e  annual average nay f a l l  i n  
one month. Under suchcondi t ions  t h e  g e n e ~ a l  aspect is much d r i e r  than the  .' 

. . 
average annual r a i n f a l l  would suggest. And t h e  luxuriancd may vary so much . . 
$,rani time t o  time t h a t  descriptions wri t ten several j rears  apar t  scarcely 
sound a s  though t h e  same island were described. Cariton Island, i n  t he  Phoenix 
Group, has been described.as having a general growth, pr incipal ly  fallax;. 

"., 
up t o  two m, t a l l  during a wet period, but when +s i ted  i n  1949, seven o r  
eight y e a r s l a t e r ,  it h,ad t h e  asp9,ct ;of a desert. On is lands with la rge  
populations of sea-birds t h e .  inj&ous,. e f fec t s  of high concentrations of . .. . 
guano seem t o  be greatly;.acoentuated by these severe dry  ,periods. Trees ' , :. ... : 
may b e  severely damaged. o r  even. k i l l ed ,  ,:'This has been, seen on Pokak, in t h e  .. 

Marshalls, Canton, in t h e  Phoenix,, and Christmas Islarid. .. 



The theory, advanced by Hutchinson (1950) t ha t  phosphate deposits  
on is lands tha t  are  a t p r e s e n t  wooded indfcate a'ma;or,shifting of climaliic 
b e l t s  i n  t he  recent geo1ogj.c past, .so t h a t  these islands would'have f o r w ~ l y  
been barren, does  not seem i l l  any wa,y just,ifi.ec? by t h e  facts .  Phosphate 
i s  fonried on these is lands a t  present unc?er fo re s t  'conditions, and only 
undeF,such, . , 

./ ., . , . , .  

: 4. Chan.tes caused b~,&: .. . 

Alterations by. Man! s a c t i v i t i e s  have affected t h e  vegetation f a r  more 
prof6uiihly than typhoons, droughts, o r  any other na tura l  phenomena. These: 
have occuPred in. 'the. Marshall Islands : i n  th ree  stages, t h e  pre-European 
Marshallese period, t h e  copra commerce period, and the Second World War,,., 
Comparable periods, or  var ia t ions  of them, have occurred on many other a to l l s .  
On some of t h e  d r i e r  ones t h e  copra commerce period has been replaced by a 
guano-digging period. On many t h e  war had l i t t l e  o r ' no  effect.,  O n a  few, 
such a.s t h e  .me Islands, t h e  pre-European penidd..was omitted, .as t h e  a t o l l s  
were not inhabited when discovered by Europeans.. .'. 

.. , .... .. . . . .  . . .  . . . 
Afser t h e  a r r i v a l  of aboriginal  man, t he  process of c lear ing the  , ' . 

' fores tq  Segan, 'It could never have been v e q  extensive, on most a t o l l s ,  
because::of t he  lack of metal for  clearing tools ,  It i s  probable t h a t  Pisonia 
fores t  m& have been t h e p r i n c i p a l  type cleared, a s  t h e  wood of Pisonia is 
sof t  enough t o  be cut by s h e l l  o r  stone implements. It is a l so  possible t h a t  
there  was actual ly  not much clear ing,  because. coc.onut arid breadfrui t  ' t rees  
could be grown i n  t h e  fores t s  without clearing. I n  t he  case of t h e  coconuts, 
a t  l e a s t ,  it might. take,.longer f o r t h e m  t o  reach bearing age. Breadfruit, 
I n  wet. climates, can shade .out p rac t ica l ly  anything e l s e  l i k e l y  t o  be found 
on a to l l s .  I n  any event, t he re  were probably over the.  centuries,  f a i r l y  

~ s u b s t ~ n t i a l  areas dominated by coconut and breadfrui t  groves. Hatheway (1953) 
has estimated t h a t '  i n  pre-European t h e s  perhaps f i f t e e n  percent of t h e  land 
area was given over t o  agr icul ture .  A part  of t h i s ,  on most Micronesian 
a t o i l s  except t h e  dr ies t ,  was used f o r  t a r o  p i t s .  Marshy and swampy places 
wereprobably used $or t h i s  purpose a t  first., then enlarged and enriched by 
addit ion of v e g e ~ a b l e ~ e f . u s e .  A few weeds;probably came with t h e  aborigines, 
a s  well  a s  o&meqtal,:,medicinal, and food plants, Th@ principal  food plants 
brought along were coconut, breadfruit ,  several  taro-like plants, possibly 
Tacca, and possibly Pandanus, though it is probable t ha t  a t  l e a s t  some --- 
va r i e t i e s  of Pandanus were on most a t o l l s  already. 

. .' ~ h e ' . & i e r  a t o l l s  were probably mostly never permanently inhabited. , '  

Most 'of thea:were not when discovered by Europeans, though some sho7wed signs 
of former ha5fttatiops. Populations on the  more. favorable a t o l l s  varj.ed,,and 
t h e  i n t e n s i t y o f  u t i l i za t ion  of t h e  land fluctuated accordingly. Typhoons, . ' 

warfare,' ,? d. ..losses a t  sea probably preventedoverpopulation. I f  these  fa i led,  
migration soxved t h e  problem. The more r e s i s t en t  types of fo re s t  and t h e  l e s s  
productive 'par ts  of t h e  i.slands vere  probably n o t  much disturbed. . .. . . 

. ., . , .  . 
Yith.khe coming'of .$he Europeans-this changed drast ical ly .  The demand 

f o r  coora $d tiie introduction o f :  axes artd machetes of s t e e l  caused t h e  
rapid replacement. of t h e  l a rge r  par t  of the:nat ive vegetation by coconut 
plantations,'exce.pt on the .  d r i e s t  a to l l s .  . And on these, enormous quan t i t i e s ,  
Of guano,'.were .d'ug up. and exported, .aL%ering the  vegetation, though it ' i s  

. . ..<, . : .. . . .  
. . . .  . < .. 



. . 
. . 

"not easy to .  know how much.- On the  wetter a t i l l s  cocoriut plantations so, 
complet sly dominate t he  -vegetational pic ture  t h a t ,  ordinarily,  co contit 
fo res t  i s  regarded a s  t h e  na tura l  vegetation of such islands,  I t  is., 
indeed, hard t o  dispe1.the idea t h a t  t h e  coconut i s  indigenous and t h e  
dominant t r e e  i n  t h e  na tura l  vegetation of these  South Sea ~ s l a i d s .  
Mow it is mostly t h e  smallest i s l e t s ,  t h e  exposed o r  very narrow ends of 
i s l e t s ,  and ' the  seaward s t r i p  on the  windward . .  . i s l e t s  which show any native 
vegetation a t  a l l ,  . . 

This chanse. vastlsr increased t h e  avai lable  habitat  f o r  some nat ive 
plant species, hgwever,, -Some of t h e ~ ~ d e r g r o w t h  and ground && plants,  
such as  Euphorbi. @sscnis, Clerodendrum inerme, Thuarea &voluta, 
Fimbristylis  c,mosa, and --- Wedelia b i f lo ra ,  as  well as  such second-story 
t r e e s  a s  P i ~ t u r u s  ayge&4~j-, Morinda c i t r i f o l i a ,  and Pandanus t ec to r iu s  
found t h i s  rierv habitat  much t o  t h e i r  l ik ing  and a re  now charac te r i s t ic  of 
such s i tuat ions .  Mow, on f a i r l y m o i s t  t o  wet a t o l l s ,  dense,.undergrowth 
soon d e ~ e l o p s  in to  thickets  t h a t  choke the  plantation. Keeping t h e  
plantations f r e e  from unCergrowth i s  a major item o f  labor i n  t h i s  form 
of agriculture,  even greater i n  places. than harvesting t h e  crop. Many 
new weeds and a few new cult ivated plants,  mostly ornamentals, came during 
t h i s  period, ' Papayas and bananas ex i s t ed  i n  many a t o l l s  previous. to. ex- 
tensive coconut plantation, and were brought t o  others subsequently, 
Papayas, of course, a r e  Amepican i n  or ig in ,  and did not ,  ex i s t  i n  t h e  
Pacif ic  p r ior  t o  ear ly  European voyages. Most of t h e  weeds a r e  commonest . . 

,' around v i l lages  and paths, but some a r e  ubiquitous,, especially i n  plantations. 
, 

. . 

Lcng-continued harvest and export of l a rge  quant i t ies  of copra a r e  
. beginning t o  show t h e i r  effects.  One' of ,these:seems t o  be phosphate i 

deficiency, probably t h e c a u s e  of t h e  gradual dying out of s izab le  areas  i 

of coconut plantation i n  t h e  Marshalls, Similar symptoms a r e  found i n  \ 
&her regions. ... 

.. \ 
. . '.. \ 

Another e f fec t  of copra econoe  i n  some areas, notably the northern ' \ ,  j 
Marshalls, has been t h e  abandonment of  t a r o  culture.  ' Throughout t h e  northern \i :\ 
Marshalls there  a r e  extensive evidences of former t a r o  p i t s  t h a t  have not . t . 

! 
been used f o r  many years. This phenomenon, i s  ,most marked i n  what were 
probably t h e  marginal areas of t a r o  cu l ture  but i s  becoming evident a l so  
i n  t h e  southern Marshalls, where both Colocasia and ~$rtosperma, t h e  two 

. '' . 
taro-type plants  grow verywel l ,  The cu l ture  and u t i l i z a t i o n o f  m, 
also,  has been aalostabandoned inmany i s lands , . except  when, a f t e r  a 
typhoon, t he re  i s  no copra t o  t rade  f o r  . r i c e  q r  f lour , '  w, however, i s  
s t i l l  abundant a s  a spontaneous plant i n  t h e  coc~nu t  groves i n  many a to l l s .  

The war profoundly affected many of the  a t o l l s ,  especially i n  t h e  
Marshalls, Gilberts,  and the  cen t r a l  Pacific.  Actual war, with t h e  complete 
o r  p a r t i a l  destruction of t h e  ex is t ing  vegetation, took place on some i s l e t s  
of such a t o l l s  a s  Tarawa, Funafuti, Majuro, Kwajalein, Eniwetok, Wotje, and 
Wake Island, Here, i n  many places, were produced completely bare areas. 
These were soon covered by a blanket of Ipomoea pes-caprae, @a m r i n a ,  
Wedelia b i f lo ra ,  Pluchea odorata, Cenchrus echinatus, and other weeds. The 
pomoea and Wedelia i n  many places formed such a heavy mat that l i t t l e  e l s e  
was able t o  gain a foothold, and many of t h e  other weeds were smothered out. 
In other places Messerschmidia. Scaevola~ and other pioneer woody plants  



quickly became dominant. Only i n  r e l a t i ve ly  d ry  islands,  such a s  Wake, 
has' anything Like <he or ig ixa l  vegetation come b&k, There Eeggpchmidg ,  
Pemphis, and Cordia. were the pr incipal  o r ig ina l  woody plarrts, and, i n  1951 --.-.- 
tnese domiuated the  scene a,gajn, i n  s p i t e  of almost complete ob l i te ra t ion  
i n  1943.-1945. 

Another e f fec t  of the  war' was t h e  construction of huge mi l i t a ry  
estatMshment s, e s ~ e c i a l l y  a i r  f i e lds ,  on many a to l l s ,  even completely out- 
s ide t he  area of ac tna l  mil i tary ac t iv i ty ,  This cornmonly involved colilplete 
destruction of vegetation, The bulldozer scraped t h e  land clean, destroyed 
what s o i l  hod been developed, and smoothed down a l l  topogmphic i r r egu la r i t i e s .  
Afterward, wh'er~ t h e  absolute desolation of such establ5.shments becape 
apparent, attempts were made t o  rees tab l i sh  vegetation and t o  landscape. these 
bases. Many of these have since been abandoned, but some a r e  maintained' and 
have, even been extended an& developed. 

A fur ther  e f fec t , tho&h localissed, has been the  u t i l i za t ion  of t h e  
a t o l l s  of Eniwetok Qnd Bikini  f o r  t e s t i ng  atomic weapons. The e f fec t s  of 
t h i s  were undoubtedly both destruct ive and otherwise. Although the. bombs 
destroyed some areas of vegetation, these a t o l l s  had t h e i r  nat ive populations 
removed, and revegetation and succession have been able t o  proceed i n  most 
areas undisturbed, Some s tudies  o f , t h e s e  e f f ec t s  have been made, but no. 
r e su l t s  have, a s  yet ,  been released, subsequent t o  t h e  publication of t h e  
surveys made pr ior  t o  t h e  tes t s .  

A great  number of addi t ional  weeds have been introduced and spread 
during and s ince t h e  War. Some of them, such a s  Pluchea odorata, Pluchea 
inin, Paspalqn con jug at^, and Chloris i n f l a t a  have been very aggressive, 
and have covered l a rge  areas i n  a short  time. But over a period of a few 
years it has become evident t h a t  Yedelia b i f lo ra  and Ipomoea pes-caprae w i l l  
i n  most s i tuat ions  dominate and probably eventually smother out a l l  of these, 
i f  disturbance is not continued. Another in te res t ing  point is t h a t  evidence 
points t o  t h e  probabi l i ty  t ha t  Ipomoea pes-caprae i s  an introduced plant,  
a t  l e a s t  i n  the  Marshall Islands, Previous t o  t he  war it was only known from 
Ja lu i t ,  t h e  headquarters of German and Japanese occupations. Now it is 
abundant i n  Kwajalein, Majuro, and Eniwetok, a l l  s i t e s  of extensive mi l i t a ry  
act ivi ty .  This point has not ye t  been investigated f o r  other Pac i f ic  a t o l l s ,  
though rnuch evidence is available. 

- ,  Probable future  e f fec t s  of m a n  on t h e  vegetation a r e  hard t o  predict  
accurately, Undoubtedly populations w i l l  increase, and any avai lable  land 
w i l l  be planted $o coconuts, T h i s  w i l l  not be much, however, as  most of it 
i s u s e d  a t  present--if i t w i l l  r a i s e  even poor crops of nuts, Programs f o r  
economic development of coral  a t o l l s  a r e  under way and w i l l  unquestionably 
take the form of attempts toimprove and extend agr icul ture ,  Attempts w i l l  
l i ke ly  be made t o  introduce new agr icu l tura l  and hor t icu l tura l  plan%s, some 
of which might possibly be successful. New weeds w i l l  doubtless come in, 
There w i l l  unquestionably be fur ther  and accelerated vegetational change, 
most of it destruct ive t o  what l i t t l e  nat ive vegetation i s  l e f t ,  .It i s  
important t ha t  sample areas of a l l  exis t ing types be se t  as ide  f o r  continued 
study. It i s  a l so  very important tha t  much more extensive general s-arveys 
be carried out t o  describe what i s  l e f t  before it is  too  late.  

*/* 
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Principal T.ypes of Vegetation and t h e i r  Variations 

Short descriptions o f . t he .p r inc ipa1  vegetation types t ha t  have been 
recognized a s  occurring repeatedly o r  over la rge  areas on Pacif ic  a t o l l s  
follow, The account i s  based again la rge ly  on s tudies  i n  khe Marshall 
Islands, but with t he  l i t t l e  available information from other areas brought i n  
wherever possible, Some types tha t  a r e  conspicuous a r e  t rea ted  here a s  
var iants  of a widespread Mixed Forest type, a s  they r e a l l y  seem t o  be 
extremes of a ra ther  continuously varying nqsociation 'of.'.&ees t ha t  
character ize  ordinary a t o l l  habi ta ts ,  some of t h e  Kinds o;f vegetation 
described below have d e f i n i t e  h a b i t a t  r e 1 a t j . m ~  and. a l s o  successional 
re la t ions  with other types, These re la t ionships  a r e  pointed out b r i e f ly  
and brought out again i n  t h e  following -section, where t h e  pat tern is 
integrated as  f a r  a s  i s  possible with present knowledge. 

1. Coconut g r o v e s a r l d l a n t a t i o n s t  

These a r e  a r t i f i c i a l  fo res t s  of coconut palms planted, of ten i n  geo- 
metrical arrangement, f i ve  t o  six meters o r  l e s s  apar tq  I n  moist areas t h e  
crowns touch and inter lace,  forming a ra ther  complete canopy; i n  d r i e r  places, 
they are  well  sepapated, In height an old plantation may reach an average 
of 25 m. The ground cover is varied, usually Lepturus, Thuarea, and 
F&&i&ylis a r e  f a i r l y  general in pure stands o r  mixtures, with Polmodium 
scolopendria, &=,, Cassfiha, Boerhavia, F l e q a ,  and other herbs loca l ly  
common, extensive patches of Euphorbia chamissonis, Clerodendrum inerme, and 
Triumfetta procumbens, a s  wel l  as  mats of Wedelia b i f lo ra ,  Ipomoea tuba, 
&a marina, and Canavalia microcarpa. Pandanus, Mormda, Premna, Pipturus, 
Guettarda, and other t r e e s  may form a scat tered understory, or, i f  clearing 
out of t he  undergrowth has not been kept up, these  with Wedelia, Ipomoea, and 
Canavalia may form a dense tangled thicket ,  i n  which seedling coconut t r e e s  
a r e  l i ke ly  t o  be qu i t e  abundant, making walking almost impossible. Breadfruit 
t r e e s  a r e  of ten scat tered through pa r t s  of t h e  plantat ion near villages. 

Although breadfruit  (Artocarpus a l t i l i s )  t r e e s  a r e  commonly seen 
around vi l lages  and scat tered i n  coco%t plantations, i n  t h e  wetter a t o l l s  
especially i n  t h e  Carollnes and southern Plarshalls a r e  a reas  completely 
dominated by them. These groves a r e  comonly made up of enormous t rees ,  
towering even above t h e  coconut palms and with dense crowns tha t  form a 
complete canopy through which very l i t t l e  l i g h t  penetrates. On the f l oo r  
of such a fores t  few other plants can survive. Seedlings of Morinda 
c i t r i f o l i a  occasionally maintain themselves where conditions a r e  not ton 
extreme, and i n  t h e  Carolines an a s  yet  undetermined species of Piper may 
form a mat on t h e  ground. Several fe rns  a r e  a l so  occasional i n  such 
si tuations.  Varieties of breadfruit  both with and without seeds a r e  present 
i n  these  forests,  t h e  l a t t e r  being undoubtedly or ig ina l ly  planted by man. 
Both may increase by root sprouts, but t h e  seeded va r i e t i e s  spread very 
readi ly  by seed. Seedlings may be abundant beneath t h e  parent t r e e s  i f  the 
l i g h t  i s  not too scanty. The poss ib i l i t y  should be investigated t h a t  these 
may occasionally be poll inated by seedless t rees ,  and t h a t  some seedless 
ones may be offspring in t h i s  way of t h e  seeded var ie t ies ,  The trunks of 
l a rge  breadfruit  t r e e s  may be two o r  t h ree  meters i n  diameter and unbranched 
t o  a height of 10 o r  1 5  meters, 

*/* 



3. Mixed forest :  

The most. generally d i s t r ibu ted  native fores t  on cora l  is lands is a 
var iable  mixture tha t ,  in one place or  another, may include prac t ica l ly  a l l  
t r e e  species fourid on a to l l s .  It is, i n  fac t ,  so divers i f ied t h a t  i t s  
pr incipal  cowon feature  is t h a t  it i s  a mixture. It usually includei+, 
among i t s  components, Fandanus. Guettarda, Pisonia, Messerschmidia, In t s ia ,  
Cordia, and Ochrosi:a,, frequently, d s o ,  Terminalia, AJ.I.oph~lus, Soulamea, --- 
Hernsndia, g ,a+ngtonia ,  Pipturus,, and F&z, This I have called >fixed 
Forest, " Hatheway 1957 c a l l s  it Scrub Forest, which term is of ten appro_orsiate, 
a s  i t s  s t a t w e  varies from scrub t o  t a l l  fo res t  25 m. high. In d e n s i t f i t  
var ies  from close enough t o  form a complete canopy t o  sparse and open, If 
sparse, therD i s  ordinar i ly  a tangled scrubby undergrowth, which, with low 
branches o f - t h e  t rees ,  makes it almost impenetrable, The undergrowth con- 
sists of seedlings of t h e  t rees ,  with Scaevol.a,:Suriana, Aclhyranthes, 
Wedel.ia, --. Clerodendrum, and Ximenia, t h e  whole tangl.ed and laced wLth l ianas  
of Ipomoea tu& and Canavalia, On rocky places t he re  may be Pemphis acidula. 
Coconuts may be scat tered here and the re  from nuts  planted by the natives O r  
dropped by accident, 

I n  t he  northern Marshalls there  is . .no par t icular  organization t o  t h i s  
mixture, except t ha t  when t a l l  and dense, there,  i s  l i t t l e  o r  no undergrowth. 
I n  t h e  southern Marshalls, Hatheway reports t h a t  t h e  t r e e s  usually oocur in 
small groups of one s p e c i e s , r a t h e r  than mixed a s  individuals. What seems 
essen t ia l ly  the  same fo re s t  may'result from second growth a f t e r  c l e a r h g  and 
from .gew colonization on new land. There seems t o  b e n o  spec ia l  correlation .. 

with any of the  several  types of substratum. On t h e  seaward sides,  i f  they 
a re  t o ' t h e  windward, t he re  i s  a t r ans i t i on  t o  a dense scrub.. In the.  i n t e r io r  
of wel l  developed Mixed Forest, Messerschmidia tends . . . .  t o d r o p  out gradually, 
not . rprdducing it se l f  i n  t h e  shade, y 

. . 

Most::of. t h e  .recognizable fore&, types on a t o l l s  seem t o  be extreme 
variations' of ~f&?d F k ~ t  $qnsisting p r i n c i p a l b  .or en t i r e ly  of one of t he  
component specie,s 'of t h i s ,  for&++ ,$ecaus& t h e  intergradation between a l l  
of these types and kxed'For&$t 'seems t o  be complete, and since t h e i r  ac tua l  
developmental re la t ions  a r e  not f u l l y  understood, they are,  f o r  t h e  purposes 
of t h i s  review and t o  emphasize t h e i r  lack of sharp limits, here regarded 
simply a s  varianf;?, The princigal: ops , ;  3 re :as  follows: 

' ,  . . ,. . . .- . . .. 
... . .  
? . ,  ..,., 

a. Pisonia ' ~ o & L - w e  stands of. Tisonia grandis. a r e  a very common 
and widespread phenomenon on co ra l  isl~nd,s:,$hroughout t h e  kdn-Pacific region. 
The d is t r ibu t ion  &id some data  on t h e  ocmwrence of t h i s  species has been 
reviewed, recently, both by St. John (1951) and by Shaw (1952). Shaw 
suggests t h a t  bird guano may be r e q u i r e d f o r  t h e  growth of t h i s  species, o r  
a t  l e a s t  f o r  eerinination and establishment of i t s  seedlings. However, 
healthy t r e e s  hake been observed i n  absence of any noticeable guano. 
Germination of:deeds must be a r a the r  infrequent occurrence, a s  no seedlings 
of t h i s  specie& weqe seen i n  t h e  northerniMarshalls investigation.  

. . .. 
,.. .. . . . li .. . . .. 

A charact&i&ic of many o r  most o~f . these,&~t .es  o r  fo re s t s  i s  a 
layer  of highly acid raw humus on . the  surface :.of .theiground, and often, just 
beneath t h i s ,  a l a y e r o f  phosphatic sandstone or..hardpann "There seems l i t t l e  
doubt t h a t  t h i s  is 'a.phenomerion''dependent upon the.,presence of the Pisonia 



(together with sea-bsrdc;), pather than p ont troll&^ t h e  d i s t r ibu t ion  of t he  
P i ~ n k .  This,  rela<i6nship w i l l  b e  digcussed i n  det .ai l  elsewhere. It has - 
already been touched . . upon by. Hatheway 1953.' 

This forkst ,  up t o  25-30 m. t a l l ,  cornonly has a dense canopy, 
elephantine white trunks, spreading a t  the  base into tw i s t ed roo t  platforms, 
and l i t t l e  o r  no undergrowth except f o r  Pisonia root sprouts, ,These a r e  

.,. of qu i te  i r regular  dis t r ibut ion,  some t r e e s  having them, others no t ,  even 
i n  t h e  same grove. ' ~a l l e~<n , . t r ee s  usua l ly ,  but not always., take root wherever 

. . .  they  touch ground,:'sen$$ng'.up a number of erect  branches t h a t  beco~ne trunks. 
. .  ,In dry: regions . P i e l i s  more or l e s s  deciduous i n  t h e  dry season, ..allowing 

mor:e ,:than' usua1"1i&i t o  enter,  Birds tend t o  favor t h i s  fores t  for roosting 
and nesting; there'afe: -oft  en hundreds o r  thousands of f a i r y  t e r n s ,  noddies 
of two kinds, red-footed bcobies, and f r i g a t e  birds nesting i n . i h e  branches 
o f : a  grove, and white-tailed t rop ic  b i rds  have been found nesting i n  cavit ies.  

. . . .  . 
b. s h r o s i a  forest :  One of t h e  most s t r i k ing  a t o l l  forest '  types is -- 

a purk'dense stand of -.-..- Ochrcsia u ~ p o s i t i f o l i a ,  These t r e e s  a r e  up t o  20-25 m. 
t a l l ,  with clean slender trunks, seldom more than 3 dm, through, and umbrella- 
shaped crowns of broad da-k green leaves. These grow i n  contact, f0rming.a 
canopy sodense  t h a t  there  i s  perpetual twi l ight  beneath it, There are: few 
seedlings of any other species on the  ground, but those of Ochrosia a r e  t he re  
i n  millions. The egg-l ike 'br is t ly  f r u i t s  form a continuous layer  o n  t h e  ground, 
and theseed l ings  a r e  of more o r  l e s s  even height, usually 3-4 dm*, evidently 
-reaching t h i s  height, dying and being replaced or  not growing much further.  
I f  an opening of any kind i s  formed i n  t he  canopy, t he  seedlings beneath 
quickly grow up and f i l l  it, 

, , . This fo re s t  does not seem.to be found especially on any one type of 
substritum, being seen on sand, gravel, o r  brDken cora l  rock. It has been 
observed,'particularly, a s  a continuous stand, i n  is lands with a moderate rain- 
f a l l ,  Apparently,'.once s tar ted,  Ochrosia i s  able t o  replace most, i f  not 
i l l o t h e r  ~ p e c i ~ s ,  a t  l e a s t  i n  t h e  moderate r a i n f a l l  be l t  i n  t he  northern . .  
Macshalls. It has not been described.fr.om anywhere outside t h e  Marshall 
Islands, though t h e  t r e e  i s  widely d i s t r ibu ted  i n  the  Pacific, 

c. Pandanus forest:  I n  t he  Marshalls pure stands of Pandanus 
t ec to r iu s  a r e  uncommon and not of l a rge  extent. A so l id  stand was seen on 
Maria Atoll,  Austral Islands, t h a t  covered an en t i r e  i s l e t .  Such stands 
have a l s o  been reported f romthe  uninhabited a t o l l s  of t he  Tuamotus. Though 
Pandanus commonly branches toward the  base, i n  dense fores t s  t he  trunks a r e  
usually ra ther  t a l l  and s t ra igh t  before branching, with conspicuous prop 
roots  holding up t h e  bases and making walking d i f f i c u l t  where t h e  t r e e s  a r e  
close together. The crowns a r e  pyramidal i n  shape, composed of enormously 
long sword-like leaves imbricated on t h e  stem i n  t h r e e  close sp i r a l s  which 
give the  t r e e  one of i t s  common names, "screw-pine," These leaves a r e  
provided with a row of s t i f f  spines on t h e  midrib and others along the  
margins, The leaves form a loose accumulation on the  ground beneath t h e  
t rees ,  where they re tard t h e  appearance of seedlings o r  herbaceous plants. 
Pandanus seedlings a r e  able t o  s t a r t  i n  denser shade than in Pandanus forest ,  
but a r e  not common i n  t h i s  type of fores t ,  though they often form a carpet 
under i so la ted  t r e e s  where leaves have not accumulated. Pandanus seems 
equally a t  home i n  almost any a t o l l  habitat .  



dc @mer&midia forest :  On some of t he  d r i e r  a to l l s ,  such a s  
Pokak and Wake, low forest  of Messerschmidia argent= i s  t h e  dominant 
vegetation, The t r e e s  a r e  not very close together  and commonly preserve 
t h e i r  perfect  hemispherical shape. Their s i l ve ry  grapgreen leaves a r e  
fleshy and in extreme dry weather a l l  but t h e  youngest on t h e  twigs drop 
off ,  Pure stands of t h i s  species often colonize new i s l e t s  and may remain 
uninvaded by other  species f o r  a long time, On some is lands a s t r i p  of 
t h i s  type, but of very much ta l l e r  t rees ,  c loser  together, and open beneath, 
may occur just  back of t he  beach scrub, The t r e e s  sometimes, but rarely,  reach 
20 m. t a l l 6  Their trunks a r e  twisted and f r ee ly  branched. They a r e  seldom 
dense enough t o  exclude a ground cover, which may be of grass (Lepturus, 
Thuarea Stenotsphrum), Di~,mfetta_ procumbens, o r  Boerhavig, or,  on rocky - 1  -- 
substrata,  Fleyya.  Underbrush i s  not so common i n  t h i s  type, though 
Scaevola frutescens_ may be present, or  f a l l ax ,  sea lianas  
a r e  frecuentlv tanrrl-ed abundantlv in t h i s  forest .  even i n  i t s  d r i e s t  mani- + " - " , 
festations.  This type, also,  seems t o  have l i t t l e  or  no preference i n  sub- 
stratum, but it i s  a pioneer type and w i l l  only pers i s t  under conditions 
which do not favor i t s  nore mesophytic competitors, 

, . 

e. Cordia f ~ r e s t :  In-d?:i.er a t o l l s  Cordia subco.~d+xx often forms 
pure forests ,  though not of large extent, The t r e e s  may be c lose Set and 
reasonably t a l l ,  but a r e  commonly fa r ther  apar t ,  a t  l e a s t  t h e  trunks, and . ' 
with low, long widespreading branches t ha t  drag on the  ground, become tangled 
and entwined, and make an impenetrable thicket .  Often the re  i s  no undergrowth 
or  ground cover a t  a l l .  I n  t he  dry season t h i s  species may be b r i e f ly  deciduous. 

, '. 

f .  Barrin&onia forest :  Only one area of t h i s  has been observed, on 
Lae I s l e t ,  Lae Atoh ,  but it i s  such a s t r i k ing  type tha t  i t  is worth looking 
f o r  elsewhere, The t r e e s  were of enormous diameter, massive, 20-25 m, t a l l ,  
canopy complete and dense, nothing on the  ground except a colony of Peperdmia. 
The ground in  t h i s  fo re s t  had been covered, subsequent t o  t he  t r e e s  reaching 
a l a rge  s ize ,  by a deposit of l a rge  boulders t o  a depth of up t o  a meter. 
This should be looked for elsewhere, a s  t he  species i s  found everywhere i n  
t h e  t rop ica l  Pac i f ic  and Indonesia. 

4. Pemphis forest :  

On rock a t  or above high t i d e  level,  whether elevated reef rock, coral  
conglomerate,.or beachrock, pure stands of Pemphis acidula, a densely branched 
small-leafed t r ee ,  a r e  common, The t r e e s  a r e  ab l e  t o  grow where pure sea 
water wets t h e i r  roots a t  high t i de .  They reach 6-8 m. t a l l ,  a r e  commonly 
gnarled and twisted, with trunks up t o  2-3 dm, thick,  r a r e ly  much more, of 
extremely hard and heavy wood. The lower branches, even though dead, a r e  
pers is tent  and r ig id ,  and as  t he  t r e e s  grow very closely, t h e  stand may be 
f a i r l y  impenetrable. Usually nothing grows beneath it. The general  color 
of t h i s  fores t ,  from a distance, is a so f t  b lu i sh  green, and t h e  tex ture  of 
t he  t r e e s  leads persons unfamiliar with Pemphis t o  describe it a s  looking 
l i k e  a conifer. This type i s  a f a i r l y  r e l i ab l e  indicator  of rock substratum, 
but occasionally may be found on sand. Possibly these cases have rock a t  
shallow depths, but t h i s  has not been investigated thoroughly, 



5. Nangrove Forest: 

Mangroves of a number of kinds m a y  be found in '  shallow lagoonmargins, 
i n  t i d a l  ponds o r  swamps with out le ts ,  and i n  depressions with no out le ts ,  
In open lagoons Sonneratia o r  Rhizaphora a r e  found, rarely .Brumiera  con.jwata. 
The l a t t e r  is much more colmoa i n  t h e  depressions, e i t h e r  mud bottomed o r  
rock bottomed, where it may be accompanied by Lumnit,zera, I&s&, or  Pemphis. 
The l a t t e r  two a re  usually found on rock bottoms. I n  t he  ponds with ou t l e t s  
Rhizo~hora i s  commonest, - In the  Marshalls, where t h e  depressions without 
ou t le t s  a r e  commonest, t he re  i s  some evidence tha t  Bruguiera m y  have been -- - 
placed there  de l ibera te ly  by man. This i s  c e r t a i n l y t r u e  i n  some cases 
(~chnee  1904). The f r u i t s  a r e  used i n  making a dye, 

6, Beach S- 

Generally along t h e  seaward s ides  of i s l e t s ,  especially on t h e  wind- 
wardsides ,  on t h e  ends, and t o  a l e s s e r  extent along t h e  lagoon beaches, beach 
scrub may be found on scrub vegetation. This i s  usually preponderant,ly 
Scsevol g t_r~ttescens~, but with varying admtxtures of small bushy specimens of 

. Messerschmidia., -- Guettardaj Terminalia, Suriana, Pemphis, and, on lagoon beaches, 
. :  sometimes Cordia, So~hora  tome~tosa ,and  Allophylus. I n  d i f fe ren t  s i tua t ions  

t h i s  has a vast ly  d i f fe ren t  appearance, On both beaches it commonly forms a 
f r i nge ,  pr incipal ly  Scaevola, along t h e  edge' of t h e  fores t  a t  t h e  top  of t h e  
beach, merging with . the fo re s t  on t h e  landward side. If t h i s  is a lagoon beach 
o r  :seaward beach on the  leeward s ide  i t s  margin i s  abrupt, v e r t i c a l  .or rbunded, 
and it may be, 'several metern.tal1, On t h e  windward outer beaches, especially i n  
t h e  tPade,-wind. be l t s ,  the:top, surface of t h e  scrub slopes down in a n  inclined 
plane, 'continuous . . .  with t h e  s imilar ly  "wind-sheared" t o p o f  t h e  forest ,  t o  t h e  
top  of t h e  beach. Occasionally t h e  edge of t h i s  has .a scalloped appearance 
and the upper surface is grooved i n  t h e  d i rec t ion  o f t h e  prevailing wind, t h e  
groves gradually disappearing landward, Depending on t h e  ph&iography of t h e  
ends of t he  islands,  t h e  scrub found there  may be merely a continuation of 
t h e  fringe on t h e  seaward s ide  i f  it:is a boulder beach, o r ,  i f  it i s  a sand 
o r  gravel sp i t ,  a scat tered t o  dense growth, principallyScaevola may be qu i te  
extensive, resul t ing from or ig ina l  colonization. On t h e  lagoon s ide  of such 
a s p i t ,  o r  lagoonward of t h e  forest ,  a row of Scaevola ormixed scrub may 
catch windblown sand and form a low dune ridge. 

7. Miscellaneous scrub t m e s :  

In the  i n t e r i o r s  of islands,  especial ly  of d r i e r  ones, d i f fe ren t  s o r t s  
of scrub vegetation may occasionally be found, On Pokak A t o l l  a r e  a reas  of 
Scaevola 1-2 m. tall ,  of ten on exposed rock substratum. Such areas, on most 
a to l l s ,  would probably be occupied by Pernuhis scrub or  fores t ,  but t h i s  plant 
does not occur on Pokak, A s imilar  inland scrub has been reported by 
Christophersen (1927) from Christmas Island. 

A t h in  scrub of g& fa l lax,  usually with Lepturus and other herbsp 
occurs i n  f a i r l y  la rge  areas on Pokak and on Christmas Island, Canton, and 
other dry cen t ra l  pac i f i c  a t o l l s ,  This seems t o  f luc tua te  a great  dea l  with 
wet and dry periods, t h e  individual bushes p a r t i a l l y  dying during dry cycles, 
but with some branches continuing t o  flower. I n  some favorable l o c a l i t i e s  
t h i s  may reach almost 2 m, i n  height and be so dense a s  t o  somewhat impede 
walking, Small patches of t h i s  a r e  found on dry i s l e t s  i n  other a t o l l s  of 



.. . . . t h e  northern Marshalls, often surrounded by  forest .  I n  places, a s  on 
Christmas Island, Messerschmidia t rees ,  perfectly rounded on top,,:are more 

. ' ?.?.br: l e s s , t h i c k l y  scat tered i n  t h e  Sida scrub t o  form a park-land O r  savanna. 
. , -- 

. . . . 

. . Hedyotis romanzoffiensis and Heliotropium anomlum form a dwarfscrub, 
-4- --.-,.-- 

.' usually ra ther  sparse, on Christmas Island. I n  places Sida and ~ u r i a n a  may 
be added t o  t h i s  t o  form a mixed dwarf scrub, Herbs, such as  Lepturus, 
Portulaca, and . . . . --- Boerhavia a r e  comonly associated with this. It %.usual ly  
not more than about 0.5 m. t a l l ,  Something similar occurs i n  openings i n  
t he  Tuamotus, but l i t t l e  i s  known about it. 

On Christmas Island, and perhaps, Jarvis,  a r e  small areas  of loose 
scrub made up of Abutilon indicum. The bushes grow t o  1-2 me t a l l ,  

8. Lepturus G=sland: 

On most of t h e  d r i e r  a t o l l s  a r e  patches, and on Pokak and Christmas 
la rge  areas, of a bunchgrass vegetation of Lepturus repens, sometimes with 

.,' addiixtures o f  I l e l i o t r o p i ~  9 anomalum Portulaca, Boerhavi~., and other herbs. 
T h e s e  seem, invariably, t o  have sand or  f i ne  gravel. a s  a substratum, e i t he r  

pure o r  between t h e  ricks.  The bunches may be so close together  a s  t o  form 
a continuous cover o r  may be widely separated, and may be very small t o  a s  
much a s  3-4 dm, t a l l .  On Pokak t h i s  type of area i s  invariably undermined 
by t h e  burrows of enormous numbers of wedge-tailed shearwaters, On Christmas 
Island there  may be a sca t te r ing  of Messerschmidia t r ee s ,  giving a savanna 
e f fec t ,  This i s  a l so  somewhat t r u e  on Pokak. On some a t o l l s ,  these  Leuturus 
patches a r e  of ten extensively parasi t ized by mats of Cassytha f i l i formis .  
On Christmas Island Lepturus i s  loca l ly  mixed with Tribulus c i s to ides  o r  with 
Heliotropium anomalum, 

9 .  Other Natural Herb Tlpes: 

On some a t o l l s ,  a s  Taka, Bikar, Jarvis,  and other ra ther  dry ones, 
a r e  areas where Portulaca lutes i s  dominant o r  i n  pure stands. The cover 
i s  ord inar i ly  not complete. These a r e  usually on ra ther  f reshly formed sand 
o r  gravel  surfaces, and a r e  probably short-lived, being invaded by other 
species ra ther  promptly. 

Mixtures of Portulaca, Boerhavia, and Lepturus may c o v e r t h e  ground 
sua r se l ?  t o  ra ther  densely. O n  Christmas Island Christo~herSen (1927) 
describkd, &so, areas o f  a pure stand of Boerhavia, whihh he sa id  had grown 
over and k i l l ed  t h e  other plants. 

On highly sa l ine  f l a t s ,  usually near t he  lagoon, a t  p rac t ica l ly  high 
t i d e  level,  t he  vegetation i s  of scat tered mats of Sesuvium portulacastrum, 
This vegetation has been noted on Wake IsZmd, Canton Island, and Christmas 
Is land,  and probably occurs more widely, a t  l e a s t  i n  t h e  dqy Pacif ic  
Equatorial and Phoenix groups. 

10. Secondary Herbaceous Tmes: 

During the  war la rge  areas  on such a t o l l s  a s  Kwajalein, Eniwetok, 
Wotje, J a l u i t ,  and others were denuded of t h e i r  vegetation. Most of these 

e/e  



. . : . : . . . .  
have .scarbely beknstudikd, but bn Kwajalein and. to::a much. l e s s e r  extent, . 
J a l u i t  and Zniwetok, observations have been made, These!,areas ;se&,;;usually, 
t o  be occupied by mats of @omoea ~es-caprae,  ~ e $ ~ . ~ . f l . o ~ , . . o r  V i e  : 
=?.st These m y  become so  dense th& invasion by woody species is grea t ly  
retarded.. , Wedelia tends t o  'doininate i n  many such,occurrencesg and. .may form 
a dense mat one or  even two m, thick, s0lr.etime.s mixed with homoea. On Lae 
I s l e t ,  Lae A t . o l l , ' a  similar.mat of pure Wedelia occupiesan open meadow-like 
place of unknown or igin i n  t h e  . forest .  This did  not :change s i g n i f i c a n t l y  

' 

between 19& atid, 1452, The substratum was f i n e  broken coral. . . .  

On abandoned compacted coral  a i r  s t r i p s ,  Fimbristy1i.s (or  
a to l lens i s )  may get s ta r ted  as  a pure stand and pers i s t  f o r  some time, a s  on 
--n 
Bike j I s l e t ,  Kwajalein. 

. . 

In 19l+5 an attempt was made t o  revegetate ~ w a j a l e i n  I s l e t  and some 
others t h a t  were being used a s a c t i v e  mi l i t a ry  establishments, by planting 
Cpodon dactylon. This has pers is ted i n  some places, but soon becameinvaded 
'by other species, especially by ;"cdpal.um vzginatum, a ,  similar sod-for'&+g 
gbass,; The l a t t e r  i s  now t h e  co,rnmonest grass on Kwajalein Islet.. Heavy 
t r a f f i c  tends t o  discourage such p l a n t s ' a s  'Wedelia and t o  favor such temporary 
weeds a s  the  obnoxious Cenchrusech ina t~~ , ;  Eranrostis  am~biI.is, E l k s i n e ,  a, and several  species of &&oa&a, The weedy vegetation around such 
es tab l i shme~ts  i s  complicated by t h e  great  in f lux  of new weeds brougfit i n  
acciden+%ily. Piuchea bdorata an& P;, indica  have become very  abundant around 
most'iui'iitai$ bases, and f o r  a w h i l ~  t h e r e  seemed a probabili ty t h a t  the;r 
wou&d d o ~ n a t e  t h e  vegetation; : However, where l e f t  reasonably undisturbed, 
~ e ' d c l i a  seems very able t o  s m t h e ~  them out. . . . .  :, . . 

. , .. 
. . . . , . 

. A  11. ,. . h q s  and'Marshes: . . . . . . ..... 
. . .  ., , , . . .  . . . . . . .  . . 

, F& present purposes bogs and marshe* may be'disknguished by defining 
t h e  ?o,rm{r a s  havirig a substratum of a spongy pea t , . t he  la%.er. . . . . . .  a. sybstratum of 

.... . ,soft  .. .: ;:. milck. . . . . . . . .  . , .. . ,. . . . . .  . . . .  . . . . .  : . .  . . 
. . !id. 

: . ' ~ ~ i t ~ ~ ' ~ a k . E i f ~ c ~ l ~  (established f o r  cul t ivat ion .of '$arp-Gk$ pl&ts, 
. . .  usuallf~yrtosderma\ahd Colocasia_, occasionally sugar c a n e s i d  other things, ' 
even ornamentals such!as Hitjkscus rosa-sinens&, a r e  .the.,commone~t kind, of 
marshes found on a to l l s .  These a r e  essen t ia l ly .p i t s -dug  do,wn'.to.,beSow' t h e  
Water t a b l e  i n  the  ced%6rs oX?islets, then f i l l ed . : in  up t o  t he  .surfacb' of . . 
tFe f r e s h  o r  brackish ~ a t & r  wi thvege tab le  refuse Q r  c.ompost~,.,&,~ch'rots"and 
forms t h e  muck substrat& S u c t r p i b  vary frqm: a .  !few: square meters t o ,  many 
hectares i n  extent. Cyrtosperma, a gigant ic  herb with grea t  ++ow-shaped 
leaves up t o  th ree  meters o r  more t a l l ,  usually dominates these  pits.' This 
t ends  t o  c~ow&"out~Colocasia.,: whtch i%.o f t en  ................ , . ppeferred a s  food, The starchy 
corms of t6esii &aits a r e  - the  par ts .  u t i l i zed ,  ,%he tops of these b'eing broken 
off 'and repxantedc '' Many weeds ciccw-in such plaoes, t he  most aggress'ive being 

' i iocasia ,  'a g i a n t a r o i d  similar i n  appearance t o  Cntosperma but inedible, 
and Paspalum vaginatum. The:!latt,er,, introduced reqently i n  t he  nortbern 
Wrshalls,,  h a s  completely - taken pos.s:ession o f  many of, , .. these p r t s  on ~ i g i e p -  
and Ailuk, Other C6mnion:.we&s-areC~erus odoratus, Eleocha+is aeniculata, 

. . 
. . ..Jussiaea . . suffruticosa.,. . . Polyionum sp.,, and Athvrium . . . .  sp. . , .  . . . .  . 

. . .  : .  .,.. ., , . , . . , . . . 
. . .  . . . . . . . . . . .  . , .  . . :  . . . . . . . . . .  . .,., . . . . . . . . . . . . . . . .  



. . Natural. marshes occur on many: a to l l s ,  being- placeswhere, f o r  one . '  
or'another reasong t h e  ground surfaoe dips  benea th the  water table.  The 
bottom i s  a s o f t  mud whose composition has not been-investigated.. Cmerus. 
javanicus, Gussiaea, and various weeds a r e  comonly. found:here, 

. . , s  .. . . . . . . . . / i .  . , 

On Washington Island, at. 'one :end:!of . the  .freshwater lake, is a peat 
bog of some extent, The vegetation of t h i s  i s  a s o l i d  stand of Scirpus 
r i p a r i u ~ ~  invaded around. t he  edges by Cyrtosperma and P o l ~ o d i u m  soclopendria. - .  
This is a r a t h e r - r a r e , o r  possibly unique occurrence on a n i a t o l l  3nd has been 
well  described by Wentworth (1931) and Christophersen ( 1 ~ 2 7 ) ~  

. . . . . . . .  ,,. . . . .  . . . . . . . . .  . . .  . . . . . .  
12. _ ~ e r r e s t & i a l  .- a l g a l  vegetation: i . . 

. 
The land algae have been l i t t l e  investigated on a io l l s .  There are, 

of course, t be  u s m l  epiphytic unias1;Lnl:ar green all& ,blu.e-green alga- r on 
t r e 6  trunks:-and #in l ichen association with fungi ,  and xni'croscopic a lgae on 
moist gi-omd. :-There a r e  a lga l  mats i n  pools, both blue-green and green. 

'' 

On t h e  wet .:botkom .of a depression on Wake Island. was noted .a, lu . rmiant  
fur-like growth .of. .-~-- Ik i%eromoa ,  Almost notlling i s  knavnof t h e  compositlon 
of nost o.f t h c ' a l g a l  veget&i.og,. Two physiognomic types are.:a- ggarently .so 
widespread; as  : t o  be ,@hos t  un ive r sa l  i n  .;'cneir'ipespective tjalsitats, . These 
have a t t rac ted  isonie a t ten t ion  from. othep t'han'vegetation students:. They . . $e  

. . . . .  . . .  a s .  follows:, ' -. . . , : , . .  : !( 

, , :.: :. , . ...... . .  . . . . . . . .  ,.. , . .  . . . . 1. 
. . . . . . . .  

;,. 

a,. : Stirface discoloration on. limestone rocks: Rocks expo$ed above -.. 
h i g h ~ t i d s  level ,  whether consolidat-ed mater ia l 'o r  ,loose boulders and 'c6bble8, 
though white, pinkish, o r  very pale brown'Y16!color within, a r e  ord inar i ly  
colored from a blue-gray t o  black, On close examination t h i s  i s  found t o  
resu l t  from a layer  a s  much a s  several  mm, th ick inwhich  the rock is green 
i n  f resh ly  broken cross section, Often t h e  inner margin of t h i s  l ayer  i s  more 
strohgly colored than ' the  intermediate depths, while t h e  outer Aurface seems 
black. When the  li'mestone is dissolved away.in acid t h i s  color i s  found t o  be 
due t o  unicel lular  blue-green algae belonging t o  t h e  Chroococcales. There 
have been various observations on i t s  e f f ec t  on t h e  hardness and decomposition 
o f , t h e  surface layers  of t h e  limestone, but no one, a s  yet ,  has .separated out 
$the e f fec t s  which a r e  due t o  t h e  aXgae from those w2th'othW causes. Also; 
nothing i s  def ini te ly '  known .as.:.& t he -o r ig in .  and differences in in t ens i ty  .Of 
color. It has been sugge'see'edrby 'Teichert (1947) t h a t  t he  color is i n  proportion 
t o  t he  age of exposure, ai~d that' t h i s  might be a means of dating, re la t ively,  
t he  shingle m'aeposits, N 5 t  efiou& :is understood about this-,. as  yet,: t o  make 
any such conclusions depkdable. It has been noticed, 'on PokakAtoll,  t h a t  
where t he re  is much abrasion. by r o l l i n g  a r o q d .  of loose raaterial t h e  a l g a l  
layer  i s  kept worn thili; ,br i s -absent .  ,.,. 

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

b. Algal crust  on  c6rkL:sand:'- On mbsl!&eas where t he re  i s  open , - 
sand, e i ther  with no otheli':.veget&%ion' 'or betwe& bushes of: sparse scrub or  :' 
tufts of sparse bunch w s s , t i i e  .surface of t h i  'sand f o r  t h e  f i r s t  few m i l l i -  
meters i s  caked i n t o  a CPUSS, held together:by gelatinous blue-green algae. '  
The general color i s  gray tb bla'CMlirsh, but appears greenish when moist. When 
very dry such a crust , .  i f ' ~ e l l ' : b ~ v e l o p e d ,  may crack and c u r l  up o r  wrinkle. 
The algae forming t h i s  crust  are,  so far a s  known, princrpalljr, Hassallia'  
bpssoidea, Scytomema ocellatum, and Por~hyrosiphon fuscus, a l l  f'llamentous 
Myxophycae, a d  Gloeocapsa alpicola,  a gelatinous colonial  form (Taylor 1950). 

*/. 



This crust  has a t t rac ted  some a t ten t ion  as a . posdo le  source of 
f ixed nitrogen in a t o l l  so i l s ,  s ince  it has been demonstratjed t h a e  Certain 
blue-green algae a r e  able  to, f i x  atmospheric nitrogen, A limited'amount of 
work has been done toward; finding out i f  : th is  i s  ac tua l ly  t he  case, but 
not eno9gh has been done t o :  y ie ld  ai?y de f in i t e  resu l t s ,  The crust  undoubtedly 
s e r v e s  an important f i inct ion i n  r e t a rd ing  wind d r i f t  of f i nd  sand, 

. .  . ,  

. 13. Marine Seed-plant Vegetation: 
' 

O n  sandy, quiet-water shores i n  t h e  western Pacific,  Indian Ocean, 
and Caribbean Sea several  genera of mzrine spermatophytes, commonly cal led 
"sea-grasses? tend t o  form a sod-like vegetation, holding t h e  surface layers  
of sand i n  place by t h e i r  entangled rhizomes. This type of vegetation i s  
probably not unusual i n  t he  lagoons of a to l l s ; -bu t  has scarcely been reported 
fromthem. Two occurrences are  known. One is a t i n y  patch of Thalassea 
hemprichii a t  t h e  ou t le t  of a mangrove swamp on Ailinglapalap Atoll; t h e  ' - 
other i s  a long s t r i p  of sod of t h e  same species a t  low t i d e  leve l  on t h e  
lagoon beach of Ujelang I s l e t ,  Ujelang Atoll, both i n  the  Marshalls. Un- 
doubtedly t h i s  w i l l  be found t o  be more widespread, especially i n  t h e  Caroline 
a t o l l s  when they a re  more adequately investigated. It is  a common fea ture  
of b a e i e r  . . reef lagoons around high is lands i n  Micronesia, . . .  

.: : 

This vegetation i s  of ten referred t o  a s  "turtle;-grassv and is s a i d  
to"be. t he  pr incipal  food of t h e  green. t u r t l e .  It i s '  r i t h e r  d i f f i c u l t  t o  
account f o r  t he  abundance of t u r t l e s  i n  t h e  northern Marshalls when the re  i s  
so l i t t l e  " t~r t le -grass !~ ,wi th9ut  assuming e i the r  other foods o r  extensive . . 
migrations. Such migrations a r e  known in the  western Indian Ocean, where 
t h e  t u r t l e s  breed on some of t h e  a to l l s ,  but migrate t o  t h e  Mozambique 
channel, hundreds of kilometers away, t o  feed during a par t  of t he  year. 
Their stored f a t  apparently keeps them a l ive  during t h e  breeding season. It 
wodd be very in te res t ing  t o  know i f  there  a r e  such migrations of t u r t l e s  
i n  the  Pacific. 

.. 

14. ' Marine Algal Vegetation: 

The ac tua l  a l g a l  communities of a t o l l s  have not been suf f ic ien t ly  
studied t o  enable a very s ignif icant  summary t o  be made, A zonation i s  
observed, even by t h e  casual collector,  which w i l l  be outlined below, beginning 
with t he  outer edge of t h e  reef.  The problem is complicated by t h e  f a c t  that  
t h e  zonation i s  by no means the  same on windward and leeward sides,  by 
seasonal f luctuations i n  abundance of species, and by fluctuations in response 
t o  available nutr ient  material  dissolved in t h e  water. An excellent example 
of t h i s  is given by Taylor (1950), when he notes t h a t  Enteromorpha was scarcely 
seen when he arrived on Bikini i n  1946 but had become very abutxiant during 
t h e  time t h e  par ty  spent there,  presumably i n  response t o  t h e  pollution of 
t h e  lagoon by sewage and refuse f romthe  la rge  establishment s e t  up the re  f o r  
t h e  atomic-bomb t e s t s .  There i s  a l so  much difference i n  a lga l  f lo ras ,  a t  
l e a s t  a s  t o  r e l a t i ve  abundance of species, from a t o l l  t o  a to l l .  

a. Algal r idge (Lithothamion ridne of most authors): A t  t h e  outer 
edge of t h e  seaward reef, especially on t h e  windward side,  calcareous red algae 
of t h e  genus Porolithon and possibly other genera form a massive accumulation 



of limestone tha t  i s  generally b u i l t  up several  f e e t  above t h e  general l eve l  
of t h e  reef f l a t .  It is of a br ight  pink color, rough to.rather'smooth, 'ad 
.is very r e s i s t e n t  t o  t h e  .pounding of t h e  waves. Many people believe' t ha t  
t h e  strength of t h i s  indurated edge of the  reef prbtects the  whole s t ructure  
from pulverization by t h e  breakers,: The height t o  which this ridge is  .. 

developed i s  more o r  l e s s  in propor t ion to  the  constancy-and roughness with 
which waves break against it. Frequently it is en t i r e ly  absent on t h e  leeward 
s ides  of a tol ls .  On t h e  leeward sides, also,-::theremay oncasionally be a 
Small such ridge developed on t h e  edge of t h e  lagoon reef, i n  response t o  

...,. . lagoon waves. , ,  

. ,, . . . 

. . .  , . b. The moat: The depressed area or trough dipping below .low t i d e  
l eve l  just  behind t h e  a lga l  ridge, landward, sometimes represented by numerous 

. . %,i'depools, is usually f i l l e d  with corals and has a considerable d ivers i ty  of 
algae. There may be  Laurencia in abundance, Lianora, A v r a i n v i l . ,  -, 
Halimeda, and many other genera, They do not, however, form a contfnuo.W. 
layer, except som&mes 'in ,th;q case of me ... - .  

. .  .. . . 
. . . . , . . . .  ., . -. 

The reef f l a t :  This r e l a t ive ly  smooth, gently sloping a r e a ,  c. - 
sometimes very broad, ext'ending from high-tide l eve l  t o  low-tide-BeYel, ik; 
mostly covered by a continuous layer  of algae, sometimes very thin,: and l i t t l e  
else. Over large areas Cladophoropsis i s  dominant, forming a dense f e l t  which 
catches fine,.calcareous s.and, Over other.  areas t h i s  i s  replact?& by a f u r  of 
Jania  a lso a collector of sand, .Padina .is common in  cther  pli?.c.es, though' J '  
not very frequent i n  the  northe;n,Marsha&ls, In  more r e s t r i c t ed  areas, near 
high-tide level,  may be putty-like masses of s i l t  held, together by t h e  very 
f i n e  filamentous S&izothri+ I n  still  other  places there-  i s  o n l y  a s l i e .  
f i lm o g  microscopic algae,of severa$.sorts.  On the  under s ides  of boulders 
strewn on th5.s f l a t  Xicrodictmn i s  common, and t h e r e . i s  - m e  p t y o s p h a e r i a .  
In  cer ta in  p:irces..the bottom is .covered by .> crust  o f  a t h i n  e;rCm.stling cal- 

'car6ous red .aLgae, o r  by small pebbles so ensrusted .(noc$uhr), .:.Thew may 'tie a 
rough corre1at;ion i n  t h e  d is t r ibu t ion  of these communities witti'6tie 'duration 
of exposure above water, but it has not been worked out very well, as yet. 

. . . .  . , .. . . . . i .  ',.is':; . . . : : ' .  . , . . -. !. . .  . , . . .  
d. g.!? lanoon reefflat; The lagoon r e e f  f l a t ,  t h e  shdlow shelf . , extending 0 ~ 4  a short dista.ac,e.L"rom t h e  inner ,shore of  the.'is3.et;.. 1.4 not 

a region of abundant clgaa, It i s  usualiy e i tker  sa::ci,.ks covered 
by rubble, ' Li the  northern Mar;al!alls, Hali$eda.scqmsa:znd a spec iWof  
~do ' tea  of si'inilar habit g rowin  sandy places as  scattered t u f t s ,  with the i r ,  
7 

curious "ps,eudostipeslf buried i n  t h e ,  sand. Between t h e  boulders o f  rubble 
degcsi ts  'a l i t t l e  Caulerpa may be fourd, Tiny . t u f t s  of .  smallfi lamentous~ 
red algae a l so  grow here, sometimps on t h e  .sea' anemones th.at a re  common here. 
' ) ' .  . . . . . .  .. . ... . 

e. 2' passage b e i w w i s l & s :  Here water is usually flowing. i n  one 
direction, o r  another. L w m r i a n ~  colpnies of Halimeda, several  species of-;':. . . 

. Caulerpa, and, rarely, z~$&.ag;a ornata gxua a t  o r  beLw low t i d e  lcv63,'. 
The rocks, both above and below low-tide l eve l  a re  sl ippery with..a..'film o f ;  
very small algae. . , . . , .  .:.: . . . 

f.  $h?leeward r&'wQere there  a r e  no@.L~ Wbere..this, 5.s not 
exposed a t  l!,w ,t)de, exce!j!l fo:r coral; .'ezds md bo~;lders ; ' .~&ora ts'vtic:~ . .:.::. 
abundant algae' a re  sc&a . ,.. . ?n. A i l - &  'c;:: .L; a sijc;ies,:;&,. ,Lf&~,c\;xi~wxtned ': .. 
t o  b e  corninon i n  such a plaz-a, f:rr&g sca%i.c.red tr:ii;s groxing on thi: a ~ r a l  and 
boulders. Where the  leewc8,r'ii reef i s  exactly a t  low.4ido lvve l  3r s l i s i i t l y  . . 

* /a  



above it, it i.8 of tencovered by a p$tfopn of pOril&h,=, bordered by a 
s l i gh t  Lithotham& ridge, . I n .  cav i t ies '  'in . t h i s  %re..:HaU.meda. and, Cauler~a .  

.. . . . . . . . . .  
. . , . '. ' Z  , " , .. . . . . . . . . .  * . !  .a ,., . , 

The lagoon bottom: Thisha's  i-i& been stu&$djmuch, buc ' in  t h e  go -- 
northern Marshalls it is imc%n'-to be covered a t  l e a s t  .:'in same ' area$, by ,a j- , 

. . . .  stand of Halimec!a growing i n  such abund.ancS 'th& t h e  ~agoon"bottom 'sediments 
a r e  i n  places almost -en t i re ly  %de,up of i t s  calcareous' skeletons; I n  A2luk . . :  
a species of Caulerpa was snagged f r o m t h e  lagoonbot toqby  a.:.fiqhline, 'so 

. . . . . . . .  
t he re  may be some areas  where' it i s  abundant. . . .. ; . . . . ... 

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

. . .  . . . . . .  

The or ig ina l  arrangement of t h e  various types of '.&getation on a t o l l s  
has been very la rge ly  obscured because coconuts have been planted indiscrimi- 
nately  almos'L everywhere. The present pattern is for.  the..greater pa r t  of t he  
l a rge r  i s l e t s  t o ' b e  coveredby coconut plaritatldnsj l,ea&g a be l t  of scrub 
ax6 scrub fo re s t  on t h e  windward sides of: i s l e t s  .on the  wwindward sides of ., ' '. 

. ... a t o l l s ,  This protects  t he  coconut trees'.'.frdm excess wind and s a l t  spray, The 
outer edge of t h i s  be l t  i s  usually a f r i nge  of Scaevola, which gradually ' .  ., : 

merges with t h e  mixed fores t  which l i n e s  t h e  coconut groves. Very narrow 
i s l e t s  and par ts  of i s l e t s ,  such as sand s p i t s  on  t h e i r  ends, seldom have 
coconuts, but usually have m e d  scrub, usually dopinantly Scaevola and 
Messerschmidia, o r  i f  t h e  narrow p l a c e i s  rock, t he  vegetationmay be Pemphis . . 

scrub. Along the  lagoon sides of the  coconut groves, there  i s  usually a t h i n  
l i n e  of scrub o r  a row of t rees .  . . . . 

. , . . . . . . . .  ... 
From t h e  remnants of nat ive fol-&st.. remaining 'here, ind there, and ' 

from a consideration of t h e  present dist&buti.on of. . trees on t h e  i s l e t s  mostly 
occupied by coconut groves (Hatheway 1959),. sonie idea may b e  obtained of t h e  .. 
or ig ina l  patterns. It i s  apparent t h a t  some, species of plants--and, con- . . 

sequently, where there  a r e  so  many types aominated by s ina le '  s~ecies-some . . : 
vegetation types a r e  l e s s  halophykc than others. such a re  ~c 'h ros ia ,  Pisonia, 
and mixtures of these with =, Allophylus, Pandanus, Pipturus, Guettavda, 
and others, but lacking Messerschmidia, These types tend t o  be 'toward t h e  
i n t e r io r  of i s l e t s ,  and surrounded bv more halophybic and scrubby f o r e s t  and 
beach scrub, dominated by ~esserschn;idia,  scaevbla, ~ a n d d u s i  ~e;minalia, and 
Guettarda* The width of t h i s  more halophytic be l t ,  e spec i a l lyo f  %he  outer .' 

beach scrub, i s  greater  on theseaward and especially t he  windward sides. .@ 
t he  wetter a t o l l s ,  a f t e r  they a r e  la rge ly  i n  coconuts, breadfrui t  groves and 
so l id  breadfruit  fo re s t  seem t o  coincide i n  d i s t r ibu t ion  with t'nose pa r t s  of 
t h e  i s l e t s  where the more mesophytic fo re s t s  forme'rly occurred. It has been 
suggested (Fosberg 191r8, 1949) t ha t  t he  d i s t r ibu t ion  of t h e  more mesophytio 
types might be correlated wkth a lens of r e l a t i ve ly  f resh  groun3 'water, b e t t e r  
developed on t h e  wider i&.ets. The existence of such z lens  and its '  
correlation with t h e  d i s t r ibu t ion  of some plants,, such 'as b r e a d f ~ u i t ,  has been 
amply demonstrated since, though there  seems reason t o  think t h a t '  t h e '  influence 
of salt spray and wind i s  much greater  than previously suspected. And too  .. 

l i t t l e  i s  ye t  known about t h e  seasonal f luctuat ion i n  s a l i n i t y  i n  these shallow 
ground water lenses, 

. . . .  . . . . . .  
. . . .  > ,  

On very dry  .islands the  o c c u k r e n ~ ~  of L e ~ t u r u s  gr<s,sland seems t o  :. 
coincide somewhat with sandy areas; c~mplet;ely.,rocky.~laces being'hore l i k e l y  . . 

. t o  be occupied by. scrubby. fores t  o f  Messerschmi-, or, in,places, 
, . .  .: . . 

or. Pisonia. . ,  . 

:.!V :, ./.. 



a t  o r  whi.6h sametines 'forms a r a the r  .p*e 
mixed beach sc.mbt .hasl:oriIy .once. or  

twice been seen o r  recorded from anything but sand. Sovhora tomentosa i s  
u&a21y %found.. on sandy lagdoti be&h r idges ,  

:,. : . , . .  . . .  .. . 
. . .  ., . . .  ,, . . . . .  . 

. .. 
' . .. & i ~ i r e l ~ . t o o  few a t o l l s .  have been a t  a l l  careful ly-s tudied t o  make 

more 'than t h e  Poughest'g6neralizati.ons possible. The only vegetation maps. 
o f  cacolls t h a t  ex i s t  a r e  Wose of Arno (Hatheway 1953)i. Without such maps, 

s imi l a r i t i e s  i n  d i s t r i bu t ionpa t t e rns  a re ,hard  t o  see. 

Fast  needed future  st,udies, 

. . . . .  , . . .. . 
. . :' Tlie most urgent need is f o r  information:on- t h e  few remaining b i t s  of 

nati+eivegetation 06 a t 6 l l s  i n  various par t s  of t h e  world, Such s tudies  of 
t h e  inore'reuote g t o l l s ' i n  tlYe northern Marshalls duping 1951 and 1952, though 

' 

very br ief ,  yielded a great d e d o f  iriformation. And remiants of o r ig ina l  
vegetation- w ~ l i  disappear extremely ripidly.. 

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

A l l  oppartunit ies %houid::~6&',t&kent.adV~tage of to:  look in to  t h e  s a l i n i t y  
relatiofis  of t he  d i f fe ren t  vegetatioii t i ~ e s  and of.  individual species of 
,..; 
plahts,'.'-Any ground' water study should be'accompanied by careful  notes 'on t h e  v&et@~~or, ,  . . Information Ss especially desired on t h e  e f f ec t s  of. seasonal 

' .  .:.;flkc$c;tj.ons ., . i n  sa l ih i ty .  . . . .  
. . . .. . .  . ,... ' .'. 

Anything contributing t o  an understanding of successional re la t ions  
of these vggetation types w i l l  a l so  be important, Observations a s  t o  what 
species'"&& estabxiish themselves i n  t h e  shade of what others, as  to  what 
comtion ..species i r e  Seen dying 6ut '02 lacking in some types, and a s  t o  changes ' '  
tak$ngplack over t h i  y e a r s ' i a  $re& completely devastated during t h e  war, a r e  
a l l  .'e5pe'cial' desiderata;;;' ' ! '  . ' . . 
. , . . -. ~ , , .  .. . .  

:. . - . : whether ' o r  .not the"prominence o f  types consisting of s ingle  species 
.is a general: a t o l l  phenomenon 'or only charac te r i s t ic  of t h e  r e l a t i ve ly  dry 
northeni Marshalls is not known. And in  any event, t h e  explanation f o r  t h i s  
i s  of great  i n t e r e s t ,  Whether it i s  a function of the  extreme habitat ,  o r  of 
t h e  -ve+ small f loras ,  o r  of both ishould be looked into. 

The cause f o r  t h e  areas  of unhealthy o r  dying cownut plantations 
in t h e  Marshalls, and whether such a phenomenon i s  found elsewhere, a r e  matters 
of more than academic importance, 

Whether pure Ochrosia fo re s t  i s  found elsewhere than in t h e  northern 
Marshal ls ' i s  not known. :The nature of t h e  yellow patches i n  this fores t ,  a lso,  
seems '6f 'fundamental importance. This is especially so  i f  it can be shown tha t  
it i s a n  effect  of t h e  vegetation on t h e  habitat. . ... . . 

Any.'influence exerted by t h e  vegetation on t h e  habi ta t  i s  of great  
in te res t .  The only 'clear-cut : case. famil iar  a t  present is the  formation of 

. t phosphate rook under t h e  influence of Pisonia forest .  Phosphate exhaustion 
i n  coconut groves i s  suspec t~d ,  Influence of beach scrub in t h e  p i l i ng  up 
of sand dunes i s  a l so  $rnb~b~e:'"Prdte&tion of ' t he . l and  surface against  mild 
typhoons ' i s  another, possibi l i ty .  '."Binding of 'sand by blue-green algae against  

,::,,'~,,:,r,.x:,?. ~. ~ . . . . , .  I . . , .  ...... .. .- .,-, ..,. ..,,, . 
it , r */. 



. . 

wind erosion i s  s t i l l  ,another. The effect,,. . i f  any, p f  algae, i n  t h e  f o m t i o n  
of beach o r  reef sandstoneneeds t o  be d e t e d n e d ,  , There. are.many others, 
but most studies have been so  hurried tha t  it was not possible- to  gain more 
than an inkling t h a t  something. wa,s happenjn'g; The careful  study of any 
ecological process i s  one of t he  most important things t h a t  can be done t o  
gain the  understanding of a t o l l  ecology, The student must, however, be 
cautioned against t h e  tendency t o  explain everything'in terms :of t h e  one 
process intensively studied. The vegetation i s  an expression of t he  in te r -  
act ion of many such processes, and t h e  unraveling of t h e i r  e f fec t s  i s  the 
ultimate, though probably m a t t a b a b l e  objective of t he  study of vegetation; ,y:,. ::. 
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