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ABSTRACT 

C a r o l i n e  A t o l l  ( F r o n t i s p i e c e )  i s  s i t u a t e d  a t  1O000'S l a t i t u d e  and 
150°13'W l o n g i t u d e  i n  t h e  s o u t h - c e n t r a l  P a c i f i c  Ocean. C a r o l i n e  i s  t h e  
s o u t h e a s t e r n m o s t  o f  t h e  Southern  Line I s l a n d s ,  a  group o f  3  i s l a n d s  
which a l s o  i n c l u d e s  Vostok and F l i n t ,  l y i n g  230 km t o  i t s  west  and 
s o u t h w e s t ,  r e s p e c t i v e l y .  Although a r c h a e o l o g i c a l l y  and g e o g r a p h i c a l l y  
w i t h i n  P o l y n e s i a ,  C a r o l i n e  i s  owned by t h e  Republ ic  of  K i r i b a t i  
( f o r m e r l y  Gi 1  b e r t  Is1  ands)  . 

C a r o l i n e ,  9 . 7  km l o n g ,  2 . 3  km wide a t  i t s  w i d e s t  p o i n t ,  and 
26.9  km i n  c i r c u m f e r e n c e ,  i s  a  c r e s c e n t i c  c o r a l  r i n g  wi th  39 i s l e t s  
(motus) c e n t e r e d  on a  con t inuous  r e e f  e n c l o s i n g  a  r e l a t i v e l y  sha l low 
lagoon .  I t s  t o t a l  l a n d  a r e a  above high w a t e r  i s  399 h a . ,  wi th  motus 
r a n g i n g  i n  s i z e  from 0.02 t o  107 .5  ha.  Motus ex tend  a long  55% of  t h e  
r e e f  p e r i m e t e r .  The c l o s e d  l agoon ,  r i c h  i n  marine l i f e ,  c o n t a i n s  a  maze 
o f  pa tch  r e e f s  and impeccably c l e a r  w a t e r .  

The a t o l l ,  u n i n h a b i t e d ,  was " d i s c o v e r e d "  by de  Quiros  i n  1606. 
Although t r a c e s  o f  an a n c i e n t  Tuamotuan c u l t u r e  s t i l l  e x i s t ,  t h e  a t o l l  
a p p a r e n t l y  never  suppor ted  a  long- te rm permanent p o p u l a t i o n  and has  been 
l e s s  a f f e c t e d  by man t h a n  most P a c i f i c  i s l a n d s .  I t s  European h i s t o r y  
i n c l u d e s  guano e x p o r t ,  a  m u l t i n a t i o n a l  e x p e d i t i o n  t o  o b s e r v e  a  s o l a r  
e c l i p s e ,  and copra  p r o d u c t i o n .  I t  has been u n i n h a b i t e d  s i n c e  t h e  e a r l y  
1930s ( a  f a c t o r  c o n t r i b u t i n g  t o  i t s  r e l a t i v e l y  u n d i s t u r b e d  e c o l o g y ) ,  
e x c e p t  f o r  t h e  p resence  of  one f a m i l y  from 1987 t o  1991.  The pr imary 
f a c t o r s  r e s p o n s i b l e  f o r  i t s  l a c k  o f  permanent s e t t l e m e n t  a r e  r emoteness ,  
a p p a r e n t  absence of  u s a b l e  ground w a t e r ,  r e p e a t e d  f a i l u r e  o f  i t s  coconu t  
p l a n t a t i o n s  ( d i s e a s e s ,  d e s t r u c t i o n  by coconut  c r a b s ,  r a t s  and s e a b i r d s ,  
smother ing  by v i n e s ) ,  absence o f  a passage  i n t o  t h e  l a g o o n ,  and a  
p a u c i t y  of s a f e  boa t  anchorages .  

Unt i l  t h e  1988 USSR/USA e x p e d i t i o n ,  o n l y  an 1883 c h a r t  was 
a v a i l a b l e ,  which named 7  i s l e t s .  We d r a f t e d  an a c c u r a t e  map based on 
f i e l d  work and r e c e n t  a e r i a l  pho tographs ,  naming 32 p r e v i o u s l y  unnamed 
i s l e t s ,  4 i s l e t  groups  and an i n l e t .  During 8  days '  i n t e n s i v e  f i e l d  
work, we surveyed 38 i s l e t s ,  walking 33 km i n  s y s t e m a t i c  c r o s s - i s l e t  
t r a n s e c t s  and around i s l e t  p e r i m e t e r s .  T h i s  paper  p r e s e n t s  much new 
d a t a  on C a r o l i n e  from 3  v i s i t s  i n  1988 and 1990, and a t t e m p t s  t o  
summarize,  expand and s y n t h e s i z e  p r e v i o u s  i n f o r m a t i o n  i n  t h e  l i g h t  o f  
new f i n d i n g s .  
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S o i l s ,  p r inc ipa l ly  of c o r a l ,  mollusc, and algal  o r i g i n ,  a re  
categorized in to  5 types ,  from barren coral rubble t o  rubble mixed with 
humus and guano. Caroline provides an excel lent  example of s o i l  
development through d i f f e r e n t  age and s i z e  c l a s ses  of motus. 

Preliminary desc r ip t ions  of the  a t o l l ' s  r e e f ,  motu and lagoon 
morphology a r e  given, including the  background geological s e t t i n g  of the  
Line Is lands .  Physiographic f ea tu res  include inland upraised r e e f s  
( f eo )  and deep sand depos i t s ,  coalesced i s l e t s ,  exposed o lde r  r e e f s ,  
1  i  t h i  f  i  ed beachrock, a  congl omerate pl a t  form, a  "perched 1  agoon, " a  
nonfunctional hoa, and changes in motu s i z e  and shape during the  past  
century.  

Caroline 's  lush vegetat ion supports 26 species of p lan t s  organized 
in to  7  p lant  communities, 6  natural  and one anthropogenic. The a t o l l -  
wide d i s t r i b u t i o n  of each plant  species i s  mapped. Plant species 
( inc l  uding 5  new is1 and records)  and communities a re  d e t a i l e d ,  
emphasizing the  a t o l l ' s  past h i s to ry .  The a t o l l ' s  i n s u l a r  f l o r a ,  
although impoverished due t o  i t s  geographical loca t ion ,  i s  89% 
indigenous (possibly 92%), an extremely high f i g u r e  f o r  anywhere in the  
world. Although Caroline 's  motus are  covered with extensive t r a c t s  of 
indigenous plant  communities, the  Pisonia grandis  f o r e s t s ,  u p  t o  21 m 
high and covering 22% of the  woodlands, a re  p a r t i c u l a r l y  notable as they 
c o n s t i t u t e  some of the  best  groves l e f t  in the  Pac i f i c .  Pisonia i s  
t r ea ted  in d e t a i l ,  including data  on rapid recovery and growth r a t e s  
during the  past  70-odd years .  Tournefortia argentea (43% of the  
woodlands) i s  abundant, and Cordia subcordata, becoming q u i t e  r a r e  
elsewhere, occurs on 21 motus (54%). Cocos i s  present ,  but only 
dominates one i s l e t ;  2 2  i s l e t s  harbor wholly indigenous vegeta t ion .  

Motus of varied age and s i z e  c l a s ses  provide excel lent  examples of 
s u b s t r a t e  and vegetation development, accompanied by an increasing 
d i v e r s i t y  of bird l i f e .  On  account of i t s  r e l a t i v e l y  low human 
disturbance and rapid f o r e s t  recovery t o  a  more natural  s t a t e ,  
e spec ia l ly  s ince  1920, Caroline i s  one of the  few Pac i f i c  i s lands  t h a t  
i s  t r u l y  an "outdoor ecological labora tory" :  many motus have recovered 
so remarkably they are  almost indis t inguishable  from those t h a t  have 
remained p r i s t i n e ,  while o thers  are  in d i f f e r e n t  s tages  of recovery 
resu l t ing  from varied management ( o r  non-management) p rac t i ces .  Exotic 
plant  species are very few: ancient  Polynesian-introduced (Cocos, 
possibly Pandanus), recent  Polynesian-introduced (Hibiscus t i l i a c e u s ,  
Thespesia populnea, Tacca 7eontopeta7oides, Ximenia americana), 20th 
century exo t i c s  (Phyllanthus amarus, in one small a r e a ) .  Some garden 
species ,  cu l t iva ted  from 1987-1990 have an uncertain fu tu re  and a re  not 
t r ea ted  as par t  of the  a t o l l ' s  v iable  f l o r a .  

A n  analys is  of ecological succession on motus of increasing s i z e  
reveals  t h a t  by the  time a  motu reaches 0 .8  ha in s i z e ,  a l l  the  natural  
plant  communities, most p lant  species ,  and most species of seabi rds  a re  
present .  This i s  in s t r i k i n g  contras t  t o  species-area  r e l a t ionsh ips  on 
inhabited a t o l l s  with more introduced 



f e a t u  
re1 a t  

Each motu i s  i n d i v  i d u a l l y  mapped and t h e  main phys iograph ic  
r e s ,  known h i s t o r y ,  v e g e t a t i o n  p a t t e r n s  ( i n c l u d i n g  s p e c i e s - a r e a  
i o n s h i p s ) ,  s e a b i r d s ,  and misce l l aneous  b i o t a  (coconut  c r a b s ,  r a t s ,  

l i z a r d s )  a r e  d e t a i l e d .  Appendices p rov ide  wea ther  d a t a  and d e s c r i b e  t h e  
p r a c t i c a l i t i e s  o f  anchor ing b o a t s ,  l a n d i n g ,  and moving small  b o a t s  
around t h e  r e e f s  and lagoon.  

Permanent p r o t e c t i o n  of C a r o l i n e  i s  c u r r e n t l y  underway a s  The 
Nature Conservancy of Hawaii n e g o t i a t e s  wi th  t h e  government of K i r i b a t i  
f o r  a  Southern Line I s l a n d s  W i l d l i f e  P r e s e r v e ,  which i n c l u d e s  C a r o l i n e ,  
Vostok and F l i n t .  

A.  INTRODUCTION 

Carol i n e   toll ' ( F r o n t i s p i e c e ;  F i g s .  1,  2 )  i s  a  s m a l l ,  1  ow c o r a l  
i s l a n d  s i t u a t e d  a t  10°0O'S l a t i t u d e ,  15O013'W l o n g i t u d e  i n  t h e  s o u t h -  
c e n t r a l  P a c i f i c  Ocean. I t s  maximum h e i g h t  i s  l e s s  than  3  m above MSL. 
I t  l i e s  2,800 km sou th  o f  Hawaii, 830 km n o r t h  o f  T a h i t i ,  and 1 ,030 km 
west  o f  t h e  Marquesas I s l a n d s .  I t s  n e a r e s t  ne ighbors  a r e  Vostok and 
F l i n t ,  230 km t o  t h e  west  and sou thwes t ,  r e s p e c t i v e l y .  

Recent measurements by t h e  ICBP 1990 Line and Phoenix I s l a n d s  
Exped i t ion ,  us ing a  compact s a t e l l i t e  n a v i g a t i o n  computer "Magellan" NAV 
1000, i n d i c a t e  t h a t  t h e  a t o l l  l i e s  one n a u t i c a l  m i l e  e a s t  o f  i t s  
p r e v i o u s l y  c h a r t e d  l o n g i t u d e  p o s i t i o n ,  150°14'W. I t s  range o f  
c o o r d i n a t e s  a r e :  0g054'  t o  10°01 'S  l a t i t u d e ,  150'12' t o  150'14' W 
l o n g i t u d e .  The g iven  c o o r d i n a t e s ,  10°0O'S and 150°13'W, i n t e r s e c t  i n  
t h e  lower  lagoon j u s t  west  o f  t h e  " b l i n d  passage . "  

Although a r c h a e o l o g i c a l l y  and g e o g r a p h i c a l l y  w i t h i n  P o l y n e s i a ,  t h e  
Line Group was un inhab i ted  when d i scovered  by Europeans; i t s  i s l a n d s  
were v a r i o u s l y  c la imed by t h e  United S t a t e s  and England. With t h e  
excep t ion  of U.S.-owned J a r v i s ,  Palmyra, Johns ton  and Kingman Reef,  a l l  
a r e  now governed by t h e  Republ ic  o f  K i r i b a t i  ( f o r m e r l y  G i l b e r t  I s l a n d s ) ,  

C a r o i i n e ,  9 . 7  km long by 2 . 3  km wide a t  i t s  w i d e s t  p o i n t ,  i s  a  
c r e s c e n t i c  c o r a l  r i n g  26.9  km i n  c i rcumference .  Composed o f  39 i s l e t s  
( F i g .  2 ,  Tab le  9 )  and t h r e e  i n c i p i e n t  i s l e t s ,  i t  i s  c e n t e r e d  on a  
con t inuous  r e e f  f l a t ,  submerged a t  high t i d e ,  t h a t  e n c l o s e s  a  r e l a t i v e l y  
shal low lagoon.  Most a r e  well-wooded, but  4  t i n y  o n e s ,  l e s s  than  0 . 1  ha 
in  s i z e ,  a r e  s c a r c e l y  more than c o r a l  r u b b l e  p i l e d  on t h e  r e e f ,  
s u p p o r t i n g  s p a r s e  pa tches  o f  Tournefortia and Heliotropium. One i s l e t ,  
Noddy Rock ( P I .  1 8 ) ,  i s  a  v e s t i g e  of a  former  r e e f  segment.  The t o t a l  
l and  a r e a  above high wate r  i s  399 ha.  One o f  t h e  o c e a n i c  i s l a n d s  
c o n t r i b u t i n g  t o  Darwin's t h e o r y  o f  a t o l l  format ion (Darwin 1 8 4 2 ) ,  i t s  

' ca ro l  i n e  At01 1  i s  n e i t h e r  p h y s i c a l l y ,  g e o g r a p h i c a l l y ,  nor  pol i  t i c a l  1  
a s s o c i a t e d  wi th  t h e  C a r o l i n e  I s l a n d s ,  now p a r t  o f  t h e  Federated S t a t e s  of 
Micrones ia ,  more than  6,000 km t o  t h e  nor thwes t .  Because o f  t h i s  c o n f u s i o n ,  
we use t h e  name " C a r o l i n e  A t o l l "  i n s t e a d  o f  " C a r o l i n e  I s l a n d . "  



. 
HAWAI I  

SCALE A T  EQUATOR 

K I N G M A N  REEF 

. J A R V I S  I S .  \. 

Q 

M A L D E N  
. 9  

I S .  I 
0 . F I L I P P O   REEF^ 

S T A R B U C K  I S .  I-- - 
C I 

\ 
\ 

I 
\ -a I +\ 

I V O S T O K  1s. , 
I 
I  
1 F L I N T  I S .  
L---- -----,--,,- J 

I R A R O T O N G A  " I 
I I I .  

I  
tropic o --- -- I ------------ 

I I I B 

Figure 1. Line Islands: geographic location in the Pacific Ocean. 
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geology,  s o i l s ,  c l i m a t e ,  and v e g e t a t i o n  a r e  t y p i c a l  o f  low l a t i t u d e  
a t01  1  s and a r e  re1  a t i v e l y  unmodified by man. 

Th is  paper  p r e s e n t s  much new d a t a  on C a r o l i n e  from 3 v i s i t s  i n  
1988 (September) and 1990 (March, May) and a t t e m p t s  t o  summarize, expand 
and s y n t h e s i z e  widely  s c a t t e r e d  in format ion  i n  t h e  l i g h t  o f  new 
f i n d i n g s .  The on ly  s i g n i f i c a n t  p rev ious  b i o l o g i c a l  i n f o r m a t i o n  on 
C a r o l i n e  was from t h e  Smi thson ian ' s  P a c i f i c  I s l a n d  B i o l o g i c a l  Survey 
Program's 2-day v i s i t  i n  1965 (Clapp & S i b l e y  1971) .  

TOLL 

C e n t u r i e s  b e f o r e  Europeans encountered C a r o l i n e ,  t h e  a t o l l  was 
i n h a b i t e d  by P o l y n e s i a n s .  No o r a l  t r a d i t i o n s  o f  t h i s  occupa t ion  a r e  
known, but ev idence  o f  former h a b i t a t i o n  was e v i d e n t  when de Quiros  
found t h e  a t o l l  i n  1606. He noted "an o l d  canoe ,  l y i n g  on h e r  s i d e , "  
and a  small  g rove  of coconuts  p l a n t e d  on South I s l a n d  (Benne t t  1840, 
Markham 1904) .  

No f u r t h e r  c l u e s  were unear thed u n t i l  Messrs.  Brown, B r o t h e r s ,  and 
Arundel exposed about 50 a n c i e n t  Polynesian s i t e s  i n  t h e  1870s w h i l e  
d i g g i n g  f o r  guano (Holden 1884, Arundel 1890) .  Polynesian i n h a b i t a n t s  
a t  t h a t  t ime  c a l l e d  them "marai"  (marae) ,  Arundel photographed and drew 
p l a n s  of them ( F i g .  3 ) :  d e p i c t e d  a r e  a  p l a t f o r m  of  c o r a l  and 
conglomerate  rock ,  surrounded by 10 s m a l l e r  s l a b s  resembling 
g r a v e s t o n e s ,  a l l  ar ranged in  a  r e c t a n g u l a r  p l a n ,  Although t h e  l a r g e s t  2  
were marked a s  "g raves"  on Arunde l ' s  1883 map ( F i g .  4 ) ,  no bones ,  a shes  
o r  human remains were found.  T h e i r  f i n d i n g s  were l a t e r  i d e n t i f i e d  a s  
Tuamotuan marae (Emory 19471, Marae, accord ing  t o  a n c i e n t  b e l i e f ,  
"bound t h e  a n c e s t r a l  s p i r i t s  and gods o f  t h e  k indred  t o  t h e  l a n d ,  
p u t t i n g  i t  under t h e i r  e t e r n a l  g u a r d i a n s h i p "  (Emory 1947) .  The l a r g e s t  
marae was on nor thwest  Nake I s l a n d ,  and a  s m a l l e r  one was found n e a r  t h e  
sou thern  t i p  o f  Long I s l a n d ,  Both l o c a t i o n s  conform t o  such 
p r e r e q u i s i t e s  f o r  b u i l d i n g  marae a s  nearby s h o r e l i n e s  and b i r d s  ( s e e  
S e c t .  M.1), which Tuamotuans b e l i e v e d  housed d i v i n e  s p i r i t s  (Emory 1947, 
p. 1 2 3 ) .  Although AKK, G .  Wragg and R ,  Falconer  l o c a t e d ,  photographed 
( P I .  3 6 ) ,  and measured t h e s e  i n  1990 (A. Kepler  1990d) ,  no f i e l d  work by 
a r c h a e o l o g i s t s  has  been conducted,  Our d a t a  and numerous photographs  
have been s e n t  t o  Dr. J e f f  I rwin ,  Auckland U n i v e r s i t y ,  New Zea land .  

P o s t - E u r o ~ e a n  H i s t o r y :  17 th  t o  19th  C e n t u r i e s  

On 21 February 1606, t h e  Por tuguese  e x p l o r e r  Pedro Fernandez 
de  Q u i r o s ,  employed by Spa in ,  "d i scovered"  C a r o l i n e  Ato l l  (Markham 1904, 
S tevens  & Barwick 1930) ,  naming i t  San Bernardo.  D e s p i t e  i t s  
remoteness ,  C a r o l i n e  was encountered e a r l y  i n  P a c i f i c  h i s t o r y ,  l o n g  
b e f o r e  T a h i t i ,  Rarotonga,  and Hawaii. 
l o c a t i o n ,  f o r  e a r l y  n a v i g a t o r s  tended t o  s a i l  due west  from South 





America a long  l i n e s  o f  l a t i t u d e ,  and 1 0 " s  was an obvious  c h o i c e .  
De Q u i r o s ,  t h e  l a s t  a d v e n t u r e r  in  t h e  Spanish age o f  d i s c o v e r y ,  was 
l e a d i n g  h i s  second major t r a n s - P a c i f i c  e x p e d i t i o n  wi th  3 s h i p s  and 150 
men obsessed wi th  f i n d i n g  t h e  f a b l e d  " T e r r a  A u s t r a l i s  I n c o g n i t o . "  The 
d e s c r i p t i o n s  o f  C a r o l i n e  by h i s  crew, a l though  a t  v a r i a n c e  wi th  one 
a n o t h e r ,  s t i l l  app ly  today  ( P I .  1 ) .  T h e i r  f i r s t  a t - s e a  impress ion was 
t h a t  i t  was "d iv ided  i n t o  f o u r  o r  f i v e  hummocks, and a l l  t h e  r e s t  
submerged. I t s  c i rcumference  appeared t o  be t e n  l e a g u e s "  (Markham 
1904) .  A f t e r  l a n d i n g ,  t h e y  found t h a t  

"There was a  g r e a t  number of f i s h  i n s h o r e ,  and,  owing t o  t h e  
w a t e r  being very  sha l low,  t h e y  were k i l l e d  wi th  swords and 
p o l e s .  There  were g r e a t  numbers of l o b s t e r  and c r a w f i s h ,  and 
o t h e r  k inds  of marine an imals .  They found a  g r e a t  q u a n t i t y  o f  
cocoa-nu t s  i n  a  heap a t  t h e  f o o t  of t h e  palm t r e e s ,  many 
l a r g e ,  and o f  d i f f e r e n t  s i z e s .  There were a  g r e a t  q u a n t i t y  o f  
s e a  b i r d s  o f  s e v e r a l  k i n d s ,  and so  importunate  t h a t  t h e y  
seemed t o  want t o  a t t a c k  t h e  men. We took  p l e n t y  o f  a l l  t h e s e  
t h i n g s  . . .  I t  seemed t o  t h e  Captain  t h a t  on an i s l a n d  where 
t h e r e  a r e  s o  many t r e e s  t h e r e  could  no t  f a i l  t o  be wa te r"  
(Markham 1904) .  

Fresh wate r  was c r u c i a l  t o  de Quiros and h i s  crew, who were 
s u f f e r i n g  from l a c k  o f  food and wate r .  Desp i te  t h e i r  e f f o r t s ,  however, 
t h e y  f a i l e d  t o  o b t a i n  w a t e r .  Disappointed and l a c k i n g  energy ,  t h e y  
con t inued  t h e i r  voyage t h e  fo l lowing  morning. T h e i r  demora l i zed  s t a t e  
may e x p l a i n  one s t a t e m e n t  t h a t  C a r o l i n e  " c o n s i s t e d  o f  twenty- two i s l e t s ,  
un inhab i ted  and wi thou t  w a t e r ,  t r e e s  o r  s c r u b  f o r  wood." 

In 1795, Capt .  W .  R .  Broughton, on t h e  B r i t i s h  s l o o p  Prov idence ,  
r e d i s c o v e r e d  and named t h e  a t o l l  whi le  voyaging from T a h i t i  t o  Hawaii 
(Broughton 1804):  

"The s o u t h e r n  e x t r e m i t y  was t h e  h i g h e s t  p a r t ,  covered wi th  
t r e e s ,  most probably  cocoa-nut  from t h e i r  appearance ,  a s  t h e y  
s tood  i n  detached clumps along t h e  s h o r e .  The i s l a n d  . . .  
appeared t o  be low, and covered wi th  t r e e s ,  and i f  I am r i g h t  
i n  i t s  e s t i m a t e d  d i s t a n c e ,  i t s  l e n g t h  w i l l  be about f i v e  m i l e s  
i n  a  n o r t h  and sou th  d i r e c t i o n .  I named i t  C a r o l i n a  I s l a n d  i n  
compliment t o  t h e  daughte r  o f  S i r  P. Stephens  of t h e  
Admiral t y  . " 
Because e a r l y  n a v i g a t i o n  t e c h n i q u e s  and communication were f a r  

l e s s  s o p h i s t i c a t e d  than  today ,  e s p e c i a l l y  wi th  r e g a r d s  t o  l o n g i t u d e ,  
C a r o l i n e  was s i g h t e d  o r  "d i scovered"  by s e v e r a l  more e x p l o r e r s  who were 
unsure  o f  i t s  i d e n t i t y .  By 1821 t h e  a t o l l  had amassed a  c o l l e c t i o n  o f  
c o o r d i n a t e s  and names: San Bernardo,  I s l a n d  o f  F i s h ,  Thornton,  H u r s t ' s ,  
C l a r k ' s ,  Independence,  and Caro l ina  (which l a t e r  became C a r o l i n e ) .  Some 
n a v i g a t o r s  equated C a r o l i n e  wi th  an i s l a n d  named "San Bernardo" by t h e  
Spanish e x p l o r e r  Mendatia i n  1595. "San Bernardo" has r e c e n t l y  been 
v e r i f i e d  a s  Puka-Puka, n o r t h e r n  Cook I s l a n d s  (Maude 1968) .  



The b e s t  e a r l y  d e s c r i p t i o n  o f  t h e  a t o l l  comes from an 1835 v i s i t  
by F .  D .  Benne t t ,  who was reasonab ly  well ve r sed  i n  n a t u r a l  h i s t o r y  
(Benne t t  1840) .  He noted t h a t  t h e  i s l e t s  t h e n ,  a s  now, were "covered 
wi th  ve rdure  ... s u r p r i s i n g l y  l u x u r i a n t ,  when compared t o  t h e  a r i d  s o i l  i t  
c o v e r s . "  A1 though Bennet t  had v i s i t e d  many a t01  1  s ,  he was p a r t i c u l  a r l y  
impressed wi th  t h e  q u a l i t y  o f  C a r o l i n e ' s  c o r a l  r e e f s .  His p a r t y  
observed " r a t s  o f  a  red-brown c o l o r "  and v a r i o u s  b i r d s  but  no r e p t i l e s  
( P t .  1 1 )  Although he d i s c u s s e s  " l a n d  l o b s t e r s  (Coenobi ta  s p e c i e s ) , "  no 
mention i s  made o f  coconut c r a b s  ( B i r g u s  l a t r o ) :  perhaps  t h e  l a t t e r  
were lumped wi th  t h e  former .  

First O c c u ~ a t i o n :  The e x i s t e n c e  o f  2 small  coconut g roves  on C a r o l i n e  
prompted 2 B r i t i s h  e n t r e p r e n e u r s ,  r e p r e s e n t i n g  t h e  T a h i t i a n  f i r m  C o l l i e  
and L u c e t t ,  t o  e s t a b l i s h  a  s t o c k  r a i s i n g  v e n t u r e  t h e r e  i n  1846. Th is  
f i r s t  known s e t t l e m e n t  was l o c a t e d  a d j a c e n t  t o  t h e  main coconut  grove on 
t h e  nor thwes t  p e n i n s u l a  o f  South I s l a n d ;  a  s m a l l e r  grove e v i d e n t l y  
e x i s t e d  "on t h e  sou th-sou th-wes t  s i d e "  o f  t h e  same i s l a n d  ( L u c e t t  1851) .  
T a h i t i a n  l a b o r e r s  tended p i g s ,  hens,  t u r k e y s ,  and grew many food p l a n t s ,  
i n c l  uding pumpkins and me1 ons .  They d r i e d  and s a l t e d  f i s h ,  pl a n t e d  
coconuts ,  and e x t r a c t e d  coconut o i l  (Maude 1942, G a r n e t t  1 9 8 3 ) ,  and were 
e v i d e n t l y  s t i l l  t h e r e  in  May 1852 ( E l l s w o r t h  1 9 9 0 ) ,  

nnexa t ion :  Though i n h a b i t e d  i n  p r e h i s t o r y  by Tuamotuans, 
o f f i c i a l l y  "d i scovered"  by t h e  Span ish ,  and v i s i t e d  by B r i t i s h ,  French,  
and American s h i p s ,  i t  took  c e n t u r i e s  f o r  C a r o l i n e  t o  a c q u i r e  a  
p o l i t i c a l  i d e n t i t y .  I t  was f o r m a l l y  annexed t o  B r i t a i n  by Captain  
Nares,  R .  N. ,  who a r r i v e d  i n  t h e  H.M.S. Re indeer  i n  1868, f i n d i n g  27 
r e s i d e n t s .  

C a r o l i n e  was under t h e  c o n t r o l  of v a r i o u s  merchants i n  t h e  l a t e  
19th  c e n t u r y :  Lionel Brown, Captain  B r o t h e r s ,  and l a t e r  John Arundel ,  a  
well-known businessman, t r a d e r ,  and guano merchant i n  t h e  P a c i f i c .  
Arunde l ' s  1883 map ( F i g .  4 )  of C a r o l i n e  i s  t h e  on ly  reasonab ly  c o r r e c t  
c h a r t  pub l i shed  p r i o r  t o  t h i s  paper ,  

Though bonded under t h e  American Guano Act i n  1860, no phosphate  
was dug on C a r o l i n e  u n t i l  Arundel was g r a n t e d  a  7 - y e a r  l i c e n s e  in  1874, 
A few months e a r l i e r ,  a  s e t  o f  moorings were l a i d  o f f  t h e  l e e  s i d e  of 
South I s l a n d ,  a l lowing  s h i p s  o f  up t o  1 ,000 t o n s  t o  l i e  s a f e l y  d u r i n g  
t r a d e  wind wea ther .  Guano was t h e  on ly  s u c c e s s f u l  b u s i n e s s  v e n t u r e  a t  
C a r o l i n e :  approximately  10,000 t o n s  were shipped t o  C a l i f o r n i a  and 
A u s t r a l i a  between 1873 and 1895, when s u p p l i e s  became exhaus ted  (Young 
c a .  1922) .  We have no d i r e c t  in fo rmat ion  on which i s l a n d s  were mined 
excep t  South and Nake. We s t r o n g l y  s u s p e c t  t h a t  T r i d a c n a ,  Arundel ,  
Mannikiba, and perhaps  o t h e r s  a l s o  y i e l d e d  guano. The tonnage e x t r a c t e d  
from C a r o l i n e  was small  compared t o  t h a t  from d r y ,  b a r r e n ,  more 
n o r t h e r l y  i s l a n d s  wi th  l i t t l e  v e g e t a t i o n ,  where p o p u l a t i o n s  o f  Sooty 



Sol ar Ecl i p s e  Exped i t ion  

In 1883 C a r o l i n e  r e c e i v e d  i n t e r n a t i o n a l  p u b l i c i t y  when as t ronomers  
c a l c u l a t e d  t h a t  i t  l a y  d i r e c t l y  under t h e  pa th  o f  a  pending s o l a r  
e c l i p s e .  Three  p a r t i e s  o f  a s t ronomers  (American, B r i t i s h ,  French) 
a r r i v e d  i n  t h e  U.S.S. H a r t f o r d  and s e t  up camp on South I s l a n d ,  making 
d e t a i l e d  o b s e r v a t i o n s  o f  t h i s  c e l e s t i a l  e v e n t  ( P I .  2 ) .  A t  t h a t  t ime  
C a r o l i n e  was more famous, and housed more peop le ,  than  b e f o r e  o r  s i n c e :  
7 " n a t i v e s , "  s c i e n t i s t s  and crewmen t o t a l l e d  51 occupan t s .  Legac ies  
from former  i n h a b i t a n t s  inc luded  3  houses ( P I .  3 ) ,  2  s h e d s ,  3  h u t s  on 
s m a l l e r  motus,  n a u t i c a l  f l o t s a m  and j e t sam,  and 2 sha l low w e l l s .  To 
t h i s  t h e y  added t e n t s ,  o b s e r v a t o r y  f rames ,  a  marble  s l a b ,  f l a g p o l e ,  and 
b r i c k  " p i e r s "  f o r  t h e i r  t e l e s c o p e s ,  most of  which remained t e m p o r a r i l y  
a s  t e c h n o l o g i c a l  1  i t t e r .  

T h i s  e x p e d i t i o n  (Dixon 1884, Holden 1884, Holden & Qual t rough 
1884, T r e l e a s e  1884,  Young 1884) a l s o  marked t h e  f i r s t  a t t e m p t  t o  
d e s c r i b e  t h e  topography,  c l i m a t e ,  f l o r a ,  and fauna o f  t h e  a t o l l .  
Drawings inc luded  an a r t i s t ' s  r e n d e r i n g  of C a r o l i n e ,  " s e t t l e m e n t "  map 
( P I .  5)  and views a long  South Is1 and ' s  1  agoon s h o r e  (Pl  s o  6 ,  7 ) ,  An 
a t o l l  map was d r a f t e d  but  i s  h i g h l y  i n a c c u r a t e .  T h e i r  b i o l o g i c a l  
o b s e r v a t i o n s  were s k e t c h y  (Dixon 1884, B u t l e r  & S t r e c k e r  1884) .  For 
example, Dixon, t h e  z o o l o g i s t ,  l i s t e d  such organisms a s  " sh r imp,"  
"he rmi t  c r a b s , "  " g n a t . "  As wi th  B e n n e t t ,  t h e r e  was no mention o f  
coconu t  c r a b s ,  even though t h e y  were e v i d e n t l y  abundant on South I s l a n d  
i n  1910 (Young c a .  1922) .  

The L a t e  19 th  and 20 th  C e n t u r i e s  

In 1875,  C .  D .  Voy, a  n a t u r a l i s t  from C a l i f o r n i a ,  v i s i t e d  
Carol i n e ,  c o l l e c t i n g  moll uscs  (P i1  s b r y  & Vana t ta  1905a,  b) and f i s h  
(Fowler  1901) , 

In 1885, Arunde! began t o  c l e a r  1 and and p l a n t  c o c o n u t s ,  bu t  h i s  
p lanned copra  i n d u s t r y  was u n s u c c e s s f u l ,  In 1897 he s o l d  h i s  b u s i n e s s  
t o  t h e  P a c i f i c  I s l a n d s  Company, L t d . ,  which a l s o  f a i l e d .  The 
p l a n t a t i o n s  s u f f e r e d  from d i s e a s e  and poor v i t a l i t y ,  coconut  c r a b s  
chewed on s e e d l i n g s ,  s e a b i r d s  d e s t r o y e d  t h e  deve lop ing  n u t s ,  Iponroea 
v i n e s  s t r a n g l e d  young t r e e s ,  and p o p u l a t i o n s  of  Po lynes ian  r a t s  
a p p a r e n t l y  exp loded ,  caus ing  f u r t h e r  damage t o  both i n t a c t  n u t s  and 
d r y i n g  copra  (Young c a .  1922, Maude c a .  1938, 1942) .  By 1904, when t h e  
H.M.S. I c a r u s  v i s i t e d  C a r o l i n e ,  o n l y  6  Po lynes ians  l i v e d  t h e r e .  A few 
months l a t e r  t h e y  were r e p a t r i a t e d  t o  Niue, and C a r o l i n e  remained 
u n i n h a b i t e d  u n t i l  1916,  when a  new e f f o r t  was made t o  deve lop  t h e  
coconut  pl a n t a t i  on by Messrs.  S .  R .  Maxwell and Co.,  L td .  

During t h e  u n i n h a b i t e d  y e a r s ,  South I s l a n d ' s  v e g e t a t i o n  and 
w i l d l i f e  began t o  r e c o v e r  from t h e  e a r l i e r  f o r e s t  f e l l i n g  ( P l s .  2 - 6 ) .  
When Mr. J .  L .  Young, then  managing d i r e c t o r  f o r  S .  R .  Maxwell and Co. ,  
Ltd .  (Young c a .  1922) ,  v i s i t e d  t h e  a t o l l  in  J u l y  1910,  he d e s c r i b e d  i t  
a s  a  w i l d e r n e s s ,  teeming wi th  Sooty  T e r n s ,  f i s h  and coconut  c r a b s :  



"The ground was covered with nests  of seabi rds  which 
l a t t e r  rose l i k e  a  cloud when disturbed:  the  noise of t h e i r  
shrieking was so g rea t  t h a t  one had t o  shout t o  enable oneself 
t o  be heard by h i s  companions. Hundreds of g rea t  Coconut 
Crabs were seen: 40 l a rge  ones were caught by the  crew of the  
schooner in an hour. The reef  and the  lagoon swarmed with 
f i s h  and small sharks."  

From 1916 t o  1929, Caroline was a l t e red  more than before o r  s ince .  
All the  ava i l ab le  land on South was deforested t o  make room f o r  
thousands of palms, and laborers  demolished huge numbers of coconut 
crabs and seabirds (Young ca.  1922). In addi t ion ,  coconuts were planted 
on a l l  of the  main windward i s l e t s ,  southern Nake, and on Mannikiba. 
(The windward i s l e t s  recovered t h e i r  f o r e s t s  remarkably quickly,  see 
Sect .  G). Plantat ion workers in g rea t  pa r t  l ived  off  the  land,  f eas t ing  
on f resh  f i s h ,  seabi rds ,  seabird eggs, t u r t l e s ,  and coconut crabs.  Most 
of the  leeward i s l e t s  escaped a l t e r a t i o n  f o r  p lan ta t ions .  

Copra exports  averaged around 14 tons per year  from 1929 t o  1934, 
a f t e r  which the  company ran in to  debt .  Concurrently, the  French 
government forbade f u r t h e r  recruitment from T a h i t i ;  by 1936 only a  few 
famil ies  were l e f t  (N.I.D. 1943). In 1941 the  a t o l l  c a r r i e d  a  p r i ce  t ag  
of 600 English pounds (Maude, pers .  comm.), but was never purchased. 

Occupation l eases  f o r  Caroline were cancelled in 1943, a f t e r  which 
the  Br i t i sh  Western Pac i f i c  High Commission repossessed i t  (Maude 1953). 
However, new "queen's l eases"  were granted t o  M .  P .  A .  Bainbridge of 
Papeete, T a h i t i ,  1951-1964 (Nicholson & Douglas 1969), then t o  
Capt. Omer Darr of Moorea, French Polynesia, from 1964 t o  1989. When 
the  Br i t i sh  granted independence t o  the  Gi lber t  and E l l i ce  Islands in 
1979, a  new country, the  Republic of K i r i b a t i ,  assumed ownership of 
Caroline,  along with most of the  Line and Phoenix Is lands .  

Apart from occasional p a r t i e s  of Tahit ians cu t t ing  copra and a  
shipwrecked s a i l o r  in the  ea r ly  1980s, the  a t o l l  remained uninhabited 
f o r  over 50 years .  During t h i s  time Caroline 's  vegetat ion and w i l d l i f e  
recovered t o  such an extent  t h a t ,  were i t  not f o r  unpublished 
manuscripts (Maude ca.  1938, ca.  1942, and no d a t e ,  Young ca. 1922) and 
comparisons with F l i n t  and VosLok ( S t .  John S Fosberg 1937, A.  Kepler 
1990b-d, and Kepler, in p rep . ) ,  we would have been unaware of the  extent  
of previous human in te r fe rence  o r  of the  r a p i d i t y  of f o r e s t  recovery 
( t h e  f a c t  t h a t  60% of Caroline 's  motus harbored wholly indigenous 
vegetat ion,  and the  presence of one small patch of one exo t i c  plant  
aside from a  few standard Polynesian-introduced p l a n t s ,  seemed t o  
ind ica te  a  r e l a t i v e l y  p r i s t i n e  a t o l l  ) . 

In 1987, the  Office de l a  Recherche Sc ien t i f ique  e t  Technique 
Outre-Mer (ORSTOM, a  French s c i e n t i f i c  research agency) was requested by 
the  Ki r iba t i  government t o  conduct a  shor t  study a t  Caroline on the  
f e a s i b i l i t y  of pea r l - she l l  cu l tu re  ( G .  Monet, pers .  comm.). Their 
r e s u l t s  concluded t h a t  the  a t o l l  would be inappropriate f o r  t h i s  type of 



Also from 1987 t o  1991, a Scotsman, Ron Falconer, his French wife 
Anne, and 2 small children set t led on Caroline. From October 1989 t o  
November 1990 a new lease was under negotiation by Felix Urima, a  French 
businessman, who planned t o  blast  a channel through the reef ,  construct 
an a i r s t r i p ,  build a small hotel, cut timber, and engage in various 
commerci a1 ventures incl udi ng fishing, a  tu r t l  e  farm and pearl -she1 1 
culture.  In April 1990, Urima's workers began commercial fishing, 
ki l l ing t u r t l e s  and coconut crabs, and clearing land (A. Kepler 1990a). 
This was a  major new insult  t o  the atoll  which, in sp i te  of i t s  long 
history of intermittent human occupation, remains t o  t h i s  day "possibly 
one of the leas t  spoiled of t rue a to l l s  in the Pacific" (Stoddart 1976). 
Reports from our expeditions to  Caroline (Kepler & Kepler 1989, 
A .  Kepler 1990a and d )  resulted in the short-lived cancellation of 
Urima's tentat ive lease in November 1990 by the government of Kir ibat i .  
As of t h i s  writing, Urima has returned t o  unlimited fishing of 
Caroline's reefs .  Since 1988, conservation ef for t s  have been underway 
for Caroline to  become p a r t  of a t r iple- is land wildlife preserve with 
Vostok and  Flint  ( P t .  I I ,  Sect. G ) .  

I n  June 1965, a f ie ld  party from the Smithsonian Inst i tut ion 's  
Pacific Ocean Biological Survey Program (POBSP) visited Carol ine for 2 
days (Clapp & Sibley 1971a). Their survey and specimens added much t o  
the previous botanical and orni t h o 1  ogical know1 edge of the i  s l  a n d .  
Other quick v i s i t s  were made by Gilbert and Ellice Island o f f i c i a l s  and 
Drs. H .  & H .  Grossman, ornithologists from Germany, and Mr. W .  Cooke, a  
graduate student in corals from the University of Hawaii, comprising the 
Line Islands Expedition on 9-10 September 1974, and  by Roger Perry, then 
Wildlife Warden of the Line and Phoenix Islands, on 12-13 November 1977, 
from which no reports can be found other t h a n  a  short popular account of 
the Southern Line Islands (Perry 1978), 

In  1990, AKK also visited Ca.roline twice with the I C B P  1990 Line 
and Phoenix Islands Expedition ( A .  Kepler 1990d), These v i s i t s  were 
primarily t o  discuss conservation matters with the Falconers; introduce 
Caroline t o  Dr. and Mrs. Garnett, representatives from ICBP; confirm 
the i l legal  taking of f i sh ,  t u r t l e s ,  and coconut crabs; col lect  
invertebrates; and f i l l  in gaps from the 1988 expedition. 

Fie1 d Techniques 

From 22-29 September 1988, Drs. A. K .  Kepler, C .  B .  Kepler, D .  H .  
El l is  ( U . S . A . )  and Mr. Katino Teeb'aki (Republic of Kir ibat i )  surveyed 
a l l  39 motus a t  Caroline Atoll (Fig. 2 ) ,  gathering detailed information 
on pl ants,  seabirds, 1 and birds, mammal s ,  repli 1 es ,  coconut crabs, and  
human disturbance. Some incidental data have been added from the 2 
v i s i t s  in 1990 (10-13 March, 18-28 May) by Dr. A .  K .  Kepler, 



Capt. G .  Wragg, A .  Garnett,  M .  Linsley, J .  Phil1 ips  (March), and 
Dr. M .  Garnett (May). 

Pr ior  t o  the  f i r s t  expedit ion,  a s e r i e s  of t r a n s e c t s  and known 
botanical information were mapped t o  ensure t h a t  5% of each motu was 
sampled, and t o  maximize our chances of encountering a l l  known plant  
species.  Transects on the  3 l a rge r  motus were spaced approximately 
400 m apar t  and, with one exception, were perpendicular t o  the  long axes 
of each i s l e t  (Tr. 3 on Nake extended f i r s t  from e a s t  t o  west, then ran 
south pa ra l l e l  t o  the  west c o a s t ) .  On motus longer than 400 m, we used 
2 t r a n s e c t s .  Transects on the  smaller motus passed through t h e i r  widest 
points .  Their lengths ranged from 77 m (Azure) t o  2,000 m (Tr. 3,  
Nake). 

Considerable modifications were required when we rea l ized t h a t  a l l  
previous maps (Figs.  4-7) were incorrect .  We redrew the  t r ansec t s  on 
Arundel's 1883 map (Figs.  4, 8 ) ,  secured j u s t  p r io r  t o  the expedition. 
On South Island,  due t o  impenetrable draper ies  of Ipomoea vines,  
Transect 3 was omitted, Transect 5 ran only from the  lagoon south t o  the  
Ipomoea cur ta in  (75 m), and Transects 4 and 6 ran north-and south unti 
we reached an impasse ( P I .  8 ) .  

Compass headings were determined by the  configurat ion of each 
i s l and .  Beginning a t  high water mark, a l l  d is tances  ( i s l e t  dimensions, 
widths of reef f l a t s  and subs t ra tes ,  and plant communities) were 
measured using hip chains with biodegradable cotton thread.  These 
parameters were l a t e r  checked against  aer ia l  photographs in stereoscopi 
pa i r s  ( R N Z A F  1986), which provided 3-dimensional overviews of most 
i s l e t s .  Vegetation maps, reef  and i s l e t  a reas ,  and areas of p lant  
communities were derived by out l in ing on graph paper, enlarging,  then 
counting dots .  

D a t a  were col lec ted  in a 30 m swath along each t r ansec t  (15 m t o  
each s ide )  and recorded on f i e l d  forms. ~ i t h i n  each plant  community we 
took photographs, assessed the r e l a t i v e  abundance s f  each plant  species 
(see  Sect ,  E ) ,  measured notable t r e e s ,  and recorded plant  community 
width, plants  co l l ec ted ,  and subs t ra te  type,  We a l so  estimated the  
maximum height of the  dominant vegetation and percentage of ground area 
covered by each species.  Data on seabirds,  land b i rds ,  r e p t i l e s ,  
mamnials and coconut crabs i s  reported in Part I I .  

In addit ion t o  the  l i n e a r  t r a n s e c t s ,  an addit ional  19,300 m of 
perimeter surveys were conducted on 21 i s l e t s  (Fig.  9 ) .  The combined 
dis tance  f o r  l i n e a r  and perimeter t r ansec t s  was 32.6 km. Seven t i n y  
i s l e t s  (Noddy Rock, Skul l ,  Atibu, Bo'sun Bird, Coral,  Reef - f l a t ,  
Fi shbal 1 ) were surveyed compl e t e l y .  

In 1988 we camped on the a t o l l  f o r  7 n ights ,  e s t ab l i sh ing  base 
camps (Fig.  8 ;  P I .  9) on the  northwest point of South (22-24 September) 
and southwest Long (25-28 September). We relocated camps using a Zodiac 

outboard motor, and evyl A1 1 
surveyed during day inni . Wa 

i n t e r i s l e t  channels was r e l a t i v e l y  easy a t  low t i d e ,  but became 



F l g u r e  5. Carollne Atoll, as charted by the Solar Eclipse Party, 
a l s o  In 1883 (Holden h Qualtrough 1884). 

Flgure 6. Caroline Atoll, a modified version of the Solar Eclipu Party's 
mep (1883) as portrayed by Bryan (1942). Though hlghly tnaccurat.. 
modifications o f  th is  mp have been used in all publications rlnce Bryan 
(1942). 
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hazardous a t  incoming o r  high t i d e  on account  o f  numerous a g g r e s s i v e  
b l ack - t i pped  r e e f  s h a r k s ,  Carcharhinus  me7anopterus ( P I .  10 ) .  

During t h e  1990 v i s i t s ,  we s t ayed  on Motu Ana-Ana w i th  t h e  
Fa lconers .  Work was no t  i n t e n s i v e ,  a s  i n  1988. We walked o r  motored an 
i n f l a t a b l e  Lancer, v i s i t i n g  20 motus g a t h e r i n g  i n c i d e n t a l  d a t a ,  l o c a t i n g  
t h e  marae, e t c . :  Ana-Ana, Kimoa, P i son i a ,  E i t e i ,  South,  North Arundel,  
Noddy Rock, B ro the r s ,  North Bro thers ,  S k u l l ,  P ig ,  North P ig ,  Bo'sun 
Bird,  Long, Nake, Mouakena, Shark,  S c a r l e t  Crab, Bi rd ,  and F i s h b a l l .  
I n s e c t s  were p rese rved  i n  e t hy l  a l coho l .  We used a  "Magellan" NAV 1000 
t o  o b t a i n  a c c u r a t e  geographica l  c o o r d i n a t e s  o f  Ca ro l i ne .  

Prev ious  l i t e r a t u r e  has  provided vague o r  incomplete  d a t a  on 
Ca ro l i ne ' s  c o n s t i t u e n t  motus (Bennet t  1840, Markham 1904, S tevens  & 
Barwick 1930, Holden & Qual t rough  1884, Bryan 1942, Clapp & S i b l e y  
1971a, Ga rne t t  1983) .  Th i s  confusion r e s u l t e d  because most p rev ious  
v i s i t s  had been b r i e f .  The only c h a r t s  a v a i l a b l e  were a  q u i t e  a c c u r a t e  
survey by Arundel,  a  guano merchant who mapped t h e  a t o l l  i n  1883 
(F ig .  4 ,  Admiralty Cha r t ,  No. 979, 1965) ,  and a  map, g r e a t l y  i n  e r r o r ,  
d r a f t e d  by an i n t e r n a t i o n a l  S o l a r  Ec l i p se  Pa r ty ,  a l s o  i n  1883 (F ig .  5 ) .  
There a r e  no hydro log ica l  nav iga t i on  c h a r t s .  Un fo r tuna t e ly ,  t h e  
as t ronomers '  map has  been used i n  a l l  subsequent  s c i e n t i f i c ,  h i s t o r i c a l ,  
m i l i t a r y  and s o c i o l o g i c a l  p u b l i c a t i o n s  [N.I.D. 1941, Bryan 1942 
(F ig .  6 ) ,  Maude 1968, Clapp & S i b l e y  1971a (F ig .  7 ) ,  Ga rne t t  19831. I t  
shows only 25 o f  t h e  39 mstus and many shapes  a r e  d i s t o r t e d .  The 38 
motus on Arundel ' s  map a r e  s i m i l a r  t o  t h o s e  i n  t h e  RNZAF (1986) a e r i a l  
photographs.  Only a  few appear  t o  have changed i n  minor ways s i n c e  
1883: major d i s c r e p a n c i e s  i n  Arundel ' s  map, we b e l i e v e ,  a r e  due t o  
d i f f i c u l t i e s  involved i n  t h e  a c c u r a t e  r e n d i t i o n  o f  small l and  a r e a s  
( i . e .  t h e  South Nake I s l e t s ) .  Maude ( c a .  1938) counted 36 i s l e t s ,  but  
never  pub l i shed  h i s  in format ion .  

To a i d  our  survey we named 32 i s l e t s  and 4 i s l e t  groups (F ig .  2 ) .  
Our names r e f l e c t  a p p r o p r i a t e  a s p e c t s  o f  i s l e t  b io logy .  Etymology i s  
provided i n  Sec t i on  H. G i l b e r t e s e  names a r e  p r e f i xed  wi th  motu ( s e e  
next  s e c t i o n ) .  Any name no t  appear ing on Arundel ' s  map (F ig .  4 )  was 
given t o  t h e  i s l e t s  by us. They have been s e n t  t o  t h e  B r i t i s h  Admiralty 
and U.S. Hydrographic O f f i c e  (a long  with  c o r r e c t i o n s  t o  t h e  P a c i f i c  
P i l o t )  f o r  o f f i c i a l  r e c o g n i t i o n .  

D. PRELIMINARY STRUCTURE W D TOPOGRAPHY 

Our geo log ica l  terminology i s  based on Tracey e t  a l .  (1955) a s  
c i t e d  by Wiens (1962) ,  t o  which we add motu (Po lynes ian  f o r  " i s l e t " ) ,  
now a  t e c h n i c a l  term f o r  d e t r i  t a l  r e e f  i s 1  ands (Daniel  sson 1954, 
S todda r t  & S t e e r s  1977) .  In th is  paper t h e  terms motu and i s l e t  a r e  
used i n t e r changeab ly .  



Backqround Geol oqi cal  S e t t i n g  

Caroline i s  t h e  southeasternmost of the  Line Group (Fig.  I ) ,  a  
major volcanic lineament in the Pac i f i c ,  comparable in s i z e  t o  the  
Hawaiian-Emperor chain t o  the  north and t h e  Marshal l -Gi lber t -El l ice  
chain t o  the  west. This quas i - l inea r  chain, 4200 km long, i s  composed 
of dozens of simple and complex seamounts and l i n e a r  r idges ,  6  a t o l l s ,  5  
i s l ands ,  and 2  submerged r e e f s .  The Line Islands a re  now considered t o  
include Johnston Atoll (Duncan 1983, Schlanger e t  a l .  1984), and thus 
l i e  between 17"N and 12"s l a t i t u d e ,  and 169" and 150°W longitude.  The 
name, Line Group, r e f l e c t s  i t s  equator-straddling loca t ion .  

The geological complexities of t h e  East Pac i f i c  in general and 
Line Islands in p a r t i c u l a r  were poorly understood un t i l  a  few years ago. 
However, recent  remote-sensing technologies,  deep-dr i l l ing  techniques,  
improved sea - f loor  mapping and mul t id isc ip l inary  s tud ies  of sea- level  
changes have c l a r i f i e d  much previous speculat ion ( Ja r ra rd  & Clague 1977, 
Orwig & Kroenke 1980, Montaggioni & Pirazzoli  1984, Schlanger e t  a l .  
1984, Pirazzoli  & Montaggioni 1988, Spencer 1989). 

- 
Ihe kine Islands are  now known t o  exhibi t  changing geomorphology 

from north t o  south: elongated submarine r idges and coalesced seamounts 
merge in to  a  broad centra l  high plateau,  then progress t o  sca t t e red  
i so la ted  seamounts in the  south (Duncan 1983, Schl anger e t  a1 . 1984). 

This long chain of geological ly re la ted  and unrelated i s lands  
exh ib i t s  a  complex h i s to ry  of volcanism involving a c t i v i t y  from mult iple 
"hotspots" and overprint ing events dat ing as f a r  back as 93 mil l ion 
years ( Ja r ra rd  & Clague 1977, Orwig & Kroenke 1980, Crough & Jarrard  
1981, Haggerty 1982, Duncan 1983, Schlanger e t  a l .  1984). Furthermore, 
although numerous s t u d i e s ,  using high technology, have been conducted 
from oceanographic vesse l s ,  very l i t t l e  data has been gathered from the  
i s lands  themselves (M. 0.  Garcia & J .  A .  Haggerty, pers ,  comm.), and a  
c l e a r  understanding of the  myriad in te rac t ing  processes which formed the 
Line Islands has not ye t  emerged. This i s  p a r t i c u l a r l y  t r u e  of the 
cent ra l  and southern Line Is1 ands, 

However, recent  palaeoecological research i n  the  Tuamotu 
Archipelago includes g e n e r a l i t i e s  which are appl icable  t o  the  Line 
Islands (Montaggioni & Pirazzoli  1984, Pirazzoli  & Montaggioni 1988). 

The known geological h is tory  of the  Line Islands can be summarized 
as follows: 

1 )  During the  Cretaceous period (140-65 m.y. B.P.) ,  r idge-building 
volcanic events occurred, giving r i s e  t o  sca t t e red  volcanoes, o lder  
in the  north. This period of mountain-building was a  worldwide 
phenomenon, in the  eastern Paci f ic  supported by hotspot a c t i v i t y  in 
the  v i c i n i t y  of Easter Island.  

2 )  A second erupt ive  phase during the Palaeocene-Eocene period (65 
m.y. B.P.) ,  and age-progressive from north t o  south,  overpr in te  



e a r l i e r  volcanoes. This  was e i t h e r  a r e s u l t  of "hotspot"  a c t i v i t y  
a1 ong t h e  Line-Marquesan Swell o r  p a r t  of Pacif ic-wide volcanism. 

3)  The h i s t o r y  of  r e e f  growth and subsidence i s  complex and has not been 
s tud ied  in  d e t a i l .  The Line chain was in l a t i t u d e s  amenable t o  r e e f  
growth throughout i t s  h i s t o r y  from t h e  Late Cretaceous (100 m.y. 
B.P.) t o  t h e  present  (Schlanger e t  a l .  1984). A general  p a t t e r n  f o r  
t h e  northwest Tuamotus, c l o s e  t o  t h e  southern Line I s l ands ,  shows 
pr imar i ly  Holocene r e e f s  6000-3000 years  o ld  (P i r azzo l i  & Montaggioni 
1988). However, a few o lde r  r e e f s  do e x i s t ,  and dredge hauls  near 
Carol ine (Schlanger e t  a l .  1984) recovered r e e f  l imestones of Eocene 
through Ple is tocene  age (54 m.y. t o  10,000 years  B.P.). 

We found no v i s i b l e  fragments of Carol ine ' s  volcanic  h e r i t a g e ,  
summari zed above. 

Data on t h e  h i s t o r y  of sea l e v e l s  f o r  t h e  Southern Line Is lands  i s  
lacking .  However, s t u d i e s  in  French Polynesia (P i r azzo l i  & Montaggioni 
1988), and which appear t o  have been a general phenomenon in t h e  South 
P a c i f i c ,  i n d i c a t e  t h a t :  

1)  A s t a b l e  sea leve l  occurred,  s l i g h t l y  l e s s  than 1 m above i t s  present  
l e v e l ,  from 5000-1500 B . P .  This peaked a t  approximately t 1 . 0  m 
between 2000 and 1500 yea r s  ago. 

2) Since then t h e  leve l  has been dropping gradual ly  t o  i t s  present  
p o s i t i o n ,  reached only r ecen t ly  (P i r azzo l i  & Montaggioni 1988). 

No geomorphological or geophysical s t u d i e s  have been c a r r i e d  out 
a t  Carol ine .  However, 2 deep undersea dredge hauls  near t h e  a t o l l  
uncovered r ee f  l imestones dated a t  Eocene through P l io -P le i s tocene  
(Schlanger e t  a l ,  1984),  and recent  s t u d i e s  in  the  northwestern Tuamotus 
d a t e  the  exposed cora l  r e e f s  in t h e  Holocene around 6000 t o  3000 yea r s  
B . P .  (P i r azzo l i  & Montaggioni 1988). There i s  much scope f o r  research  
within Carol ine ' s  r ee f  mat r ix ,  varied shore l ines  and upraised r e e f s .  

Carol ine ' s  overa l l  shape resembles a f l a t t e n e d  c r e s c e n t ,  9 .7 km 
long on i t s  north-south a x i s  (F ig .  2 ) ,  with ou te r  perimeter  26.9 km and 
g r e a t e s t  breadth 2.3 km. The longest  i s l e t ,  Long, extends 4.23 km 
nor th-south ,  while South Is1 and, extending 1 .2  km eas t -wes t ,  c l  aims t h e  
widest s t r e t c h  of land .  

The motus, ly ing  upon a wide, continuous r ee f  f l a t  which encloses  
an e longated ,  re1 a t i v e l y  shallow 1 agoon, f a l l  n a t u r a l l y  i n t o  groupings 
of 3 l a r g e  i s l ands  (South, Nake, Long) and 4 groups of smal le r  i s l e t s  
(13 Windwards, 5 Southern Leewards, 11 Central Leewards, 7 South Nakes). 



There a re  4 basic motu shapes, molded by the prevail ing e a s t e r l y  winds 
and cur ren t s ,  periodic storms, overall a t o l l  shape, e t c :  

1) long, l i n e a r ,  and pa ra l l e l  t o  the  reef  ax i s ,  e .g .  Long Island.  

8) small,  l i n e a r  or  oval,  and perpendicular t o  the reef  a x i s ,  e .g .  
Southern Leeward I s l e t s .  

3 )  t r i angu la r  or  c rescen t i c ,  with the apex facing the  seaward r e e f ,  e .g .  
most of the Windward I s l e t s .  

4) la rge  and quadrangular, occupying the ends of the  a t o l l ,  e .g .  South, 
Nake. 

Caroline 's  motus have s imi lar  length-width r a t i o s  as those 
elsewhere (Stoddart & Steers  1977) and a re  s imi la r ly  s i t u a t e d  on the 
inner half  of the reef  f l a t ,  having t h e i r  lagoon beaches c lose  t o  the  
lagoon reef  s lope.  Individual motus are  discussed in d e t a i l  in 
Section H .  

I t  i s  hoped t h a t  the  following preliminary observations of 
Caroline Atoll wil l  insp i re  fu r the r  research.  As well as exhibi t ing  
fea tu res  s imi lar  t o  many a t o l l s ,  i t s  39 i s l e t s  a l so  present  individual 
d e t a i l s  t h a t  pose in te res t ing  questions which may help in deciphering 
sea-level  changes in the  Eastern Paci f ic  and in unraveling the  somewhat 
specul a t i v e  geological hi s tory  of the  Line Is1 ands ( Ja r ra rd  & Cl ague 
1977, Schlanger e t  a l .  1984). Examples include the  presence of an 
inland,  vegetated reef subs t ra te  on Long; deep inland sand on Nake; 
conglomerate rock on South; hardpan on Mannikiba, Nake and Long; an 
emergent reef  platform (Noddy Rock); and exposed older  r e e f s  of uniform 
height (Nake). Aerial photographs have indicated t h a t  Long I s l e t  has 
been formed most recent ly  from the coalescence of 5 former i s l e t s ,  which 
show even older  subdivisions.  Nake, previously a t  l e a s t  2 i s l e t s ,  has 
changed shape on both i t s  north and south ends by the addit ion of gravel 
r idges and s i l t ,  respect ively ,  i n  the past 100 years.  Brothers I s l e t  
has incorporated a  small motu within i t s  confines since 1883; several 
o ther  motus have a l so  added bars and s p i t s ,  and the  lagoon has f i l l e d  in 
f u r t h e r  during t h a t  short  time period. The questions of phosphatic 
hardpan beneath Bisonia f o r e s t  and the  extent  of ground water lenses 
need a t t en t ion .  

Reef F l a t s  

Caroline 's  peripheral r e e f s ,  which completely surround the lagoon, 
and upon which the  motus r e s t ,  are consis tent ly  wide (average 562 m, 
range 396-759 m ,  N = 100). The windward and leeward r e e f s  d i f f e r  in 
s t r u c t u r e  and dimensions. Neither are  e n t i r e l y  dry,  even a t  the  lowest 
t i d e s .  They consis t  primarily of barren calcareous rock, frequently 
smooth, which on other  a t o l l s  general ly represents  the  erosional surface 
of an older r e e f .  Jagged "mushrooms" of exposed newer (but dead) reef  
framework dot the  leeward r e e f s ,  forming an open platform off  
southwestern Nake ( P I .  11 ) .  Their s t ruc tu re  and uniform height ( -0 .3  m )  



are  s imilar  t o  those on Hikueru Atol l ,  Tuamotus, which have been dated 
as 2565 f 55 years B . P .  (Pirazzoli  & Montaggioni 1988). There are  no 
passes from ocean t o  lagoon, a typical  feature  of central  Pacif ic  a t o l l s  
(Wiens 1962). In the  Southern Hemi sphere, reef f l  a t s  tend t o  be widest 
in the southwest sector and narrowest in the northeast (Wiens 1962), a  
general i ty  which Caroline f i t s  (Pls .  12, 13).  

The reef rim, i r regu la r ly  dentate and 26.9 km in circumference, i s  
surmounted by motus fo r  55% of i t s  length. On 72% of a l l  Pacif ic  
a t o l l s ,  l e s s  than half the  reef circumference i s  occupied by land (Wiens 
1962); Caroline l i e s  within a 28% minority in which one-half t o  two- 
th i rds  of the reef rim contains land. Corresponding values fo r  2 
Tuamotuan a to l l  s ,  Rangiroa and Raroia, are  33% and 35% (Stoddart & 
Sachet 1969). Where motus ex i s t ,  the  reef f l a t  i s  divided in to  the  
seaward reef f l a t  (PI.  12),  motu, and lagoon reef f l a t  (PI .  14) .  

A t  low t i d e  a l l  reef f l a t s  can be waded, Black-tipped reef sharks 
were highly aggressive in 1988 b u t  by 1990 dozens had been k i l l ed .  The 
South Nake and Central Leeward channels were par t i cu la r ly  hazardous, 
ref lected in motu  names such as Blackfin, Shark, and Danger. 

s :  Constantly pounded by su r f ,  the windward ree fs  are 
typ ica l ly  narrower than those t o  leeward, averaging 519 m (range 396- 
759 m), though t h i s  i s  l e s s  evident from a map than in the f i e l d .  

The windward reef i s  13.5 km long, surmounted by 16 motus t h a t  
t o t a l  63% of i t s  length.  This f i t s  a recurrent  pattern on central  
Pacific and Tuamotuan a t o l l s  where motus are  more frequent along 
windward reef rims (Thomas 1961, Wiens 1962), due t o  act ive  movement of 
debris  associated with the prevailing eas te r ly  winds, waves and storms. 
The 1 ongest i s l e t s  are  Nake (1,980 m )  and Long (4,226 m )  , both formed 
from the coalescence of 2 o r  more smaller i s l e t s ,  The r e s t  vary from 
18 m t o  858 m i n  length. 

The character  of these reef f l a t s  d i f f e r s ,  depending on the 
presence or absence of land, in ter is land dis tances ,  lagoon depth, and 
recent weather conditions. I n  February 1990, severe cyclonic weather 
rearranged tons of sediments, especial ly t o  windward, uprooting 
T o u r n e f o r t i a  scrub, ob l i t e ra t ing  extensive sections of herb mats, 
exposing beachrock, depositing storm blocks, and a l t e r ing  the  shape and 
slope of the  beach c r e s t s .  Since Caroline has been e s sen t i a l l y  
uninhabited fo r  60 years ,  no data ex i s t s  on  the frequency of such 
storms, although i t  i s  well-known tha t  windward beaches worldwide are 
undergoing erosion and r e t r e a t ,  and are thus characterized by beachrock 
outcrops and other l i t h i f i e d  sediments (Stoddart & Steers  1977). 

Reef Rim with Motu: The width of the seaward f l a t s  i s  qui te  uniform, 
averaging 307 m (range 193-396 m), occupying 57% of the rim width. I t  
consis ts  of a s l i gh t l y  ra ised algal ridge bearing the b r u n t  of incessant 
wave act ion,  and a rubbly reef f l a t ,  par t ly  drying a t  low water, which 
sweeps u p  t o  the motu's beach ( P I .  13) 



The motus d i f f e r  considerably in width, ranging from the narrow 
t i p  of Long, merely 30 m wide, t o  Windward, 290 m wide. Nake and S o u t h  
Islands, forming "caps" t o  the atoll  a t  i t s  upper and lower ends, 
respectively, exhibit characteristics more typical of windward than 
leeward motus. Whenever atoll  reefs turn sharply, debris-loaded waves 
become deflected around the points, thus depositing more gravel than on 
a s t raight  shoreline. Hence, these 2 motus are the widest on the atol l  
( 1  16).  A comparison of maps a century apart (Figs. 2 ,  4 )  indicates 
that several layered ridges of coral debris have accumulated on  northern 
Nake since 1883. 

Reef Rim without Motu: Zonation within the reef f l a t  i s  less  marked 
where there i s  no land. Within these in te r i s l e t  reef f l a t s ,  however, 
areas of high water transport have carved surge channels and erosional 
grooves, and t idal  fans extend into the lagoon, especially a t  i t s  
northern end where sedimentation i s  most active. Caroline has no deep 
pass or navigable channels into the lagoon, nor a ship anchorage beyond 
the reef ,  t h o u g h  small boats may anchor within the close lee of S o u t h  
Is1 and during normal trade winds and 1 ow seas. Landing in an inf latable  
i s  best made across the reef s l ight ly n o r t h  of the " b o a t  entrance," 
marked by an upright anchor (App.  I ) .  

The reef f l a t  between Tridacna and Sou th  Island, serrated with 6 
erosional grooves, one 1 abell ed " bl i nd passage, " i s of parti cul ar 
importance t o  navigators ( A p p .  I ) .  The blind passage, the most 
southerly channel, i s  a narrow diverticulum 380 m long within a reef 
430 m wide. On  a l l  previously published maps t h i s  passage i s  drawn as 
t h o u g h  i t  completely connects ocean and lagoon (Figs. 4 - 7 ) .  However, i t  
i s  a nonfunctional hoa or t a i r u a ,  an erosional channel cut only partly 
across a continuous atoll  rim. I t s  lagoon end (Fig. 50, P I .  7 2 )  serves 
as a sheltered anchorage for motored yachts, b u t  i t  can only be entered 
or exited during high winds or moderate-to-high surf .  Chevalier ( in  
Stoddart & Steers 1977, p .  77)  has suggested t h a t  hoa features are 
partly a resul t  of sea-level changes a ?  tering the balance of 
sedimentation and erosion, 

l a t s :  These are wider, f l a t t e r ,  gentler,  more 
consolidated, and less  f i l l e d  with rubble t h a n  the windward reefs 
( P I .  11).  An orange, semi-transparent alga, blanketing the coralheads, 
chunks of upraised coral ( P I .  11),  carbonate rock, and giant clams, i s  
a b u n d a n t .  This alga i s  found on many a to l l s ,  for example Enewetak and 
Rangiroa (U.S. Department of Energy 1987, Stoddart & Sachet 1969). 
Living coral i s  sparse. 

Surqe Channels: These occur in a variety of shapes and  s izes ,  depending 
on  the distances between motus, the extent and buildup of reef f l a t s  
adjacent t o  land, and lagoon depth. Surge channels and reef grooves are 
deeper o n  the windward side. The vigorous currents washing daily into 
Caroline's lagoon have created larger debris fans between windward rnotus 
t h a n  between those t o  leeward (Frontispiece). 



Beaches 

Caroline's beaches--the zones lying between low water mark and the  
inland l im i t  of wave-deposited debr is- -are  en t i r e l y  of reef  o r ig in .  
There i s ,  however, considerable var ia t ion in t h e i r  composition. The 
windward beaches and surge channels, in a  constant s t a t e  of erosion or 
deposit ion,  support the  g rea tes t  var ie ty  of sediments: well sorted 
sands ( indicated by g ra in -s ize  d i s t r i b u t i o n ) ;  gravels of co r a l l i ne ,  
algal ( including Halimeda) and moll uscan o r ig in ;  and a  wide assortment 
of coral fragments. The a t o l l ' s  prime s t re tch  of sand (Shark I s l e t )  i s  
th ickly  over1 ain w i t h  pink granules, possibly Foraminifera t e s t s ,  which 
are  abundant in the  Tuamotus (Stoddart & Steers  1977). 

Almost a1 1  exposed rubble on Carol ine i s  colored gray, a  
consequence of penetration by cyanobacteria. Typically the  oldes t  
rubbles, highest u p  the  beach and extending in to  the  i n t e r i o r ,  are 
darkes t .  A marked beach c r e s t  r i s e s ,  gently or  abruptly,  from the  
windward beaches, a t  the  c r e s t  of which i s  deposited an assortment of  
flotsam and jetsam: bo t t l e s ,  p l a s t i c ,  wood, coconuts, e t c .  ( P l .  19) .  
No storm blocks were found in 1988, b u t  in 1990 many l i t t e r e d  the  
windward ree fs  and shores, the  r e su l t  of recent cyclonic weather, 
Similarly,  in 1990, th ick deposits  of coarse sand had overlain the  
rubbly windward beaches and i n t e r i s l e t  channels of 1988 (PI .  33) .  

Alterat ions t o  Caroline's beaches provide the  major changes in 
motu shape. Aggradation occurs pr incipal ly  on the lagoonward points  of 
the l a rger  windward i s l e t s ,  fo r  example, Brothers (which i s  now joined 
with a  separate i s l e t  mapped by Arundel), and Windward and Tridacna 
(which have added more sediments t o  t h e i r  southwest points during the  
l a s t  century) .  

Beachrock: These elongated s t r a t a  of eroded ree f ,  brown consolidated 
sands and reef d e t r i t u s ,  from one t o  a  few meters ide ,  are  not abundant 
on Caroline. Occurring as seaward dipping s t r i p s  a t  the low water mark, 
they f lank the  windward beaches of Nake, Long and South (Figs .  37, 38, 
50; P I .  54) and  a  few of the  leeward i s l e t s .  Beachrock r e su l t s  from 
l i t h i f i c a t i o n  of t ropical  i n t e r t i da l  sediments by calcium carbonates, i n  
par t  due t o  seawater evaporation during low t i d e  (Scoffin & Stoddart 
1983)- Beachrock outcrops become more exposed a f t e r  storms, indicating 
tha t  some cementation may occur beneath a  shallow sediment cover, A 
coarser conglomerate platform ( P I .  20) ,  possibly a  r e l i c  of a  former, 
high sea l e v e l ,  occurs on the  northwest point of South Island,  creating 
the "landing" (PI .  20).  This appears t o  be of s imi lar  age t o  the 
remnant ree f s  of southwest Nake, which are l e s s  consolidated ( P I .  11 ) .  
Although the  platform's upper surface r e s t s  s l i gh t l y  above high water 
l eve l ,  we do not know i f  i t  represents a  former reef exposed by a recent 
f a l l  in sea l eve l .  The or ig ins  of such platforms are controversial  
(Stoddart & Steers  1977). 

Upraised Reef: In a few areas ,  jagged, eroded upraised reef ( feo)  
comprises some o  e t ' s  i n t e r i o r - - f o r  example, the lower quarter  
of Long. A th in  e r  supports a  f o r e s t  of lower s t a t u r e  than 
would otherwise be expected. The rocky subs t ra te  i s  p i t t ed  with 



c a v i t i e s  and undermined with subterranean tunnels  in which a t  l e a s t  2 
species of land crabs (Birgus l a t ro ,  Cardisoma spp.) s h e l t e r  (PI.  21). 
Noddy Rock (PI .  18), the  smallest  motu (0.02 ha), and many jagged 
c o r a l l i n e  "mushrooms" found on the  reef  f l a t s  (PI. 11) a re  probably 
remnants of former reef  f l a t s  formed when sea l eve l s  were several f e e t  
higher than present .  I t  i s  hoped t h a t  f u r t h e r  invest  
determine whether these  o lder  limestones are from the  
Pleistocene.  

iga t ion w 
Holocene 

i l l  
o r  

Caroline 's  lagoon, 8.9 km long, i s  closed; i t s  t o t a l  area i s  l e s s  
than t h a t  of the combined reef  f l a t s .  The lagoon i s  r e l a t i v e l y  shallow, 
tapering in shape and depth a t  each end, containing both r e t i c u l a t e  and 
patch r e e f s  of l iv ing  cora l .  I t s  bathymetry i s  unknown. 

In the  north the  lagoon i s  more shel tered ,  as the  presence of 
continuous vegetated land buffers  the e a s t e r l y  t r ades ,  and s i l t y  
sediments increase .  A t  i t s  northern extremity, merging reef  f l a t s  
squeeze the  lagoon un t i l  i t  disappears eas t  of Pandanus I s l e t .  A 
f i l l e d - i n  portion of the  former lagoon penetrates Nake f o r  300 m as a 
f i shhook-shaped mudfl a t ,  Sandy In1 e t  (Fig.  37, P I .  22) ,  before 
succumbing t o  enci rc l ing  vegetat ion.  A t  the  lagoon's southern end, 
where winds whip through the  "blind channel ,"  i t  i s  choppy, having more 
sediment and s l i g h t l y  l e s s  v i s i b i l i t y .  However, within the  l e e  of South 
Is land 's  north-central  curve the  lagoon i s  frequently quie t  and 
ref1 e c t i v e  ( P I .  23). 

Although Caroline 's  hydrology has not been s tudied,  the  south end 
of the  lagoon and "blind passage" (Fig.  50, P I .  72) were c lose ly  
observed f o r  2 years by Ron Falconer. He noticed t h a t  the  lagoon i s  
typ ica l ly  "perched" a t  a level above t h a t  of a l l  b u t  the  d a i l y  high 
t i d e s .  High t i d e  water flows rapidly over the  reef f l a t s  in to  the  
lagoon, but i s  held back by the  ree f s  as the  t i d e  lowers, Lagoon water 
a t  low t i d e  i s  about 0.3 m higher than water in the  "bl ind passage,"  
Water moves out of the  lagoon through a few channels t h a t ,  although deep 
in places,  form broad, shallow troughs over the  reef f l a t s .  A major 
channel with a current  flowing west a t  several knots passes along the  
northwest point of South Island,  although water passage i s  impeded by 
the  reef  f l a t s  west of South Island. I f  a channel were t o  be blasted 
through the  reef  f l a t s ,  as has been proposed, t h i s  d e l i c a t e  hydrology 
would be d isrupted.  For example, the  high t i d e  water i s  never more than 
20 cm above the  coral heads and ree f s  in the  lagoon. A man-made reef  
channel f o r  vessels  could lower water l eve l s  30-40 cm, thereby exposing 
and k i l l i n g  the  extensive Acropora-Tridacna ree f s  within the  lagoon. 

l ind  passage" i s  sustained by a powerf ward flow of 
the  eas t  coast  of South Island and a outhward f l o  

of water along the  seaward ree f s  of Tridacna I s l e t .  The South Island 



f low i s  augmented by wate r  d r a i n i n g  from a  l a r g e  sha l low bas in  on i t s  
windward r e e f  f l a t s .  Water s p i l l s  i n t o  t h e  " b l i n d  passage"  and d r a i n s  
e a s t  a t  about 4  knots  a g a i n s t  t h e  p r e v a i l i n g  t r a d e  winds and s u r f .  
There i s  minimal c u r r e n t  a t  t h e  west ( i n n e r )  end o f  t h e  passage,  where 
l e s s  water  i s  c o l l e c t e d ,  and throughout  t h e  passage a t  low t i d e  when 
t h e r e  i s  e s s e n t i a l l y  no wate r  f low o u t  of t h e  lagoon. 

Patch Reefs 

Darwin (1842) recognized 3 b a s i c  r e e f  t ypes  ( f r i n g i n g  and b a r r i e r  
r e e f s ,  a t o l l s ) .  A f o u r t h  t y p e ,  patch r e e f ,  i s  now widely accep ted .  
Patch r e e f s  a r e  sma l l e r  than  t h e  o t h e r  3 r e e f  t y p e s ,  l a c k  a  lagoon but 
a r e  l o c a t e d  w i t h i n  lagoons,  a r e  submerged up t o  low t i d e  l e v e l ,  and, 
un l i ke  o t h e r  ocean ic  r e e f s ,  have founda t ions  o f  sediments  o r  sedimentary 
rocks .  They a r e  s u b c i r c u l a r  t o  i r r e g u l a r  i n  shape when viewed from 
above, and i n  t h e i r  sma l l e r  s i z e s  merge with  co r a l  k n o l l s ,  co r a l  
t h i c k e t s ,  o r  co r a l  heads (Ladd 1977, Fagerstrom 1987) .  

A complex s e r i e s  of  patch r e e f s  and co ra l  k n o l l s  ( p r i m a r i l y  
Acropora s p p . ) ,  c i r c u l a r  and e longa ted ,  f l a n k  t h e  sma l l e r  motus and 
c r i s s c r o s s  much of  C a r o l i n e ' s  lagoon ( s e e  F r o n t i s p i e c e ) .  They a r e  
p a r t i c u l a r l y  ev iden t  i n  t h e  sou thern  two- th i rd s  o f  t h e  lagoon.  Coral 
l imes tone  bedrock, surmounted by abundant l i v i n g  c o r a l ,  mo l lu sc s ,  and 
o t h e r  i n v e r t e b r a t e s ,  p rov ides  t h e i r  ba s i c  s t r u c t u r e  (S i renko  & Koltun, 
i n  p r e s s ) .  The a t o l l ' s  pe r ime t e r  r e e f s  p rov ide  s h e l t e r  from s to rms ,  
s u r f ,  and exces s ive  e r o s i o n .  In shal low a r e a s  t h e y  t end  t o  be 
c u r v i l i n e a r  (Cent ra l  Leeward I s l e t s ) ,  whi le  i n  deeper  wa t e r ,  c o r a l  
k n o l l s  and p innac l e s  a r e  more c h a r a c t e r i s t i c  ( P I .  63) .  

C a r o l i n e ' s  lagoon i s  g r a d u a l l y  f i l l i n g  i n  wi th  ever-expanding 
patch r e e f s  and d e b r i s  washed i n  from t h e  f r i n g i n g  r e e f s .  S ince  
Arundel ' s  t ime ,  t h e  e f f e c t s  of  d e t r i t a l  d e p o s i t i o n  can be d i s ce rned  as 
changes i n  t h e  shapes  of  i s l e t s  such a s  Nake, Danger, and Arundel 
(compare F ig s .  2 and 4 ) .  

Such change i s  t y p i c a l  of a t o l l  e v o l u t i o n .  Geo log i ca l l y ,  Carol i n e  
i s  a  few s t e p s  behind one of  i t s  "neighbor"  Line I s l a n d s ,  Chr i s tmas ,  
where sediments  and c o r a l  growth have conver ted t h e  o r i g i n a l  lagoon i n t o  
a  maze o f  s u p e r s a l i n e ,  mini- lagoons and t i n y  i s l e t s ,  most ly  c u t  o f f  from 
t h e  s e a .  F u r t h e r  s t e p s  i n  evo lu t i on  a r e  exempl i f i ed  by complete ly  
f i l l e d - i n  a t o l l s  such as  J a r v i s  and Vostok, where no t  even s a l t y  pools  
remain. 

Tridacna-Acropora Reefs 

Though t h e  g i a n t  clam (Tr idacna  maxima) i s  an abundant component 
of C a r o l i n e ' s  l agoons ide  r e e f s ,  excep t iona l  agg rega t i ons  f l a n k  t h e  most 
s o u t h e r l y  windward motus (Bro the r s  through Tr idacna ,  F ig s ,  44 t o  4 8 ) .  
Two e s p e c i a l l y  ou t s t and ing  r e e f s  extend a c r o s s  t h e  lagoon from Tr idacna  
t o  Ana-Ana (F ig .  10 ,  P I ,  25) and Tridacna t o  Kimoa ( F i g ,  4 8 ) ,  where 
Tr idacna a t t a c h  t o  Acropora spp. c o r a l s ,  a  favored  s u b s t r a t e  (Bra ley  





1987) .  Abundant i n s h o r e  Tr idacna  on a l l  t h e s e  i s l e t s  sugges5 t h a t  t h e i r  
d e n s j t y  i s  s i m i l a r  t o ) h a t  on t h e  main r e e f :  up t o  20/.25 m ( i . e .  
80/m ) ,  a v e r a g i n g  35/m f o r  t h e  e n t i r e  a r e a  surveyed ( S i r e n k o  & Koltun,  
i n  p r e s s ) .  T h i s  d e n s ' t y  exceeds  t h e  h i g h e s t  known a g g r e g a t i o n s  o f  3 Tr idacna :  up t o  60/m a t  Reao A t o l l ,  Tuamotu Arch ipe lago  (Richard  
1985).  D e n s i t i e s  o f  6-20 c lams p e r  s q u a r e  m e t e r ,  a s  found a t  Takapoto 
A t o l l  (Tuamotus),  a r e  c o n s i d e r e d  h igh .  Throughout C a r o l i n e ,  t h e  c lams 
averaged 1 8  x 10 cm i n  s i z e .  Severa l  s p e c i e s  o f  I n d o - P a c i f i c  Tr idacna  
have s u f f e r e d  g r e a t l y  from poaching and o v e r h a r v e s t i  ng,  1 eav ing  few 
u n d i s t u r b e d  p o p u l a t i o n s  (Bra ley  1987) .  C a r o l i n e  i s  t h u s  a s p e c i a l  
r e f u g e  f o r  T. maxima. 

Lagoon Reef F l a t s  

These va ry  c o n s i d e r a b l y  but  a r e  narrower  and more g e n t l y  s l o p i n g  
t h a n  t h e  seaward r e e f  f l a t s .  They a r e  t y p i c a l l y  covered  w i t h  f i n e  c o r a l  
g r a v e l  and c o a r s e  sand .  In s h e l t e r e d  a r e a s  ( lower  Long, Windward, 
C r e s c e n t ,  Sou th ,  upper end of  lagoon)  l u s h  s h r u b b e r y - - C o r d i a ,  
T o u r n e f o r t i a ,  P i s o n i a ,  Cocos--overhangs t h e  l agoon .  Here f i n e  s i l t ,  
sand and/or an a l g a l  s l i m e  a r e  common ( P I .  2 7 ) .  In 1988, narrow,  sandy 
beaches were l i m i t e d  t o  n o r t h e r n  South ( P I .  23) and e a s t e r n  Shark 
( P I .  28), but  i n  1990,  sand occur red  th roughout  C a r o l i n e .  

Where t h e  lagoon s h o r e l i n e s  a r e  l e s s  s h e l t e r e d  and v e g e t a t i o n  does  
n o t  overhang t h e  l agoon ,  unvege ta ted  r u b b l e  and s p a r s e  he rb  mats a r e  
t y p i c a l .  Here,  1 agoonside  r u b b l e  averages  1 e s s  t h a n  2 m wide (PI . 3 0 ) .  
T h i s  c o n t r a s t s  wi th  t h e i r  seaward r e e f  f l a t s ,  which average  21 m wide 
( P I .  1 1 ) .  

C a r o l i n e ' s  mar ine  environment i s  r i c h  y e t  e s s e n t i a l l y  
undocumented: knowledge i s  l i m i t e d  t o  p r e l i m i n a r y  l i s t s  o f  f i s h ,  
i n v e r t e b r a t e s  and lagoon p lank ton  (Dixon 1884; Fowler 1901; P i l s b r y  & 
Vana t ta  1905a,  b;  Tsyban & Smith 1988, S i r e n k o  & Kol tun ,  i n  p r e s s ) .  All  
e a r l y  t r a v e l e r s  remarked on t h e  beau ty ,  abundance and v a r i e t y  o f  
C a r o l i n e ' s  r e e f s  (Markham 1904, Bennet t  1840);  today  t h e y  a r e  s t i l l  
r e1  a t i v e l y  untouched.  

The usual  assemblage of  r e e f  i n v e r t e b r a t e s - - e c h i n o d e r m s ,  mol luscs  
(Turbo,  N e r i t a ,  Cypraea) ,  c r u s t a c e a n s ,  p o r i f e r a ,  t u n i c a t e s ,  e t c . - - a r e  
p r e s e n t .  C o r a l s  i n c l u d e  s e v e r a l  impor tan t  Holocene r e e f - c o n s t r u c t o r s :  
Acropora,  Poc i77opora ,  P o r i t e s ,  and Mont ipora .  Ca lca reous  a l g a e  i n c l u d e  
Ha7imeda, P o r o 7 i t h o n  and Li thothamnion ( S i r e n k o  & Kol tun ,  i n  p r e s s ) .  
Large numbers of  b l a c k  s e a  cucumbers (Ludwigothur ia  s p . ) ,  abou t  20 cm 
l o n g ,  a r e  p a r t i c u l a r l y  abundant lagoonward o f  t h e  s o u t h e r n  windward 
i s l a n d s  (PI . 1 0 ) .  Conspicuous f i s h  f a m i l i e s  i n c l u d e  p a r r o t  f i s h  
( S c a r i d a e )  , b u t t e r f l y  f i  sk (Chae todon t idae )  , s u r g e o n f i  sh  (Acan thur idae )  , 
damsel f  i  sh (Pom ) ,  p u f f e r f i s h  (Te t  e wr 
(Labr idae )  . 



Subst ra ta  

Throughout the  a t o l l ,  subs t r a t e s  r e f l e c t  a  r ee f  o r i g i n .  There i s  
l i t t l e  " s o i l "  in  the  accepted sense.  Various grades of  jagged, eroded 
coral  and molluscan rubble (from f i s t - s i z e d  t o  t i n y  pebbles) ,  together  
with sand, coral  1 i  ne a1 gae, and re1 a t  i  vel y small proport i  ons of organic 
l i t t e r ,  humus and guano, a r e  present .  Such accumulations of  reef  and 
t e r r e s t r i a l  debr i s  a re  s i m i l a r  t o  those of o the r  low, coral  a t o l l s  
(Fosberg 1953, Stone 1953, Wiens 1962, Niering 1963, Stoddart  & Sachet 
1969, Garnett  1983, Reese 1987, Gessel & Walker 1992). 

Generally speaking, at01 1 soi  1 s  a r e  calcareous and extremely 
immature, a  consequence of  t h e i r  1 imited age and frequent  d is turbance  by 
storms. Barely modified beyond the  reef  t h a t  spawned t h e i r  presence, 
they a r e  r i c h  in calcium and magnesium carbonates.  Water r e t e n t i o n ,  i f  
any, i s  due t o  accumulated organic matter and i t s  associa ted  chemical 
changes. Accumulations of guano reac t  with t h e  calcium carbonate of 
r ee f  sands and elevated limestones t o  form ni t rogen-r ich  " s o i l s "  and 
phosphatic hardpan (Hutchinson 1950, Fosberg 1953, Stoddart  & Scoff in  
1983) . 

Reese (1987) ca tegor izes  a t o l l  " s o i l s "  i n t o  5 types ,  a l l  of which 
occur, i n  d i f f e r e n t  proport ions,  a t  Carol ine.  The degree of organic 
mat ter ,  decomposition, amount of humus, and t h e  depth of the  " s o i l "  
s t r a t a  a r e  d i r e c t l y  co r re l a t ed  with age and s i z e  of  Carol ine ' s  motus. 

1)  Accumulations of coral rubble, mainly of stone size. These youngest 
of " s o i l s "  a r e  most evident  around the  edges of the  motus, ac t ing  as  
a  s u b s t r a t e  f o r  natural  herb mats. Often extending well in land,  they 
can support su rp r i s ing ly  lush  Tournefortia scrub.  

2) Unaltered coral sand and gravel. Although exposed sand was uncommon 
a t  Caroline in  1988, t h i s  subs t r a t e  occurred i n t e r t i d a l l y  where the  
lagoon was f i l l i n g  in and on ac t ive ly  growing sandbars,  pr imar i ly  in  
the  upper lagoon ( P l s ,  22, 27 ) ,  nor theas t  and northwest South 
( P l s .  23, 311, and the  lagoonward edge of Shark (PI .  28).  In 1990, a  
s i n g l e  storm deposited tons of sand on Carol ine.  

3 )  Soils with a weakly developed A-horizon, with color only slightly 
darker than the unaltered sand below, but with no evidence of 
structural development. Especial ly evident  in 1988 within the  
ancient  i n t e r i s l e t  channels t h a t  compose Long Island (PI .  3 2 ) ,  much 
of t h i s  s u b s t r a t e  i s  now storm-eroded and over la in  by f r e sh  sand 
(PI .  33 ) .  

4) Soils with a more developed A-horizon, deeper and darker than above, 
with some structural development. This s tage  def ines  areas  where t h e  
rubblylsandy s u b s t r a t e  approaches a  t r u e ,  but poor, " s o i l . "  As such, 
i t  r ep resen t s  o l d e r ,  more s t a b l e  p a r t s  of each i s l and .  I t  i s  common 
within the  i s l e t  i n t e r i o r s  where Pisonia i s  (o r  was) p resen t .  I t s  
composition may be likened t o  a coarse mixture of g r a v e l ,  sand, 
bones, humus, eroded coral  and s h e l l s ,  a l l  mixed with sparse  amoun 



of partly-decomposed l i t t e r .  Land crabs are  p a r t i c u l a r l y  numerous, 
f u r t h e r  breaking down organic matter in to  f i n e r  p a r t i c l e s .  

5 )  S o i l s  w i t h  an accumulat ion o f  raw humus on t h e  s u r f a c e  and w i t h  a  
r e l a t i v e l y  deep A-hor i zon .  D u r i n g  t h i s  s tage  p h o s p h a t i c  hardpan may 
deve lop .  These t r u e  s o i l s ,  though somewhat depleted by guano 
diggers,  cover s ign i f i can t  areas on South and Nake. Cocos and/or 
P i s o n i a  debr is  heightens t h e i r  dark colorat ion and moisture content .  
This earthy subs t ra te  i s  composed primarily of r o t t i n g  Cocos fronds 
and n u t  f i b e r s  shredded by coconut crabs.  Patches of blackish muck 
on South Island support local patches of Tacca 1eontopeta1oides.  

On Caroline, we noticed a  type of hardpan (PI. 67) in several 
areas (primari ly South, Nake, Long, Emerald, and Mannikiba). In each 
case i t  resembled a  f l a t  sheet of old asphalt  road, present  within,  or  
adjacent t o ,  herb mats and peripheral T o u r n e f o r t i a  scrub. Since hardpan 
forms when phosphatic der ivat ives  from guano i n t e r a c t  with permeable, 
reef-derived carbonate sediments (Stoddart & Scoffin 1983), i t  i s  
possible t h a t  these barren c lear ings  represent  areas of high guano 
concentrat ion.  Worldwide, the  major guano-producing seabirds a re  
boobies, t e r n s  and f r i g a t e b i r d s  (Hutchinson 1950), Adjacent t o ,  or 
nesting oni these areas of hardpan which we observed were Red-footed 
Boobies (a1 1 motus), Great Fr igatebi rds  (a1 1  except South),  Lesser 
Frigatebirds (Nake) , Masked Boobies (Long), and Sooty Terns (only 1990 
o n  Long, b u t  recorded from open areas of Emerald and Mannikiba, June 
1965 and July  1990, see P t .  11, Fig. 11) .  

We did not take so i l  p r o f i l e s  within P i s o n i a  f o r e s t s  t o  ascer ta in  
the  presence of subsurface phosphatic hardpan. However, AKK and John 
Ph i l l ips  found both surface and subsurface phosphatic hardpan on nearby 
Vostok, having the  typical  "pepper-and-sal t ,"  colora t ion and crumbly 
texture  characterized by the Jemo s o i l s  found in the  Marshall Is lands 
(Fosbercj, 1954 and pers ,  comn.). 

Caroline provides an excel lent  example of t h e  progression of s o i l  
development through i s l e t s  of d i f f e r e n t  age and s i z e  c lasses  (see  Sect ,  
F). From a  wave-washed mound of coral rubble, barely above sea level 
(Fig .  5 ) ,  the  subs t ra te  gradually improves in t ex tu re  and f e r t i l i t y  as 
the emerging i s l e t  ages and organic matter accumulates, Pioneer p lan t s  
are  hardy, s a l t - t o l e r a n t ,  low-lying mats consis t ing  primari ly of 
H e l i o t r o p i u m ,  and l a t e r ,  T o u r n e f o r t i a .  Increasing numbers of shrubs 
provide shade and branches f o r  nesting seabirds .  Larger t r e e s  ( P i s o n i a ,  
C o r d i a ,  Mor inda)  add more shade and thereby increase humidity, as  well 
as provide oppor tuni t ies  f o r  addit ional  organic " f a l l o u t " :  leaves and 
bird remains ( n e s t s ,  eggs, chicks,  droppings, regurgi ta ted  food, dead 
adu l t s )  . 

Each s tage  of subs t ra te  development accelera tes  the  accumulation 
of organic material and helps t o  define an emerging, deeper A-horizon. 
Soil maturity i s  indicated by more organic matter ,  improved s o i l  
t ex tu re ,  and a  lowered vol o r a l l i n e  and molluscan debr i s .  
Carol ine ' s  soi 1  s  barely ex era1 centimeters in depth and 



always i n t e r m i n g l e d  w i t h  c o r a l  f r agments .  As a  r e s u l t ,  t h e y  a r e  
u n s u i t a b l e  f o r  burrowing s e a b i r d s  such a s  p e t r e l s  and s h e a r w a t e r s .  

Hydro1 oqy 

Hydrological  i n f o r m a t i o n  i s  e s s e n t i a l l y  l a c k i n g .  No s t a n d i n g  
f r e s h  w a t e r  e x i s t s .  The q u a l i t y ,  e x t e n t ,  and s a l i n i t y  o f  t h e  f r e s h w a t e r  
l e n s e s ,  a s  wel l  a s  t h e i r  v a r i a b i l i t y  a c c o r d i n g  t o  t i d e ,  s e a s o n ,  and 
r a i n f a l l ,  a r e  unknown. A t  t h e  t ime  o f  C a r o l i n e ' s  " d i s c o v e r y "  ( 1 6 0 6 ) ,  
de  Q u i r o s  and h i s  p a r t y  were d e s p e r a t e  f o r  f r e s h  w a t e r .  A f t e r  n o t i n g  
how l u s h  and g reen  C a r o l i n e  was, t h e y  expec ted  t o  f i n d  good w a t e r  
s u p p l i e s ,  but  t h e r e  was " n o t h i n g  bu t  s a l t  w a t e r  i n  t h e  h o l e s  t h e y  dug" 
(Markham 1904) .  Maude (1968) s u g g e s t e d ,  i n  h i n d s i g h t ,  t h a t  had t h e y  
wa i ted  1  onger  t h e  s a l t  w a t e r  i n  t h e i r  s h a l l  ow we1 1  s  might have run 
f r e s h ,  a s  has been h i s  e x p e r i e n c e  on some o t h e r  a t o l l s .  During t h e  19 th  
c e n t u r y ,  3  w e l l s  were used--one on Nake and 2 on South (Holden & 
Q u a l t r o u g h  1884) .  One South I s l a n d  well  c o n t a i n e d  f r e s h  w a t e r  a t  1 . 5  m 
dep th  i n  1974 ( G a r n e t t  1983) .  We saw no w e l l s ,  bu t  l o c a t e d  2 c o n c r e t e  
c i s t e r n s ,  one b u i l t  i n  1937 n e a r  t h e  " l a n d i n g "  and r e b u i l t  by t h e  
F a l c o n e r s  i n  1989, and a n o t h e r  uncovered one ( d a t i n g  from 1938) w i t h i n  a 
Cocos-Pisonia grove a long  T r a n s e c t  2 ,  about  200 m e a s t  o f  t h e  sou thwes t  
c o r n e r  o f  Nake. 

C a r o l i n e ' s  p a u c i t y  o f  f r e s h  wa te r  may be p a r t l y  r e s p o n s i b l e  f o r  
t h e  l a c k  o f  a  permanent p o p u l a t i o n .  The annual r a i n f a l l  i n  1989 
(App. 11) was 1 ,242  mm ( 4 8 . 9 " ) .  However, l i k e  t h e  s i m i l a r l y  l u s h  
Nikumaroro and Orona (Phoenix I s l a n d s ) ,  C a r o l i n e ' s  r a i n f a l l  may va ry  
g r e a t l y  from y e a r  t o  y e a r ,  r e s u l t i n g  i n  undependable w a t e r  s u p p l i e s .  
Res iden t s  always r e l i e d  on r a i n f a l l  ca tchment  f o r  f r e s h  w a t e r  (Maude c a .  
1938; R .  F a l c o n e r ,  p e r s .  comm.). 

The r e l a t i o n s h i p s  between f r e s h  w a t e r  and P i s o n i a  f o r e s t s  a r e  
u n c e r t a i n  ( s e e  Wiens 1962 and S e c t .  F), 

1 i  mate 

Meteoro log ica l  r e c o r d s  f o r  C a r o l i n e  were s p a r s e  u n t i l  1989,  when 
Ron F a l c o n e r  began d a i l y  r e c o r d s  of  r a i n f a l l  and wind d i r e c t i o n  
(App. 1 1 ) .  Some d a t a  i s  a v a i l a b l e  from t h e  p l a n t a t i o n  y e a r s  1916-1920 
(Young c a .  1922) and d u r i n g  t h e  1883 S o l a r  E c l i p s e  Exped i t ion  
(20 Apr i l  - 8 May) (Upton 1884) ,  when 203.2 mm ( 8 " )  f e l l .  
G e n e r a l i z a t i o n s  on r e g i o n a l  wea the r  c o n d i t i o n s  a r e  found i n  N.I.D. 
( l 9 4 3 ) ,  S e e l y e  ( l95O) ,  Fosberg ( l 9 5 6 ) ,  Newel 1  (1956) ,  Wiens ( l 9 6 2 ) ,  
T a y l o r  ( l 9 7 3 ) ,  S t o d d a r t  & S c o f f i n  (1983) ,  and v a r i o u s  p a p e r s  on t h e  
Tuamotus ( S t o d d a r t  & S a c h e t  1969, Sache t  1983) .  I s l a n d s  i n  t h e  Line 
Group e x p e r i e n c e  a  wide range  o f  c l i m a t e s .  In g e n e r a l ,  t h o s e  n e a r  t h e  
e q u a t o r  a r e  d r y ,  w i t h  r a i n f a l l  i n c r e a s i n g  w i t h  i n c r e a s i n g  l a t i t u d e  n o r t h  
o r  sou th  ( F i g .  1 0 ) .  

e  exp c a l  o  imate  u a1 
v a r i a t i o n .  Temperatures  a r e  uniformly warm t o  h o t ,  normal ly  tempered by 



t r a d e  winds from t h e  s o u t h e a s t  t o  n o r t h e a s t .  Fa lconer  ( p e r s .  comm.) d i d  
n o t  r e c o r d  d a i l y  t e m p e r a t u r e s  b u t  e s t i m a t e d  an annual ave rage  o f  29" C 
( r a n g e  26"-31"  C). Mean annual t e m p e r a t u r e s  f o r  t h e  Cen t ra l  E q u a t o r i a l  
I s l a n d s  l i e  between 24" and 29" C .  S u r f a c e  t e m p e r a t u r e s  i n c r e a s e  
r a p i d l y  i n  e a r l y  morning and remain ho t  th roughout  t h e  day.  F o r e s t  
i n t e r i o r s  a r e  humid. The d a i l y  r ange  o f  t e m p e r a t u r e s  exceeds  the annual 
f l u c t u a t i o n  i n  t h e  d a i l y  mean. 

Atmospheric p r e s s u r e ,  s u n s h i n e ,  and c loud  c o v e r  a r e  p robab ly  
s i m i l a r  t o  t h e  n o r t h e r n  Tuamotus, uniform e x c e p t  d u r i n g  s t o r m s .  

Wind and R a i n f a l l  

C a r o l i n e  i s  dominated by t r a d e  winds.  As on a l l  low a t o l l s ,  l a n d  
topography has ve ry  l i t t l e  a p p r e c i a b l e  e f f e c t  on w e a t h e r .  Although i t  
l i e s  w i t h i n  an a r e a  p r i m a r i l y  i n f l u e n c e d  by s o u t h e a s t  t r a d e s ,  t h e r e  i s  a  
smal l  annual o s c i l l a t o r y  movement northward and southward.  Appendix 11 
i n d i c a t e s  t h a t ,  a t  l e a s t  f o r  1989 and 1990, winds blow p r i m a r i l y  from 
t h e  n o r t h  and n o r t h e a s t ,  and r a r e l y  from t h e  s o u t h e a s t  (Apr i l  - Augus t ) ,  

The a t o l l  l i e s  w i t h i n  a  b e l t  o f  v a r i a b l e  r a i n f a l l ,  a long  wi th  
Vostok, F l i n t ,  and t h e  Northern Tuamotus. Young ( c a .  1922) measured 
r a i n f a l l  f o r  1919 (2 ,172  mm) and 1920 (1 ,854 mm), n o t i n g  t h a t  C a r o l i n e ' s  
r a i n f a l l  i s  " c e r t a i n l y  l e s s  than  t h a t  o f  F l i n t . "  We e s t i m a t e d  "p robab ly  
n o t  more t h a n  50" (1270 mm)" d u r i n g  1916, 1917 and 1918, f i g u r e s  
e x t r a p o l  a t e d  from F l  i n t  (1 ,600 ,  1 , 3 4 6 ,  1,295 m m ,  r e s p e c t i v e l y ) .  
Fa lconer  measured 1 ,242 .1  mm ( 4 8 . 9 " )  i n  1989 and 2 ,209 .8  mm (87" )  i n  
1990. An u n u s u a l l y  wet February  i n  1990 brought  640 mm (25 .2" )  o f  r a i n ,  
due  t o  c y c l o n e s  "Pen i"  ( c e n t e r e d  n e a r  Vostok) and "Ofu" ( c e n t e r e d  
f u r t h e r  w e s t ) .  R a i n f a l l  d i s t r i b u t i o n  i s o h y e t s  (Tay lo r  1973,  S t o d d a r t  & 
S c o f f i n  1983) a s s i g n  C a r o l i n e  an approximate  annual p r e c i p i t a t i o n  of  
1 ,500  mm (GO"), a  p e r f e c t  ave rage  o f  t h e  above 5 y e a r s  ( x  = 1 , 5 1 3  mm). 
In g e n e r a l ,  " w i n t e r "  (May - October)  co r responds  rough ly  t o  a d r y  
s e a s o n ,  and "summer" (November - A p r i l )  t o  a wet s e a s o n ,  

A t o l l  motus a r e  a c t i v e  s t r u c t u r e s ,  undergoing r e p e a t e d  d e a t h  and 
r e b i r t h .  Vi 01 e n t  s to rms  c o n t r i b u t e  t o  ongoing e r o s i o n a l  and rebu i  1  d i n g  
p r o c e s s e s .  Storms d e p o s i t  d e b r i s  a long  windward s h o r e s  ( P l s .  1 7 ,  1 9 ) ,  
i n t o  t h e  lagoon and o f t e n  f a r  in1 and.  

A1 though t h e  s o u t h - c e n t r a l  P a c i f i c  i s  re1  a t i v e l y  f r e e  o f  c y c l o n i c  
s to rms  ( c y c l o n e s ,  typhoons ,  h u r r i c a n e s ) ,  t h e y  o c c u r  w i t h  enough 
f requency  and d e v a s t a t i n g  f o r c e  t h a t  any d i s c u s s i o n  on c l i m a t e  shou ld  
i n c l u d e  them. Although d e t a i l e d  r e c o r d s  o f  h u r r i c a n e s  and t r o p i c a l  
s to rms  e x i s t  f o r  t h e  i n h a b i t e d  Tuamotus s i n c e  European d i s c o v e r y ,  we 
know l i t t l e  o f  t h o s e  t h a t  have a f f e c t e d  C a r o l i n e .  The f o l l o w i n g  
ev idence  s u g g e s t s  t h a t  C a r o l i n e  exper ienced  3 major  h u r r i c a n e s  s i n c e  t h e  
1820s and t h a t  p e r i o d i c  v i o l e n t  s to rms  modify t h e  a t01  1  s u b s t a n t i a l  l y :  



1) Between 1822 and 1825. When de Quiros visited Caroline in 1606, the 
northwesterly Cocos pl a n t a t  ion on South Is1 and was heal thy. When 
Bennett arrived in 1834, he noted t h a t  a l l  the palms were "of dwarf 
s ta ture ,"  and t h a t  "amidst the original groves, the number of vigorous 
seedlings fu l ly  confirmed Captain Stavers' statement [who had vis i ted 
the atoll  in 18281 t h a t  these palms had increased greatly since his l a s t  
v i s i t  t o  the spot" (Bennett 1840). 

A few years before 1828, therefore, something had affected the 
palms. By 1834 they were a l l  of an even height and quite short, yet 
bore nuts. French records indicate t h a t  2 devastating storms whipped 
t h r o u g h  the Tuamotus during th i s  time--in 1822 and 1825 (Sachet 1983). 
A t  least  one of these could have affected Caroline. 

2 )  The 1878 cyclone. The f i r s t  unambiguous record of major  devastation 
a t  Caroline comes from the l e t t e r  of a certain J .  M .  Salmon, dated 1883 
and reproduced in Holden (1884). Speaking of the time when 
Messrs. Brown and Brothers t o o k  possession of Caroline (somewhere 
between 1865 and 1872), he stated t h a t  " i t  seemed as i f  there had been a 
storm or hurricane a t  some short period previous, which had desolated 
the place." Arundel (1890) attributed t h i s  t o  a t idal  wave t h a t  swept 
across the Pacific from S o u t h  America t o  New Zealand and Australia i n  
1868 (Arundel 1890), b u t  a to l l s  do n o t  generally suffer greatly from 
tsunamis because they lack focusing re l i e f .  The Hydrographer of the 
Navy (1931, Vol . 111, p .  154), however, referring t o  Caroline, clearly 
s ta tes  t h a t  in "1878 a cyclone passed over the islands, destroying most 
of the coconut t rees ."  

The Great Britain Naval Intelligence Division (N.I.D. 1943, 
p .  490), in reference t o  Carol ine, a1 so s ta tes  t h a t  "in 1878 a hurricane 
wrought great destruction." This was possibly the violent storm of 6- 
7 February 1878, which killed 117 persons on Kaukura  Atoll ,  750 km 
southeast of Caroline in the Tuamotus (Sachet 1983). 

3 )  The 1906 hurricane. Serious storms occurred in the Tuamotus during 
1903 and 1906 ( T .  Spencer, pers. comm.). There i s  n o  record of the 
effects of the l a t t e r  storm on Caroline. However, i t  affected Flint 
Island (Campbell 1908, p ,  2 ) :  hence must have passed over Caroline as i t  
passed westward from the Tuamotus. Campbell, leader of the Solar 
Eclipse Expedition t o  Flint (1907-1908) s ta tes  t h a t  "the great hurricane 
of 1906 February or March drove water t o  ( the manager's residence, 
native huts and  copra warehouses, a l l  located 2 2  feet ASL and  s l ight ly 
inland) and the water threw the warehouses off the i r  post foundations." 

Ten or more coconut palms on Flint were struck by lightning in 
March of 1917 and 1918 (Young ca. 1922). 

4 )  The 1990 storms. Our second v i s i t  t o  Caroline was 2 weeks af te r  
cyclone "Peni," centered near Vostok (February 1990), affected the 
a t o l l .  Violent winds, torrent ial  rain,  and high seas had defoliated and 
uprooted vegetation in some windward areas ( P I .  33) and greatly altered 
Caroline's shorelines, i n t e r i s l e t  channels, t idal  fans, and incipient 
i s l e t s  from our 1988 v i s i t .  Tons of sand and rubble were rearranged on 



b o t h  windward and leeward i s l e t s ,  Motu Atibu vir tual ly disappeared, and 
the main in te r i s l e t  channel that divides Long Island los t  i t s  herb mats 
and many Tournefor t  i a  shrubs, becoming smothered with fresh sand. 

We note here t h a t  nothing i s  known of the effects  of the 1982-83 
El Nifio Southern Oscillation a t  Caroline. This phenomenon i s  
characterized by the appearance and persistence, for  6 t o  18 months, of 
anomalously warm water in the equatorial waters of Peru and Ecuador. 
I t s  biological consequences are dramatic and large-scale,  extending fa r  
into the central Pacific Ocean: diminished plankton production, reduced 
f ish stocks, starvation and mass breeding fa i lure  of seabirds, heavy 
ra in fa l l ,  growth of vegetation and disappearance of nest s i t e s  (Barber & 
Chavez 1983, Cane 1983, Stoddart & Scoffin 1983, Schreiber & Schreiber 
1984). O u r  only comments are that ou r  seabird population figures were 
ei ther  similar t o  or greater than those in 1965 ( P t .  11) and t h a t  the 
only dead birds we saw were in March 1990, victims of the cyclonic 
weather described above. 

Because i s l e t s  on coral a to l l s  rarely exceed 5 m in elevation, the 
t idal surges associated with Class IV or Class V hurricanes, often 
exceeding 5 m in depth, can overwhelm them, n o t  only altering or 
destroying the vegetation, b u t  in extreme cases completely removing them 
from the coral rim (Frisbie 1944). I t  i s  essential t o  consider the 
ephemeral nature of Caroline's motus in the discussions t h a t  follow. 

Sea Condi t i  ons 

Because the most extensive coral rubble deposits occur around 
northern Nake and southern S o u t h  Island, and because the Cocos 
plantation of northwest Sou th  was so badly h i t  by storms l a s t  century, 
the fol l  owing Tuamotuan general i  t i  es (Newel 1 1956) probably a1 so apply 
t o  Caroline: 

1) Prevailing trade winds from the east give heavy seas on the northeast 
or windward side; 

2 )  Southern ocean swells generated in the sub-Antarctic break heavily on 
the south or seaward side; and 

3) Occasional hurricanes or tropical storms s t r ike  in the northwest or 
stormward quarter. 

Tides 

Only scanty data are available. In May 1883 (Holden & Qua1 t r o u g h  
1884), the greatest  daily variation ranged from 475 mm (1'7") t o  125 mrn 
( 5 " ) ,  i . e .  350 mm (1 '2") .  The standard hydrological chart (Fig. 4 )  
s ta tes  1.5 fee t  (0.5 m ) ,  which we use in the schematic profiles 
(Figs. 32, 35, 36) as the difference between low and high spring t idal  
levels.  For Fl int ,  W .  Campbell (1908) guesses "about t w o  feet"  (0.6 m), 
while Ward (1974) estimates 1.5 feet  (0.5 m ) .  Tidal fluctuations are 



s imi la r  t o  those occurring in the Tuamotus, around 0.7 m ( 2 ' )  (Newel1 
1956, Stoddart  & Sachet 1969). 

E. FLORA: VASCULAR PLANTS AND FLORISTICS 

Botanical H i  s t o r y  

All e a r l y  v i s i t o r s  t o  Caroline described a well-wooded a t o l l  with 
numerous i s l e t s  whose vegetation extended t o  the  shore l ine .  I t  has 
changed l i t t l e  in the  384 years s ince  i t s  Western discovery. The f i r s t  
botanical co l l ec t ion  and notes were those of Bennett in 1835 (Bennett 
1840), who recorded 10 flowering p lan t s  and a f e rn ,  and planted Tahit ian 
ches tnut ,  sweet potato,  and Polynesian arrowroot. He noted t h a t  "some 
of the  l o f t i e r  t r e e s "  on South Island and the  Southern Leewards, were 20 
f e e t  high, perhaps a consequence of cyclonic weather in the  1820s. The 
locat ion  of h i s  p lant  c o l l e c t i o n ,  i f  i t  s t i l l  e x i s t s ,  i s  unknown (Clapp 
& Sibley 1931a). 

The only indica t ion  of t a l l ,  na t ive  f o r e s t s  i s  given by Arundel 
(who mined guano and l a t e r  cleared land f o r  coconuts) in an unpublished 
manuscript t o  shipowners, where he s t a t e s  t h a t  " the  t r e e s  on the  extreme 
northern and southern i s l e t s  ( i . e .  Nake, South) a re  about 80 t o  100 f e e t  
high" (Arundel 1875). Beginning in  1885, coconuts were planted on about 
ha l f  of the  motus, b u t  the copra industry f a i l e d  twice,  and from 1929 t o  
1987 the  a t o l l  was e s s e n t i a l l y  uninhabited. 

Dixon made the  f i r s t  t r u e  botanical co l l ec t ion  in 1883 during the  
Solar  Ecl ipse  Expedition ( i n  Trelease 1884). All specimens were from 
South Island except Laportea rudera7is. His co l l ec t ion  included several  
ornamentals and vegetables grown by ea r ly  s e t t l e r s  (Lucett  1851) but n o t  
reported s ince ,  an important point  as these  temporary in t roduct ions  have 
s ince  been c i t e d  in  the l i t e r a t u r e  as par t  of Caroline 's  35 plant  
species .  Many were not found by the  POBSP par ty ,  ye t  because no 
s c i e n t i f i c  inves t iga t ions  had been conducted f o r  80 yea r s ,  they were 
counted as pa r t  of the  a t o l l  f l o r a  (Cl app & Sibley l 9 7 l a ) .  Two more 
v i s i t s  t o  Ca.roline, plus per iodic  searching by the  Falconers, have a lso  
f a i l e d  t o  uncover most of these ornamentals. 

Vascul a r  Pl an t s  o f  Carol ine  At01 1 

Pl ant  Col 1 e c t i  ons 

To avoid dupl ica t ing  Long's plant  co l l ec t ion  (Clapp & Sibley 
1971a)) we col lec ted  only 5 specimens in 1988 and 33 in 1990. 
Dr. D .  Herbst a s s i s t ed  with i d e n t i f i c a t i o n ,  prepared and deposited the  
specimens with Long's in t h e  Bernice P. Bishop Museum, Honolulu, Hawaii. 
Collect ion numbers preceded by 'K' were co l l ec ted  by A .  Kay Kepler; 
those preceded by ' L '  a re  those of the  l a t e  C .  R .  Long. Ear l i e r  



collections of Bennett in 1835 (Bennett 1840) and Dixon in 
Trelease 1884) are noted by date only. 

3 5 

1883 ( in  

Working with Long's location records for some species has proven 
d i f f i c u l t .  He was working with an incorrect map (Fig. 7 ) ,  which showed 
only 25 i s l e t s  instead of thirty-nine.  Much of his work was done a t  
night, which in some places would have made i t  hard for  him t o  determine 
his exact location. His references t o  South, Long, and Nake are 
undoubtedly correct,  and presumably the following: "second i s l e t  south 
of Long" = Crescent; " i s l e t  northeast of South Island" = Tridacna; and 
"fourth i s l e t  n o r t h  of Bird I s le t"  = Emerald. Long records Pandanus on  
the "second i s l e t  south of Nake Island," which lacked Pandanus when we 
surveyed the island. Moreover, the f i r s t  i s l e t  south of Nake supports 
an extensive grove of large Pandanus t rees  on i t s  eastern (lagoon) 
shore, and we feel confident in ascribing Long's specimen t o  t h i s  
island, which we had named "Pandanus" because of t h i s  grove. To be 
consistent,  we have ascribed al l  his other "second i s l e t "  specimens t o  
Pandanus I s l e t  as well, and assume he made n o  collections on the actual 
second i s l e t  (Danger). However, Sibley (pers. comm.), the 
ornithologist ,  told us t h a t  the party visited every i s l e t .  

i s t s ,  Annotated Terrestri  a1 
1 ants 

Following recent authors (Lamberson 1987, Sachet & Fosberg 1983), 
we do  n o t  consider Caroline's transient or extinct vascular species 
(Table 1) or the vegetables and ornamentals in the Falconer's garden as 
part of Caroline's viable f lora .  Table 2 summarizes the current f lo ra ,  
detail ing the relat ive abundance of each species within each plant 
community. These tables are based on sight records supplemented by a l l  
collections,  past and present. No beach d r i f t  seeds are known from 
Caroline apart Prom those species already represented. English and 
Gilbertese names !n Tables 1 and 2 are from Thaman (1987), S t .  John 
(19731, and Perry 8. Garnett ( n . d , ) .  If no  common name i s  available, the 
Hawaiian name, familiar t o  many students of Pacific botany, i s  used. 

Table 3 l i s t s  the distribution and abundance of plant species 
(with subdivisions into t ree ,  shrub and herb components) on a l l  motus. 
Figs. 11-25 map the en t i re  atoll  distribution of each species according 
t o  data from transects and aerial maps. 

Families are arranged phylogenetically, according t o  Fosberg & 
Sachet (1987), with species arranged alphabetically within each family. 
The taxonomy of vascular plants follows W .  Wagner e t  a1 . (19901, and 
ferns H. Wagner (pers.  comm.). "% cover" means the percentage of the 
ground area covered by a particular plant species. I n  a l l  text  and 
tab1 es the folf owing symbols apply: 

0 New record for  Caroline 



Tab le  1 .  P l a n t s  r - p o r t e d  f r om C a r o l l n e  A t o l l ,  b u t  considered t o  be t r a n s l e n t  o r  e x t l n c t  members o f  t h e  
f l o r a . '  - 

S c i e n t i f i c  Name 
Engl i s h  and Da te  L a s t  

G i l b e r t e s e  Names Repo r ted  Comments 

CLASS ANGIOSPERMAE 

F a m i l y  Cyperaceae 
' K v l l i n q a  b r e v i f o l i a  R o t t b .  

F a m i l y  B rome l i aceae  
Ananas comosa L .  

F a m i l y  L i l  i a ceae  
Crinum sp.  

Fami 1  v Moraceae 
" ~ r t o i a r p u s  a1 t i 1  i s  

(Pa rk . )  Fosb.  
FICUS c a r i c a  L .  -- 

F a m i l y  Basel  1  aceae 
B o u s s i n q a u l t i a  u r a c i l  i s  M i e r s  

lnocarou; f a q i  f e r  
( P a r k i n s .  ex Z )  Fosb.  
( =  I. f a q i f e r u s )  
V iqna  m a r i n a  ( ? )  

F a m i l y  Euphorbraceae 
Eupho rb ia  hirta 
( =  E ,  p i  l u l  I f e r a )  

Fam i l y  Gu t : i f e rae  
C a l o p h y l l w  i n a o h v 1 ' ~ m  L 

F a m l l y  Ca r i caceae  
C a r ~ c a  Dauaya 

F a m i l y  Cucu rb i t aceae  
C u c u r b i t a  L .  

F a m i l y  Convo l vu l  aceae 
loomoea Sa ta tas  L .  

I .  p e s - c a ~ r a e  b r a s i l  i e n s i s  
( L . )  v .  O o s t s t r .  

F a m i l v  S c r o o h u l a r i a c e a e  
~ u s r k l i a  e b u t s e t i f o r m i s  
S c h l e c h t .  

goosegrass,  t e  u t e u t e  
l o v e g r a s s ,  t e  u t e u t e  

k y l l l n g a  

p i n e a p p l e ,  t e  b a i n a b o r o  

l i l y ,  t e  k i e b u  

b r e a d f r u i t ,  Q !Qj 

c o m o n  f i g ,  Q 511.,u 

Made i ra  v i n e  

T a h i t i a n  o r  P a c i f i c  
c h e s t n u t .  (Tahiti), 
t e  i b i  - - 
beach pea 

ga rden  spurge,  s l e e p i n g  
p l a n t ,  t e  k a i m a t u  

A1 e x a n d r i  an i a u r e l  , 
iananu (Tahiti), Q ital 

?apaya, pawpaw. 
t e  baba ia ,  t e  m e v u e r a  

P u n p k ~ n ,  t e  b a u k i n ,  
?,P hamakin  -- 

Sweet p o t a t o ,  t e  kumara 

beach morn ing  g l o r y .  
pohuehue ( H a w a ~  I ) ,  
l e  r u k u  - -  

: o r a l  p l a n t ,  t e  k a l b a ~ ~ n  
( ' g o l d e n  p l a n t " )  

1884 
1884 

1884 

1884 
P r e s e n t l y  
c u l t ~ v a t e d  

P r e s e n t l y  
c u l t i v a t e d  

!88d 

1884 

1840 

1884 

1884 

P r e s e n t l y  
c i l l t i v a t e d  

P r e s e n t  I y  
c u l t i v a t e d  

P r e s e n t l y  
c u l t i v a t e d  

1884 

[ n t r o d u c e d  weed 
I n t r o d u c e d  weed 

One clump by c i s t e r n ,  South 
I s . ,  o n  r e c e n t l y  d i s t u r b e d  
g round  

I n t r o d u c e d  f o r  c u l t i v a t e d  f r u i t  

l n t r o d u c e d  o rnamen ta l .  One 
sma l l  specimen found on South 
I s .  b y  Anne Fa l cone r ,  1990. 
C o l l e c t i o n  no. K-90-14 

Not y e t  e s t a b l i s h e d ,  2 t r e e s  on  
South and Ana-Ana 
l n t r o d u c e d  f o r  c u l t i v a t e d  f r u i t  

l n t r o d u c e d  " v i n e  c l i r . b i n g  o v e r  
p o r t i c o "  ( T r e l e a s e  1884) 

Unsuccessfu l  i n t r o d u c t i o n  i n  
1834. Food p l a n t  

"Viqna l u t e 0 1 4  i n  c l e a r i n g s  on  
South I s l a n d "  ( L i n e  I s l a n d  
E x p e d i t i o n  Repo r t  1974 ) .  No t  
n o t e d  o r  c o l l e c t e d  o t h e r w i s e .  
Perhaps a  m i s i d e n t i f i c a t i o n  o f  
Ipomoea macrantha? 

l n t r o d u c e d  weed, unsuccess fu l  

i n  t h e  1940s, a  "few t a l l e r  
C a l o i h y l  lum and P i s o n i a '  
( M .  I .O. l % 3 ) .  No o t h e r  
r e f e r e n c e ;  d i d  o b s e r v e r  conf!lse 
Ca lophy l l u rn  w i t h  CordiJ? 

C u l t  da ted  f o r  f r u i t  I n  !884, 
n o t  seen i n  1965. i n  garden an 
h a - h a ,  one on Scu th  I s  by  
c l  s t e r n  

C u l t i v a t e d  i n  1884, n o t  found 
i n  1365 

I n t r o d u c e d  i n  1840, n o t  
r e p o r t e d  d y a i n  u n t i l  t h i s  
e x p e d i t i o n  ( t u b e r s  b r o u g h t  i n  
1988) .  C o l l e c t i o n  nos.  K-159, 
- 160 
Found i n  1965 by c o p r a  shed: 
e x t e n s i v e  s e a r c h i n g  on 3 
e x p e d i t i o n s  i n  1988 and 1990 
f a i l e d  t o  f i n d  i t  

Unsuccess fu l  i n t r o d u c t i o n  i n  
1 9 t h  c e n t u r y  

i ~ l n c e  1988, t h e  F a l c o n e r s  nave aadod To re  v e g e t a b l e s  and a r n a w e n t a l s  t o  t h e i r  ever-expanding ga rden  g reen  
beans, lemon g r a s s ,  peppermln:, o k r a ,  banana, T a h ~ t ~ a n  g a r d e n l a  (u), tomato,  b r e a d f r u . t ,  r e d  h ~ b ~ s c u s .  
e t c .  

'Not p r e v i o u s l y  r e p o r t e d  f r o m  C a r o l ~ n e  A t o l l  



An th ropogen i c  
Ecosystem: 

Coconut Uoodlands 

Tab le  2 .  V a s c u l a r  f l o r a  o f  C a r o l i n e  A t o l l :  
relative abundance o f  each spec i es  
w t t h ~ n  t h e  maJor ecosystems,  w i t h  
d a t a  on s e a b i r d  u t i l i z a t ~ o n . '  

N a t u r a l  Ecosystems 

I n l a n d  
Seab i r d  

t t l  i z a t l o  Coas ta l  

- 

I n 
1 1  

I t 
L h  
1 

C  

1 C  
' 0  
! s  

- 

1-c 

0  

:-A 

R  

A 

C  

: - A  

R  

JC-C 

A  

: -A 

- 

- 
H H 
a  e  
t r  
u b  
r 
a  ti 
1  a  

t 

- 

0 

0-UC 

0  

R  

A  

R-UC 

0 -A  

R-VC 

R UC 

LR 

R  

- 
3 u 
e  1 

a  t 
C  h  
h  

s 
S  u 
C r 
r i 
U a  
b  n 

a  

- 

R  

C  

0  

VC 

IC-A 

UC 

I - C  

I.-UC 

UC 

R  

IC :, 

- 

r F 
0  0  
U r 
r e  
n s  
e  t 
f  
0  
r 
t 
1 

a  

- 

C  

R-VC 

UC 

UC-C 

C  

A  

?-A 

0  

C  

C  

LC 

R  

C  9  
0  I 
C  a  
o  n  
s  t 

a  
t 
1 
0  
n 

- 

L.UC 

R-C 

A  

0  

L.R 

L.R 

UC 

LA 

UC-A 

LC 

0  

4-A 

R 

UC 

LA 

LR 

LR 

LR 

( 5 )  

- 

Comon  h G i l b e r t e s e  
S c i e n t i f i c  Name Names 

TREES 

P i s o n i a  o r a n d i s  p i s o n i a ,  puka t r e e .  
l E u  

I n d i a n  m u l b e r r y .  
lgm 

coconu t .  Q fi 

sea t r umpe t .  
( H a w a i i ) .  t e  kanara 

pandanus, s c rewp ine .  
t e  aroka.  re ralna -- 

UC 

R-C 

R-0 

UC 

C  

A  

0  

s 

VC 

R-A 

UC-C 

C-4 

R-C 

LC 

1 . 9 - 4  

R  

LR 

A 

R-A 

0  

R-VC 

0  

UC.A 

R-A 

L .0  

LC 

C  

C-A.L 

R-UC 

L.UC 

C  

A  

L,UC 

UC 

R-C 

R-UC 

R-UC 

A  

n u c i  f e r a  

Co rd ta  subco rda ta  - 
t e c t o r i u s  

n& ( H a w a i i ) .  
:e b l n o l b i n q  - 

t r e e  h e l l o t r o p e .  
t e  r e n  - - 
bay cedar ,  & u, 
t e  marou -- 

Xlmenla arner lcanq 

'Scaevqla t accada  

monkeyplum 

scaevo la ,  s a l t b u s h ,  
h a l f - f l o w e r ,  lg 

'sand r o s e . "  W 
( H a w a i i )  

Bge rhav i a  

P o r t u l a c a  y e l l o r  p o r t u l a c a .  
sezs l de  pu r s l ane .  a 
w. 

P h m a t o s o r u %  s ~ o l o a e n d r i a  n a l l e - s c e n t e d  Fern.  
iaua'r o r  l a r a ~  Fern.  
!e r z u k o t a  t e  k e ~ n q  

L e ? t u r u s  r e w n x  bunchgra i ; ,  t e  e e t ~ u t e  

l ~ o z o e a  macranthp mo rn tng  g l o r y .  d l l d  
moon - f l owe r .  k 

l e o n t o o e t a l o l d e ~  Polynesian o r  l s l a n d  
a r r o w r o o t ,  (Hawa! 
h T a h i t i ) .  t e  m k t m k  

wQ,&&&@ pepperg rass  

hLL! lWm u p r i g h t  p s ~ l o t u n .  
' r eed  f e rn . '  k 

I t h e  a t o l l  'Exc ludes t r a n s i e n t  and e x t i n c t  spec i es  (Tab le  11. Species ar ranged a c c o r d i n g  t o  t h e i r  o v e r a l l  abundancl 

'New reco rds  f o r  Ca ro l  l n e .  
h t  seen on t h l s  e x p e d i t i o n .  l a s t  seen 1965 (C lapp  and S i b l e y  1971a) 



Aboriuinal introduction--useful plants brought by Polynesians in 
pre-historical times (AI) 

Recent introduction--plants of accidental or deliberate 
introduction after Western discovery of the atoll (RI) 

Abundant--the major or dominant species in a given area 

Verv common--often seen but not quite as abundantly as above 

Common--generally distributed in large numbers 

Uncommon--observed uncommonly but >10 times in a given area 

Occasional--here and there, often widely scattered but not 
forming a major component of the vegetation 

&--observed 2-16 times in a given area 

Sinqle--only one specimen observed 

Local--found only or principally in one or more restricted areas 

Drift seedlinq--plant derived from a water-borne seed 

Not seen 1988-1990 but probably still present 

PSILOTACEAE 

* Psilotum nudum (L.) Beauv Fig. 11 

: b-3233 from Nake. 

ion: Cosmopolitan, common on remote islands, rare on 
Caroline. K-90-15 from South. In 1965 common on wet ba.se of Cocos only 
on Nake. In 1988 and 1990 a few clumps found similarly on South in 
shady, damp locations, close to lagoon, under 18 m canopy, northwest 
sector. 

POLYPODIACEAE 

* Phymatosorus scolopendria (Burm. f) Pichi-Sermolli F i g .  12, PI. 34 
Phymatodes scolopendria (Burm. f . )  Ching 
Po7ypodium phymatodes b .  
Polypodium scol opendria Burm. f. 
Microsorium sco7opendria (Burm.) Pichi-Sermolli 

Formerly Known Distribution: Recorded 1848, col 1 ected 1884; L-3244, L- 
3250, L-3287 from Nake, Long and South Is1 ands. 



Tab le  3 .  D i s t r i b u t i o n  and abundance o f  p l a n t  spec ies  on C a r o l i n e    toll .' 
Motus a re  a r ranged  g e o g r a p h i c a l l y  f rom n o r t h  t o  sou th  (windward),  
then  s ~ m i l a r l y  on the  leeward  s i d e .  

- - - - -- - -- - .- 

Windward Motus 

< B 
N L  O W C  A N  P S N B N N A T  
a  o  o i r  t o  1 k o r o o r r  
k n  n e  i r  g  u r o d r u i  
e  9 s d s  b t  1 t  t d t  n  d  

u w c  u h  1 h  h y h  d  a  
n a e  

r n P  
B d t  1 
i 9 
r 
d 

South Hake Motus 

a p 
S P D B C L K  M 
o a  a o o o o  o  
u n n o r n t  u  
t d g b a e a  a 
h a e y l  k 

n  r P e  
u a  n  
s 1  a  

m 

TREES ( 7  spp ) 
P i s o n i a  q r a n d i s  -- 
Mor inda  c i t r i f o l i a  

VC A VC UC R R R 
R R R R R R  

LR LR 
LA 

LA 

SHRUBS 1 4  sou . )  
l o u r n e t o r t i i  arqentea A  A  V C A I \ O A  A O A A O A A A  L A A A A A i  A  
S u r i a n a  m a r i t i m a  -- - L R LR LC UC.LC 

'Scaevola taccada S 
'X imenla a a m r ~ c a n q  S LA 

HERBS ( 1 5  s p p . )  
t l e l  i o t r o p ~ ~ m  anomalum 

Phvmatosorus scolopendr 
lpomoea macrantha 
Tacca l e o n t o ~ e t a l o l d e s  

UC UC UC 
R R R  
0 0 0  
R R R  
R R R  
R R R  

R R 

L e p i d ~ u m  b ~ d e n t a t u m  
' ~ j q i t a r i a  sp. 



Table 3 Continued 
-- - - - -- .. -- - 

Central Southern 
Leeward Motus Leeward Nolus 

f 9 6------------f 
M B M E S  S N A R B  F R E P K A  T X 0 0 
a 1 a m h  c a  z e i  i o n r a l i l n  
n a t e a  a u  u e r  s u l s m a  t F I 
n c a r r  r t r f d  h r e o o -  a r E  9 
1 w a k  1 o e -  b a i n a A  1 e a i 
k f a 1  e n f a u i n q C n 
i i d l 9 1 1 a a u h 
b n a a 1 e 
a C t n H 

r c o 
a Y t 
b u2 

TREES (7 spp.) 
Pisonia qrandis 
Morinda citrifolia 
Cocos nucifera 
Cordia subcordata -- 
Pandanus tectorius -- 
'Hibiscus -- tiliaceus 
'Thes~eSia w*ea 

C VC UC C A 
R R R R  

LR LR LO LR 
0 UC C 0 LO 

R C C  

A C A V C  A 
U C R R R  C 
L R LO LC 
C C C C C  

L R L R LR 

I 
I,AI? 

A1 ,RI 
I 
I,AI? 

RI? 
RI? 

SHRUBS (4 spp ) 
Tournefortia arqentea A A A A A R C C R  R U G  A A A R A  39 100 I 
Suriana marltima - I' U C 10 19 I LR IR LR 0 
'Scaevola - taccada 1 3 1 
'Ximenia americana S 2 5 RI 

HERBS (15 spp.) 
He1 iotropium anomalum 
Boerhavia -IS. 
Portulaca lutes 
Laportea y-s - 
'Achyranthes Gnescens 
Lepturus r e w s  
Phynatosorus scolooendria - 
Ip-0-m0e.a macrantha 
Jacca leonto~eta1oides 
Psi lotum nudum 
Phyllanthus amarui 
Tribulus cistoides -- 
S ida  fallax -- - 
Leoidium bidentatum 
'~iqitaria sp. 

' ~ ~ e c l e s  arranged according to frequency of occurrence L ~ s t  excludes 
transient and extinct members of the flora (Table 1) 

'NO motus h a v ~ n g  a part~cular specles, divided by total no. motus x 100%. 
'New records for Caroline 
'~ot seen on 3 visits but po~sibly still present. 



F i g u r e  : 2 .  T r a n s e c t  d i s t r l b u : l o n  map o f  t h e  f e r n  P h y n n t o e o ~ 8  ~colopendria 
o n  C a r o l  !ne  4 r o l l .  



P r e s e n t  D i s t r i b u t i o n :  Range ex tens ion  from 3 t o  11 motus. Rarely  a  
con t inuous  ground cove r ,  l o c a l l y  r a r e  t o  abundant.  Commonest on Nake, 
10-80% cover .  Well r ep r e sen t ed  on South,  e s p e c i a l l y  i n  open a r e a s  o f  
t h e  i n t e r i o r ,  where s o i l s  a r e  mo i s t e r .  On o t h e r  motus l o c a l  
d i s t r i b u t i o n  v a r i e d  from l e s s  than  1 t o  80%; a c c u r a t e  mapping i s  
d i f f i c u l t .  Absent from motus l e s s  than  0 .6  ha i n  s i z e ,  where h a b i t a t s  
cannot  p rov ide  a p p r o p r i a t e  cover ,  mois tu re ,  and s u b s t r a t e .  

Ecology: Hardy. Leaves burn in  sun but  can wi ths tand  very  d r y  
c o n d i t i o n s .  P r ima r i l y  i n  Tou rne fo r t i a  s c rub ,  mixed f o r e s t s  wi th  P i s o n i a  
and Pandanus, o r  Cocos p l a n t a t i o n s .  Assoc ia ted  with  Cordia ,  Morinda, 
S u r i a n a .  In open c l e a r i n g s  w i th in  dying Cocos f o r e s t s  occurs  i n  dense 
mats in te rmingled  with  Boerhavia,  Ipomoea, and P o r t u l a c a .  Sometimes 
g a t h e r s  i n  t h i c k  bands a t  t h e  i n t e r f a c e  of Tou rne fo r t i a  and P i s o n i a  
f o r e s t s .  P r e f e r s  s h e l t e r  from winds,  high humidi ty ,  " s o i l , "  and 
r e l a t i v e  l a c k  of  wind, but absen t  from deeply shaded f o r e s t s .  Rhizomes 
never  exposed on ground s u r f a c e  o r  e p i p h y t i c  on t r u n k s ,  a s  in  w e t t e r  
i s l a n d s  such a s  Hawaii o r  Samoa ( p e r s .  obs . )  o r  in  t h e  mo i s t e r  Line 
I s l a n d s  (Wester 1985 ) ,  i n d i c a t i n g  t h a t  Ca ro l i ne ' s  h a b i t a t s  a r e  
subopt imal .  Although most f e r n s  a r e  not  ha lophy t i c ,  t h i s  s p e c i e s  grew 
( r a t h e r  s t u n t e d )  in  1988 amongst s p a r s e  herb mats (1% cover )  on o l d e r  
beach sands o f  an a n c i e n t  r e e f  channel on Long I s l and  (Tr. C )  , where 
r a i n f a l l  p rov ides  t h e  s o l e  f r e s h  wa t e r ,  but was ( t empora r i l y  ? )  
o b l i t e r a t e d  i n  February 1990. Rare t o  uncommon i n  o u t e r  beach s t r a n d ,  
and beach s c rub  with  Su r i ana  (South,  Arundel,  Sha rk ) .  

S u b s t r a t a :  Dry co ra l  r ubb l e ,  sand and g r a v e l ,  r ubb l e  wi th  s p a r s e  humus, 
1  agoon mud, re1 a t i v e l y  f e r t i l e  h u m u s ,  o l d e r  beach sands .  

PANDANACEAE 

* **? Pandanus t e c t o r i u s  Park,  F ig .  11 ;  P l s .  35-38 

ribution: Recorded 1840, u n i d e n t i f i e d  Pandanus; 
1-3227,  Pandanus I s l e t ,  seen on Nake by Long. 

ion: A minor p l a n t  community ( S e c t .  G ) ,  Pandanus i s  
p r i m a r i l y  a s s o c i a t e d  with  Tou rne fo r t i a  o r  P i s o n i a  on t h e  leeward motus. 
Most common on Nake. Range ex t ens ion  from 2 t o  7  motus. 

Phenology: Flowers and f r u i t  in  October ,  March, and May. 

S u b s t r a t a :  Va r i ab l e .  P r e f e r s  lagoon mud, pure sand and rubble-humus, 
but s u r v i v e s  i n  almost pure rubb l e .  



GRAMINAE 

* t? D i g i t a r i a  species  

Collected 1883 and recorded as ?Panicurn ( D i g i t a r i a )  marginata. Examined 
by Long, who be1 ieves i t  a  D i g i t a r i a  ident ica l  t o  h i s  L-3235. Not found 
by the  authors.  

* Lepturus repens (Fors t .  f . )  R .  Br. Fig. 13, P I .  2 

Formerly Known Dis t r ibut ion:  Collected 1883; L-3211, 3221, 3236, 3238, 
3247, 3259, 3286 from Windward, Tridacna, Nake, Long, Emerald, Crab and 
South Is land,  respect ive ly .  

Present Dis t r ibut ion:  Many Paci f ic  a t o l l s .  K-88-4, 5; 90-1, 2 ,  19 t o  
21, 25 from South, Tridacna, and Ana-Ana. On Caroline,  range extension 
from 6 t o  26 motus. 

cology: Patchy, r a r e  t o  l o c a l l y  common. Usually in exposed herb mats 
with Heliotropium, Laportea, Portu7aca, and low Tournefortia scrub.  
Abundance 1-5% cover where not in th ick  patches. Occasionally inland 
under Tournefort ia ,  Cordia o r  Cocos, pe r s i s t ing  as f o r e s t  undergrowth. 
Tufts  t i n y  (few cen t ime te r s ) ,  dry and scrappy in exposed a reas ,  but t o  
3  dm where shaded. Never in t a l l ,  upright clumps, as t u r f ,  o r  in the  
same abundance as on the  d r i e r ,  f i l l e d - i n  equatorial  a t o l l s  o r  i s lands  
with sandier  h a b i t a t s  (Christopherson 1927, Fosberg 1953, pers .  o b s . ) .  

Subst ra ta :  Able t o  survive in coral rubble of varying coarseness,  down 
t o  high water mark, but preferred hab i t a t  i s  pa r t  sand. L-3286 was from 
"numerous clumps under Suriana scrub on South I s l and , "  perhaps the  low, 
sandy port ion of the  northwest point ( P I .  45 ) ,  our best  Lepturus s i t e .  
Comparison of Arundel's cha r t  (1883), recent  ae r i a l  surveys, and e a r l i e r  
photographs ind ica te  t h a t  several motus have a l t e red  shape s ince  1883. 
The amount of open area on South Island has a l so  decreased markedly 
s ince  1883, The d i s t r i b u t i o n  of Lepturus p a r a l l e l s  these  changes; the re  
i s  c l e a r l y  much l e s s  on South Is1 and, and more in newly-created i s l e t  
f r inges .  

Since 1965 the  lagoon shore of South Island has become overgrown 
by Cocos, so much t h a t  both Suriana and Lepturus a re  much l e s s  common 
than previously (P l s .  39, 40) .  However, sand and debr is  wi l l  always be 
s h i f t i n g ,  so t h a t  Lepturus will  move from place t o  place,  e s t ab l i sh ing  
wherever condit ions permit. In the  second s i t u a t i o n ,  a  comparison of 
Pla tes  2 and 23 from 1883 and 1988, r e spec t ive ly ,  shows t h a t  a  century 
ago the  lagoon-facing shores of South Island were f a r  more open than the  
dense Cocos p lanta t ions  of today. The clumped grass  in the  foreground 
of P la te  2 i s  undoubtedly Lepturus, probably mixed with introduced 
grasses  not seen s ince  t h a t  time (E7eusine indica,  Eragros t i s  p7umosa), 
and the  dubious D i g i t a r i a  sp.  
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** # Cocos nucifera L .  

PALMAE 

Formerly Known D i s t r i b u t i o n :  Recorded 184 

F igs .  14,  36,  51; P l s .  2 ,  
3 ,  17 ,  23, 34,  37,  44 

0 ,  1884; L-3285 from South 
I s l a n d ,  e x t e n s i v e  g roves  on South and Nake, s c a t t e r e d  on no r th  p o r t i o n  
o f  Long. 

P r e sen t  D i s t r i b u t i o n :  Range ex t ens ion  from 3 t o  15 motus. P lan ted  
groves  on South,  Nake, and Long; t h e  r e s t  de r i ved  from d r i f t .  

Phenology: Flowers and f r u i t  year-round.  

Ecology: Forms a  major vege t a t i on  t ype  (Sec t .  F).  P r ima r i l y  South and 
Nake, where c lo sed  canopy f o r e s t s  average 21 m h igh.  

TACCACEAE 

# **? Tacca 7eontopeta7oides (L.)  0 .  Kuntze 
Tacca pinnatifida F o r s t e r  

F ig .  11 

u t i on :  Normally an abo r ig ina l  i n t r o d u c t i o n  on 
P a c i f i c  i s l a n d s ,  bu t  on Ca ro l i ne  i s  f i r s t  mentioned a s  p lan ted  i n  1834 
(Bennet t  1840);  L-3213, 3219, and #-90-7,  16 from mois t  muck, South 
I s l a n d .  L-3234, common under Cocos and numerous pa tches  found i n  muck, 
sou th  end, Nake. 

P r e sen t  D i s t r i b u  ion: Common i n  nor thwest  South.  None i n  f l ower ;  each 
p l a n t  had 2-3 l e a v e s ,  p o s s i b l y  dying back. None found on Nake, d e s p i t e  
s ea r ch ing  t h e  sou th  end. Has l a r g e  underground t u b e r s ,  d i e s  back, and 
though c u l t i v a t e d ,  s t i l l  occurs  spontaneously  i n  Gocos groves  on many 
a t o l l s .  Harvested by t h e  Fa lconers .  

eeds P ine ,  mois t  s o i l  and shade.  Though i t s  seeds  f l o a t  f o r  
months (Guppy 19O6), i t  has not  e s t a b l i s h e d  i t s e l f  on o t h e r  motus i n  150 
y e a r s ,  probably due t o  t h e  p reva lence  o f  rubb ly  s u b s t r a t e s ,  

y: Flowers and f r u i t  i n  arch and May, d i e s  back i n  October .  

URTICACEAE 

* Laportea rudera7is ( F o r s t .  f . )  Chew 
Fleurya ruderalis ( F o r s t .  P.) Gaud. ex Wedd 

F ig .  15 

r i b u t i o n :  Reported 1840, c o l l e c t e d  1884. L-3215 
y a r e a s  South I s l and ;  L-3229 s c a t t e r e d  on exposed co ra l  

and sand,  west s i d e  Crescen t  I s l e t .  L-3253 under shade o f  Cocos and 
o r t h  s i d e  of Long I s1  and. 





D i s t r i b u t i o n  and Abundance: K-88-3 South I s1  and, Transec t  1,  e l e v a t i o n  
0 .3  m, under o l d  Cocos p l a n t a t i o n ,  i n  humus and rubb l e .  Range ex t ens ion  
from 3  t o  32 i s l e t s  (Table  3 ) .  Commonest and most widespread ground 
cover ,  p a t c h i l y  d i s t r i b u t e d .  Rare t o  l o c a l l y  abundant,  pe rcen tage  cover  
from l e s s  than  1% i n  herb  mats of  t i n y  motus t o  60% i n  t a l l  Pisonia 
f o r e s t .  Best  r ep r e sen t ed  on Nake, Long, B ro the r s ,  South,  P i s o n i a ,  E i t e i  
and Mannikiba, where coverage exceeded 50% i n  a p p r o p r i a t e  h a b i t a t s .  To 
1.1 m t a l l  on Kimoa. 

Ecology: Larges t  ( t o  0 . 5  m) specimens found under Tournefortia, 
Pisonia, Cocos, o r  Pandanus. Tiny (1-2 cm) and tougher  i n  sunny, 
exposed s i t e s .  Halophyt ic ,  p ioneer ing  i n  herb mats on i s l e t s  l e s s  
than  0.75 ha i n  s i z e  ( e . g .  F i s h b a l l ) .  Optimum h a b i t a t  i s  Tournefortia 
s c rub ,  in  sunny c l e a r i n g s  o r  b e l t s  behind beach s c rub .  Uncommon in  
Pisonia f o r e s t .  Occurs i n  both windward and leeward s i t e s ,  but  i n  
g r e a t e r  d e n s i t y  leeward.  Will p e r s i s t  through s eve ra l  s t a g e s  of  p l a n t  
success ion  i f  g iven  adequate  shade.  

Phenology: Flowers and f r u i t  i n  October,  March, and May. 

a :  P r ima r i l y  beach grave l  o r  c o a r s e  r u b b l e .  Also rubble -sand  
mix tu r e s ;  no t  lagoon s i l t .  

OLACAC EAE 

" * ( # ? )  Ximenia americana L .  F ig .  11 

Never p r ev ious ly  c o l l e c t e d .  K-90-170 South I s l a n d ,  50-100 m no r th  of 
c i s t e r n ,  e l e v a t i o n  0 . 3  m, 10-20 m from c o a s t a l  Tournefortia f r i n g e ,  
w i th in  Cocos p l a n t a t i o n .  Col lec ted  by crew of  t h e  yach t  Amanita and 
posted by Anne Falconer  t o  A K K .  K-90-23 and 24, s i n g l e  s t e r i l e  shrub  
2 . 5  m t a l l ,  southwest  Motu Mannikiba, l e a t h e r y  l e a v e s ,  a rch ing  stems 4- 
5  m long .  Found by John P h i l l i p s ,  c o l l e c t e d  by JP and A K K ,  i d e n t i f i e d  
by D. Herbst  and R.  Fosberg.  

: Local ly  abundant i n  one l o c a t i o n ,  about  50 
bushes (3-4 m h igh ,  2-3 m wide) spread over  about 100 m ,  Adjacent t o  
indigenous s c rub ,  on edge of  Cocos p l a n t a t i o n  nea r  o l d  s e t t l e m e n t .  

Phenol ogy: Fl oweri ng i n  J u l y  1990. 

va t a :  Moist s o i l  (South) ,  coa r s e  s t r a n d  rubb l e  (Mannikiba) .  

AMARANTHACEAE 

" * Achyranthes canescens R .  Br. Fig.  16 ,  PI .  41 

Never p r ev ious ly  c o l l e c t e d .  K-88-1 South I s l a n d ,  T ransec t  5 ,  t o  0 . 7  m, 
e l e v a t i o n  0 .3  m ,  tia f r i n g e ,  co r a l  r ubb l e .  





Distribution and Abundance: Quite widespread, primarily in inter ior  
scrub and forest of 19 motus (Table 3) ,  from t iny,  barely vegetated 
Fishball (0.73 ha) to  the largest ,  South (106 ha). Density variable: 
from less  than 1% in T o u r n e f o r t i a  scrub to 50% local ground cover in 
mixed Pandanus forest .  Primarily associated with T o u r n e f o r t i a .  May be 
locally abundant in clearings in P ison ia  forests ,  pure or mixed. Often 
in a zone dividing T o u r n e f o r t i a  and P ison ia  t rees ,  especially on Pig, 
Brothers, and Nake. 

Ecology: Never in natural herb mats. Needs shade b u t  requires some 
direct  sun; rare in pure stands of Cocos and P ison ia .  Prefers small, 
sunny openings in forest or scrub. Drought-resistent and probably 
partly halophytic. Dies back annually in the dry season and reappears 
with winter rains (Anne Falconer, pers. comm.). To 1.5 m t a l l .  L i t t l e  
o r  no capacity for  dispersal by sea. On other islands, seeds carried by 
birds, especially f r u i t  pigeons (Guppy 1906), b u t  pigeons are absent 
from the Line Islands. Perhaps dispersed by the Long-tailed Cuckoo 
(E l l i s  e t  a l .  1990). 

: Flowers and f r u i t  present in October, 

Substrata: Lushest growth in humus so i l s  of forest in ter iors .  Often 
grows in pure rubble. 

NYCTAGINACEAE 

* Boerhavia repens L .  
Boerhavia d i f f u s a  h .  
Boerhavia h i r s u t a :  sensu Bennett 1840 
Boerhaavia species: Dixon 1884 

Fig. 17, P I .  34 

: Reported 1840, collected 1 
3324, 3239, 3225, 3252, 3262, 3289, 3291 from 
Long, Emerald, and South, respectively. 

n: Cosmopolitan, 
a - h a .  Range exte 

motus (Table 3 ) .  

Abundance: Present in every habitat ,  1 eeward and windward, ranging from 
less  than 1 to  80% cover. Often in large patches. Best locations (>SO% 
cover) on Nake, Long, Windward, Pig, Brothers, Arundel, Tridacna, South, 
Ana-Ana, Pisonia, and Pandanus I s l e t s .  

y: Mostly found beneath T o u r n e f o r t i a ,  ei ther  in pure scrub or 
with P i s o n i a ,  Cord ia ,  Morinda, Cocos. Not in deep 

P ison ia  shade; rarely in herb mats. cover in indigenous 
scrub (Shark) or within clearings in old Coco a  forest  (South), 
where i t  mingles with Phymatosorus, reaching s i t y  ( P I .  34) and 
1 arge size (rooting des, vines e 



Figure 17. Transect distribution map of Boerhavia repens, Caroline 
density . 



P l S O N l A  GRANDIS 

P lSONlA 

PISONIA -CORDIA 

P I  S O N I A  - TOURNEFORTIA 

MIXED FOREST 

SCALE 1:34,000 

S Q O  o so0 IWO a w o  - 
meters 

Figure 18. Entire distribution map of Pisonia grandis, Caroline 
A t 0 1  1 . Arrows indicate forests  from 10 t o  2 1  m t a l l  . 



BIRDS: B r i s t l e - t h i g h e d  Curlews f e d  w i t h i n  t h e  Boerhavia mat i n  o l d  
Cocos f o r e s t s ,  Sou th .  S t i c k y  f r u i t s  ( 3  mm long)  found e n t a n g l e d  i n  
preened down and a d h e r i n g  t o  c o n t o u r  f e a t h e r s  o f  a j u v e n i l e  Grea t  
F r i g a t e b i r d  ( P I .  4 2 ) .  S p e c i e s  i s  c u s t o m a r i l y  d i s p e r s e d  around l a r g e  
o c e a n i c  a r e a s  and w i t h i n  a t o l l s  by t r e e - n e s t i n g  s e a b i r d s  (Guppy 1906, 
R id ley  1930) .  

Phenology: Small mauve f l o w e r s  and s e e d s  p r e s e n t  i n  Oc tober ,  March, and 
May. 

S u b s t r a t a :  Coral  r u b b l e  wi th  sand o r  humus, r a r e l y  pure  beach r u b b l e .  
Lushes t  growth i n  humus-and-guano-laden r u b b l e  c l e a r i n g s  where P ison ia  
f o r e s t  once grew. 

* P ison ia  g rand i s  R .  

Former1 y Known 
s h o r e ,  Sou th .  

29 motus (Tab1 e 3 ) .  

Br. F i g .  18 ,  P I .  43 

u t i o n :  C o l l e c t e d  1884; L-3280 4 m t r e e ,  n o r t h  
g rove ,  n o r t h  end,  Long. 

: I n d o - P a c i f i c .  C a r o l i n e  range  e x t e n s i o n  from 2 t o  

ance:  A major  p l a n t  community ( S e c t .  G ) ,  o f  s p e c i a l  c o n s e r v a t i o n  
v a l u e .  

S u b s t r a t a :  Occupies ,  and c o n t r i b u t e s  t o ,  b e s t  s o i l s  on a t o l l :  mix tu re  
o f  r u b b l e ,  humus, and guano. 

PORTULACACEAE 

* Por tu l aca  l u t e a  Solander  ex F o r s t e r  F .  F ig .  19 ;  P l s .  34 ,  38 

ion :  Reported I840 and 1884; L-3233 and 3292,  
3231, 3237, 3255,  3257, from South ,  Pandanus, Nake, Long, and Emerald, 
r e s p e c t i v e l y ,  i n  open c o r a l ,  r u b b l e ,  g r a v e l  and exposed a r e a s ,  t o  1 . 5  dm 
h igh .  

r i b u t i o n :  Range e x t e n s i o n  from 5 t o  33 i s l e t s  (Tab le  3 ) .  

Abundance: Along w i t h  He7iot rop ium anoma7um i s  a  component of  t h e  p l a n t  
community, Natura l  Herb Mat ( S e c t .  G ) .  Widespread,  p r e d i c t a b l e  on c o a s t  
and former  r e e f  c h a n n e l s  b u t  l o c a l  i n l a n d .  Covered from one t o  60% o f  
l and  a r e a  on a lmos t  eve ry  t r a n s e c t ,  windward and l eeward ,  e s p e c i a l l y  
f a c i n g  1 agoon. Best  a r e a s  a r e  Long, T r a n s e c t  4 (36 m wide meadow) ; 
South,  n o r t h  end o f  T r a n s e c t  6 (50 m w i d e ) ;  B r o t h e r s ,  l e e ,  a lmost  pure  
mat c o v e r i n g  20% ground (6 m w i d e ) ;  Kimoa, n o r t h  s i d e  ( 8  m w i d e ) ,  10 cm 
h i g h ;  E i t e i ,  n o r t h  s i d e ,  5 cm h igh .  

Ecology: P r i m a r i l y  o c c u r s  a long  edges  o f  motus i n  r u b b l e  mat and open 
T o u r n e f o r t i a  s c r u b ,  ave rages  12 cm h igh .  Prominent ' 

v e g e t a t e d  a r e a s ,  ex tend ing  seaward t o  high t i d e  l e v  
h i g h l y  t o l e r a n t  o f  sun .  A f l a t  mat i n  exposed a r e a s  bu t  l u s h e r  i n l a n d ,  



r i s i n g  t o  2 dm t a l l .  Generally found with Heliotropium, Lepturus, 
Boerhavia, o r  Laportea, but may form pure mats. Uncommon in  
Tournefort ia  scrub,  patchy i n  c l e a r i n g s  within Pisonia  f o r e s t s  up t o  
13 m high. Exceptional ly common in  old Cocos groves with Boerhavia, 
e t c .  (PI .  34) ; otherwise r a r e  o r  absent  from closed canopy Cocos 
p l a n t a t i o n s .  Pinker stems found in sunny s i t e s .  BIRDS: Provides 
nes t ing  cushion f o r  Masked Booby, Sooty Tern, Brown Noddy. On Noddy 
Rock, Brown Noddies nes t  on a t h i c k  mat of pure Por tu laca .  Feeding 
loca t ion  f o r  shorebi rds .  

Phenology: Flowers and f r u i t  October, March, and May. 

Subs t ra ta :  Coral rubble and g rave l ,  f i n e  t o  very coarse .  Hea l th i e r  on 
o l d e r  sands and coral-humus. 

ZYGOPHYLLACEAE 

* Tribu7us c i s t o i d e s  L .  Fig.  11 

n: Collected 1884. L-  245 i n  open sandy area  
among Tournefort ia  shrubs,  Long o t  seen e! sewhere on a t01  1. 

ion: Not seen on our surveys, but present  i n  2 s i t e s  
on wes t -cent ra l  Long Is land .  K-90-161 ( c o l l e c t e d  by Anne Falconer) ,  
probably from one of same s i t e s  a s  1965 c o l l e c t i o n .  Flowers in March. 

SURIANACEAE 

* Suriana maritima L .  i g ,  20; P l s .  20, 39, 40, 44 

t i on :  CoSlected 1 220,  shrub t o  1.8 m, 
e a s t  edge of Tridacna I s l e t .  

t i o n :  K-90-5, 6 from Sout Is1 and. Range expansion 
from one t o  9 motus (Table 3 ) .  

bundance: Occasional .  Forms a vegetat ion u n i t ,  Beach Scrub w i t h  
Suriana (Sec t .  G). 

Phenology: FS owers in  March and May. 

Subs t ra ta :  Best s i t e s  in  sand but a l s o  on cora l  rubble.  

EUPHORBIACEAE 

# Phy7 lanthus amarus Schum. and Thonn. Fig. 11 

Formerly Known Dis t r ibu t ion :  Collected 1884. L-3283, herb Phyl7anthus 
n i r u r i  L .  (Tre lease  1884) t o  4 dm, common on north s i d e  of South I s l and .  





Present  D i s t r ibu t ion :  K-90-10-13, herb, 2 small pa tches ,  South I s l and .  
Limi ed t o  a  few square meters i n  t h e  a t o l l ' s  only weedy a r e a ,  l e s s  than 5 10 m in  2 small c l e a r i n g s  by t h e  recent ly-renovated c i s t e r n ,  South. A 
f a i r l y  common weed in the  Society and Tuamotu I s l ands ,  probably a r r i v i n g  
with 20th century copra -cu t t e r s  and perhaps again wi th in  t h e  l a s t  2 
yea r s .  Carol ine ' s  only e s t ab l i shed  "weed" (excluding Polynesian 
in t roduct ions  such a s  Cocos). 

MALVACEAE 

" * (**?) ( # ? )  Hibiscus t i 7 i aceus  L .  Fig. 11 

Never previously c o l l  ec ted .  K-90-8, 9  from South Is1 and, northwest 
peninsula,  i n  Cocos p l an ta t ion  near old se t t lement  and " landing ,"  in  
coral  rubble and humus, 0.6 m in  e l eva t ion .  

r e s e n t  D i s t r ibu t ion :  Two o r  3 1 arge spreading t r e e s  in  heavy Cocos 
shade, $0 m t a l l ,  with recumbent branches forming an impenetrable 
t h i c k e t ,  s i m i l a r  in s i z e  and form t o  specimens in F l i n t ' s  s e t t l emen t .  
Since F l i n t  was ev iden t ly  f i r s t  s e t t l e d  in 1872 (i . e .  no aboriginal  
population was p resen t ,  see  Kepler, i n  p r e p . ) ,  Ca ro l ine ' s  t r e e s ,  
r e s t r i c t e d  t o  t h e  old se t t lement  a rea ,  a r e  most 1 i  kely recent  Polynesian 
in t roduc t ions .  

" * (**?) ( # ? )  Thespesia popu7nea ( L . )  Soland. ex Correa Fig. 11 

Never previously c o l l e c t e d .  K-90-22, $54, $55 from South I s l and ,  in  
Cocos p l an ta t ion  and in lagoon s t r a n d ,  northwest peninsula ,  near 
" landing."  

r ibu t ion :  Two t r e e s  (10 m t a l l ) ,  one near t h e  c i s t e r n ,  t h e  
- 

o the r  in a f r i n g e  of na t ive  vegetat ion bordering the  lagoon. Ihe 
h i s t o r y  of t h i s  spec ie s  i s  probably t h e  same as  Hibiscus t i l i a c e u s .  

* Sida f a l l a x  Walp. F ig .  11 

r i b u t i o n :  Collected by Dixon, 1884, who found one 
specimen. 

Present  D i s t r ibu t ion :  Not seen f o r  106 yea r s .  K-90-156, 157, $58 from 
South I s l and ,  a t  edge of c i s t e r n ,  north s i d e .  One clump loca ted  in a  
sunny c l e a r i n g ,  r ecen t ly  en1 arged by the  Fa1 coners .  

C O N V O L V U L A C E A E  

* Ipomoea macrantha R & S 
Ipomoea tuba (Schlecht . )  G .  Don 

Fig. 21; P l s .  34, 37 

Formerly Known Dis t r ibut ion:  L-3228 and 3293, 3242, 3251 on South, 
Nake, and Long, r e spec t ive ly .  T r a i l i n g  v ines ,  white f lowers ,  stems t o  
25 m long climbing over Tournefor t ia ,  Morinda, and Cocos. 



IPOMOEA MACRANTHA 

S C A L E  1:34.000 

so0 0 so0 lea0 2M)o - 
meters  

Figure 21. Transect distribution map of Ipomoea macrantha. Entire 
distribution is shown for South Island. Arrows indicate areas having 

ant amounts of this vine. 



History:  Not c o l l e c t e d  l a s t  century ,  though p lan ta t ion  records i n d i c a t e  
t h a t  i t  was a  major reason foh t h e  abandonments of t h e  coconut 
p l an ta t ions :  "The Pohue Vine ,which i s  t he  worst pes t  on t h e  i s l a n d ,  
was reported in  1921 t o  be under con t ro l "  (Young ca .  1922).  Today i t  
s t r a n g l e s  about 54 ha, two- th i rds  of South I s l and ' s  p l a n t a t i o n .  

Present Di s t r ibu t ion :  Range extension from 3  t o  7  
2  Southern Leeward I s l e t s  (Table 3 ) .  

motus, 5  Windward and 

Abundance: Forms p a r t  of a  vegetat ion subuni t ,  Dying Cocos-Ipomoea 
Forest  (P I .  34, Sec t .  F) .  An indigenous, nonparas i t i c  v ine ,  abundant in  
d is turbed  a reas .  Rampant growth over most of t h e  i n t e r i o r  of South 
I s l and ,  where i t  forms dense t ang les  up t o  25 m high. Less dense 
t h i c k e t s  on southern Nake drape Pandanus, T o u r n e f o r t i a ,  Morinda, and 
Cocos t o  10 m .  Coverage 2-5% elsewhere, except in 2  P i s o n i a  s i t e s ,  
where i t s  coverage was 20% (Long Is land ,  Tr. B ;  Windward I s l e t ,  Tr. 1 ) .  

cology: Lush in  dying Cocos f o r e s t s  and mixed f o r e s t  with Pandanus, 
aided by re1 a t i v e l y  f e r t i l e  s o i l s ,  moisture,  humidity, and p a r t l y  sunny 
c l e a r i n g s .  S t r ang les  a l l  but t h e  t a l l e s t  P ison ia  and Cord ia .  Typica l ly  
sea-d ispersed  t o  a t o l l s  (seeds germinate a f t e r  f l o a t i n g  u p  t o  1  yea r  in 
seawater ) ,  crawls in land ,  progress ive ly  dropping seeds ,  t o  a t t a i n  f u l l  
s i z e  in i n t e r i o r  f o r e s t s  (Guppy 1906, Ridley 1930). Seeds of I .  pes- 
caprae a r e  known t o  be ingested by White Terns in t h e  Marshall I s l ands ,  
perhaps a s  gizzard s tones  (Fosberg 1953). Possibly these  same t e r n s ,  
abundant a t  Carol ine,  once aided t h e  seed d i spe r sa l  of I .  macrantha. 
Also c h a r a c t e r i s t i c  of Cocos p lan ta t ions  elsewhere in t h e  P a c i f i c  
(Lamberson 1987, Stoddart  & Sachet 1969, Fosberg 1965). 

Subs t r a t a :  P re fe r s  humus-laden rubble,  but can grow in coarse  rubble 
and sand, e s p e c i a l l y  in leeward a reas .  

BORAGINACEAE 

* Cordia subcordata Lam. Fig. 22, P1. 26 

ion: Collected in  1884. L-3213 and 3261a, 
3228, 3246, and 3261b on South, Pandanus, Long, and Emerald, 
r e spec t ive ly ;  flowering t r e e s  t o  4.5 m high in  leeward coral  rubble o r  
a1 ong 1  agoon. 

Present  D i s t r ibu t ion :  Africa t o  Polynesia.  K-90-3 from South I s l and ,  
lagoon edge. Range expansion on Carol ine from 5  t o  23 motus (Table 3 ) .  

Phenology: Peak flowering November through Apr i l ,  f r u i t s  co l l ec t ed  i n  
March and May. 

'mis ident i f ied  a s  Tuumfet ta  [=  T r i u m f e t t a ]  procumbens. 



CORDIA SUBCORDATA 
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Figure 22. Entire distribution map of Cordia subcorduta. Arrows 
indicate small , but monotypic, stands. 



Abundance: A separa te ,  though minor, plant  community (Sect .  F). 
Although groves are  small and mixed with other emergents, individual 
t r e e s  a t t a i n  13 m t a l l .  Cordia has special  conservation value. 

* Heliotropium anomalum H .  & A .  Fig. 23; Pls .  16, 32, 45-47 

Former1 y Known i s t r i b u t i o n :  Recorded (mistakenly as  H. curassavicum) 
in 1840, col lec ted  in 1884. L-3222 and 3288, 3240, 3248, 3256, 3288 on 
South, Danger, Long, and Emerald, respect ively .  

i s t r i  bution: Central and Eastern Paci f ic .  K-90-17 from A n a -  
A n a .  In coral gravel ,  leeward and windward shores. Range extension on 
Caroline from 4 t o  34 motus (Table 3 ) .  

Abundance: Forms p a r t  of a major vegetation u n i t ,  Natural Herb Mat 
(Sect .  G), often associated with Laportea, Lepturus, or Boerhavia. Area 
coverage ranges from l e s s  than 1% t o  50%. Widespread, predic table  on 
wind- and salt-blown, low f l a t s  where vegetation does not overhang edge 
of motu. A1 so in ancient reef  channels and newly evolving 1 and 
connecting i s l e t s ,  Covers major areas of i s l e t s ,  t h a t  i s  those l e s s  
than 1.0 ha ( e . g .  F ishbal l ,  Skul l ,  and Bo'sun Bird) .  Best developed on 
Skul l ,  Tridacna, South, Emerald, and Mannikiba (50% coverage, western 
seaward r im) .  

Ecology: Halophytic pioneer. Heights t o  2 2  cm, averaging 7 cm. 
Thrives in heat and exposure, 

Phenol ogy: Flowers and f r u i t s  year-round. 

Substrata:  Primarily coral rubble and rubbly sand. Marginal hab i t a t s  
extend down t o  high t i d e  l i n e  in areas of coarse coral chunks, where i t  
i s  t i n y  and lea thery .  

* Tournefortia argentea L .  Fig. 24; P l s .  9 ,  37, 47, 48 
Plesserschmidia argentea ( L . F . )  Johnston 

nown Distribution: Collected 1884. L-3216, 3226, 3241, 3249, 
3258 from South, Tridacna, Nake, Long, and Emerald I s l e ;  shrub t o  3 ni 
high, edge of lagoon and above high t i d e ,  with white flowers. 

Present Dis t r i  u t i o n :  Range extension from 5 t o  38 motus (Table 3 ) .  
Widespread in the Pac i f i c ,  especia l ly  on small i s l e t s ,  b u t  r a re ly  
inland.  Reaches Ducie Ato l l ,  the  most southeas ter ly  is land in 
Polynesia. Carol ine ' s  1 arge t r a c t s  are  excel 1 ent  examples of re1 a t ive l  y 
undisturbed, pure Tournefortia scrub and f o r e s t .  

Abundance: Dominates the  a to l l  woodlands, forming the  major vegetation 
type (Sect .  G ) .  O n  almost every motu ranging from a spa t t e r ing  of 
exposed shrubs within herb mats, through scrublands and t a l l e r  f o r e s t s  
t o  14 m high. 



HELIOTROPIUM 

ANOMALUM 

Figure 23. Entire distribution map of HeZiotropiwn anomaZwn. Arrows 
indicate areas of highest density. 
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Figure 24.  Entire distribution map of Towlnefortia argentea 
this  shrub dominates Caroline's woodlands, there are no indi 
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Ecology: S u p p o r t s  7 s p e c i e s  o f  breeding s e a b i r d s ;  p r o v i d e s  f e e d i n g  
h a b i t a t s  f o r  Reef Herons ( E g r e t t a  s a c r a ) ,  s h o r e b i r d s ,  l and  c r a b s ,  and 
r a t s .  

Phenol ogy: Flowers and f r u i t s  year - round .  

S u b s t r a t a :  Pure c o r a l  c l i n k e r ;  mix tu res  o f  r u b b l e ,  g r a v e l ,  sand,  and 
humus. 

BRASSICACEAE 

* Lepidium bidenta tum Montin F i g .  11 

nown D i s t r i b u t i o n :  Reported i n  1825: " a  boat  l o a d  o f  
pepper -g rass  and p u r s l e y "  (Pau ld ing  1831) and i n  1835, " a  Lepidium of  
l u x u r i a n t  growth" (Benne t t  1 8 4 0 ) .  C o l l e c t e d  by Dixon a s  L .  p i s c i d i u m  
F o r s t  i n  1883. 

n: Widely d i s t r i b u t e d  th roughout  t h e  North and South 
P a c i f i c ,  K-90- 169 and 171 (col  1  e c t e d  by A1 exandre  Fa1 c o n e r )  , on 
Tr idacna  and P i s o n i a ,  most probably  i n  c o a s t a l  T o u r n e f o r t i a  s c r u b .  
E n t i r e  and s e r r a t e d  l e a f  forms p r e s e n t ,  which have a l s o  been c o l l e c t e d  
on F l i n t  ( S t .  John & Fosberg 1 9 3 7 ) .  

RUBIACEAE 

* Morinda c i t r i f o l i a  L .  F i g .  25,  P I .  45 

i s t r i b u t i o n :  Reported 1840, c o l l e c t e d  1884. L-3214, 
3217 and 3282; 3232; 3254 on South ,  Nake, and Long, r e s p e c t i v e l y .  

ion:  K-90-4, 18 from South ' s  lagoon edge and Ana-Ana, 
r e s p e c t i v e l y .  Range e x t e n s i o n  on C a r o l i n e  from 3  t o  30 motus {Table  3 ) .  

: Coverage 2% t o  50%. B a s i c a l l y  an i n l a n d  s p e c i e s ,  widespread 
and p r e d i c t a b l e  i n  s c r u b  and f o r e s t  u n d e r s t o r y .  Rare ly  a canopy 
component, e x c e p t  on Raurau, where 12 m t a l l  i n  a  13 m P i s o n i a  f o r e s t .  
Assoc ia ted  wi th  e s t a b l i s h e d  T o u r n e f o r t i a  woodlands on motus g r e a t e r  than 
one h e c t a r e  i n  s i z e .  Q u i t e  common on South d e s p i t e  major d i s t u r b a n c e ,  
o c c u r r i n g  w i t h i n  beach s t r a n d ,  Cocos, and dying Cocos-Ipomoea i n t e r i o r .  
Best l o c a t i o n s  (40-60% c o v e r a g e ) :  Nake, T r a n s e c t  3 ;  T r i d a c n a ,  both  
t r a n s e c t s ;  Long, T r a n s e c t  8 ;  Raurau and Ana-Ana. 

Ecology: Appears e a r l y  i n  p l a n t  s u c c e s s i o n :  i n  T o u r n e f o r t i a  s c r u b  a s  
an e a r l y  p i o n e e r  ( S t a g e  I ) ,  then  from S t a g e s  I 1  t o  IV, p r o g r e s s i v e l y  
becoming more common and r o b u s t .  Not i n  pure  P i s o n i a  f o r e s t  ( S t a g e  V )  
Much l e s s  common i n  Pandanus s t a n d s .  T h r i v e s  i n  l i g h t  t o  heavy shade ,  
p r e f e r a b l y  growing i n  mois t  s u b s t r a t a .  

B i  o  phi c a l  g  e  i de a t u  d  
a b o r i g i n a l  i n t r o d u c t i o n  i n  t h e  P a c i f i c .  Although p o s s i b l y  i n t r o d u c e d  t o  
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Fig. 26. Evidence for the indigenous stalus of Morinda cirri/olio on Caroline 
Atoll: percentage coveron transects within natural and anthropogenic 
forests. Moritldo occurs on 30 (77%) motus. never in a "planted" 
situation. 



Caroline by e a r l y  Tuamotuan s e t t l e r s ,  i t s  present  d i s t r i b u t i o n  s t rong ly  
suggests  t h a t  i t  i s  indigenous, a s  theor ized  f o r  t h e  northern Line 
Is lands  (Wester 1985). Throughout t h e  at077 Morinda occurs  i n  t h e  
g r e a t e s t  d e n s i t i e s  on motus w i t h  no an th ropogen ic  f o r e s t s  o r  i n  areas 
d i s t a n t  f r o m  h i s t o r i c a l  set t7ements  (F ig .  26) .  Furthermore, i t  i s  
present  on (30)  77% of t h e  motus, v i r t u a l l y  a l l  those l a r g e r  than 0 .4  ha 
in s i z e ,  and many of which a r e  presumed v i r g i n .  On Nake, Mor inda occurs  
f r e q u e n t l y - - i n  p laces  abundantly--within the  i n t e r i o r  indigenous 
f o r e s t s ,  y e t  i t s  coverage i s  only 5-10% in t h e  mixed Cocos f o r e s t s  of 
t he  southern s e c t o r .  I t  a l s o  appears t o  be p a r t  of natural  b io logica l  
succession (Table 6 ) .  However, on nearby F l i n t ,  which was probably 
never s e t t l e d  in p r e h i s t o r i c  t imes and where our 1990 surveys found 
Morinda in  a l l  h a b i t a t s  (mixed woodland, na t ive  coas ta l  scrub ,  Cocos 
p l a n t a t i o n s ,  and abandoned s e t t l e m e n t ) ,  t h e  l a r g e s t  t r e e  and h ighes t  
abundance was c lose  t o  the  old se t t lement  (Kepler ,  in  p r e p . ) .  

Or ig ina t ing  in southeas t  Asia,  Morinda has been widely d ispersed  
by man, b u t  has spread,  unaided by man "widely by sea  in t h e  Malayan and 
Polynesian Is lands"  (Ridley 1930). Fosberg (1974) notes  t h a t  i t  i s  
always d i f f i c u l t  t o  determine i t s  t r u e  s t a t u s .  I t s  a i r - f i l l e d ,  buoyant 
pyrenes can f l o a t  f o r  a t  l e a s t  53 days and " i t s  seeds a re  almost 
c e r t a i n l y  disseminated by b i rds  and ba ts"  (Guppy 1906). I t  could a l s o  
be disseminated by Coenobi ta  crabs and r a t s  wi th in  and between motus, as  
has been found elsewhere by Ridley. 

Phenol ogy: Flowers and f r u i t s  year-round. 

Subs t ra ta :  Coral rubble,  g rave l ,  sand, and humus. Rarely found in 
coarse c l i n k e r .  O n  l a r g e r  motus, p r e f e r s  moist s o i l s  under t a l l  
f o r e s t s .  

GOODENIACEAE 

" A Scaevo7a taccada var .  s e r i c e a  (Vahl) S t .  John 
ScaevoTa s e r i c e a  var .  s e r i c e a  

Fig,  11 

Never previously c o l l e c t e d .  K-88-2, Windward I s l e t ,  central-windward 
s i d e ,  e l eva t ion  0.3 m .  

i s t r i b u t i o n  and Abundance: One wind- and sa l t - shea red  "hedge," found 
by K .  Teeb'aki on Windward I s l e t ,  was growing on a  coarse rubble beach. 
"The sa l tbush  ..., being recorded f o r  the  f i r s t  time too  f roy  t h e  
i s l and  . . .  covered approximately 3% of t h e  i s l e t ' s  land a r e a ,  occupying 
t h e  mid-windward s i d e .  The patch grew very low--only up t o  2 '  high with 
i t s  f o l i a g e  forming an extended r a i sed  mat canopy a l l  along t h e  a rea  i t  
occupied" (Teeb'aki 1988). We have been unable t o  r e tu rn  t o  t h i s  spot  
t o  observe and photograph i t  d i r e c t l y .  

3 ~ h i  s  probably t rans1  a t e s  as  "3% of t h e  a rea  covered a t  t h a t  1  oca t i  on on 
t h e  t r a n s e c t , "  a s  we understood from Teeb'aki 's  desc r ip t ion  t h a t  i t  was small 



Because Scaevo la  i s  ha rdy ,  h a l o p h y t i c ,  and widespread i n  t h e  
P a c i f i c ,  i t  i s  s u r p r i s i n g  t h a t  i t  i s  s o  r a r e  on C a r o l i n e .  However, none 
o c c u r  on Vostok,  and o n l y  one clump i s  known from F l i n t  ( S t .  John & 
Fosberg 1937) .  Fosberg (1953) noted t h a t  S c a e v o l a  s e e d s  a r e  t r a n s p o r t e d  
by B r i s t l e - t h i g h e d  Curlews (Numenius t a i t e n s i s )  i n  t h e  Marshal l  I s l a n d s :  
cu r lews  a r e  common on C a r o l i n e  ( P t .  11) and c o u l d  have brought  s e e d s  
from e l  sewhere .  

S u b s t r a t a :  Coarse  r u b b l e ,  windward beach. 

" * Scaevo la  t a c c a d a  t u a m o t e n s i s  S t .  John F ig .  11 
Scaevo la  s e r i c e a  v a r .  tuamotens i s  ( S t .  John)  Fosb. 

Never p r e v i o u s l y  col  1  e c t e d .  K-90- 168 (co l  1  e c t e d  by A1 exandre  Fa1 c o n e r )  , 
n o r t h e a s t  pen insu l  a ,  South Is1  and,  i n  c o r a l  r u b b l e .  

r e s e n t  Di s t r i  u t i o n :  One i n d i v i d u a l ,  of  unknown s i z e ,  w i t h  S u r i a n a  and 
He7 io t rop ium,  n o r t h e a s t  p e n i n s u l a ,  South Is1  and,  f a c i n g  t h e  i n n e r  s i d e  
o f  t h e  " b l i n d  p a s s a g e , "  

i z e  o f  t h e  F l o r a  

A t o l l  f l o r a s  c h a r a c t e r i s t i c a l l y  l a c k  d i v e r s i t y .  Numbers o f  
s p e c i e s  r a n g e  from 1 (Ducie A t o l l )  t o  around 150 i n  t h e  P a c i f i c  and 284 
i n  t h e  Ind ian  Ocean. Tiny g r a v e l  banks such a s  Kingman Reef ( L i n e  
I s l a n d s )  and Motu-One (Marquesas) have no v a s c u l a r  f l o r a  a t  a l l  (Fosberg  
1974) .  The f l o r a  of t h e  Southern  Line I s l a n d s  i s  p a r t i c u l a r l y  
impoverished because of  1 )  t h e i r  e a s t e r l y  l o c a t i o n  ( f a r  from t h e  major 
s o u r c e  a r e a s  o f  A u s t r a l a s i a ) ,  2 )  low p r o f i l e s  (most o n l y  r i s e  a  few 
mete r s  above s e a  l e v e l ) ,  3)  l a c k  o f  t o p o g r a p h i c  d i v e r s i t y  (most  have a  
ve ry  l i m i t e d  range  o f  h a b i t a t s ) ,  4 )  low t o  medium r a i n f a l l  
( approx imate ly  1 ,500  mm p . a . ) ,  and 5) e d a p h i c  f a c t o r s  such a s  s a l i n i t y ,  
h i g h l y  c a l c a r e o u s  s o i l s ,  e t c .  Long-dis tance  d i s p e r s a l  and h a r d i n e s s  a r e  
impor tan t  f a c t o r s  i n  e s t a b l i s h i n g  a  f l o r a ,  e s p e c i a l l y  s i n c e  t h e  c l o s e s t  
high i s l a n d ,  T a h i t i ,  i s  830 km away, and t h e  u l t i m a t e  s o u r c e  o f  i t s  
f l o r a ,  t h e  Malayan-Melanesian r e g i o n ,  i s  o v e r  8 ,000  km away. South 
America, t h e  c l o s e s t  c o n t i n e n t ,  i s  approx imate ly  9 ,000 km d i s t a n t .  The 
motus o f  A i t u t a k i ,  f o r  example, a t  a  s i m i l a r  l a t i t u d e  bu t  f u r t h e r  west  
and w e t t e r ,  a r e  c o n s i d e r e d  d e p l e t e d  wi th  45 s p e c i e s .  Fanning,  a t  a  
s i m i l a r  l o n g i t u d e  but  w e t t e r ,  has 123 s p e c i e s .  Tarawa, 3 , 9 0 0  km t o  t h e  
n o r t h w e s t ,  r e c e i v e s  a  s i m i l a r  r a i n f a l l  but  s u p p o r t s  109 s p e c i e s .  

Where an a t o l l ' s  p o t e n t i a l  f l o r a  i s  l a r g e r ,  t h e  i n c r e a s e d  shade 
and g r e a t e r  p r o t e c t i o n  from wind, s a l t  s p r a y ,  and s to rms  r e s u l t  i n  a  
g r e a t e r  number o f  n a t u r a l  p l a n t  s p e c i e s  on i t s  l a r g e r  motus.  However, 
such a t o l l s  a r e  g e n e r a l l y  i n h a b i t e d  and a l t e r a t i o n s  by both  a b o r i g i n a l  
and modern man have modif ied  t h e i r  o r i g i n a l  f l o r a .  Carol  i n  
i s o l a t i o n ,  v a r i e t y  o f  motu a r e a s ,  and minimal human d i s t u r b a n c e  a  
c o n t r i b u t e  t o  i t s  e x c e l l e n c e  f o r  t h e  s t u d y  o f  a t o l l  e v o l u t i o n .  



The number of species present ly  es tabl i shed on Caroline 's  39 motus 
i s  26 (Tbs. 2 ,  3 ) .  The previous expedition in 1965 (Clapp & Sibley  
1971a) co l l ec ted  20 species ,  of which 4  were new t o  the  a t o l l .  Their  
t o t a l  of 35 species ,  however, incorporat ing repor t s  and c o l l e c t i o n s  from 
the  1800s, i s  misleading. Our t o t a l ,  5  of which were new records ,  would 
have brought the  a t o l l  t o t a l  t o  43 (p lus  about 15 more unestablished,  
mostly garden, p l a n t s ) .  However, following recent  custom ( see  Sec t .  E ) ,  
we have l i s t e d  t r a n s i e n t  o r  e x t i n c t  members of the  f l o r a  separa te ly  
(Tab1 e  1 )  . 

The 1883 drawings of the  South Island se t t lement ,  inhabited when 
most of Caroline 's  species were catalogued, shows t h a t  the  i s land was 
vas t ly  d i f f e r e n t  then (compare Pls .  2 ,  3  and 23).  A century ago homes 
were s e t  amidst l a rge  grassy c lea r ings ;  now the  s i t e  i s  completely 
o b l i t e r a t e d  beneath shady 21-m-tall coconut palms. Nine exo t i c  species  
have not been seen f o r  over a  century (Table 1 ) .  Evidently most 
ornamentals and domestic vegetables perished during uninhabited periods.  
The Falconers s truggled t o  keep garden p lants  a l i v e  because of poor 
s o i l s ,  i r r e g u l a r  r a i n f a l l ,  and foraging land crabs .  This s i t u a t i o n  has 
been noted f o r  o ther  a t o l l s  (Fosberg 1949). A few nat ive  species  might 
a l so  have been eliminated during the  guano and copra-harvest ing yea r s .  

A comparison of the  percentage of indigenous species between 
d i f f e r e n t  i s land groups (Table 4) shows t h a t  Carol ine ,  with 85% 
( N  = 23) indigenous, i s  unusually high. Only 12 of 45 Pac i f i c  i s l ands  
reviewed have more than 75% of t h e i r  species indigenous. Of these ,  9 
( including Caroline)  a re  remote and lack permanent human occupation. 
Vostok, Caroline 's  neares t  neighbor (243 km wes t ) ,  i s  one of only 2 
i s lands  in the  world which have l e s s  than 4 species (Fosberg, pers .  
comm.) . 

The Tuamotu Islands (149" t o  134" ) l i e  e a s t  and south of 
Caroline,  y e t  they harbor considerably l a r g e r  f l o r a s ,  Rainfall  i s  
s i m i l a r .  Three of them average 121 species (Table 4), averaging 4 2  
indigenous species .  When the  var iables  r a i n f a l l  and d is tance  from a 
colonizat ion source t o  the  west a re  considered, the  proximity of t h e  
Tuamotus t o  the  d iverse  high i s lands  of the  Soc ie t i e s  seems t o  play a  
major pa r t  in determining t h e i r  indigenous f l o r a .  A s imi la r  s i t u a t i o n  
e x i s t s  in the  southern Cook Islands.  Caroline and other  remote Line and 
Phoenix Islands a re  s u f f i c i e n t l y  i so la ted  from high volcanic and ra i sed  
reef  (makatea) i s lands  t h a t  they exh ib i t  a  much simpler f l o r a .  T a h i t i ,  
t he  c l o s e s t  high i s land (830 km sou th ) ,  i s  in the  wrong d i r e c t i o n  f o r  
prevail ing cur ren t s ,  winds, o r  vagrant b i rds  t o  bring seeds t o  Caroline.  

4 ~ e r h a p s  as high as 92%; the  Dig i t a r i a  s p . ,  i f  s t i l l  e x t a n t ,  i s  of 
unknown i d e n t i t y  and o r ig in .  



T a b l e  4. S i z e s  o f  P a c i f i c  a1011 f l o r a s ,  w i t h  emphasis on t h e  p e r c e n t a g e s  o f  
i n d i g e n o u s  p l a n t s .  I s l a n d s  i n  b o l d  have more t h a n  75% o f  p l a n t  
s p e c i e s  i n d i g e n o u s .  

~ o t a l  No. 
No. S ~ e c i  es % 

I s l  and Group At01 1 Spec ies  indigenous I n d i g e n o u s  Source 

C a r o l i n e  I s .  Kap ingamarang i  9 8 3 8 39 N i e r i n g  1962 
(Fed. 
S t a t e s  o f  
M i c r o n e s i a )  

Cook I s .  A i t u t a k i  4 5 
(New (motus)  
Zea l  and) Ra ro tonga  4 9 

(motus)  

5 0 S t o d d a r t  & 
G ibbs 1975 

=60 S t o d d a r t  & 
Fosberg  1972 

G i l b e r t  I s .  Onotoa 60 5 0 83 Moul 1957 
(Rep. o f  Tarawa 109 28 2 6 C a t a l a  1957 
K i r i b a t i )  

N o r t h w e s t  Ku re  42 2 3 5 5 Lamoureux 1961, 
Hawa i i an  I s .  C l a y  1961 
(U.S.A. )  Laysan 38  27 7 1 E l y  & C lapp  

1973 

L i n e  I s .  C a r o l  i n e  
( K i r i b a t i  ) C h r i s t m a s  

( K i r i t i m a t i )  
Fann ing  
F l i n t  

Hal den 
Pal  myra 
S t a r b u c k  

Vos tok  
Wash ington 

M a r s h a l l  I s .  A i l u k  
(Fed.  Arno 
S t a t e s  o f  Enewetak 
M i c r o n e s i a )  J a l  u i t  

Jemo 
Kwa ja l  e i  n 

Lae 
L i  k i e p  

23 ( 2 4 ? )  89(92?)  T h i s  pape r  
19 28 G a r n e t t  1983 

Wester  1985 
Kep l  e r  

( i n  p r e p . )  
G a r n e t t  1983 
Wester  1985 
G a r n e t t  1983 

( i ncompl e t e ,  
1 i tt l e known) 

K e p l e r  1990c 
Wester 1985 

Fosberg  1955 
Hatheway 1953 
Lamberson 1987 
Fosberg  & 

Sache t  n.d. 
Fosbe rg  1955 
Fosbe rg  1955, 

1959 
It 

I1 
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T a b l e  4 .  Con t i nued .  

~ o t a l  No. 
No. Spec ies  % 

I s 1  and Group At01 1  Spec ies  I n d i g e n o u s  I n d i g e n o u s  Source 

M a r s h a l l  I s  
( c o n t  . ) 

Taka 
U j a e  

U j e l  ang 
U t i  r i  k  
Wotho 

Phoen ix  I s .  
( K i r i b a t i )  

S o c i e t y  I s .  

Solomon I s .  

Toke lau  I s .  
(N.Z . )  

Tuarnotu I s .  
(F rance )  

O u t l y e r s  

Kan ton  
( A b a r i  r i  nga)  

Enderbu ry  
N i  kumaroro  
Orona 

T e t i a r o a  

Ontong Java 

Nu kunono 

Rangi r o a  

R a r o i  a 
T a k a ~ o t o  

C l  i p p e r t o n  
( U . K . )  

D u c i e  

Oeno 

Wake 

7 8 
5  2 

5  8 
4  7 
70 

9  

14 
% 00 

78 
49 

= 66 
% 00 
% 00 
:77 

4  9  

3  9  

64 

3  2 

4 0  
3  1  

4 5  

aoo 

8 2 

2 1 

Fosberg  1955 
Fosberg  1955, 

1959 
I 1  

I 1  

I 1  

Degener & 
G i  11 aspy 1955, 

G a r n e t t  1983 
Fosberg  & 

Sachet  ( n . d . )  
I I 

Sachet  & 
Fosberg  1983 

Bay1 i ss-Smi t h  
1973 

Parham 1971 

S t o d d a r t  Pi 
Sache t  1969 

D o t y  1954 
Sachet  1983 

Sachet  1962 

Rehder & 
R a n d a l l  1975 

S t .  John & 
Ph i  1  i pson 1960 

Fosbe rg  & 
Sache t  1969 

' ~ n  upda ted  v e r s i o n  o f  T a b l e  11, p .  105, S t o d d a r t  and Gibbs ( 1 9 7 5 ) .  
pa umber o f  s p e c i e s  o f  t h o s e  i n d i g e n o u s  a r e  n o t  a lways comparab le .  Fe rns  a r e  

u s u a l l y  i n c l u d e d ,  b u t  c e r t a i n  o rnamen ta l s  may n o t  be .  A r t o c a r p u s ,  M o r i n d a ,  
and Pandanus may be i n d i g e n o u s ,  a b o r i g i n a l  i n t r o d u c t i o n s ,  o r  b o t h .  W i t h o u t  
i t s  f u l l  s c i e n t i f i c  name, a  s p e c i e s  has an unknown b i o g e o g r a p h i c a l  s t a t u s .  



Composit ion o f  t h e  F l o r a  (Tbs.  2 ,  3 )  

C a r o l i n e ' s  b o t a n i c a l  a f f i n i t i e s  l i e  wi th  o t h e r  Sou the rn  Line 
I s l a n d s  and t h e  Tuamotus. Although t h e  s t r a n d  and i n l a n d  f l o r a s  c o n s i s t  
of  p a n - P a c i f i c  o r  p a n - t r o p i c a l  s p e c i e s ,  t h e r e  a r e  s e v e r a l  widespread 
s p e c i e s  and communities t h a t  a r e  n o t a b l y  a b s e n t  ( s e e  below).  Those t h a t  
s u r v i v e  have w i t h s t o o d  t h e  a t o l l  t e s t s  o f  t ime- -poor  s o i l s ,  s c a r c i t y  o f  
f r e s h  w a t e r ,  p e r i o d i c  inunda t ion  by s a l t  w a t e r ,  i n t e r m i t t e n t  c y c l o n i c  
s to rms  and h u r r i c a n e s ,  harsh  c l i m a t e ,  high s e e d l i n g  m o r t a l i t y ,  and human 
impac t s .  C a r o l i n e  p r o v i d e s  an e x c e l l e n t  e c o l o g i c a l  l a b o r a t o r y  i n  which 
f l o r i s t i c  c o r r e l a t i o n s  wi th  v a r i a t i o n s  i n  h a b i t a t ,  motu s i z e ,  
v e g e t a t i o n a l  z o n a t i o n ,  and leeward/windward a s p e c t  may be s t u d i e d .  
Fosberg (1985) and S a c h e t  (1967) have noted t h e  importance  o f  such 
d e t a i l s  i n  unders tand ing  t h e  biogeography and taxonomy o f  P a c i f i c  
pl a n t s .  

C a r o l i n e ' s  p r e s e n t  e s t a b l i s h e d  f l o r a  i n c l u d e s  ve ry  few i n t r o d u c e d  
s p e c i e s :  a n c i e n t  Polynesian i n t r o d u c t i o n s  (Cocos, p o s s i b l y  Pandanus and 
Morinda), r e c e n t  Polynesian i n t r o d u c t i o n s  (Hibiscus ti7iaceus7 Thespesia 
popu7nea, Tacca 7eontopeta7oides, Ximenia americana), and 20th  c e n t u r y  
e x o t i c s  (Phy77anthus amarus). T h i s  l a t t e r  i s  r e s t r i c t e d  t o  one t i n y  
patch t 2  s q  m i n  a r e a .  

The number o f  ind igenous  p l a n t s  i s  compl ica ted  by t h e  f a c t  t h a t  3 
s p e c i e s  most l i k e l y  i n t r o d u c e d  by r e c e n t  Po lynes ians  (Hibiscus, 
Thespesia, Ximenia) cou ld  a l s o  be ind igenous ,  a s  i s  t h e  c a s e  wi th  
Pandanus and Morinda. In Table  4 we have counted t h e s e  5 a s  ind igenous  
u n t i l  l a t e r  r e s e a r c h  proves  o t h e r w i s e .  The unknown Digitaria s p .  
a c c o u n t s  f o r  t h e  query  i n  T a b l e  4 .  

T r e e s :  Seven s p e c i e s  p r e s e n t .  Only 3 - - P a c i f i c - w i d e  n a t i v e s - - a r e  
widespread:  Pisonia grandis, Morinda citrifolia, and Cordia subcordata. 
Cocos nucifera and Pandanus tectorius are l o c a l l y  abundant ,  w h i l ~  
Thespesia popu7nea and Hibiscus ti7iaceus a r e  r a r e  and l i m i t e d  t o  t h e  
o l d  s e t t l e m e n t  s i t e .  The absence o f  t y p i c a l  P a c i f i c  s p e c i e s  such a s  
Ca7ophy77um inophy77um and Guettarda speciosa i s  n o t a b l e ,  a s  t h e y  a r e  
both p r e s e n t  on nearby F l i n t  (wi th  a  s i m i l a r  p l a n t a t i o n  h i s t o r y  t o  
C a r o l i n e )  and o c c u r  n a t u r a l l y  on more e a s t e r l y  a t o l l s  such a s  Rangiroa 
( S t o d d a r t  & S a c h e t  1 9 6 9 ) .  

: Four s p e c i e s  p r e s e n t ,  a t  l e a s t  4 i n d i g e n o u s ,  Only Tournefortia 
ea i s  abundan t ;  i t s  most abundant s i z e  c l a s s  i s  under 4 m .  

Scaevo7a and Suriana, tough and widespread e l s e w h e r e ,  a r e  p o o r l y  
r e p r e s e n t e d  on C a r o l i n e .  I t  i s  noteworthy t h a t  2 v a r i e t i e s  o f  Scaevo7a 
taccada a r e  p r e s e n t .  Ximenia americana i s  r e p r e s e n t e d  by a  s i n g l e ,  
l a r g e  p a t c h  and one i n d i v i d u a l  on South and Mannikiba,  r e s p e c t i v e l y .  
Pemphis acidu7a, though common on a t o l l s  o f  s i m i l a r  l a t i t u d e  and 
c l i m a t e ,  i s  t y p i c a l l y  a b s e n t  from most o f  t h e  Line and Phoenix Groups 
( S t o d d a r t  & Gibbs 1975, Fosberg & Sache t  n . d . ) .  T h i s  may be due t o  t h e  
p a u c i t y  o f  i t s  p r e f e r r e d  h a b i t a t s :  low rocky s u b s t r a t e s  ( r e e f  o r  

a t e  r o c k )  and r a v  



Herbs: F i f teen  species  present ,  a t  l e a s t  12 indigenous. Of these only 
7 a re  common: He7 io t rop ium anoma7um, Boerhavia  repens,  Por tu7aca  7u tea ,  
Lapor tea  r u d e r a 7 i s ,  Achyranthes canescens, Lepturus repens ,  and 
Phymatosorus sco l o p e n d r i a .  Ipomoea macrantha and Tacca 7eontopeta  7 o i d e s  
a r e  l o c a l l y  abundant, while Phy77anthus amarus, T r i b u 7 u s  c i s t o i d e s ,  
Lepidium b iden ta tum,  and P s i  7otum nudum a re  r a re  and 1 ocal ized. 
D i g i t a r i a  sp .  may be e x t i n c t .  The f a c t  t h a t  S i d a  f a 7 7 a x  has only been 
recorded twice in  106 years i s  curious.  

F. ECOLOGICAL SUCCESSION 

We have attempted t o  t r a c e  the  development of Caroline 's  f l o r a  
from the  smal les t  t o  l a r g e s t  motus, using f i e l d  da ta  and a e r i a l  photos, 
which reveal past  geological processes of unknown da tes  o r  dura t ion .  
The general processes involved in motu formation a re  t r ea ted  in Stoddart  
& Stee r s  (1977, p .  95) .  

Three t ab les  provide our analys is  of ecological succession: 
Table 5 presents  Caroline's motus in order  of ascending s i z e ,  together  
with the  numbers of plant  species and major p lant  communities. Since 
the  at01 1 ' s  t o t a l  1 and area i s  small,  our da ta  provides re1 a t i v e l y  
complete f l o r i s t i c  l i s t s  f o r  each i s l e t  and de ta i l ed  maps of t h e i r  p lant  
communities (Figs .  37-57),  The number of species varied from 3 growing 
on 4 t i n y  i s l e t s  (0.02 ha each) t o  23 on South (104.41 ha) .  Because the  
t o t a l  number of species  f o r  the  e n t i r e  a t o l l  (27) i s  a l s o  small,  t he  
addit ion of one or  2 r a r e  species cont r ibutes  s i g n i f i c a n t l y  t o  the  t o t a l  
f l o r a .  Such addi t ions  must be kept in perspective when evaluat ing p lant  
succession. 

Table 3 provides a summary of p lant  species d i s t r i b u t i o n  by i s l e t ,  
and Table 6 i s  a  summary of plant  species d i s t r i b u t i o n  and re1 a t i v e  
abundance with respect  t o  i s l e t  area and the  primary mode of seed 
d ispersa l  . 

s l e t s  appear, gro mature ecologica l ly  o r  vanish in v io len t  
ac t ing  f a c t o r s ,  incl  udi g geographical ( i s l e t  a rea ,  
ce from high is1 ands an con t inen t s ) ,  geol ogi ca? 
e l ,  reef  growth and des t ruc t ion) ,  chemical ( n i t r a t e s  

from bird droppings, 1 eaf fa1 1 ,  e t c .  ) , cl imatol ogical (wind, droughts, 
storms, microcl imates) , and biological  ( seab i rds ,  r a t s ,  1 and crabs ,  reef  
bioerosion,  and man, both aboriginal and modern) cons tant ly  i n t e r a c t  t o  
change condit ions.  The r e l a t i v e  in luence of some of these  f a c t o r s  i s  
evident when comparing the  f l o r a s  o motus of d i f f e r e n t  s i z e s .  

Seed-dispersal mechanisms (Table 6)  and the  presence of 
underground f resh  water a re  a l so  v i t a l .  Unfortunately, the  
r e l a t ionsh ips  between groundwater s a l i n i t y ,  species d i s t r i b u t i o n ,  and 
vegetat ion pa t t e rns  on a t o l l s  a re  poorly understood ( F  
presence and r e l a t i v e  s a l i n i t y  of permanent water depends on 



'Exc ludes t r a n s i e n t  and e x t i n c t  species.  

Tab le  5. The d i s t r i b u t i o n  o f  p l a n t  subcommunities, t o g e t h e r  w i t h  t h e  numbers o f  p l a n t  species on the  motus 
o f  C a r o l i n e  A t o l l .  Motus 
p l a n t  succession.  

a re  arranged 

Number o f  
P l a n t  spec ies1  

T s H T 
r h  e  o  iir e r  r 

a  
s b  s  

- - - - 
0 1 2 3 
0 1 2 3 
0 1 2 3 
0 1 2 3 

1 1 5 7 
3 1 5 9 
0 1 5 6 
1 1 6 8 
3 1 7 11 

2 1 6 9 
0 1 3 4 
4 1 6 11 
1 1 6 8 

1 . 4 1 3 1  5 
2 1 6 9 
4 2 4 10 
3 1 5 10 
3 2 6 11 
3 1 7 11 
5 2 8 15 

2 . 4 5 5 2 8 1 5 X X  
3 1 5 9 
2 1 7 10 
3 1 6 10 
5 1 4 10 
4 2 6 12 
3 2 5 10 
3 1 7 I1  
3 1 6 10 
4 1 6 11 
3 1 7 11 
5 1 6 12 
5 1 6 12 
2 2 9 13 
3 1 7 1 1  
4 2 7 13 

4 2 9 15 
d 1 0 4 . 4 1 7 3 1 3 2 3 X  

5 1 10 16 
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Motu A t i b u  
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Ghyben-Herzberg lenses of varying thickness on different  i s l e t s ,  and 
t h i s  in turn depends upon island dimensions (especially width), soi l  
porosity, r a in fa l l ,  t idal  f luctuation, and other hydrological factors .  
Though groundwater supplies have been studied on many a to l l s  (Wiens 
1962, Maude 1953), each island group i s  so unique tha t  i t  i s  unwise t o  
extrapolate information from one t o  the other. 

Caroline's 39 motus f a l l  naturally into 4 s ize  classes:  motus 
with areas of: a) <0.2 ha, b) 0.2 t o  0.7 ha, c )  0.8 t o  25.0 ha, and 
d) >25.0 ha. These s ize groupings harbor a l l  5  of the sera1 stages 
identified on Enewetak Atoll (Lamberson 1987), ta i lored t o  re f lec t  
Caroline's particular geography, geology, and impoverished f lora .  Each 
stage may be the sole example of ecological succession on an i s l e t  or 
may occur as one of several stages. Typically the early stages cover 
the peripheral rubble and scrubby outer zones, while the l a t e r  ones 
appear as 

Stage I 

Stage I1 

Stage H I  

Stage IV 

a ser ies  of roughly concentric bands progressing i  nl and. 

Early pioneers on sandbars, sp i t s  or small rubbly i s l e t s  
subject t o  storm damage and washover. Harsh conditions, 
intense sun, drying winds, salt. spray. High s a l t  
concentration in the substrate.  Lack of fresh water and 
nutr ients .  Plant genera present include Neliotropium, 
Portulaca, Lepturus, Boerhavia, and seedling or open 
Tournefortia scrub. No Cocos. This stage covers many small 
motus (Noddy Rock, Fishball) and former in t e r i s l e t  channel s  
(e .g .  Long Island) or occurs peripherally on larger motus. 

Thick scrub of mixed genera, often impenetrable. I t s  
protective barrier allows for the development of vegetation 
on the larger i s l e t s .  Seabirds begin t o  contribute t o  the 
soil  (guano, eggs, regurgitated f i sh ,  decaying nesting 
material) .  Plant genera include Tournefortia, Suriana, 
Cordia, and Laportoa. If Cocos present, accompanied by 
coconut crabs. Very common around the periphery of most 
motus just  inland of the natural herb mats or flanking 
sheltered shores adjacent t o  the lagoon (South, Kota). 

Trees larger ,  seabirds add further t o  soi l  f e r t i l i t y .  Open 
grassland may develop in sunny clearings (Tridacna I s l e t ) .  
Added plant communities are Cordia-Tournefortia, 
Tournefortia-lorinda, and Pisonia-Tournefortia fores ts ,  
Occurs in the next inner concentric zone of vegetation t o  
Stage 11 on larger motus (Nake, Long) or ,  more commonly, the 
en t i re  inter ior  of smaller ones (Pandanus, Southern Leeward 
Is1 e t s )  . 
Pisonia dominates the older mixed fores t .  lorinda and 
Tournefortia mature. Forests are more open. Undergrowth 
mostly a  ground cover of Laportea, Boerhavia, Lepturus and 
Portulaca. Covers the main portion of larger  i s l e t s .  If 

s and Pandanus pr forest  with vines 
thern Nake, Shark mmon. A widespread 



s tage  in the  center  of most motus (Central Leeward, Windward 
Is1 e t s )  . 

Stage V Pisonia takes over. Other t r e e s  are  confined t o  the  f o r e s t  
edges. Always in the deep i n t e r i o r  of the  l a r g e r  i s l e t s .  
L i t t l e  o r  no ground cover. Abundant nesting Black Noddies 
(Anous minutus). A more r e s t r i c t e d  s tage  (Brothers, Raurau, 
central  Nake, Pig) .  

Ecol oqi cal Successi on on Motus of Dif ferent  Size Cl asses  

To a s s i s t  discussions of succession on Caroline 's  motus, see 
individual vegetation maps and graphs (Figs.  27-57) and photographs 
( P l s .  13-70). Figures 27-30 summarize the  amounts of each i s l e t ' s  
surface covered by each major plant  community and provide the  numbers 
and percentages of indigenous species f o r  each i s l e t .  

1 )  Motus with Areas t 0 . 2  ha Figs. 27, 31; P I .  49; Tbs. 5,  6 

Carol ine has 4 motus in t h i s  category, 3  windward and one leeward, 
whose combined area t o t a l s  0.15 ha .  There are  a lso  3 inc ip ien t  i s l e t s  
which, because of t h e i r  temporary character ,  have not been counted in 
Caroline 's  overall t o t a l  (Fig. 2, P I .  1 5 ) .  With the  exception of Noddy 
Rock, a  jagged, upraised 1  imestone plateau,  a1 1  cons i s t  predominantly of 
coarse coral rubble (75-98% coverage). These t i n y  motus a re  the  
simplest ecosystems on the  a t o l l ,  representing ea r ly  Stage I  in plant  
succession. The number of plant  species per motu averages 3 ,  a l l  hardy, 
sea-dispersed and s a l t - t o l e r a n t  pioneers (He7iotropium, Portu7acaj 
Lepturus, Tournefort ia) .  The sole  p lant  community i s  a  natural herb m a t  
of varying thickness and extent .  Tournefortia, though stunted and 
sca t t e red ,  i s  not s u f f i c i e n t l y  common t o  form a  separa te  scrub h a b i t a t ,  
Indigenous vegetation covers 2 t o  25% of  the i s l e t  a reas .  Seabirds,  
especial 1  y  Brown Noddies and Red-tailed Tropicbirds,  may attempt t o  
nes t .  

2 )  Motus with Areas 0.2 t o  0 .7  ha Figs. 28, 31; Tbs. 5 ,  6 

There are  5 leeward motus in t h i s  category,  whose combined areas 
t o t a l  2.21 ha. Their vegetat ive cover i s  more extensive and diverse  
t h a n  in s i z e  c lass  a ,  with herb mats and Tournefortia scrub and f o r e s t ,  
b u t  open rubble i s  s t i l l  abundant (30-55% cover) .  Plant succession 
corresponds t o  l a t e  Stage I and Stage 11. The average number of species 
i s  8.2 (range 6-11),  one-third of Caroline 's  t o t a l .  All vegetation i s  
indigenous except f o r  a  few Cocos palms. Seeds are dispersed by sea ,  
wind and bi rds .  

With the appearance of shrubs, the number of species increases 
markedly, and woodlands, primarily of Tournefortia, form and expand t o  
c rea te  dense th icke t s  averaging 5 m t a l l  and covering 25% of the land 
area .  Canopies of 10 m occur on Motus Nautong 
colonies of u p  t o  6  species (Brown and Red-foo 
Fr igatebi rds ,  Black and Brown Noddies, White Terns) a re  present .  
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Fig. 28 Plant comrnunilies and amount of indigenous vcgctation on mmus 0.2 to 0.7 ha. Caroline Atoll. See Fig. 27 for cxplanation of lhc ligure. 
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fig. 2 9 4  Plant cornrnunilics and xmwnt of indigenous vcgcwion on motu  0.8 lo 25.0 ha. CaroIinc AIOII. see fig. 27 lor explanation o l h  figurc. 
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Fig. 30. Plant communities and amount o f  indigenous vcgeta~ion on m o ~ u s  ovcr 2 5 . 0  ha. Scc Fig. 2 7  for explanation o f  the fieurn. 





A low herb mat, dominated by He7iotropium, Portu7aca, Boerhavia, 
and, more ra re ly ,  Lepturus, develops f i r s t ,  a f t e r  which Tournefortia 
quickly becomes established.  Shade, producing loca l ly  humid condit ions,  
and be t te r  " so i l s"  derived from guano, decomposing leaves,  and the  
a c t i v i t i e s  of land crabs and r a t s ,  provides appropriate habi ta t  fo r  
Laportea and occasional Phymatosorus and Achyranthes. The major t r e e  
species--Pisonia,  Morinda, Cordia, and Cocos--subsequently appear, but 
are  r e l a t i ve ly  ra re .  Pisonia, typical ly  an inland species assumed to  
need underground water (Spicer & Newbery 1979, Wiens 1962), could well 
be s a l t  to le ran t  as i t  occurs on motus as small as 0.2 ha (Tbs. 5, 6 ) .  
In t h i s  s i z e  c lass  Pisonia occupies only 2-6% of the t o t a l  i s l e t  areas.  

3) Motus with Areas from 0.8 t o  25.0 ha Figs. 29, 31; Tbs. 5, 6 

All 27 motus in t h i s  category share a s imilar  complement of 
species and plant communities (Tbs. 5, 6 ) .  Their combined area t o t a l s  
124.35 ha. They are  well-wooded (Fig.  29),  although the leeward motus 
have a higher proportion of rubble and herb mats, and fo r e s t s  are higher 
t o  windward. Unvegetated rubble covers l e s s  land area (21%) than in 
s ize  c lasses  a and b (87% and 39%, respect ively) .  Within the woodlands 
of these motus, subst ra tes  mature from basic rubble t o  primitive " so i l s "  
with small , but s ignif icant  , s t ructural  devel opment . Their f l  ora shows 
increasing d ivers i ty  with s i ze ,  and almost the fu l l  complement of 
seabirds may nest .  

A1 1 natural ecosystems are firmly es tabl ished;  canopy heights 
range from 4 t o  21 m .  On small Booby I s l e t  (0.84 ha), Pisonia i s  very 
common, and the Pisonia fo res t s  on North Brothers (1.71 h a )  and Pig 
(7.25 ha) ,  a t  21 m, are the t a l l e s t  on Caroline. As rich guano a n d  dead 
fol iage accumulate, a layer of phosphate-rich humus enables those 
species already present b u t  poorly represented on the small motus 
(Pisonia,  Morinda, Boerhavia, Laportea, Achyranthes) t o  increase in 
abundance and  s t a tu re  (Table 5 ) .  Additional species are Suriana, 
Pandanus, Ipomoea, bepidiurn, and Ximenia. 

Plant succession, ranging from Stage IT% t o  Stage 
i n t e r i o r ,  primarily involves fo res t  maturity ra ther  t h a n  the  addition of 
large  numbers of species.  On the larger  i s l e t s ,  the number of plant 
species increases by re la t ive ly  small increments, f i l l i n g  out the sub- 
canopy layers and, in the cases of Cordia and Pandanus, adding var ie ty  
t o  the canopy. 

The average number of plant species i s  11.0, ranging from 4 t o  15. 
If  we divide the motus in to  smaller s ize  c lasses ,  we find t h a t  t h e i r  
species numbers show a s l i g h t  overall increase with increasing s ize :  
8.0 species fo r  areas 0.8-1.0 ha, 9 .8  species fo r  areas 1.1-2.0 ha, 11.5 
species fo r  areas 2.1-4.0 ha, 11.3 species fo r  areas 4.1-10.0 ha, and  
12.0 fo r  areas 10.1-22 ha. A n  increase in herbs (range 3-9) i s  
primarily responsible fo r  these higher averages (Table 5 ) .  

Despite the  large range of motu s izes  in t h i s  category, plant  
n i t i e s  are  essen t ia l ly  natural (Table 5 ) .  Their overall specie 

composition i s  96% indigenous. Seventeen of the motus lack Cocos, the  



o n l y  i n t r o d u c e d  s p e c i e s  i n  t h i s  a r e a  c a t e g o r y ,  which i s  r e p r e s e n t e d  by 
s m a l l ,  i s o l a t e d  c l  umps o r  i n d i v i d u a l  palms. 

On t h e  l a r g e r  motus,  and w i t h i n  t h e  t a l l e r  f o r e s t s ,  more s p e c i e s  
o f  b i r d s ,  e s p e c i a l l y  Red-footed Boobies,  Grea t  F r i g a t e b i r d s ,  White 
T e r n s ,  and Black Noddies, nest i n  i n c r e a s i n g l y  l a r g e  c o l o n i e s ,  
f u r n i s h i n g  more m i n e r a l s  t o  t h e  deve lop ing  s o i l s ,  e s p e c i a l l y  where 
Pison ia  c o v e r s  l a r g e  a r e a s .  

I n  summary, by the  t ime a motu on Caro l ine  has reached 0.8 ha i n  
s i z e ,  a77 the  na tu ra l  p lan t  communities, most species o f  t rees ,  shrubs 
and herbs, and most species o f  seabirds are present ,  assuming no major 
i n te rven ing  d is turbances ( f o r  example, hurr icanes)  have occurred. I n  
Caro l i ne ' s  depauperate f l o r a  there  are few species l e f t  t o  increase 
f l o r a l  d i v e r s i t y  on the  l a rge r  i s l e t s ,  regardless o f  t h e i r  s i z e .  T h i s  
i s  v e r y  d i f f e r e n t  from the  i n h a b i t e d  a t o l l s  such a s  Kapingamarangi ( s e e  
n e x t  s e c t i o n ) .  

Although we do n o t  know when t r u e  f r e s h w a t e r  l e n s e s  d e v e l o p ,  t h e y  
may o c c u r  i n  motus of  t h i s  s i z e  c l a s s .  I f  we assume t h a t  Pison ia  i s  n o t  
s p e c i a l l y  s a l t - t o l e r a n t ,  l i m i t e d  f r e s h  wa te r  must be a v a i l a b l e  on motus 
a s  small  a s  0 . 2  ha ,  and a c t u a l  f r e s h w a t e r  l e n s e s  may begin  forming a t  
c a .  0 . 7  ha ,  a s  i n d i c a t e d  by t h e  sudden p r o l i f e r a t i o n  o f  Pison ia  f o r e s t  
(Tbs.  5 ,  6 ) .  However, t h e  Fa lconers  were unsuccess fu l  i n  l o c a t i n g  
underground f r e s h  w a t e r  on Motu Ana-Ana ( 2 . 1 6  h a ) ,  which s u g g e s t s  t h a t  
Pison ia  may be somewhat s a l  t - t o 1  e r a n t .  

4)  Motus w i t h  Areas  >25.0  ha F i g s .  30 ,  3 1 ;  Tbs .  5 ,  6  

On C a r o l i n e  no motus f a l l  between 22 and 75 ha i n  s i z e .  Thus t h e  
3  motus i n  t h i s  c a t e g o r y  (Nake, Sou th ,  Long) c o v e r  a  l i m i t e d  range :  
75.98 t o  107.50 ha.  They average  1 8 . 0  p l a n t  s p e c i e s .  The f l o r a l  
components and f o r e s t  h e i g h t s  o f  t h e s e  l a r g e r  motus ( F i g s .  33 ,  34;  
Table  5)  a r e  e s s e n t i a l l y  t h e  same a s  f o r  c l a s s  c .  There  a r e  no 
a d d i t i o n a l  n a t u r a l  ecosystems (mangrove swamps, s a l t  f l a t s ,  g r a s s l a n d s ,  
e t c . )  o r  u n d e r s t o r y  l a y e r s .  One a d d i t i o n a l  p l a n t  community ( 3  
subcommunities)  e x i s t s ,  dominated by t h e  i n t r o d u c e d  coconut  palm. Ten 
s p e c i e s ,  a l l  r a r e  o r  uncommon, a r e  p r e s e n t  on ly  on t h e  l a r g e r  motus 
(Tab le  3 ) :  Scaevola, T r i b u l u s ,  H ib iscus ,  Thespesia, Ximenia, Psi loturn, 
Tacca ( i n t r o d u c e d  i n  1834) ;  Phyl7anthus, S ida ,  and t h e  dubious  
D i g i t a r i a .  Four ,  p o s s i b l y  a s  many a s  8 ,  a r e  i n d i g e n o u s .  In 1965,  one 
v i n e  o f  t h e  ind igenous  Ipomoea pes-caprae was a l s o  found ,  bu t  3  
subsequen t  su rveys  f a i l e d  t o  l o c a t e  i t .  

Species-Area  Re1 a t i o n s h i p s  

The r e l a t i o n s h i p  between t h e  numbers o f  p l a n t  s p e c i e s  and i s l a n d  
s i z e  has  l o n g  a t t r a c t e d  i n t e r e s t  (Fosberg  1949, Wiens 1962, MacArthur & 
Wilson 1967, Whitehead & J o n e s  1969) ,  y e t  d a t a  from u n i n h a b i t e d  i s l a n d s  
i s  s c a n t .  The s t u d i e s  from Kapingamarangi ( N i e r i n g  1956, Wiens 1956) 
and A i t u t a k i  ( S t o d d a r t  & Gibbs 1975) t r e a t  a t o l l s  wi th  long  h i s t o r i e s  o f  
human occupancy.  Some o f  t h e  v i l l a g e s  on Kapingamarangi 's  23 motus d a t e  



t o  1200 A . D .  A i t u t a k i ' s  16 un inhab i ted  motus l i e  a d j a c e n t  t o  a  
wes te rn ized  vo l can i c  i s l a n d  i n  an " a lmos t - a to l l  ." People on both t h e s e  
a t o l l s  have profoundly in f luenced  t h e i r  f l o r a .  

Ca ro l i ne  p rov ides  an oppo r tun i t y  t o  compare t h e  numbers of  s p e c i e s  
on motus of  d i f f e r e n t  s i z e s  i n  an un inhab i ted  a t o l l ,  then  t o  compare t h e  
r e s u l t s  wi th  Kapingamarangi, A i t u t a k i ,  and un inhab i ted  i s 1  ands i n  t h e  
Line and Phoenix Groups t h a t  have no in t roduced  s p e c i e s  and have 
exper ienced minimal human c o n t a c t  (Table  8 ) .  Comparison of  Ca ro l i ne  
wi th  remote,  un inhab i ted  Oeno and Ducie I s l a n d s ,  a l s o  having e n t i r e l y  
indigenous f l o r a  (Fosberg e t  a l .  1989) would a l s o  be b e n e f i c i a l  
( T .  Spencer ,  p e r s .  comm. ) . 

Comparisons of  Spec ies -  r e a  Re l a t i onsh ip s  w i th  Other A t o l l s  

S t u d i e s  o f  Kapingamarangi (Nie r ing  1956) c o n t r i b u t e d  g r e a t l y  t o  
t h e o r i e s  of  i s l a n d  biogeography (MacArthur & Wilson 1967) .  Because i t s  
motus cover  t h e  same range of s i z e s  a s  Ca ro l i ne ,  t h e  2  a t o l l s  might be 
expected t o  e x h i b i t  s i m i l a r  p a t t e r n s .  However, t h e i r  s p e c i e s - a r e a  
r e l a t i o n s h i p s  a r e  complete ly  d i f f e r e n t .  On  Kapingamarangi, i s l e t s  l e s s  
than 1 . 4  ha showed a  c o n s t a n t ,  small number of  s p e c i e s ,  a f t e r  which 
i s l e t s  up t o  100 ha showed a  d i r e c t  c o r r e l a t i o n  of  a r ea  wi th  numbers o f  
s p e c i e s .  On Ca ro l i ne ,  a  motu of 1 .4  ha suppo r t s  almost t w o - t h i r d s  of  
t h e  t o t a l  number of  s p e c i e s ,  and p l a n t  d i v e r s i t y  on i s l e t s  up t o  107 ha 
shows on ly  a  s l i g h t ,  but no t  n e c e s s a r i l y  s t e ady ,  i n c r e a s e  (Tab le  5 ) .  

Spec i e s - a r ea  r e l a t i o n s h i p s  on t h e  motus of  A i tu t ak i  (S todda r t  & 
Gibbs 1975, F ig s .  33 and 34 of  t h a t  paper)  conformed t o  t h e  Ca ro l i ne  
model: t h e  number of  s p e c i e s  inc reased  only s l i g h t l y  on motus from 4 t o  
71 ha.  Unfo r tuna t e ly ,  A i tu t ak i  had on ly  one motu l e s s  than  1 . 4  ha ,  s o  
comparisons f o r  sma l l e r  i s l e t s  cannot be made. The f l o r a s  of  a l l  3  
a t o l l s  have been impacted by man, but Ca ro l i ne  f a r  l e s s  so  than  t h e  
o t h e r s .  Nuch of t h e  f l o r a l  d i v e r s i t y  on l a r g e r  i s l e t s  a t  Kapingamarangi 
i s  de r i ved  from p l a n t s  in t roduced  by man and cannot  be cons idered  
n a t u r a l .  

S i x  i s l a n d s  i n  t h e  Line and Phoenix Groups (Malden, S ta rbuck ,  
McKean, Phoenix, Vostok, B i r n i e j  a r e  un inhab i ted ,  w i t h  ent ire7y  n a t i v e  
f lora .  All a r e  Ca ro l i ne ' s  "neighbors"  in  an ocean ic  s ense ,  and a l l  
except  Vostok a r e  d r y ,  r e c e i v i n g  about 750 mm (30")  of  r a i n  p . a .  They 
a r e  o l d ,  e s s e n t i a l l y  f i l  l e d - i n  a t o l l s ,  con t a in ing  hypersal  i ne  c e n t r a l  
1  agoons o r  no lagoon a t  a1 1 .  A1 though t h e  1  a r g e s t  i s 1  and (Malden) has 
t h e  g r e a t e s t  d i v e r s i t y ,  t h e r e  i s  only  a  very small l i n e a r  i n c r e a s e  i n  
p l a n t  s p e c i e s  wi th  i nc r ea s ing  a r ea  (Table  7 ) .  P l an t  d i v e r s i t y  i s  more a  
f unc t i on  of  c l i m a t e  ( ho t  and d ry )  and d i s t a n c e  from source  a r e a s ,  than  
s i z e ,  s i m i l a r  t o  t h e  s i t u a t i o n  on Ca ro l i ne .  

The Q u e s t i o n  of Fresh Water 

The Kapingamarangi d a t a  were analyzed w i th  a v a i l a b i l i t y  of  f r e s h  
water  i n  mind (Wiens 1962, Whitehead & Jones  1969) .  These au tho r s  



Table 7.  Species-area r e l a t ionsh ips  of s i x  Pac i f i c  i s l ands  with 
e n t i r e l y  indigenous f l o r a .  

Is1 and Area No. Species 

Ma1 den 
Starbuck 
McKean 
Phoenix 
Vostok 
Birnie 

Is lands a re  arranged according t o  decreasing area .  Data i s  from Garnett 
( l983) ,  Fosberg and Sachet ( n . d . ) ,  Clapp and Si bley ( lg i ' l b ) ,  and pers .  
obs, 

suggested t h a t  1.4 ha i s  the  threshhold a t  hick a freshwater  lens  can 
develop. Below t h i s  s i z e  only halophytes can survive.  They argue t h a t  
as  the re  a re  only a 1 imited number of s a l t - t o l e r a n t  spec ies ,  the  f l o r a l  
composition on i s l e t s  below 1.4 ha i s  r e l a t i v e l y  cons tant .  O n  l a r g e r  
i s l e t s ,  species  numbers increase in d i r e c t  proportion t o  land a rea ,  
because permanent groundwater promotes the  survival  of an increasing 
va r i e ty  of nonhal ophyt i  c  pl an t s .  

The groundwater vs. p lant  model does not apply t o  depauperate 
Caroline f o r  a  number of reasons: f i r s t ,  the  number of p lant  species  i s  
not constant  on i s l e t s  below 1.4 ha: in f a c t ,  species a re  added f a s t e r  
on motus from 0.02 t o  1 .4  ha than between any other  s i z e  range. 

Second, on Kapingamarangi, the  number of species increased in 
d i r e c t  r e l a t i o n  t o  i s l e t  s i z e  from 1.4 ha t o  100 ha. O n  Caroline,  
species numbers increa.sed only s l i g h t l y  from 1.4 t o  2 2  ha and exhibi ted 
another minor increase from 70 t o  108 ha (see  Fig-. 3 % ;  Tbs. 
Sect .  F, Ecological Succession).  Thus, Caroline 's  da ta  do not support 
the  a rea -d ive r s i ty  theory. 

Third, Whitehead and Jones (1969) argue t h a t  the  f l o r a  on "small" 
motus lacking a freshwater lens  ( i . e .  t 1 .4  ha) cons i s t s  only of s a l t -  
t o l e r a n t  s t rand species .  This i s  not t r u e  on Caroline (Table 6 ) .  In 
addit ion t o  harboring the  usual s trand species (Tournefort ia ,  Por tu laca ,  
Laportea, Heliotropium, Boerhavia, Lepturus) ,  Caroline 's  "small" motus 
a lso  support inland species  t h a t  a re  genera l ly  considered non-halophytic 
(Pisonia ,  Morinda, Achyranthes, Cordia, Phymatosorus). Ei ther  these  
l a t t e r  5 species a re  moderately s a l t  t o l e r a n t ,  or  on Caroline t h e  
minimum i s l e t  s i z e  with a freshwater lens  i s  much l e s s  than 1 .4  ha, o r  
both. 

Fourth, Whitehead and Jones (1969) pos tu la te  t h a t  the  non- 
halophytic species a re  those t h a t  control overal l  species-area  



associa t ions .  This may be a  good genera l iza t ion f o r  l e s s  remote 
i s lands ,  but does not hold up f o r  a t o l l s  with depauperate f l o r a s  
(Tab1 e  6 ) .  For exampl e ,  on Carol ine the  ha1 ophyti c  Ipomoea macrantha, 
I. pes-caprae, Scaevola taccada, Sida f a l l a x ,  Lepidium bidentatum, 
Hibiscus t i l i a c e u s ,  Thespesia populnea, and Tribulus c i s t o i d e s ,  which 
t h e o r e t i c a l l y  should only occur as strand species on t h e  smaller i s l e t s ,  
occur only on l a r g e r  i s l e t s .  

F i f t h ,  the  authors do not mention bi rd-dispersa l  of seeds, which 
i s  probably a  f a c t o r  t h a t  needs t o  be taken i n t o  account on remote 
i s lands:  a t  Caroline, Pisonia and Boerhavia occur on i s l e t s  from 0.2 ha 
t o  108 ha. In addi t ion ,  the  numbers and d ive rs i ty  of seabirds  and 
migrant shorebirds are  much g rea te r  on unoccupied i s l e t s / a t o l l s  than on 
inhabited ones, s trongly a f fec t ing  the d i s t r i b u t i o n  of c e r t a i n  p lant  
species .  

S ixth ,  Caroline does not have an assemblage of nonstrand plants  
t h a t  only occur on l a rge r  motus; the  only natura l ly  occurring, nonstrand 
plant  i s  Psiloturn. 

Seventh, the  g r e a t e s t  f ac to r  complicating our understanding of 
Kapingamarangi's natural evolutionary processes i s  the  presence of 
numerous exo t i cs :  of i t s  98 vascular p lan t s ,  only 38 (39%) a re  
indigenous. I t s  exot ics  include numerous weedy herbs and food plants  
which occupy gardens, abandoned house s i t e s ,  t a r o  patches, and 
planta t ions  (Cocos, Pandanus, Artocarpus). These man-made hab i t a t s  a r e  
p a r t i c u l a r l y  prevalent on l a r g e r  i s lands .  Such an abundance of exo t i cs ,  
both in species and area covered, renders a  discussion of natural  
processes on Kapingamarangi almost impossible. Relat ively undisturbed 
hab i t a t s  such as those on most of Caroline's motus, and on other  
uninhabited Pac i f i c  is lands such as Ducie and Oeno, whose quota of 
indigenous p lants  exceeds 75%, provide f a r  b e t t e r  data on species-area  
re1 a t i  onships. 

i o n  o f  Trees,  

As  one progresses from small t o  large  i s l e t s  (Table 51, the  number 
of t r e e  species r i s e s  from zero t o  7, the number of shrubs from one t o  
4 ,  and the  number of herbs from 2 t o  12. Caroline's t rends a re  s imi la r  
to  those a t  Aitutaki  (Stoddart & Gibbs 1975), where the  numbers of t r e e s  
and shrubs a r e  r e l a t i v e l y  constant  over a  wide range of motu s i z e s  (3 .8 -  
71 ha), while the  number of herbs shows a  s l i g h t  increase.  There a re  
too many recent  exot ics  on Kapingamarangi fo r  comparisons t o  be va l id .  
We believe t h a t  i f  Niering's data were reanalyzed, using only indigenous 
species,  s imi la r  genera l iza t ions  would be found, viz:  most species on 
a t o l l s  e s tab l i sh  rapidly  on small motus, a f t e r  which a  few addi t ions  
occur on motus of increasing s i z e  unt i l  the  maximum number of 
po ten t i a l ly  avai lable  species i s  reached. Cursory examination of 
Niering's Figure 31, de ta i l ing  the  breakdown of t o t a l  species numbers 
in to  indigenous and non-indigenous components, bears out t h i s  
hypothesis . 



G. PLANT COMMUNITIES 

General Account 

The t o t a l  area covered by vegetation on Caroline i s  357.55 ha, 90% 
of the  combined areas  of a11 the  motus. Of t h i s ,  two- th i rds  (289.82 ha) 
i s  woodland. Substantial  areas of Caroline 's  na t ive  woodlands and herb 
mats a r e  r e l a t i v e l y  p r i s t i n e ,  and 89% (poss ib ly  92%) of i t s  p lant  
species a re  indigenous. Twenty-three (60%) of i t s  39 motus harbor 
wholly indigenous vegetation (Figs.  27-30). Atol l s  supporting 
subs tant ia l  areas of na t ive  f o r e s t  a re  t y p i c a l l y  remote and uninhabited. 
Where people a r e  present ,  na t ive  vegetation i s  usually confined t o  the  
smallest  motus o r  the  ext remit ies  of l a r g e r  ones--areas with marginal 
human usefulness.  

Overall vegetation pa t t e rns  s t rongly  support the  theory t h a t  the  
or ig inal  vegetation of many a t o l l s  i s  arranged in concentr ic  o r  pa ra l l e l  
b e l t s  according t o  s a l i n i t y  and ground water g rad ien t s ,  drainage,  and 
exposure t o  s a l t  spray (Fosberg 1976). Because of i t s  impoverished 
f l o r a ,  Caroline has no mixed broadleaf f o r e s t  per se but i s  r i ch  in pure 
stands o r  simple combinations of 2 o r  3  species (Figs .  17, 21, 23, 26- 
29) .  Monotypic s tands of shrubs and t r e e s  a re  common on a t o l l s ,  b u t  
unusual f o r  the  continental  t r o p i c s ,  where species d i v e r s i t y  i s  
considerably 1  arger .  

The present  vascular  f l o r a  of Caroline, 26 species ,  i s  organized 
in to  7  p lant  communities (11 subcommunities) defined p r inc ipa l ly  by 
dominant species (Fosberg 1953, 1976), whose areas a re  given in Table 8. 
Eight subcommunities are  n a t u r a l ,  3  a re  anthropogenic (Table 5 ) .  The 
subcommunities include a  mix of dominant species ,  which are  discussed in 
the  major community sec t ions  below. 

NATURAL COMMUNITIES: 
Natural Herb Mat 
Beach Scrub with Suriana 
Pandanus Forest 
Tournefortia Scrub and Forest 
Cordia Forest 
Pisonia Forest 

ANTHROPOGENIC COMMUNITY: 
Coconut Woodlands 

Natural Herb Mat (67.73 ha) Figs. 19, 23; Pls .  19, 
32, 34, 45, 46, 47 

Widespread and predic table  on wind- and salt-blown coastal  coral 
rubble and inc ip ien t  motus, these mats a re  composed primari ly of 
Heliotropium and Portulaca. They are  pioneers on newly emergent motus, 
cover most of the  ground area of small motus, extend inland along 
ancient  reef  channels,  and typ i fy  newly evolving 1  and which c  
augments es tabl i shed i s l e t s .  Natural herb mats may p e r s i s t  through a l l  
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Table 8. Areas of plant  communities on the  i s l e t s  of Caroline Ato l l .  

% of 
Tot a1 Total 

Area Land Area 
(ha) Area (ha) % 

Unveqetated Habitats  
Coral Rubble and Sand 

Natural Plant Communi t i e s  
Natural Herb Mats 
Beach Scrub wit)  Suriana 
Pandanus Forest 
Tournefortia Icrub and Forest 
Cordia Forest 
Pi soni a Forest 

Anthroposenic Communitv 
Coconut Woodlands 

Total Area Above Hish Water 

'pure Pandanus only. A1 so mixed with Pisoni a ,  Tournefort ia ,  and Cocos. 
' ~ o r d i a ,  where mixed with Pi soni a and Tournefort ia ,  i s  included in 
t o t a l s  f o r  those f o r e s t  communities. 

5 s tages of plant  succession as long as sunny openings occur. 
Caroline 's  motus i l l u s t r a t e  2 general p r inc ip les :  1 )  the smaller the 
area the  more extreme i s  the strand character  of i t s  vegetat ion,  and i t s  
co ro l l a ry ,  2 )  as areas en1 arge, s trand f l o r a  becomes l e s s  important 
(Fosberg 1949). 

The following species are  present (see Table 2 f o r  abundance 
indices)  : 

Trees: Mor inda  c i t r i f o 7 i a  ( 1  d r i f t  seedling on 1 motu); 

Shrubs: T o u r n e f o r t i a  a r g e n t e a ,  S u r i a n a  m a r i t i m a ,  Scaevo7a t a c c a d a ;  
and 

Herbs : H e 7 i o t r o p i u m  anoma7um, Por tu7aca  7u tea ,  B o e r h a v i a  repens ,  
L e p t u r u s  repens,  Lapor tea  r u d e r a l i s ,  Lep id ium b i d e n t a t u m ,  
Ipomoea macrantha.  

Near the high water mark, the  herbs are  recumbent, l ea the ry ,  and 
somewhat desiccated.  As environmental condit ions improve f u r t h e r  
inland,  they spread more l a t e r a l l y  and average u p  t o  7 cm t a l l .  Their 
rubbly h a b i t a t ,  often sprinkled with T o u r n e f o r t i a ,  resembles a low 



savannah .  A l though  t h e s e  p r o s t r a t e  h e r b s  c a n  t o l e r a t e  i n t e n s e  s u n l i g h t ,  
t h e y  grow o p t i m a l l y  i n  s l i g h t  s h a d e ,  s andy  s o i l s ,  and h i g h e r  r e l a t i v e  
h u m i d i t y ,  when t h e y  may r e a c h  22 cm t a l l ,  f o r m i n g  a f a i r l y  t h i c k  mat 
( P I .  4 5 ) .  With t o o  much s h a d e  t h e  ma t s  d i s a p p e a r  o r  t h e i r  s p e c i e s  
p r o p o r t i o n s  and abundance  c h a n g e s  a c c o r d i n g  t o  t h e  p r e s e n c e  o r  a b s e n c e  
o f  sunny c l e a r i n g s .  Thus,  n a t u r a l  h e r b  mats may be  found  i n  p a t c h y  
c l e a r i n g s  w i t h i n  f o r e s t s  up t o  1 3  m t a l l .  They a r e  common i n  t h e  
abandoned Cocos p l a n t a t i o n s  o f  Sou th  I s l a n d ,  where  B o e r h a v i a  
p r o l i f e r a t e s  i n t o  t h i c k  m a t s  which c o m p l e t e l y  c o v e r  t h e  s u b s t r a t e ,  v y i n g  
w i t h  Phymatoso rus  and Ipomoea f o r  " l ebens raum"  ( P I .  3 4 ) .  A t h i c k ,  
exposed  mat o f  s u c c u l e n t  h e r b s ,  p r i m a r i l y  P o r t u l a c a ,  i s  found  on Noddy 
Rock. 

Herb m a t s  o c c u r r e d  on a l m o s t  e v e r y  t r a n s e c t ,  windward and l e e w a r d ,  
r a n g i n g  from 1% t o  60% c o v e r a g e  ( F i g s .  1 9 ,  2 3 ) ,  p r e d o m i n a t i n g  i n  
s p a r s e l y  v e g e t a t e d  a r e a s .  The most e x t e n s i v e  a r e a s  ( c o v e r a g e  35-50%) 
were  on S k u l l ,  T r i d a c n a ,  i n t e r i o r  S o u t h ,  Emera ld ,  and Mann ik iba .  T h e i r  
w i d t h s  v a r i e d  a c c o r d i n g  t o  t h e  a g e ,  s h a p e ,  e x p o s u r e ,  and g e o g r a p h i c  
p o s i t i o n  o f  t h e  motu b u t  were  w i d e s t  on s e a w a r d - f a c i n g  s h o r e s .  Wide 
bands  o f  h e r b  ma t s  may e n c i r c l e  an e n t i r e  motu;  t o  windward t h e y  a v e r a g e  
36  rn ( T a b l e  94 ,  w h i l e ,  b o r d e r i n g  t h e  r e l a t i v e l y  p l a c i d  and 
i n t e r m i t t e n t l y  shaded  l a g o o n ,  t h e y  s h r i n k  t o  a  mere  0 . 9  m .  On l e e w a r d  
mo tus ,  t h e  c o r r e s p o n d i n g  f i g u r e s  a r e  18. m and 4 . 2  m .  

T a b l e  9 .  Widths  o f  n a t u r a l  h e r b  ma t s  on seaward -  and l a g o o n - f a c i n g  
s h o r e s ,  C a r o l i n e  A t o l l .  

Averaqe  Width o f  Herb Mat (rn) 
Seaward Lagoonward 

Leeward Motus 

Windward Motus 

Al though r e e f  f l a t s  widen where i s l e t s  t u r n  s h a r p l y ,  i t  i s  n o t  
unexpec t ed  t h a t  t h e s e  p e r i m e t e r  bands  a r e  t h e  most  e x t e n s i v e  on t h e  
e x t r e m e l y  exposed  s h o r e s  o f  n o r t h e r n  Nake ( P I .  16 )  and s o u t h e r n  Sou th  
I s l a n d .  On t h e  l a t t e r ,  t h e y  a r e  up t o  59 m w i d e .  S i m i l a r l y ,  on sma l l  
exposed  motus  ( e . g .  S k u l l ,  Noddy Rock),  t h e y  c a r p e t  most  o f  t h e  a r e a  
( F i g .  2 7 ) .  Under such  c o n d i t i o n s ,  P o r t u l a c a  and B o e r h a v i a  d e v e l o p  much 
r e d d e r  s t e m s ,  p o s s i b l y  d u e  t o  t h e  p r e s e n c e  o f  a  chemica l  " s u n s c r e e n "  o r  
i n t r o g r e s s i o n  w i t h  P .  o l e r a c e a  ( F o s b e r g ,  p e r s .  comm.). 



Seab i rd  Use 

Whether border ing  t h e  edges  of  e s t a b l i s h e d  i s l a n d s  o r  composing 
t h e  e n t i r e  ground cover  o f  t i n y  motus and a n c i e n t  r e e f  channel s ,  herb 
mats a r e  n e s t i n g  s i t e s  f o r  Red - t a i l ed  T r o p i c b i r d s ,  Masked and Brown 
Boobies,  Sooty Terns ,  and Brown Noddies. They prov ide  s i t e s  f o r  t h e  
development o f  phospha t ic  hardpan ( S e c t .  D ,  S u b s t r a t a ) .  Herb mats a l s o  
p rov ide  fo r ag ing  grounds f o r  s h o r e b i r d s .  

Beach Scrub w i th  Suriana (1 .49 ha) Fig .  20; P l s .  23, 39,  44 

Uncommon on Ca ro l i ne ,  Beach Scrub with  Suriana i s  t y p i c a l l y  found 
on sand o r  sandy rubb l e  border ing  Tournefortia o r  Cocos. On C a r o l i n e ,  
i t  i s  e v i d e n t l y  l i m i t e d  by t h e  pauc i t y  of  low- ly ing  sand and grave l  
s h e e t s ,  wi th  which i t  i s  normally a s s o c i a t e d  e l sewhere  (Fosberg 1953, 
Wiens 1962, S todda r t  & Gibbs 1975 ) -  

The fo l lowing  s p e c i e s  a r e  p r e sen t  ( s e e  Table  2 f o r  abundance 
i n d i c e s )  : 

- 
Shrubs: lournefortia argentea, Suriana maritima; and 

Herbs: Ne7iotropium anomalum, Boerhavia repens, Portulaca lutea, 
Laportea ruderalis, Phymatosorus sco7opendria, Lepturus 
repens. 

This  p l a n t  community was found on 9  motus ( F i g .  2 0 ) ,  e i t h e r  i n  
t h i c k  bands o r  a s  s c a t t e r e d  shrubs .  Suriana i s  most r obus t  on sandy 
s u b s t r a t e s ,  e s p e c i a l l y  f r i n g i n g  t h e  lower lagoon on South I s l a n d  
( F i g .  36; P l s .  23, 39) and on windward Tr idacna .  The f r i n g e ,  r e p e a t e d l y  
i n t e r r u p t e d  by o t h e r  s p e c i e s ,  grows t o  12 m wide and 1 .8  m h igh.  Here 
t h e  shrubs  a re  c l o s e l y  appressed and s l i g h t l y  e n t a n g l e d ,  forming dense  
shade which suppo r t s  a s p a r s e  unders to ry .  On South,  where i t s  r o o t s  a r e  
submerged a t  h igh  t i d e ,  i t  i s  being shaded ou t  by overhanging Cocos 
(compare P l s ,  39 and 401, having r e t r e a t e d  s i n c e  1965, Suriana a l s o  
occurs  a s  s c a t t e r e d  i n d i v i d u a l s  o r  i n  open bands i n  c o a r s e  r u b b l e .  
Beach s t r a n d  u p  ts 60 in !ride, con t a in ing  herb mats ,  Tournefortia, and 
s c a t t e r e d  Sur- iana ,  w r e  found on South (T r ,  PI .  201, Long 
Bro the r s ,  Matawa, Loncj, a n d  t h e  Southern t e e  

Pandanus Forest (3 .38  ha5) F ig .  11;  P l s .  17 ,  35-38 

Although s eve ra l  s p e c i e s  of  Pandanus a r e  n a t i v e  t o  t h e  Fine 
I s l a n d s ,  and t h e i r  seeds  a r e  common components of  P a c i f i c  s e a - d r i f t  
(Rid ley  1930, S tone  1968 ) ,  i t  i s  p o s s i b l e  t h a t  t h e  g roves  of  
P. tectorius on Ca ro l i ne  r e p r e s e n t  both n a t u r a l  f o r e s t s  and c u l t i v a r s  
t r a n s p o r t e d  by e a r l y  Po lynes ians .  However, we have no d a t a  t o  v e r i f y  

i s  f i g u r e  i s  pure  Pandanus f o r e s t .  Mixed f o r e s t s  con t a in  
account  f o r  a  f u r t h e r  14.96 ha. 



t h i s ,  e x c e p t  t h a t  i t s  p r e s e n t  and p a s t  d i s t r i b u t i o n  on F l i n t  I s l a n d  
suggests  t h a t  i t  i s  i n d i g e n o u s  t h e r e  ( K e p l e r ,  i n  p rep . ) .  I t s  l a r g e s t  
acreages a r e  on 2 i s 1  ands t h a t  c o n t a i n e d  h i s t o r i c a l  s e t t l e m e n t s  (Nake, 
Sou th ) .  However, i t s  p resence w i t h i n  t h e  i n t e r i o r  f o r e s t s  o f  a  few 
motus l e a d  us t o  conc lude  t h a t  i t  may have e x p e r i e n c e d  a  d u a l  
i n t r o d u c t i o n .  On Emerald, 3.20 ha (38% o f  t h e  i s l e t )  s u p p o r t s  a  mixed 
f o r e s t  o f  T o u r n e f o r t i a ,  P i s o n i a ,  and Pandanus. S i m i l a r l y ,  Shark ' s  
i n t e r i o r  woodlands o f  T o u r n e f o r t i a ,  P i s o n i a ,  and C o r d i a  (5.52 ha, 70% o f  
t h e  i s l e t ' s  a rea )  a l s o  c o n t a i n  a  s u b s t a n t i a l  amount o f  Pandanus, b u t  
t h e r e  was p o s s i b l y  a  h u t  on Shark  l a s t  c e n t u r y .  The o c c u r r e n c e  o f  
Pandanus g roves  o r  l o n e  t r e e s  on o t h e r  i s l e t s  ( F i g .  11) i s  e a s i l y  
a t t r i b u t a b l e  t o  d r i f t  s e e d l i n g s .  D r i e d  Pandanus pha langes a r e  t h e  most  
consp icuous l i t t e r  a l o n g  C a r o l i n e ' s  l agoon  beaches ( P I .  3 8 ) ;  i t s  seeds 
l a s t  f o r  months i n  seawater  (Guppy 1906) and a r e  p r o b a b l y  d i s t r i b u t e d  
1  o c a l  l y  by  r a t s  and 1  and crabs,  as n o t e d  e l  sewhere (R id1  ey 1930) .  
Phalanges f r o m  Nake's s o u t h e r n  mixed woodlands undoub ted ly  e s t a b l i s h e d  
t h e  g r o v e  on Pandanus I s l e t .  

The mixed f o r e s t  w i t h  Pandanus on s o u t h  Nake ( w i t h  Cocos, Cord ia ,  
P i s o n i a ,  and T o u r n e f o r t i a )  c o n t a i n s  up t o  50% Pandanus a t t a i n i n g  h e i g h t s  
o f  12 m ( F i g .  3 7 ) .  

Many Pandanus t r e e s  were f e l l e d  on South I s l a n d  d u r i n g  t h e  coconut  
p l a n t i n g  e r a  ( ca .  1873-1925),  as we know t h a t  t h e y  were "somewhat 
numerous" i n  1834 (Benne t t  1840),  b u t  o n l y  "one o r  more o f  t h e  screw 
p i n e s  were found  g row ing  i n  v a r i o u s  p a r t s  o f  t h e  i s l a n d "  i n  1883 
( T r e l e a s e  1884).  A d raw ing  i n  t h i s  l a t t e r  paper  d e p i c t s  a  g r o v e  f r o m  
South, where t o d a y  Pandanus i s  uncommon i n  t h e  beach s c r u b  b o r d e r i n g  t h e  
Cocos p l  a n t a t i o n .  

Trees were f r u i t i n g  abundan t l y  i n  September 1988. The g reen  
pha langes,  17.5-20 cm i n  d i a m e t e r ,  r i p e n  t o  y e l l o w  and orange when t h e y  
f a l l ,  t o  be ea ten  b y  h e r m i t  c rabs ,  Coenob i ta  p e r l a t u s  ( P I .  3 8 ) ,  

F i g s .  24, 32; P l s .  7 ,  
9, 19, 29,  47 

C h a r a c t e r i s t i c  o f  many P a c i f i c  i s 1  ands, T o u r n e f o r t i a ,  a  
b r o a d l e a f e d  eve rg reen ,  dominates  t h e  wooded motus o f  C a r o l i n e ,  f o r m i n g  
40% o f  i t s  v e g e t a t i v e  c o v e r  and 31% o f  t h e  t o t a l  l a n d  a rea  ( F i g .  24, 
T a b l e  8 ) .  I t s  p a l e  f o l i a g e  and h e m i s p h e r i c a l  canop ies  ( t o  14 m t a l l )  
t y p i c a l l y  su r round  t h e  t a l l e r ,  d a r k e r  canop ies  o f  P i s o n i a  and C o r d i a .  

A h a r d y  h a l o p h y t e ,  T o u r n e f o r t i a  occu rs  on e v e r y  motu and i n  e v e r y  
h a b i t a t  e x c e p t  p u r e  P i s o n i a  f o r e s t .  I t  i s  t a l l e s t ,  w i d e s t  and l u s h e s t  
on t h e  windward motus, p a r t i c u l a r l y  on t h o s e  where P i s o n i a  i s  a l s o  b e s t  
deve l  oped. W i t h o u t  d  h, as under  dense P i s o n i a  o r  Cocos 
i t  w i t h e r s  ( P I .  2 3 ) .  
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On o ther  a t o l l s  T o u r n e f o r t i a  forms a narrow or  in ter rupted  b e l t  
inland of t h e  beach, o r  i s  a  component of mixed scrub (Fosberg 1953). 
However, given the  f l o r i s t i c  poverty on Caroline,  e spec ia l ly  of shrubs 
and t r e e s ,  T o u r n e f o r t i a  not only has expanded in to  niches which might 
elsewhere be occupied by combinations of Scaevo la ,  Pemphis, S u r i a n a ,  
T e r m i n a l i a ,  Hernand ia ,  Thespes ia ,  H i b i s c u s ,  e t c . ,  but f requent ly  occurs 
in pure stands (113.03 ha) t h a t  extend well inland.  I t  thus occupies a  
much higher percentage of the  i s l e t  areas on Caroline than on a t o l l s  
with g r e a t e r  b iod ive r s i ty .  For example, Nake, the  l a r g e s t  i s l e t ,  has 
the  g r e a t e s t  amount of T o u r n e f o r t i a  (79.68 ha) :  28.9 ha of pure scrub 
and f o r e s t ,  18.28 ha of "savannah," 17.48 ha with C o r d i a ,  8.99 ha with 
P i s o n i a ,  and 6.03 ha mixed with Cocos, Pandanus, and P i s o n i a .  

Overal l ,  we c l a s s i f y  T o u r n e f o r t i a  as a shrub (Stoddart  & Gi bbs 
1975). However, following Mueller-Dombois e t  a l .  (1981, p .  58 ) ,  we a l so  
d i s t ingu i sh  between i t s  shrub (scrub)  and t r e e  communities. Because 
they in tergrade ,  we may lump them together  (vegetat ion maps and 
schematic p r o f i l e s  of the  motus),  or  t r e a t  them separa te ly  (Tbs. 2 ,  5 ,  
10 and ecological discussions)  : 

I )  T o u r n e f o r t i a  Scrub: 5 5  m high ( x  = 2 m), t60% canopy coverage 
( P l s .  19, 29, 32, 47) .  This open scrub growth i s  t y p i c a l l y  confined 
t o  i s l e t  perimeters or  emergent reef  channels and covers much of the  
vegetated rubble on smaller i s l e t s .  I t s  species composition i s  
s imi la r  t o  t h a t  of the  t a l l e r  f o r e s t ,  except t h a t  herbs a re  more 
prominent. 

2 )  T o u r n e f o r t i a  Forest:  >5 m high ( x  = 8 m), 950% canopy coverage 
( P I .  48 ) .  This t a l l e r ,  closed f o r e s t ,  with maximum height 15 m ,  
develops as a  second b e l t  of woody vegetation approaching the  
i n t e r i o r  of the  l a r g e r  i s l e t s .  Figure 32 dep ic t s  a  schematic p r o f i l e  
through pure T o u r n e f o r t i a  scrub and f o r e s t ,  while Figure 35 diagrams 
a p r o f i l e  of a 1 arger  i s l e t  where T o u r n e f o r t i a  i s  represented only on 
i t s  periphery.  

The following species occur in both scrub and f o r e s t .  Those 
marked "*" occur primari ly in the  scrubland (Table 2 ) .  

Trees: P i s o n i a  g r a n d i s ,  Mor inda c i t r i f o l i a ,  Pandanus t e c t o r i u s ,  
Cocos n u c i f e r a ,  C o r d i a  s u b c o r d a t a ;  

Shrubs: S u r i a n a  m a r i t i m a ,  T o u r n e f o r t i a  a r g e n t e a ,  Scaevo la  taccada ,  
X imenia  amer icana;  and 

Herbs: * H e l i o t r o p i u m  anomalum, "Boerhav ia  repens,  * P o r t u l a c a  l u t e a ,  
* L e p t u r u s  repens,  *Lapor tea  r u d e r a l i s ,  "Achy ran thes  
canescens,  Phymatosorus s c o l o p e n d r i a ,  Ipomoea macran tha .  

Carol i n e ' s  t a l l  e s t  T o u r n e f o r t i a  stands (12-15 m) occur on Nake. 
O n  a l l  o ther  windward motus, the  T o u r n e f o r t i a  canopies vary between 6 



and 9  m t a l l ,  shor te r  than expected i f  t h e i r  f o r e s t s  were v i rg in .  This 
has h i s t o r i c a l  s igni f icance:  we do not know the  extent  of f o r e s t  
f e l l i n g  ( i f  any) on the  Windward I s l e t s  (Crescent through Tridacna) 
during the  guano e r a ,  but we do know t h a t  4,587 coconut palms were 
planted during 1919-20, and t h a t  "misses" (dead seedl ings)  were 
f a s t i d i o u s l y  replaced over the  following 2  years  (Young ca. 1922). 
Thus, t h e i r  f o r e s t s ,  though weed-free today, comprise secondary growth 
around 60 years  o ld .  I t  i s  not su rp r i s ing  t h a t  Achyranthes canescens 
and Lepturus repens, both weedy (though indigenous) ,  a r e  p a r t i c u l a r l y  
common inland on some windward motus (Figs .  13, 16) .  Tournefor t ia ' s  
rapid recovery i l l u s t r a t e s  t h a t  ecosystems in the  pioneer s tage  
genera l ly  recover t h e i r  or ig inal  condition rapid ly  when l e f t  alone 
(Fosberg 1983). 

S t a t u r e  and Area Coverage 

Forming an umbrella- l ike canopy, a  typica l  Tournefort ia  f o r e s t  i s  
very simple. I t s  twisted branches and gnarled trunks s t r e t c h  un t id i ly  
over an open understory. The lower branches d i e  of f  as  the  t r e e s  
increase in s t a t u r e .  Sometimes a  scant herbaceous cover develops in 
local ized  pockets of b e t t e r  s o i l ,  such as a  c l ea r ing  where a dead t r e e  
f e l l  o r  a  semishaded spot beneath a  colony of seabi rds .  

Tournefort ia  i s  abundant throughout the  a t o l l .  Areas with 90%- 
100% canopy cover were found on Nake (Tr. 4 ) ,  Long (Trs .  B ,  C ,  4 ,  6, 10, 
12) ,  North Pig, Pig, North Brothers, Brothers, Crescent,  Arundel 
(Fig .  3 2 ) ,  Tridacna (Trs .  1 ,  2 ) ,  South (Trs.  1 ,  4 ) ,  a l l  5  Southern 
Leeward I s l e t s ,  a l l  Central Leewards over 0.5 ha, and Pandanus I s l e t .  
Tournefort ia  i s  present  across the  e n t i r e  width of some small motus, 
e . g .  Fishball (144 m wide). Even on l a rge r  motus such as Mannikiba 
(280 m wide), Tournefort i a  bl ankets nearly a1 1  the  1  and ( P I  . 63) . Long 
(75.98 ha) i s  a  composite motu: long, narrow, and derived from the  
coalescence of a t  l e a s t  5 former i s l e t s .  Because Tournefortia enci rc led  
the  perimeters of these  ancient  i s l e t s ,  i t  i s  now present in 5  s e t s  o 
concentr ic  c i r c l e s ,  connected by herb mats, down the  length of the  
i s land (Fig .  39) .  

In the  herb mats, Tournefortia i s  small ( x  = 1.4  m) and widely 
sca t t e red  (Table 10) .  I t  may be of typical  hemispherical shape or 
i r r e g u l a r l y  windshorn ( P l s .  13, 45).  On windward coas ts  they typica l  
form a  t i q h t  wind b a r r i e r ,  one o r  2 t r e e s  th ick .  Movinq inshore from 
the  seaward f r i n g e ,  the  t r e e s  become progressively t a l l e r  ( x  = 6  m) with 
a  more open understory. Cordia often mixes with Tournefort ia ,  e i t h e r  as 
sca t t e red  individuals  in the  understory or  canopy, o r  as  small groves. 
O n  the  Southern Leeward I s l e t s  such b e l t s  border the  seaward scrublands.  

Although s t i l l  widespread in the  Pac i f i c ,  Tournefortia i s  f a r  l e s s  
abundant than formerly. On inhabited i s lands  i t  e x i s t s  primari ly in 
re1 i c t  patches or  as  edging around anthropogenic f o r e s t s .  I t  r a r e l y  
covers most of t h e  land area of i s l e t s ;  exceptions a r e  Taongi and 
(Marshal 1  Is1 ands) , Gaferut (Carol i  ne Is1 ands) , and Duci e  At01 1  
( P i t c a i r n  Is lands)  (Fosberg 1956, Wiens 1962). The f i n e s t  q u a l i t y  



Table 10. S ta tu re  and percentage cover of Tournefortia in the  major 
h a b i t a t s  of Caroline Atol l .  

% 
Av. Hgt. Av .  Width Tournefortia No. No. 

( m )  ( m )  Cover Motus Transects 

Natural 1.4 49 2 5 14 2 0 
Herb Mat (0.3 - 1.8)  (3  - 198) ( 5  - 95) 

Tournefort i  a  6 5 5 8 1 3 8 7 1 
Scrub & ( 0 . 3 -  15) ( 2 - 2 8 7 )  ( 5  - 100) 
Forest 

Tournefort i  a-  9.5 9 8 4 7 18 2 7 
Pi soni a  (5 - 15) ( 8  - 284) ( 5  - 90) 
Forest 

T o u r n e f o r t i a  on Caroline (15 m t a l l ,  80% cover) occupy centra l  and 
northern Nake (Fig.  37) ,  but even t h i s  i s l e t  was completely f e l l e d  f o r  
Cocos (Table 1 3 ) .  These 15-m T o u r n e f o r t i a  compare favorably with 18 m 
specimens found a t  Jemo Island by Fosberg (1956). Perhaps Jemo's t r e e s  
are a t  the  upper s i z e  l i m i t  f o r  the  species ,  as T o u r n e f o r t i a  i s  
general ly recorded as 3 t o  6 m t a l l  (Wi ens 1962). 

Ecol ogy 

T o u r n e f o r t i a  i s  an in tegra l  par t  of the  a t o l l ' s  evolution and 
ecology, Bearing seeds capable of f l o a t i n g  f o r  a t  l e a s t  4 months in the  
sea (Guppy 1906), i t  i s  the f i r s t  woody plant  t o  e s t a b l i s h  on Caroline 's  
t iny  motus ( t 0 . 1  h a ) ,  appearing immediately a f t e r  the  nat ive  herbs have  
begun t o  germinate in the  coarse coral rubble. I t  i s  the  only p lant  
species on t i n y  Ducie Atoll (Fosberg e t  a l , ,  1389). Requiring l i t t l e  or 
no so i l  and adequate r a i n f a l l ,  i t  can grow up t o  2 m a year (Fosberg 
1959). T o u r n e f o r t i a ' s  leaves contr ibute  t o  s o i l  development, paving the 
way f o r  p lant  succession from Stages I through IV, f o r  i t  only p e r s i s t s  
in s o i l s  t h a t  are  conducive to  the  growth of i t s  mesophytic competitors 
(Fosberg 1953). The most mature t r e e s  ( x  = 9.5 m )  occur a t  the  
T o u r n e f o r t i a - P i s o n i a  in te r face ,  but d i e  off  as  P i s o n i a  expands. When 
T o u r n e f o r t i a  has reached i t s  maximum height ,  most of i t s  lower branches 
have f a l l e n ,  leafage i s  reduced, and flowers and f r u i t s  a re  few. 
T o u r n e f o r t i a  usually drops out a f t e r  one generat ion.  Seedlings are  
r a r e l y  seen in heavy shade, and f a l l e n  t r e e s  a re  f a i r l y  common on the  
edge of the  i n t e r i o r  f o r e s t s  where P i s o n i a  replaces i t .  

An example of complete replacement of T o u r n e f o r t i a  by 
i l l u s t r a t e d  by nearby Vostok. I t  has heretofore been assumed t h a t  
Vostok's s o l e  t r e e  species was P i s o n i a  g r a n d i s  (Fosberg 1936, Bryan 



1942, Clapp & S i b l e y  1971b, G a r n e t t  1983).  However, Young ( c a .  1922) 
s t a t e d  t h a t  when Capt.  J .  Larsen,  o f  t h e  schooner  P a p e e t e ,  p l a n t e d  100 
coconuts  t h e r e  on 31 May 1922, he found "Pukatea  and Tauhinu t r e e s ,  e t c .  
60 t o  80 f e e t  h i g h , "  t h a t  i s ,  P i s o n i a  g r a n d i s  and T o u r n e f o r t i a  a r g e n t e a ,  
bu t  no "Tou" t r e e s  (Cordia  s u b c o r d a t a ) .  By 1935 on ly  P i s o n i a  remained 
(Fosberg 1936) ;  hence,  t h e  l a s t  T o u r n e f o r t i a  must have been e l i m i n a t e d  
n a t u r a l  1  y  by P i s o n i a .  

Along some c o a s t s  (Long, Nake, Sou th) ,  T o u r n e f o r t i a  overhangs t h e  
w a t e r ,  i t s  r o o t s  immersed a t  high t i d e .  We found f l o a t e d  d e b r i s  up t o  
20 m i n l a n d  w i t h i n  dense  T o u r n e f o r t i a  f o r e s t ,  i n d i c a t i n g  t h a t  t h i s  hardy 
shrub  can w i t h s t a n d  p e r i o d i c  s to rms  and high t i d e s .  I f  a  r o s e t t e  o f  
T o u r n e f o r t i a  l e a v e s  i s  p laced  i n  f r e s h  w a t e r ,  i t  droops  w i t h i n  an hour ,  
i n d i c a t i n g  t h a t  i t s  t i s s u e s  r e q u i r e  a  high s a l t  c o n c e n t r a t i o n  i n  o r d e r  
t o  main ta in  t u r g i d i t y  ( p e r s .  o b s . ) .  Perhaps d e c r e a s e d  s a l i n i t y  i n  t h e  
ground w a t e r ,  coupled wi th  reduced l i g h t  i n t e n s i t y  i n  advanced s e r a 1  
s t a g e s ,  c o n t r i b u t e  t o  t h e  even tua l  d i sappearance  o f  T o u r n e f o r t i a  i n  t h e  
c e n t e r  o f  c o r a l  i s 1  ands .  

T o u r n e f o r t i a  i s  a  f avored  r o o s t i n g  and b reed ing  s i t e  f o r  most o f  
C a r o l i n e ' s  s e a b i r d s .  The t a l l e r  t h e  t r e e s ,  t h e  g r e a t e r  t h e  b i r d  
d i v e r s i t y  t h e y  h a r b o r :  s c r u b  con ta ined  4  s p e c i e s  (36%) and f o r e s t ,  9  
(82%).  Sooty Terns  n e s t  i n  t i g h t  c o l o n i e s  i n  i t s  shade ,  i t s  c a n o p i e s  
suppor t  l a r g e  p o p u l a t i o n s  o f  Red-footed Boobies and Great  F r i g a t e b i r d s  
( P t .  1 1 ) ,  and i t s  branches  a r e  favored  by White Terns  ( F i g s .  32 ,  35,  
3 6 ) .  T o u r n e f o r t i a  l e a v e s  p rov ide  n e s t i n g  m a t e r i a l  f o r  noddies .  

o r e s t  ( 1 . 3 9  ha) F ig .  22,  P I .  26 

Cordia does  n o t  form " t h e  main n a t i v e  woodland1' on C a r o l i n e  A t o l l ,  
a s  impl ied by Clapp & S i b l e y  (1971a) and s t a t e d  by S t o d d a r t  & Gibbs 
(1975, p. 1 0 4 ) .  I t  occup ies  f a r  l e s s  a r e a  t h a n  T o u r n e f o r t i a  o r  P i s o n i a  
(Tab le  9 ) .  Cordia  i s  g e n e r a l l y  mixed wi th  o t h e r  emergents:  monotypic 
Cordia f o r e s t  c o v e r s  on ly  1 .39  ha ,  whi le  T o u r n e f o r t i a  o r  P i s o n i a  
c o n t a i n i n g  s u b s t a n t i a l  amounts o f  Cordia t o t a l  25.89 ha.  En t o t o ,  t h i s  
i s  l e s s  than  10% of  C a r o l i n e ' s  woodlands, and Cordia i s  u s u a l l y  
subdominant.  These "mixed" f o r e s t s  o f  Cordia mixed wi th  P i s o n i a  o r  
T o u r n e f o r t i a  ( r a r e l y  a l l  3 ) ,  o c c a s i o n a l l y  wi th  a  Morinda u n d e r s t o r y ,  a r e  
t h e  c l o s e s t  e q u i v a l e n t  t o  Mixed Broadleaf  F o r e s t s  o f  o t h e r  c o r a l  
i s l a n d s .  T h i s  widespread P a c i f i c  p l a n t  community (Fosberg 1953, 1976; 
Wiens 1962) i s  conspicuous  by i t s  absence on C a r o l i n e .  We t r e a t  Cordia  
f o r e s t  a s  a  s e p a r a t e  p l a n t  community because o f  i t s  i n c r e a s i n g  r a r i t y  on 
P a c i f i c  a t o l l s ,  which makes C a r o l i n e ' s  groves  an i n c r e a s i n g l y  impor tan t  
r e s o u r c e  i n  need o f  c o n s e r v a t i o n .  Cordia f o r e s t  o c c u r s  p r i m a r i l y  on 
Nake, Windward, C r e s c e n t ,  North P ig ,  P ig ,  Danger, Shark ,  and t h e  
Southern Leeward I s l e t s .  



H i  story 

Bennet t  (1840) recorded  "two s p e c i e s  o f  Tournefortia" on C a r o l i n e ,  
p o s s i b l y  r e f e r r i n g  t o  Tournefortia and Cordia. There  a r e  no o t h e r  1 9 t h -  
c e n t u r y  r e c o r d s .  From Cordia's p r e s e n t  d i s t r i b u t i o n  we can i n f e r  t h a t  
i t  was f o r m e r l y  more e x t e n s i v e  on South and Nake. S c a t t e r e d  t r e e s  
w i t h i n  and b o r d e r i n g  t h e  Cocos p l a n t a t i o n s  s u g g e s t  t h a t  i t s  h i s t o r y  i s  
s i m i l a r  t o  t h e  s p e c i e s  on F l i n t ,  which was " i n  1872 . . .  covered  wi th  a  
f o r e s t  o f  'Tout t r e e s  Cordia subcordata)" (Maude c a .  1942) .  Both F l i n t  
and C a r o l i n e  were worked s i m u l t a n e o u s l y  by t h e  same companies f o r  guano 
(1872-1890) and copra  ( i n t o  t h e  1930s ) .  Pisonia and Cordia f o r e s t s  were 
f e l l e d  t o  make room f o r  coconu t s .  From F l i n t ,  s e v e r a l  hundred Cordia 
l o g s  were expor ted  t o  San Franc i sco  f o r  f u r n i t u r e  and p a n e l l i n g .  The 
l a s t  l o g s  were expor ted  i n  1896,  6 y e a r s  a f t e r  t h e  guano s u p p l i e s  were 
d e p l e t e d ,  b u t  coconu t s  were s t i l l  be ing p l a n t e d  (Young c a .  1 9 2 2 ) ,  and 
some l a r g e  Cordia t r e e s  were s t i l l  p r e s e n t  i n  t h e  s o u t h e r n  20% o f  t h e  
i s l a n d  s t i l l  covered wi th  v i r g i n  f o r e s t  ( E .  Campbell 1908, Kep le r ,  i n  
p r e p . ) .  Today, F l i n t ' s  r e c o v e r i n g  f o r e s t s  c o n t a i n  much Cordia 
( A .  Kepler  1990b) ,  u n l i k e  C a r o l i n e ,  where Cordia i s  r a r e  i n  s i m i l a r  
h a b i t a t s .  Some of  F l i n t ' s  p r e s e n t  windward Cerdia t r e e s  may be t h o s e  
"few t i n y ,  s t r u g g l  i n g . .  . t r e e s .  ..recently p'l a n t e d "  ( S t ,  ~ o h n -  & Fosberg 
1937) .  

Abundance and 

Cordia s e e d s  a r e  d i s p e r s e d  by ocean c u r r e n t s  and can g e r m i n a t e  
a f t e r  40 days  i n  s e a  w a t e r  (Guppy 1906) .  On C a r o l i n e  t h i s  s p e c i e s  
deve lops  both  a s  an u n d e r s t o r y  s h r u b  and f o r e s t  emergent ( t o  1 5  rn h i g h ) .  
I t  t y p i c a l l y  o c c u p i e s  t h e  woodland p e r i p h e r y ,  o c c u r r i n g  i n  small  
c i r c u l a r  o r  l i n e a r  g r o v e s ,  o r  mixing wi th  Tournefortia and/or Pisonia 
(Table  5 ) .  Cordia may form t a l l ,  s t r a i g h t - t r u n k e d  t r e e s  ( P I .  26) o r  
sprawl 1  i ke Hibiscus ti 7 iaceus, In d r y  ruhbi  e  s  i t e s  i t may become 
c h l o r o t i c  o r  semideciduous ,  The t a l l e s t  g r o v e s  are oil P i g  ( P I ,  26), 
where 6 t r e e s  averaged 12.6  m t a l l ,  115 cm circumference ax I .  5 m (cbh)  , 
and 99 .8  cm base  c i r c u m f e r e n c e ,  Lush Cordfa g r o v e s  o c c u r  in s h e l t e r e d  
p a r t s  o f  t h e  upper  lagoon on Long I s l a n d  ( T r ,  1 0 ) .  

Flowering t i m e s  a r e  u n p r e d i c t a b l e ,  Two f l o w e r s  were seen  i n  
September 1988. In November 1989, f l o w e r s  were abundan t ,  e x t e n d i n g  
through March, y e t  i n  November 1990 n o t  one f l o w e r  was observed ( p e r s .  
o b s . ,  Anne Fa lconer  and AKK). 

S e a b i r d  Use 

Black and Brown Noddies,  f r i g a t e b i r d s ,  and White Terns  n e s t  i n  
Cordia wherever i t  i s  a  f o r e s t  component. Grea t  F r i g a t e b i r d s  and Red- 
f o o t e d  Boobies f a v o r  r o o s t i n g  i n  t h e  l u s h ,  l a g o o n s i d e  f o r e s t  of  Cordia 
and Pisonia n e a r  t h e  s o u t h  end of  Long I s l a n d .  



P i s o n i a  Forest (62.17 ha) F i g s .  18 ,  33 ,  34 ,  35,  39 ,  41;  
P l s .  43 ,  50,  51;  Tbs.  11-14 

General Distribution 

Although P i s o n i a  g rand is  was p r e v i o u s l y  recorded  a s  " p r e s e n t "  
( T r e l e a s e  1884,  Clapp & S i b l e y  1971a) ,  t h e  q u a l i t y  and e x t e n t  o f  i t s  
f o r e s t s  has n o t  been r e c o g n i z e d .  Some s t a n d s  a r e  prime r e p r e s e n t a t i v e s  
o f  a major  ecosystem t h a t  was f o r m e r l y  f a r  more widespread i n  t h e  
P a c i f i c .  

Common th roughout  t h e  a t o l l ,  P ison ia  o c c u r s  on 29 motus,  c o v e r i n g  
22% o f  t h e  woodlands.  Well developed g r o v e s ,  10-21 m t a l l  and up t o  
359 cm c i r c u m f e r e n c e  a t  1 . 5  m ,  a r e  p r e s e n t  on 23 o f  t h e s e  (Tab le  1 1 ) .  
Although p r e s e n t  on motus l e s s  t h a n  one h e c t a r e  i n  s i z e  (Tab le  5 ) ,  i t  
t y p i c a l l y  o c c u p i e s  i n t e r i o r  f o r e s t s  ( schemat ic  p r o f i l e ,  F ig .  3 5 ) ,  wi th  
i n d i v i d u a l  t r e e s  o r  g r o v e s  c o n t r i b u t i n g  from 5% t o  100% of  t h e  canopy. 
In g e n e r a l ,  C a r o l i n e ' s  windward motus s u p p o r t  t h e  l u s h e s t  f o r e s t s :  t h e  
maximum h e i g h t  o f  windward P ison ia  f o r e s t s  i s  21 m ,  of  leeward f o r e s t s ,  
15  m .  

Mature P ison ia  f o r e s t s  a r e  monocul tures  o f  g r a n d e u r .  The t r e e s  
b e a r  one t o  s e v e r a l  s t o u t  b o l e s  o f  i r r e g u l a r  shape ,  whose r o t t i n g  
c a v i t i e s  o f t e n  ha rbor  l a r g e  coconut  c r a b s  o r  miniponds a l i v e  wi th  
mosquito l a r v a e .  T h e i r  s c r a g g l y  branches  o c c a s i o n a l l y  bend o v e r  and 
r e r o o t .  I t  i s  d a r k  and humid, but  open e x c e p t  f o r  exposed r o o t s  and 
s c a t t e r e d  broken b ranches .  Few s e e d l i n g s  o c c u r .  Po lynes ian  r a t s  s c u r r y  
u n d e r f o o t .  

In September 1988 we saw no f l o w e r s  o r  f r u i t .  Anne F a l c o n e r  
r e p o r t e d  f l o w e r s  on Motu Ana-Ana i n  August 1990. P ison ia  was beg inn ing  
t o  bloom on Vostok i n  March 1990 ( A .  Kep le r ,  i n  p r e p . ) .  

Some o f  C a r o l i n e ' s  most mature  P ison ia  g r o v e s  ( t o  21 m t a l l ,  
660 cm c i r c u m f e r e n c e  a t  1 . 5  m ,  m u l t i p l e  t r u n k s )  appear  t o  be v i r g i n ,  
( P I .  43) b u t  a r e  most l i k e l y  on ly  60-70 y e a r s  o l d .  Overa l l  d imensions  
o f  t h e  t r e e s ,  t h e  low s p e c i e s  d i v e r s i t y ,  and g e n e r a l  c h a r a c t e r  o f  t h e  
p l a n t  community compare f a v o r a b l y  t o  v i r g i n  g r o v e s  on Vostok (Tab le  12 ;  
A .  Kepler  1990c,  d ) .  

D e s p i t e  t h e  m a t u r i t y  of  many g r o v e s ,  e s p e c i a l l y  t h o s e  t o  windward, 
p l a n t i n g  r e c o r d s  from 1916-22 i n d i c a t e  t h a t  Cocos was p l a n t e d  th roughout  
n o t  o n l y  Sou th ,  but  a l s o  on Nake, Long, and a l l  t h e  major  Windward 
I s l e  s  Young ca .  1922) .  Given t h e  s t a n d a r d  p l a n t i n g  d e n s i t y  o f  1 ( 73 m /palm(Young c a .  1922) ,  we c a l c u l a t e d  t h e  approximate  a r e a  on each 
i s l e t  g iven  o v e r  t o  Cocos p l a n t a t i o n s ,  based on the  number o f  coconu t s  
p l a n t e d  t i m e s  t h e  a r e a  r e q u i r e d  f o r  each t r e e .  We t h e  i s  t o  
t h e  u s a b l e  a r e a s  based on t o d a y ' s  f o r e s t  cover  (Tab le  9 
Windward I s l e t s ,  c o l l e c t i v e l y ,  36.36 ha were p l a n t e d  i n  Cocos, f u l l y  92% 



Figure  33. Maximin heights of Pieonla forests i n  r e l a t i o n  to  width of the motus. Stars represent forests with 
90-100% canopy cover;  dots represent forest  or  scrub wi th  less  than 90% cover.  
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F lgure  3 4 .  Haxlnwm canopy heights of p i a o n k  forests I n  r e l a t l o n  to m t u  area .  Stars represent forests wl th  90-IOM canopy cover; dots 
represent  forest  o r  scrub wlth less lhan 90% cover.  





Tab le  11. D i s t r i b u t i o n  o f  w e l l - d e v e l o p f d  (210 m  h e i g h t )  P i s o n i a  f o r e s t s  on 
t h e  motus o f  C a r o l i n e  A t o l l .  Motus and t r a n s e c t s  a r e  a r r anged  
a c c o r d i n g  t o  t h e  d e c r e a s i n g  h e i g h t  o f  t h e i r  P i s o n i a  g roves .  
C a p i t a l s  i n d i c a t e  t h o s e  motus whose f o r e s t s  were f e l l e d  f o r  Cocos 
p l a n t a t i o n s  f r om  1916-20.  

Motu & T r a n s e c t  

Area o f  
P i s o n i a  P i  s o n i  a  Motu Area 

H e i g h t  (m) ( ha )  ( ha )  

PIG 
NAKE, T r a n s e c t  4 
Booby 
NORTH PIG 
NORTH BROTHERS 

NAKE, T r a n s e c t  3 ( c e n t r a l )  15* 
LONG, T r a n s e c t  0 15" 
BROTHERS 15" 
Ana-Ana 15* 
Danger 15* 

NAKE, T r a n s e c t  2 
B i r d  
WINDWARD, T r a n s e c t  2  
Raurau 
CRESCENT 

Manni k i b a ,  T ransec t  1  12" 
Shark 12 "  
NAKE, T r a n s e c t  3 (wes t )  12 "  
LONG, T r a n s e c t  12 12"  
P i  son i  a  11" 

Matawa 11  
Nautonga 11"  
NAKE, T r a n s e c t  3 ( sou thwes t )  11"  
Kimoa 11"  

Erneral d  
E i t e i  
LONG, T r a n s e c t  B  
LONG, T r a n s e c t  8  

NAKE, T r a n s e c t  1  
WINDWARD, T r a n s e c t  1  
B l  a c k f  i n  
NORTH ARUNDEL 

' ~ o u r n e f o r t i a  o r  Co rd i a  may be p r e s e n t ,  b u t  sub-dominant  t o  P i  s o n i  a. 
*90-100% canopy c o v e r .  
"50-80% canopy c o v e r .  



T a b l e  12.  Area and Dimensions o f  P i s o n l a  q r a n d i s  on Vostok,  F l i n t ,  and 5  i s l e t s  o i  C a r o l i n e  A t o l l .  Comparat ive d a t a  a r e  f r o m  A. Kep le r  
(1990b ,c ,d ) .  

Area o f  No. t r e e s  Mean Range o f  M e a ~  Range Mea? Range o f  base 
P i  s o n i a  o r  main H e i g h t  H e i g h t s  cbh o f  cbh base c i  rcumferences 

( h a )  t r u n k s  (m) (m) (m) (m) ( m )  (m) 

CAROLINE 
N o r t h  P i g  
B r o t h e r s  
P i g  
N o r t h  B r o t h e r s  
Long 

T o t a l  f o r  above 
i s l e t s  a t  C a r o l i n e  

VOSTOK 
FLINT 

62.17 
1.83 
0 .37  
3.36 
0.43 

15.00 

20.99 

13.5 
approx.  4  

( f ragmented)  

3h = c i rcumference  a t  1 .5  m. 
ase = base c i rcumference  a t  0.3 m. 



Tab le  13. Number o f  t r e e s  and areas p l a n t e d  i n  Cocas on C a r o l i n e ' s  i s l e t s  d u r i n g  t h e  m a j o r  p l a n t i n g  e r a  (1916-1920),  a l s o  showing remnant Cocas 
d a t a  f o r  1990. Note t h e  remarkab le  r e c o v e r y  o f  i nd igenous  f o r e s t s  on a l l  i s l e t s  excep t  South.  

1916-20 
Area F o r e s t  o r  Scrup Usable Approx. F o r e s t  

I s l e t  f o r  Cocos i n  1990 (ha)  No. Area  % PI  an ted  
Area COCOS Cocas Cocas i n  Cocas 

I s l e t  (ha )  T o u r n e f o r t ~ a  P i s o n i a  Other  Cocas T o t a l  p l a n t e d  (ha)  1990 70 Yrs Ago 

South 104.41 
Nake 107.46 
'Long 75.98 
T r i d a c n a  ( ~ 1 ) ~  9.08 
Arundel  7.34 
N. Arundel  (A2) 0.91 

B r o t h e r s  
N. B r o t h e r s  

P i g  
N. P i g  (A4) 
Crescen t  (A5 
Windward (A6 

1 . 1  80.00 
9 .41  5.75 

2.40 
0.18 

0 
few 

t r e e s  
0.01 
few 

t r e e s  
0.03 
0 
0 
0 

' " u s a b l e  a rea"  does n o t  i n c l u d e  unveye ta ted  r u b b l e  o r  n a t u r a l  h e r b  mats.  
' ~ a s e d  on C a r o l i n e ' s  p l a n t i n g  d e n s i t i e s  o f  28 x 28 sq f t  (Young c a .  1922).  
3 ~ h e  "A" s e r i e s  o f  i s l e t  names a r e  f r o m  Young (ca.  1922). 



o f  a l l  u s a b l e  ground;  i n  s e v e r a l  c a s e s  t h e  amount c a l c u l a t e d  f o r  Cocos 
by Young exceeded o u r  e s t i m a t e s  o f  p o t e n t i a l l y  u s a b l e  ground.  Thus, 
Cocos was p l a n t e d  s o  i n t e n s i v e l y  on t h e  Windward I s l e t s  t h a t  v i r t u a l l y  
a l l  P i s o n i a  and most T o u r n e f o r t i a  woodlands were f e l l e d .  

Two remarkab le  p o i n t s  emerge from Table  13:  1 )  s c a r c e l y  any Cocos 
remains  today  on t h e  9  Windward I s l e t s ;  n o t  one palm e x i s t s  on 7  motus 
( F i g s .  43,  44,  47,  4 8 ) ,  and 2) t h e  recovery  o f  ind igenous  p l a n t  
communities,  S t a g e s  I  through V ( S e c t .  F) on t h e  windward s i d e  has  been 
r a p i d  and,  a t  l e a s t  on B r o t h e r s  I s l e t  ( F i g .  4 6 ) ,  r e a s o n a b l y  complete  
w i t h  r e g a r d  t o  e c o l o g i c a l  s u c c e s s i o n  and s p e c i e s  d i v e r s i t y  o f  p l a n t s  and 
s e a b i r d s .  Today t h e  Windward I s l e t s  have t h e  l u s h e s t  and t a l l e s t  p l a n t  
communities,  wi th  a  h i g h e r  s p e c i e s  d i v e r s i t y  t h a n  t h e  leeward i s l e t s  
(Tab1 e  3 ) ,  which have e v i d e n t l y  exper ienced  f a r  l e s s  human d i s t u r b a n c e .  

T h i s  d i f f e r e n t i a l  d i s t u r b a n c e  on t h e  windward and leeward s i d e s  o f  
t h e  a t o l l  e x p l a i n s  enigmas such a s  20 m t a l l  P i s o n i a  f o r e s t  on t h e  
leeward Booby I s l e t  (0 .84 h a ) ,  t a l l e r  t h a n  most o f  t h e  windward f o r e s t s ;  
t h e  absence o f  P i s o n i a  on windward Tr idacna  I s l e t  ( 9 . 0 8  h a ) ,  which,  
being c l o s e  t o  South I s l a n d ,  p robab ly  suppor ted  Cocos which was managed 
l o n g e r  t h a n  t h e  more d i s t a n t  windward i s l e t s ;  and t h e  pa tchy  
d i s t r i b u t i o n  o f  P i s o n i a  i n  t h e  i n t e r i o r  o f  s e v e r a l  i s l e t s  ( e . g .  
Windward, Arunde l ) .  Th i s  l a s t  p o i n t  a l s o  a p p l i e s  t o  Mannikiba 
(21.49 h a ) ,  t h e  1  a r g e s t  1  eeward i s l e t .  According t o  Young ( c a ,  l 9 2 2 ) ,  
6 ,000 seed s e t s  were brought  from F l i n t  t o  C a r o l i n e  i n  1920 and kep t  on 
Mannikiba. T h i s  " n u r s e r y  s t o c k "  was used t o  r e p l a n t  "misses"  on o t h e r  
i s l e t s ,  due m o s t l y  t o  d e s t r u c t i o n  by coconut  c r a b s  and poor p l a n t i n g .  
Today, Mannikiba 's  t o t a l  a c r e a g e  of P i s o n i a  ( F i g .  53) i s  v e r y  small  and 
f ragmented r e l a t i v e  t o  t h e  i s l e t ' s  s i z e :  1 . 1 3  ha ,  5% o f  t h e  t o t a l  l a n d  
a r e a .  Compare t h i s  wi th  Bird  I s l e t  ( F i g .  55) which,  a s  f a r  a s  we know, 
has  never  been d i s t u r b e d :  1 .70 ha P i s o n i a ,  42% o f  t h e  i s l e t ' s  l a n d  
a r e a .  

On both  C a r o l i n e  and F l i n t  t h e r e  i s  much v a r i a t i o n  i n  t h e  q u a l i t y  
o f  t h e  r e g e n e r a t e d  P i s o n i a  f o r e s t s  (Tab le  1 2 ) .  Some t r e e s  b e a r  
enormous, p a r t l y  r o t t i n g  b o l e s ,  b l a c k  a l g a e  smother ing t h e  b a r k ,  
m u l t i p l e  t r u n k s ,  and few o r  no u n d e r s t o r y  h e r b s .  Other  t r e e s  a r e  t a l l ,  
s t r a i g h t - t r u n k e d ,  i t h  c h a r a c t e r i s t i c  w h i t i s h  b a r k ,  and b e a r  no r o t t i n g  
h o l e s  i n  t h e i r  b a s e s ,  These o b s e r v a t i o n s  s u g g e s t  t h a t  when t h e i r  
ind igenous  f o r e s t s  were f e l l e d ,  on ly  minimal c u t t i n g  was done,  and many 
P i s o n i a s  were a b l e  t o  r e g e n e r a t e  q u i c k l y  by s p r o u t i n g  from r o o t e d  stumps 
and f a l l e n  b r a n c h e s .  T h i s  s p e c u l a t i o n  i s  suppor ted  by t h e  f a c t  t h a t  
some o f  Vostok 's  P i s o n i a  t r e e s  r e g e n e r a t e d  s i m i l a r l y .  Maude (1953, 
p .  96)  s t a t e s  t h a t  " t h e r e  i s  room f o r  8 ,000  palms on Vostok,  bu t  o n l y  
100 have been p l a n t e d  and most o f  t h e s e  have been choked i n  t h e  
l u x u r i a n t  'buka '  ( P i s o n i a  g r a n d i s )  f o r e s t :  no a t t e m p t  having been made 
t o  e x p l o i t  t h e  i s l a n d  s i n c e  t h e  i n i t i a l  p l a n t i n g . "  

P i s o n i a ,  a  s o f t ,  pulpy wood, has  a  well-known a b i l i t y  t o  s p r o u t  o r  
send up s u c k e r s  from dismembered branches  o r  f a l l e n  t r u n k s  (Fosberg  
1 9 5 3 ) ,  and i t  has  been noted t h a t  o l d e r  t r e e s  a r e  v i r t u a l l y  
i n d e s t r u c t i b l e ,  f i r e  being t h e  o n l y  e f f e c t i v e  means o f  c l e a r i n g  f o r e s t s  



(Wiens 1962, p .  397). The senior  author has photographed leaf  sprouts 
from par t ly  burned twigs as small as 1 m long and 5 t o  6 cm in diameter. 

Since the exis t ing Cocos plantations on South and southwest Nake 
contain few Pisonias,  i t  seems tha t  fo res t  c lear ing was more thorough o n  
the  a t o l l ' s  l a rger  i s l e t s  than on the  smaller ones, which today manifest 
scant t races  of t h e i r  former his tory .  Fortunately fo r  Caroline, i t s  
coconut pl an ta t  ions were pl agued by a number of probl ems, which resul ted 
in t h e i r  double abandonment: coconut crabs, seabirds,  r a t s ,  Ipomoea 
vines, and an unknown disease (see  under Coconut Wood1 ands, t h i s  
section) . 

A footnote in Young (ca .  1922, p.  15) s t a t e s  t h a t  "the l a rge r  
portion of the 30,000 t r ee s  planted were e i t h e r  badly planted or  smitten 
with some disease  as in 1927 i t  was reported by Mr. Bunckley t ha t  most 
of them had perished." In 1929 only 13,215 t r ee s  were l e f t ,  and more 
were being planted. Considering the d i s t r ibu t ion  of both palms and 
natural fo res t s  today, i t  appears tha t  plantat ions continued on S o u t h  
and Nake and were abandoned on the smaller i s l e t s ,  allowing for  a be t te r  
recovery than might be expected had the Gocos grown t o  maturity. 
Tridacna (c lose  t o  S o u t h )  and Mannikiba ( a  nursery) were 1 ikely the most 
intensely managed of the smaller i s l e t s ,  as t h e i r  Pisonia today i s  
meagre compared to  t h e i r  overall areas. 

Once a Gocos plantation has been well established and subsequently 
abandoned, Pisonia regrowth i s  more d i f f i c u l t .  This i s  cha rac t e r i s t i c  
of many t ropical  i s lands .  For example, on Cousin Island (Seychelles 
Islands,  Indian Ocean), an ICBP wi ld l i fe  perserve since 1968, Pisonia i s  
currently rees tabl ishing within a deter iora t ing Gocos plantation.  
Ph i l l ips  & Phi l l ips  (1990, p .  37) envisioned "centuries ra ther  than 
decades before something l i k e  a natural ecosystem develops." We predict  
a s imilar  time frame for  Caroline's South Island, sooner fo r  F l i n t .  
Forest recovery on islands elsewhere has evidently not been studied i n  
de ta i l  (Fosberg, pers. comm.). 

Data on Pisonia grandis growth ra tes  i s  very l imited.  A 7-year 
study on Kabell e  Island, Rongel ap At01 1 , Marshal 1 Is1 ands, disclosed 
mean diameter growth r a t e s  of 1.32 and 0.39 cm/yr a t  2 s i t e s  (Gessel & 
Walker 1992). On Cousin Island, vegetation changes, including Pisonia 
and Gocos, have been monitored since 1974, b u t  no growth r a t e s  are  yet 
available (Ph i l l i p s  1984, Ph i l l ips  & Phi l l ips  1990). 

Because of t h i s  paucity of data on Pisonia,  and because i t s  
fo res t s  have diminished s ign i f ican t ly  t h i s  century, we present the  
following data in the hopes t ha t  i t  might inspire  more research. 

One point i s  c lea r :  on a l l  3 of the  Southern Line Islands Pisonia 
grandis has recov disturbance (except fo r  t o t a l  f o r e s t  
el imination),  reac i t s  maximum height and ecological 
maturity in 70 years or l e s s .  Mature Pisonia, under optimal conditions 



of s o i l ,  temperature and r a i n f a l l ,  may a t t a in  35 m ,  as on Fanning and 
Washington (Garnett 1983 and pers. comm.). However, in the Southern 
Line Islands,  canopies of s imi la r ly  virgin Pisonia on Vostok ra re ly  
exceed 25-30 m t a l l  ( A .  Kepler 1990c), and only 16-18 m on the  Great 
Barrier  Reef (Wal ker 1991). 

Caroline's prime groves, 21 m t a l l ,  with circumferences t o  660 cm, 
and bearing multiple trunks and root suckers, we now know date back only 
t o  the  1920s. The la rges t  t r e e s ,  21 m high and 660 cm cbh, appear t o  
have averaged annual growth r a t e s  of 0.32 m in height and 3.4 cm in 
diameter. 

Further evidence of f a s t  growth r a t e s  i s  provided from Fl in t .  In 
1934 only one small Pisonia and a few t i ny ,  struggling Cordia, recently 
planted, were recorded (St .  John & Fosberg 1937). Vir tual ly  the  e n t i r e  
island (324 ha) was a Cocos plantation.  In 1990 Pisonia, qui te  common 
on the windward s ide ,  at tained maximum heights of 30 m, with base 
circumferences and a t  1 .5  m (cbh) of 3,000 cm and 200 cm, respectively 
(Table 12) .  These compare favorably with 2 t r e e s  of s imilar  heights and 
cbh t o  510 cm on ostok and a large Pisonia, presumably vi rgin ,  measured 
on Atafu Island (Tokelaus) by the U . S .  Exploring Expedition in 1840, 
which was more than 600 cm in base circumference and about 12 m t a l l  
(Wil kes 1845, Vol . V, p. 9 ) .  Furthermore, pure indigenous mixed 
broadleaf fo res t s  (Pisonia, Cordia, Guettarda), t o  25 m t a l l ,  covered 
57 ha, 23% of F l i n t ' s  vegetated area (Kepler, in p rep . ) ,  with a fu r ther  
65 ha (26% of the  woodlands) in mixed fores t s  containing l e s s  than 50% 
Cocos. Thus, Pisonias have established themselves since the plantation 
was abandoned in the l a t e  1930s. The la rges t  t r e e s ,  30 m high and 
200 cm cbh, now indicate  a mean annual increment of 0.6 m height and 
1.32 cm diameter over the past 50 years.  A f a s t e r  growth in height than 
on Caroline i s  l i ke ly  due t o  F l i n t ' s  higher r a in f a l l  and greater  
r e l a t i ve  humidity due t o  the presence of a more successful coconut 
plantat ion inland: Caroline's annual output of opra was 15 tons ,  
compared t o  230 tons fo r  F l in t  (Young ca. 1922, 

Caroline's motus harbor every stage in the development of a 
Pisonia fo r e s t ,  from s t a t e l y  monotypic groves t o  a s ingle  t r ee .  The 
plant communities between these extremes harbor the g rea tes t  species 
d ivers i ty  and most luxuriant  growth on the a t o l l .  The following species 
are  present (Table 2):  

Trees : Morinda c i t r i f o 7 i a ,  Cordia subcordata, Cocos nucifera,  
Pandanus t ec to r ius ,  Pisonia grandis;  

Shrubs: Tournefortia argentea; and 

Herbs : Boerhavia repens, Portu7aca lutes, Laportea rudera7 is, 
epturus repens, Achyranthes canes 
col opendria, Ipomoea macrantha. 



The number of species within Pisonia f o r e s t s  ranges from one t o  14 
(Table 14) .  As Pisonia becomes more dominant, t h e i r  t r e e s  a re  t a l l e r  
(21 m ) ,  and species d i v e r s i t y  i s  l e s s  (Table 14) .  Here the  average 
number of species i s  3.4. Species d ive rs i ty  i s  a l so  very low a t  t h e  
o ther  extreme of Pisonia development: in one young motu (Azure), only a 
s ing le  6-m-tall  Pisonia t r e e  i s  present ( x  = 4.0 spec ies ) .  The smal les t  
i s l e t  on which we found Pisonia,  Azure i s  only 0.20 ha in  area and 77 m 
wide (Fig. 55, PI. 51);  more t h a n  half  of i t  i s  rubble. The width of 
i t s  scrub i s  only 38 meters. Along a t r ansec t  within the  majest ic  
Pisonia grove (100% canopy cover) on Brothers (Fig.  46),  we found no 
other plant  species ,  an extreme case of the  barrenness of Pisonia 
understory. This grove, 13 m t a l l  and extending 42 m from e a s t  t o  west, 
was sharply delineated from the  6-m-high Tournefortia f o r e s t s  on both 
s ides  and provides a s t r i k i n g  example of complete ecological succession 
s ince  i t s  Cocos plantat ion days of the  1920s. 

The highest species d i v e r s i t y  occurred with mixed co-dominants 
(Tournefort ia ,  Cordia) and Pisonia coverage 25-50% (Fig.  34, Table 1 4 ) .  
Here, the  average number of species was 6.2 (range 3-10).  Regardless of 
the  area or width of the  motu on which they occurred, these  mixed stands 
( x  = 7 m t a l l )  were always shor te r  than pure Pisonia f o r e s t .  

col ogy 

On  Caroline, most plant  species es tab l i sh  ea r ly  in the  evolution 
of individual motus, increasing in abundance and s t a t u r e  while the  land 
area i s  qu i t e  small.  Pisonia t y p i f i e s  t h i s  pa t tern:  s ing le  t r e e s  occur 
on 2 motus whose areas are  only 0.2 ha (Table 6 ) ,  suggesting t h a t  
Pisonia i s  pa r t ly  s a l t - t o l e r a n t ,  a t  l e a s t  in i t s  ea r ly  growth s tages .  
In general ,  however, motus 1 ess  than 0.7 ha on Carol ine have 1 i  t t l  e  
Pisonia (Table 6 ) .  I t  i s  d i f f i c u l t  t o  imagine a freshwater lens on Motu 
Nautonga ( 1  ha ) ,  where an 11-m-tall  Pisonia f o r e s t  i s  found (Table 11) .  
Further evidence f o r  the  s a l t - t o l e r a n t  nature of Pisonia comes from 
Vostok, where a Pisonia f o r e s t ,  the sole  woodland, extends t o  the  edge 
of the  shorel ine rubble and herb mat, The t r e e s ,  t i g h t l y  pruned by wind 
and s a l t ,  have no buffer  of coastal  scrub, During storms, seawater 
reaches Vostok's i n t e r i o r  f o r e s t ,  ye t  t h i s  24-ha is land supports one of 
the l a r g e s t  and t a l l e s t  (25-m-high) groves in the  Pac i f i c  (Clapp & 
Sibley 1971b, Fosberg 1977 and pers.  obs . ) .  

Many Pisonia t r e e s  were heavily infes ted  with sca le  insec t s  
(Coccidae) and Neuropteran larvae (Chrysopa s p . ) ,  iden t i f i ed  by 
Dr. Scot t  Miller  (Bishop Museum, Honolulu, Hawaii). This appears t o  be 
a natural phenomenon, as they were a lso  abundant on the  v i rg in  Pisonia 
f o r e s t s  on Vostok and a lso  on secondary Pisonias a t  F l i n t .  

Re1 at ionshi  ps Between Pisonia Forest Height and Motu Dimensions 

e s t ,  most mature f o r e s t s  did not 
a  1 1 ) .  The 3 prime f o r e s t s  (90-100% 
canopy cover) were on Nake ( t o t a l  land area 107.46 h a ) ,  Pig (7.21 ha ) ,  



T a b l e  14 .  S p e c i e s  d i v e r s i t y  i n  P i s o n i a  f o r e s t s  o f  d e c r e a s i n g  m a t u r i t y ,  C a r o l i n e  A t o l l .  Groves a r e  
a r r a n g e d  a c c o r d i n g  t o  t h e  d e g r e e  o f  cove rage  o f  t h e i r  c o n s t i t u e n t  P i s o n i a  t r e e s .  Where P i s o n i a  
i s  p r e s e n t ,  even i n  l o w  p e r c e n t a g e s ,  i t  i s  a lways  t h e  t a l l e s t  t r e e .  N o t e  t h a t  t h e r e  i s  an 
i n v e r s e  r e l a t i o n s h i p  be tween t h e  p u r i t y  o f  t h e  P i s o n i a  f o r e s t  and i t s  s p e c i e s  d i v e r s i t y .  

Av . Numbers o f  S p e c i e s / T r a n s e c t  
Canopy Canopy Av . No.  
Cover  H g t .  No , T r e e s  Shrubs  Herbs  T o t  a1 T r a n s e c t s  

(m) SPP. ( i n c l  . P i  s o n i a )  

100% ( P i s o n i a  o n l y )  13 1 1  0  0  1 1 
100% ( c o d o m i n a n t  15 3 .4  2 0  5 7 9 
p r e s e n t )  

~ 2 5 % ~  9 5 . 6  
S ing1  e  P i s o n i a  6  4 .0  
t r e e  o n l y  

' s o u t h  I s l a n d  n o t  i n c l u d e d ,  as i t s  P i s o n i a  i s  t o o  r a r e .  



and Booby (0 .84  h a ) .  T r e e s  on Booby measure l e s s  i n  g i r t h  t h a n  t h o s e  on 
Nake and P i g ,  but  t h e i r  h e i g h t  (20 m) i s  i m p r e s s i v e .  E v i d e n t l y ,  Booby 
was never  e x p l o i t e d  f o r  guano o r  p l a n t e d  i n  Cocos. F i n e  f o r e s t s  o c c u r  
on o t h e r  s m a l l ,  u n d i s t u r b e d  motus;  f o r  example, P i s o n i a  grew t o  14 m on 
Raurau ( 3 . 4 8  ha)  and t o  11 m on Kimoa (1.80 h a ) .  

A p o s i t i v e  c o r r e l a t i o n  e x i s t s  between P i s o n i a  h e i g h t  and i s l a n d  
width  ( F i g .  3 3 ) .  Motus appear  t o  r each  a  minimum width  o f  90 m b e f o r e  
c l o s e d  c a n o p i e s  o f  13  m deve lop ,  and canopy h e i g h t  i n c r e a s e s  t o  21 m a s  
motu width  e n l a r g e s  t o  200 m ( P i g ,  topmost s t a r  i n  F i g .  3 3 ) .  F u r t h e r  
i n c r e a s e s  i n  motu width  d i d  n o t  r e s u l t  i n  t a l l e r  t r e e s .  However, even 
on motus w i t h  s u f f i c i e n t  w i d t h ,  P i s o n i a  d i d  n o t  d e v e l o p  u n l e s s  o t h e r  
envi ronmental  c o n d i t i o n s  were s u i  tab1 e .  For exampl e ,  on Long, P i s o n i a  
on ly  o c c u r r e d  i n  t h e  c e n t e r s  o f  i t s  former  i s l e t s ,  n o t  i n  t h e  sc rubby  
a r e a s  where c o a l e s c e n c e  i s  more r e c e n t .  T r i d a c n a  and Mannikiba,  both 
i d e a l  f o r  P i s o n i a ,  have n o t  y e t  r ecovered  f u l l y  from t h e i r  Cocos 
p l a n t a t i o n s .  

S e a b i r d s  a r e  an i n t e g r a l  p a r t  of  P i s o n i a  e c o l o g y ,  I t s  s t i c k y  
f r u i t s  adhere  t o  t h e  f e a t h e r s  o f ,  and a r e  t h u s  d i s p e r s e d  by, s e a b i r d s  
such a s  t e r n s ,  boob ies ,  and f r i g a t e b i r d s ;  t h u s ,  i t s  e a r l y  appearance  on 
small  motus i s  n o t  s u r p r i s i n g .  

O n  C a r o l i n e ,  6 s p e c i e s  o f  s e a b i r d s  n e s t  i n  i t s  b ranches ,  d ropp ing  
c o n s i d e r a b l e  amounts o f  guano t o  t h e  ground below. Black Noddies ,  
amassing i n  dense  c o l o n i e s ,  n e s t  a lmost  e x c l u s i v e l y  i n  P i s o n i a ,  a long  
wi th  Brown Noddies,  White T e r n s ,  Grea t  and Lesse r  F r i g a t e b i r d s ,  and Red- 
f o o t e d  Boobies .  Pig  I s l e t ,  w i th  7 . 2 5  ha o f  e x c e l l e n t  P i s o n i a  f o r e s t ,  
suppor ted  a  d e n s e  co lony  o f  n e a r l y  2 ,000  p a i r s  o f  Black Noddies 
P t .  I )  B r i s t l e - t h i g h e d  Curlews f e e d  on t h e  ground beneath  i t s  open 
u n d e r s t o r y ,  and t h e  L o n g - t a i l e d  Cuckoo f o r a g e s  w i t h i n  i t s  canopy. 

S e a b i r d s  may be s o  much a p a r t  o f  P i s o n i a  eco logy  t h a t  a d e b a t e  
e x i s t s  a s  t o  whether  P i s o n i a  a c t u a l l y  r e q u i r e s  guano f o r  s u c c e s s f u l  
ge rmina t ion  and e s t a b l i s h m e n t  o f  s e e d l i n g s  (Shaw 1952,  Fosberg 1953, 
Wiens 1962) -  e r y  high phosphate  and n i t r o g e n  l e v e l s  a r e  a s s o c i a t e d  
wi th  mature  P i s o n i a ,  and c o n c u r r e n t l y  t h e  development o f  P i s o n i a  f o r e s t  
r e s u l t s  i n  g r e a t l y  modif ied  s o i l s  t h a t  p e r p e t u a t e  i t s  e x i s t e n c e  (Wiens 
1962, S p i c e r  & Newbery 1979) .  The fo rmat ion  o f  a  h i g h l y  a c i d  raw humus 
on t h e  s u r f a c e  o f  t h e  ground,  sometimes i n  a s s o c i a t i o n  w i t h  p h o s p h a t i c  
hardpan,  has  a l s o  been documented on s e v e r a l  a t o l l s  by Fosberg (1953,  
1956,  no d a t e ;  S t o d d a r t  & S c o f f i n  19831, i n c l u d i n g  Vostok ( A K K  and John 
P h i l l i p s ,  p e r s .  o b s . ) .  We have no in fo rmat ion  on p h o s p h a t i c  hardpan i n  
C a r o l i n e ' s  P i s o n i a  f o r e s t s .  For f u r t h e r  d i s c u s s i o n ,  s e e  S e c t i o n  D ,  
S u b s t r a t a .  



Remnant P i s o n i a  F o r e s t s  i n  t h e  P a c i f i c  

Though n a t u r a l l y  and widely  d i s t r i b u t e d  throughout  I ndo -Pac i f i c  
i  s l  ands (exc lud ing  Hawai i  ) , Pi son i a  g r a n d i s  f o r e s t s  have been s u b j e c t e d  
t o  g r e a t  d e s t r u c t i o n  and a r e  now r a r e .  Pure P i s o n i a  f o r e s t  was fo rmer ly  
t h e  most widespread indigenous f o r e s t  on P a c i f i c  a t o l l s ,  and may have 
fo rmer ly  covered t h e  g r e a t e s t  a r e a  o f  any t r e e  s p e c i e s  i n  t h e  P a c i f i c  
(Miens 1962, Fosberg 1976) .  Shaw (1952) ,  summarizing i t s  d i s t r i b u t i o n ,  
s t a t e d  t h a t  i t  on ly  occurs  on remote,  g e n e r a l l y  un inhab i ted  i s l a n d s  
rang ing  from t h e  western Indian Ocean t o  t h e  e a s t e r n  P a c i f i c ,  i nc lud ing  
Malaysia.  However, more r e c e n t  s t u d i e s ,  p a r t i c u l a r l y  by Fosberg,  
i n d i c a t e  t h a t  because i t s  h a b i t a t  occup i e s ,  and i s  i n  p a r t  r e s p o n s i b l e  
f o r ,  t h e  most f e r t i l e  a r e a s  of  i nhab i t ed  i s l a n d s ,  i t s  fo rmer ly  e x t e n s i v e  
f o r e s t s  have been l a r g e l y  rep laced  by coconuts .  Though P i s o n i a ' s  s o f t  
wood i s  of  l i t t l e  use t o  e i t h e r  a t o l l  i n h a b i t a n t s  o r  t o  t h e  t imber  
i n d u s t r y ,  i t s  s o i l s  were r i c h  sou rce s  o f  phosphate f e r t i l i z e r  and were 
t h u s  g r e a t l y  d i s t u r b e d  dur ing  t h e  guano mining e r a .  P i s o n i a  i s  h igh ly  
adapted f o r  growth on c o r a l l i n e  s u b s t r a t e s ,  a l s o  having developed unique 
morphological  and phys io log ica l  c h a r a c t e r i s t i c s  a s s o c i a t e d  with  s e a b i r d  
c o l o n i e s  and mycorrhizal  fungi  (Walker 1991) .  Ca ro l i ne ,  wi th  62.73 ha 
i n  P i son i a  f o r e s t  (36.94 ha i n  monotypic g roves )  ho lds  some of  t h e  
f i n e s t  r e p r e s e n t a t i v e s  of  t h i s  ecosystem i n  t h e  P a c i f i c ,  even though 
much of i t  i s  no t  v i r g i n .  

One of  t h e  prime P a c i f i c  P i son i a  s t ands  (13 .5  ha on Vostok) was 
p a r t l y  burned i n  1977 (Fosberg 1977) .  The Royal New Zealand A i r  Force 
found i t  smoldering 3  months l a t e r  (Fosberg 1977, p e r s .  comm.). In a 
March 1990 v i s i t  t o  Vostok, we found t h a t  approximately  1 . 5  ha were 
complete ly  c l e a r e d  ( A .  Kepler 1990c) and a  f u r t h e r  unknown amount of  
land was a f f e c t e d .  Cays of  t h e  southern Great  B a r r i e r  Reef have 
r e c e n t l y  been found t o  harbor  ca .  160 ha of  uncut P i s o n i a  f o r e s t .  The 
l a r g e s t  s t and  (94 ha)  i s  on Northwest I s l and  (Walker 1991) .  Other  f i n e  
groves  e x i s t  on Palmyra and Washington (Northern Line Group),  Rose Ato l l  
(American Samoa), Bi ka r ,  Ta.ongi , and Jabwel o  (Marshal 1 I s1  ands ) ,  and 
Fanna (Southwest Pal au % s l  ands)  , Fl i  n t  (Southern Li ne Group) ; Chri stmas 
(Northern Line Group);  Nikumaroro (Phoenix Group); Jemo and Ujae 
(Marshall  I s l a n d s ) ;  and A i t u t a k i ,  Penrhyn, Suwarrow, and Manihiki (Cook 
I s l a n d s )  have r e l a t i v e l y  small s t a n d s .  Not a l l  a r e  hea l t hy .  For 
example, groves  on Bi ka r ,  Jabwel o ,  and Paimyra were r e c e n t l y  d e v a s t a t e d  
by typhoons ( F l i n t  e t  a l .  1992, IUCN 1992) and t h a t  on Taongi i s  
unheal thy (Thomas e t  a1 . 1989) .  

oodlands (96.14 ha) 

General D i s t r i b u t i o n  

F igs .  14 ,  36;  P l s .  17 ,  22,  23, 
27-29, 32,  34,  37,  39,  40, 44 

Cocos, a l though p r e sen t  on 15 motus and known t o  be p l an t ed  
i n t e n s i v e l y  on a t  l e a s t  13 ,  covers  s i g n i f i c a n t  a r e a s  on ly  on t h e  2 
l a r g e s t  i s l e t s ,  South and Nake (Table  1 3 ) .  Ind iv idua l  t r e e s  
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groves  e l sewhere  a r e  d r i f t - d e r i v e d  o r  remnants o f  p l a n t i n g s  made from 
1916 t o  1920. 

The fo l lowing  s p e c i e s  occur  i n  h a b i t a t s  con t a in ing  Cocos 
(Tab le  2 )  : 

Trees  : Pisonia grandis, Morinda citrifolia, Pandanus tectorius, 
Cordia subcordata, Cocos nucifera, Thespesia populnea, 
Hibiscus tiliaceus; 

Shrubs : 

Herbs : 

The d i  
abundance i 
palms l i n e  

Tournefortia argentea, Ximenia americana; and 

Boerhavia repens, Portulaca lutea, Laportea ruderalis, 
Achyranthes canescens, Phymatosorus scolopendria, Ipomoea 
macrantha, Lepturus repens, Tacca 7eontopeta7oides, Psilotum 
nudum, Phyllanthus amarus, Sida fallax. 

s t r i b u t i o n  of  Cocos ( F i g .  14) i n  o r d e r  o f  dec r ea s ing  
s  as  f o l l ows :  SOUTH: Fo re s t s  o ld  and neg l ec t ed .  Living 
t h e  lagoon,  c u r r e n t l y  shading ou t  s t r i p  of  n a t i v e  s c rub .  

NAKE: Southern f o r e s t s  (50-80% Gocos) h e a l t h i e r ,  younger ,  wi th  more 
n a t i v e  t r e e s  and Pandanus than  on South;  grove of about 50 palms on 
n o r t h e a s t .  LONG:  Range from (1% cover  (T r .  C) t o  dense f r i n g e  ad j acen t  
t o  lagoon.  EMERALD:  Northeast  and wes t - cen t r a l  pa t ches .  MANNIKIBA: 
Main grove ,  n o r t h e a s t :  40 palms, 20 m h igh,  ano ther  patch i n  sou th  
c e n t e r .  ANA-ANA: House s i t e ,  n o r t h e a s t  p o i n t .  BIRD, BLACKFIN, 
BROTHERS, NAUTONGA, NORTH BROTHERS, PIG, PISONIA, RAURAU,  SHARK: Few 
t r e e s  each ,  p r i m a r i l y  in Tournefortia. LONE PALM: One t r e e ,  c e n t r a l  
f o r e s t s .  

H i  s tory 

A r e l a t i v e l y  small coconut grove was p lan ted  on South I s l and  p r i o r  
t o  t h e  16th cen tu ry  by Tuamotuan s e t t l e r s  (Emory 1947, Maude 1968) .  In 
1606 de Q u i r o s  noted "p l en ty  of  palms" and "many cocoa-nu ts"  (Markham 
1904) .  S ince  t h e n ,  every v i s i t o r  has recorded them s i n c e  t hey  grew, and 
s t i l l  grow, ad j acen t  t o  t h e  boat " l a n d i n g . "  A sma l l e r  grove e v i d e n t l y  
a l s o  e x i s t e d  i n  t h e  south-southwest  po r t i on  of  South I s l and  (Luce t t  
1851) .  Palms were a l s o  p e r i o d i c a l l y  p lan ted- -and  des t royed- -"by  whale rs  
and o t h e r  chance v i s i t o r s  t o  t h e  i s l a n d "  (Maude ca .  1938) .  

Unt i l  Arundel ' s  a r r i v a l  i n  1885, Gocos was b a s i c a l l y  conf ined  t o  
t h i s  s i n g l e  grove i n  t h e  nor thwest  s e c t o r  of South (Maude c a .  1942) .  In 
1885, l and  c l e a r i n g  began, and from then  t i l l  1929 n e a r l y  38,000 palms 
were p l an t ed ,  29,480 between 1916 and 1920 and ano ther  7,000 young t r e e s  
a f t e r  1927 t o  r e p l a c e  thousands t h a t  had per i shed  (Young c a .  1922) .  
Arundel ' s  i n i t i a l  l i c e n s e  gave him t h e  exc lu s ive  r i g h t s  t o  occupy 
Ca ro l i ne  and F l i n t ,  p l a n t i n g  coconuts and o t h e r  t r e e s  f o r  21 y e a r s ,  i n  
r e t u r n  f o r  an annual r e n t a l  of  50 pounds s t e r l i n g  (Maude c a .  1942) .  In 
1929 13,215 t r e e s  remained, a f t e r  which no one has counted them. Our 
f i e l d  work and s c r u t i n y  of  a e r  hs i n d i c a t e  t h a t  f a r  fewer 
e x i s t  today .  



Carol i n e ' s  pl a n t a t  i o n s  produced copra  p e r i o d i c a l l y  from 1873 t o  
1934, b u t  n e v e r  p r o f i t a b l y .  They s u f f e r e d  g r e a t l y  from t h e  a t o l l ' s  
abandonment from 1901-1916. Dying and poor ly  p l a n t e d  palms p r e s e n t e d  
c o n t i n u a l  s e t b a c k s  (Young c a .  1922) ;  i n  1878 a  h u r r i c a n e  wrought g r e a t  
d e s t r u c t i o n  (N.I.D. 1943) ,  and a l though  no r e c o r d  e x i s t s  o f  t h e  e f f e c t s  
o f  t h e  1906 h u r r i c a n e  on C a r o l i n e ,  w a t e r s  r e a c h i n g  well i n l a n d  on F l i n t  
threw warehouses  o f f  t h e i r  f o u n d a t i o n s  and f l o o d e d  a l l  b u i l d i n g s  w i t h i n  
the settlement (Campbell 1908) .  In a d d i t i o n ,  p l a n t a t i o n  managers 
lamented t h  i r  o o r  p r o d u c t i v i t y  due t o  choking "by undergrowth and 
Pohue Vine,' d e P t r u c t i o n  o f  i n f l o r e s c e n c e s  by g r e a t  numbers o f  s e a b i r d s  
which r o o s t e d  i n  t h e  t o p s  and broke o f f  t h e  f l o w e r s  a s  t h e y  a p p e a r e d , "  
d i s e a s e ,  and r u i n a t i o n  o f  nuts by Po lynes ian  r a t s  and coconut  c r a b s .  As 
a  result o f  t h i s ,  t h e  l a b o r e r s  s l a u g h t e r e d  many c r a b s ,  and " g r e a t l y  
reduced t h e  numbers o f  s e a  b i r d s ,  who migra ted  t o  unoccupied i s l e t s . "  
The r a t  problem was never  r e s o l v e d  and a p p e a r s  t o  be t h e  major  r e a s o n  
f o r  t h e  e v e n t u a l  abandonment o f  p l a n t a t i o n s  on both  C a r o l i n e  and Fl i n t .  
T h e i r  enormous numbers and v o r a c i o u s  e a t i n g  h a b i t s  g r e a t l y  reduced both  
t h e  c r o p s  o f  p o t e n t i a l l y  h e a l t h y  nuts a s  well a s  t h e  volume o f  d r i e d  
c o p r a .  In 1920,  4 ,600  were t r a p p e d  on South I s l a n d ,  and hundreds more 
were ki 11 ed by smal l  t e r r i e r s  i n t r o d u c e d  s p e c i f i c a l l y  t o  c o n t r o l  them 
(Young c a .  1 9 2 2 ) .  Maude ( p e r s .  comm.) r e c a l l s  t h a t  one t e r r i e r  s t i l l  
s u r v i v e d  i n  t h e  1940s .  Rats  s t i l l  abound, e s p e c i a l l y  w i t h i n  coconut  
g r o v e s  and P i s o n i a  f o r e s t s .  Another s e r i o u s  problem was due t o  coconut  
c r a b s  d i g g i n g  up r e c e n t l y  p l a n t e d  n u t s  and p inch ing  o f f  young s h o o t s .  
A f t e r  t h e  palms had a t t a i n e d  one y e a r ' s  growth t h i s  was no l o n g e r  a  
problem (Young c a .  1922) .  

Before  abandonment (1902 t o  1916,  and a f t e r  1934) ,  C a r o l i n e ' s  
p l a n t a t i o n s  were owned by s e v e r a l  companies whose average  annual c o p r a  
o u t p u t  was approx imate ly  14 t o n s .  From 1934 t o  t h e  70s c o p r a  was 
h a r v e s t e d  s p o r a d i c a l l y  by small  p a r t i e s  from T a h i t i  ( G a r n e t t  1983) ,  bu t  
w i t h i n  t h e  l a s t  2  decades  i t  s topped  a l t o g e t h e r .  

D e s p i t e  t h e  r e l a t i v e l y  f e r t i l e  s o i l s  o f  South I s l a n d ,  t h e  problems 
i n  t h e  p l a n t a t i o n s  hampered t h e  e s t a b l i s h m e n t  o f  permanent s e t t l e m e n t s  
on C a r o l i n e .  In t h e  1930s aude e s t i m a t e d  t h a t  t h e  a t o l l  cou ld  s u p p o r t  

e s e ,  i n c r e a s i n g  o  over  1000 "when t h e  i s l a n d  has  been f u l l y  
aude c a .  1938) ,  C o l o n i s t s  were never  e s t a b  

s i n c e  t h e  f a i l u r e  o f  t h e  p l a n t a t i o n s  was never c u r e d  ( 
l e a v i n g  C a r o l i n e  "one o f  t h e  l e a s t  s p o i l e d  i s l a n d s  i n  t h e  P a c i f i c "  
( S t o d d a r t  1976) .  However, a s  p l a n t a t i o n  i n f o r m a t i o n  i n  Young's ( c a ,  
1922) unpubl ished "Memoranda" i n d i c a t e s ,  C a r o l i n e  i s  n o t  a s  p r i s t i n e  a s  
i t  a p p e a r s ,  bu t  t h e  r a p i d  recovery  o f  most of  i t s  windward f o r e s t s  i s  
remarkable  ( s e e  P i s o n i a  F o r e s t s ,  t h i s  s e c t i o n ) .  

' sa id  t o  be Tuumfet ta  ( =  T r i u m f e t t a )  procumbens, most 1  i  k e l y  a  
m i s i d e n t i f i c a t i o n  of  Ipomoea macrantha .  



D i s t r i b u t i o n  and Abundance 

We recognize  4  subd iv i s i ons  o f  t h e  coconut woodlands: Cocos 
P l a n t a t i o n s ,  Dying Cocos-Ipomoea P l a n t a t i o n ,  S c a t t e r e d  Groves on Small 
Motus, and Mixed Fo re s t  wi th  Cocos. 

1 )  Cocos P l a n t a t i o n s  (34.07 ha) 

Superannuated palm f o r e s t s  dominate South I s l a n d  and sou thwes te rn  
Nake. Although t h e  p l a n t i n g  o f  Cocos on South e l im ina t ed  most o f  i t s  
o r i g i n a l  h a b i t a t s ,  Nake escaped with  l e s s  damage: Cocos cove r s  77% o f  
the  a r e a  on South but on ly  6% of  Make (11% inc lud ing  mixed f o r e s t s ) .  
The 60 t o  100-year -o ld  t r e e s  form t a l l ,  c l o sed  canopy woodlands ( P I .  23) 
21-25 m h igh ,  t h e  customary maximum he igh t  recorded f o r  o l d  p l a n t a t i o n s  
(Fosberg 1953) .  F igure  51 shows the  d i s t r i b u t i o n  and abundance of  p l a n t  
s p e c i e s  along a  t r a n s e c t  running c e n t r a l l y  through t h e  i s l a n d ,  whi le  
Figure  36 d e p i c t s  a  schemat ic  p r o f i l e  o f  t h e  same swath.  

Pure coconut p l a n t a t i o n s  harbor  re1 a t i v e l y  few s p e c i e s :  up t o  7 
t r e e s ,  z e ro  t o  2 sh rubs ,  and 5-11 he rb s .  The unders to ry  l a y e r s  a r e  
a lmost  e x c l u s i v e l y  ind igenous ,  an unusual f e a t u r e .  However, s k i r t i n g  
t h e  edge of the  lagoon ,  t a l l  palms overhang t h e  wa t e r ,  crowding n a t i v e  
p l a n t s ;  Su r i ana  and Tou rne fo r t i a  were l e s s  abundant i n  1988 ( P I .  28) 
than i n  1965 ( P I .  4 0 ) .  

2 )  Dvinq Cocos-Ipomoea P l a n t a t i o n  (53.92 ha) 

Mature p l a n t a t i o n s  c h a r a c t e r i s t i c a l l y  become overgrown wi th  shrubs  
and v i n e s  (Fosberg 1953, 1956) .  Ipomoea macrantha,  t h e  s o l e  v ine  on 
Ca ro l i ne ,  forms t a n g l e d ,  impenetrable  t h i c k e t s .  Indigenous,  
n o n p a r a s i t i c ,  and widely  d i spe r s ed  by ocean c u r r e n t s ,  i t  forms a  very 
minor component o f  C a r o l i n e ' s  na tu r a l  h a b i t a t s ,  but grows rampantly i n  
d i s t u r b e d  a r e a s .  Vine-covered coconut woodlands cover  t w o - t h i r d s  of 
South I s l a n d ' s  i n t e r i o r  (F ig .  O ) ,  This  moribund o r e s t  i s  bordered by 
a b e l t  of l i v i n g  palms, which in  turn a r e  s h e l t e r e d  by a  narrow rim of  
indigenous vege t a t i on  ( F i g s .  36,  51 ) .  

While t r a v e r s i n g  t h e  South I s l and  t r an sec . t s ,  t h e  a u t h o r s  stomped 
over  i n t e r t w i n i n g  t h i c k e t s  up t o  3 m high ( P I .  8) and crawled through 
t i g h t l y - k n i t  masses o f  v i n e s  descending from t h e  crowns of  o ld  palms, 
P i s o n i a ,  and Morinda bushes ,  u n t i l  t h i s  t o o ,  proved impene t rab le .  In 
sunny c l e a r i n g s  d o t t e d  wi th  dead o r  d i s i n t e g r a t i n g  palms, Ipomoea, 
Boerhavia ,  and Phymatosorus pro1 i  e r a t e d  l u x u r i a n t l y .  Choking of t h e  
palms by Ipomoea, one of  t h e  prime r ea sons  f o r  the  twice-abandonment of 
t h e  copra  e n t e r p r i s e s ,  con t i nues  t o  d e s t r o y  the  coconuts ,  encouraging 
n a t u r a l  e co log i ca l  success ion  t o  begin anew. 

3) S c a t t e r e d  Groves on Small Motus (0 .82 ha)  

t - d e r i v e d  palms were observed as  lon  
n 1916, when p l a n t i n g  o p e r a t i o n s  wer ak 

of 14 y e a r s ,  about 40 t r e e s  grew beyond t h e  p  
1942) .  Today, small  Cocos g roves ,  up t o  50 palms, d r i  f t - d e r i v e d  and 



p l a n t a t i o n  remnants ,  g e n e r a l l y  c l o s e  t o  t h e  s h o r e l i n e  ( P l s .  28,  2 9 ) ,  
occur  on 11 motus. 

4 )  Mixed F o r e s t  wi th  Cocos (6 .24 ha)  

T h i s  f o r e s t  t y p e  i s  a simp1 i f i e d  v e r s i o n  o f  more complex and 
v a r i e d  mixed f o r e s t s  t h a t  o c c u r  on most i n h a b i t e d  a t o l l s .  Composed o f  
an th ropogen ic  and ind igenous  elements, i t  c o n t a i n s  a h igh  p r o p o r t i o n  o f  
Cocos (50-80%) mingled wi th  v a r i a b l e  p r o p o r t i o n s  o f  T o u r n e f o r t i a ,  
P i s o n i a  and Pandanus.  Th i s  f o r e s t  t y p e  occurs  p r i m a r i l y  i n  s o u t h e r n  
Nake ( F i g .  1 4 ) ,  bu t  a l s o  on Emerald, Shark ,  and sou thwes t  Long, where i t  
mixes w i t h  Cord ia  and T o u r n e f o r t  i a .  

House S i t e :  A c l e a r i n g  on Motu Ana-Ana, approx imate ly  40 m x 70 m ,  
c o n t a i n s  a few Cocos, a v e g e t a b l e  ga rden  and t h a t c h e d  former  l i v i n g  
q u a r t e r s  ( P I .  5 1 ) .  

Cocos-dominated h a b i t a t s  were o r n i t h o l o g i c a l l y  t h e  most 
d e p a u p e r a t e  on C a r o l i n e :  o n l y  Brown Noddies and White Terns  b reed .  The 
nodd ies  n e s t e d  high w i t h i n  t h e  f rond  and i n f l o r e s c e n c e  b a s e s ,  whereas 
t h e  White Terns  p r e f e r r e d  lower  s i t e s ,  o c c a s i o n a l l y  a t o p  an a r c h i n g  
f r o n d .  The absence o f  o t h e r  s p e c i e s  s u g g e s t s  t h a t  an th ropogen ic  Cocos 
f o r e s t s  s e r i o u s l y  i n h i b i t  s e a b i r d  use  and may c o n t i n u e  t o  do so  f o r  
decades  u n t i l  t h e y  a r e  r e p l a c e d  by n a t i v e  v e g e t a t i o n .  

Absent PI a n t  Communities 

C a r o l i n e ' s  impoverished f l o r a  and r e l a t i v e l y  s i m p l e  physiography 
and geology has  r e s u l t e d  i n  a l i m i t e d  v a r i e t y  o f  ecosystems.  The a t o l l  
i s  thus n o t a b l e  n o t  o n l y  f o r  i t s  P i s o n i a  f o r e s t s ,  e x t e n s i v e  monotypic 
s t a n d s  of  T o u r n e f o r t i a ,  and Cordia  g r o v e s ,  but  a l s o  f o r  t h e  absence o f  
s e v e r a l  ecosystems t h a t  a r e  g e n e r a l l y  c o n s i d e r e d  t y p i c a l  o f  P a c i f i c  
a t01  1 s :  

1 )  Sesuvium F l a t s ;  

2) Pemphis, S c a e v o l a ,  and S i d a  Scrub (2  Scaevo la  p l a n t s  a r e  p r e s e n t ,  and 
t h e  o n l y  2 S i d a  r e c o r d s  a r e  from 1884 and 1990) ;  and 

3 )  Mixed broad1 e a f  f o r e s t s  i n c l u d i n g  B a r r i n g t o n i a ,  Calophyl  lum, 
G u e t t a r d a ,  Hernand ia ,  and Neisosperma. 

4 )  P l a n t  a s s o c i a t i o n s  ( e x c e p t  Cocos) t y p i c a l  o f  n a t i v e  c u l t u r e s  on 
a t o l l s :  b r e a d f r u i t  g roves  (Ar toca rpus  a l t i l i s ) ,  t a r o  p i t s  
(Cyrtosperma chamisson i s ,  C o l o c a s i a  e s c u l e n t a ,  Xanthosoma 
s a g i t t i f o l i a ) ,  c u l t i v a t e d  o rnamenta l s  ( H i b i s c u s  r o s a - s i n e n s i s ,  
P lumer ia  spp .  , e t c .  ) , o r  weedy g r a s s 1  ands/waste l  ands 
Sporobo lus ,  Wedel ia ,  Vigna, e t c . ) .  Even widespread i n  



species such as Termina l id  catappa and Casuarina e q u i s e t i f o l i a  are 
absent. 

In addition, there are no mangroves, peat bogs, marshes, ponds, s a l t  
f l a t s ,  or other habitats associated with fresh or brackish water. 
Poorly represented are: 

1) Lepturus Grassland. Although Lepturus i s  present in coastal herb 
mats, and occasionally in patches within the forest understory, i t  
does n o t  form a separate plant community. However, i t  may once have 
covered the extensive clearings on South  Island ( P I .  2 ,  3 ) .  

2 )  Mixed Forest. Though 6 .24  ha of Mixed Forest (with Cocos) occurs 
(primarily on Nake), i t  i s  of such minor importance t o  Caroline's 
overall vegetation that  i t  i s  treated as a subsection of Coconut 
Wood1 ands. 

These i s l e t  accounts synthesize the history, physiography, 
vegetation patterns, ecology, seabird colonies, mi scell  aneous biota, and 
the effects of human act ivi ty ( i f  any) on Caroline's 39 motus (Fig. 2 ) .  
Mapping i s  based on the coast-to-coast transects,  perimeter surveys, 
complete surveys (smal 1 er motus), col or transparencies, and aeri a1 
photographs. 

stages from barely emerged Cora 
f e r t i l e  "soils" supporting lush 
platform i n  i t s  final stages of 

We discuss and map them in 

All motus are de t r i ta l  reef i s l e t s  representing many evolutionary 
1 rubble t o  large i s l e t s  with relat ively 
vegetation. There i s  one tiny old reef 
erosion. 

geographic order beginning in the n o r t h  
with Nake and progressing down the windward reef through Long and the 13 
Windward I s l e t s  t o  S o u t h  Island. Beginning anew in the north, we move 
south t h r o u g h  7 Sou th  Nake I s l e t s ,  11 Central Leeward I s l e t s ,  and 
f ina l ly  the 5 Southern Leeward I s l e t s .  

Because of the variety of i s l e t  shapes, "long" or " l eng th 'be fe r s  
t o  the longest dimension lying parallel t o  the outer reef edge (normally 
north-south) and "wide" or "width" t o  the longest dimension 
perpendicular to  the outer reef edge (normally east-west). South 
Island, the only exception, i s  considered t o  l i e  adjacent t o  the 
southern reef edge, so i t s  "length" i s  measured east-west. Seabird 
numbers are from Part 11, Table 1.  For convenience in locating 
particular i s l e t s ,  the order i s  as follows: 



1 )  NAKE ( F i g .  37)  2) LONG ( F i g .  38)  

WINDWARD ISLETS 
3 )  Bo'sun Bird (F ig .  42) 4) Windward ( F i g .  43) 
5 )  Crescen t  (Fig.43) 6 )  At ibu ( F i g .  43) 
7)  North Pig  ( F i g .  44) 8) Pig  ( F i g .  44) 
9 )  Sku l l  ( F i g .  44) 10) North B r o t h e r s  ( F i g .  46) 

11) B r o t h e r s  ( F i g .  46) 12) Noddy Rock ( F i g .  47) 
13) North Arundel ( F i g .  47) 14) Arundel ( F i g .  47) 
15) Tr idacna  ( F i g .  48) 16) SOUTH ( F i g .  50) 

SOUTH NAKE ISLETS 
17) Pandanus ( F i g .  52) 
19) Booby ( F i g .  52) 
21) Lone Palm ( F i g .  52) 
23) Mouakena ( F i g .  52) 

CENTRAL LEEWARD ISLETS 
24) Mannikiba ( F i g .  53)  
26) Matawa ( F i g ,  54) 
28) Shark ( F i g .  55) 
30) Nautonga ( F i g .  55) 
32)  R e e f - f l a t  ( F i g .  55) 
34)  F i s h b a l l  ( F i g .  55) 

SOUTHERN LEEWARD ISLETS 
35)  Raurau ( F i g .  57) 
37) P i s o n i a  ( F i g .  57) 
39) Ana-Ana ( F i g .  57) 

18) Danger ( F i g .  52) 
20) Coral ( F i g .  52)  
22) Kota ( F i g .  52) 

25) Blackf in  ( F i g .  54) 
27) Emerald ( F i g .  54)  
29) S c a r l e t  Crab ( F i g .  55) 
31)  Azure ( F i g .  55)  
33) Bird ( F i g .  55)  

36) E i t e i  ( F i g .  57) 
38)  Kimoa ( F i g .  57) 

1) F i g s .  30,  37 ;  P l s .  17, 22, 35-37,  43 

ake ' s  l a r g e  s i z e  and ui.lderground wate r  l e n s ,  coupled wi th  
and s o i l s  more v a r i e d  than e l sewhere  on C a r o l i n e ,  a t t r a c t e d  

Polynesian s e t t l e r s .  Because e a r l y  European v i s i t o r s  s t a y e d  p r i m a r i l y  
on South I s l a n d ,  t h e r e  i s  on ly  a  s i n g l e  r e f e r e n c e  t o  Cocos p r i o r  t o  t h e  
l a t e  19 th  c e n t u r y  (1  t r e e  seen i n  1825 by Paulding 1831) .  

The f a r  nor thwes t  of Nake ( a l s o  North I s l a n d  i n  Young c a .  1922) 
houses t h e  on ly  t r u e  a r c h a e o l o g i c a l  s i t e  on C a r o l i n e - - a  l a r g e  marae 
( F i g s .  3 ,  37;  P I .  3 6 ) .  Discovered d u r i n g  t h e  guano e r a ,  t h e  s i t e  i s  
marked a s  " g r a v e s "  on Arundel ' s  map. Arundel ,  who was l i v i n g  on t h e  
a t o l l  when t h e  marae was d i s c o v e r e d ,  d e s c r i b e s  i t  t h u s :  "On t h e  n o r t h -  
west  end o f  C a r o l i n e  a r e  some c u r i o u s  o l d  n a t i v e  remains ,  whether p l a c e s  
o f  b u r i a l  o r  o f  s a c r i f i c e  I  cannot  de te rmine .  I  opened one o f  t h e s e ,  
bu t  cou ld  f i n d  no i n d i c a t i o n  whatever t o  g u i d e  me i n  a  d e c i s i o n "  
(Arundel 1890) .  AKK,  R .  Fa lconer ,  and G .  Wragg l o c a t e d ,  measured, and 
photographed t h i s  marae i n  1990. The e n t i r e  c o u r t y a r d  was approx imate ly  
18 m long by 14 m wide. All 10 p e r i p h e r a l  s t o n e s  and t h e  c e n t r a l  one 

e a s i l y  i d e n t i f i a b l e  from t h e  1883 p lan  (F ig .  3 ) ,  a l though  a  few had 
f a l l e n  o v e r  o r  broken due t o  encroaching v e g e t a t i o n .  The lower w a l l ,  
p a r t l y  d e s t r o y e d  by Arundel , had no t  been r e c o n s t r u c t e d .  I t  i s  p robab le  
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t ha t  t h i s  marae had not been seen since the 1880s; though discussed by 
Emory (1947), he never v i s i t ed  Caroline personally. 

Northwest Nake i s  pa r t i cu la r ly  su i tab le  f o r  a place of worship and 
sacr i f i ce :  i t  f i t s  most of the  environmental c r i t e r i a  indispensable t o  
ancient Tuamotuan re l ig ious  r i t ua l  (Emory 1947). F i r s t ,  f l a t  ground was 
necessary, preferably lying a t  r i gh t  angles t o ,  or  paral le l  t o ,  the  
lagoon. Second, i t  was important t o  have the  wind blowing across the  
marae t o  waft away the  smells of sacr i f iced animals. Third, ceremonial 
items included branches of the P i s o n i a  t r e e ,  leaves of Cocos ( f o r  l ea f  
charms/"rosari e s q l ) ,  and the aeri  a1 roots of Pandanus. Fourth, feathers  
from "black te rns"  (Black Noddy), f r iga teb i rds ,  and Red-tailed 
Tropicbirds were a l so  necessary fo r  r i t u a l s .  Rather than a smooth 
subst ra te ,  the  ear ly  Polynesians would have had t o  be content with 
leveled coral rubble and distance from the lagoon. The only organism 
not l iv ing near the  marae today i s  the t ropicbird;  however, t h e i r  
elongated t a i l  fea thers  could have been plucked from adul ts  nesting on  
nearby motus. 

Since marae are sacred places, there i s  possibly a s ignificance t o  
the location of the  main "courtyard" c lose  t o  the  a t o l l ' s  northern t i p .  
I t  i s  well known t h a t  the northern extremities of islands were 
auspicious places fo r  a l l  Polynesians; in such places,  they believed, 
disembodied s p i r i t s  were whisked t o  the netherworld. 

In 1938 a c i s t e rn  was bu i l t  in southwest Nake, which i s  s t i l l  
v i s i b l e  (see Sect. D ,  Hydrology). We fa i l ed  t o  f ind evidence of 
occupation, b u t  in September 1974 there  was "a small,  barely-furnished 
thatched hut ,"  a stack of approximately 3 tons of copra on a raised 
platform, and a " three  fathom canoe of Polynesian construction" (Ward 
1974). 

: Largest in area, ake i s  the northernmost m o t u ,  separated 
from Long by a 40-m channel ( P I .  17) .  With maximum dimensions 2,000 m 
long and 685 m wide, i t  i s  basically rectangular with rounded corners 
and  a peninsula-l ike extension i n  the southeast.  

ake l i e s  north of the lagoon, having a southern, dry "bay" (Sandy 
I n l e t ) ,  in which s i l t ,  sand, and f ine  coral debris  are  being ac t ive ly  
deposited ( P I .  2 2 ) .  This hard, f l a t  expanse of s i l t y  and sandy 
sediments i s  145 m wide a t  i t s  mouth, extending 200 m north in to  the 
main i s l e t .  I t s  3.50 ha provide a favor i te  feeding location f o r  
shorebirds, especia l ly  Brist le-thighed Curlews. I f  Arundel's char t  
(Fig. 4) i s  cor rec t ,  Sandy In le t  has increased i t s  land area during the  
1 a s t  century. 

On the reef f l a t s  off the west s ide  are extensive remnants of 
jagged upraised reef of unknown  age ( P I .  11) and occasional beachrock. 
The exposed beaches and reef f l a t s  a t  Nake's north point are especia l ly  
broad, cha rac t e r i s t i c  of reef f l a t s  a t  the  exposed corners of i s lands .  
Comparisons of the northern sweep of rubble on recent ae r ia l  photos with 
Arundel's map indicate  t h a t  much coral debr is ,  curved shingle r idges 
( P I .  16) ,  has been added since 1883. This area,  the northernmost t i p  of 



the  a t o l l ,  i s  subjected t o  heavy wind, wave and swell ac t ion.  I t  i s  
possible t h a t  pa r t i cu la r  r idges can be a t t r ibu ted  t o  individual storms 
as has been documented f o r  some other a t o l l s  (Stoddart & Steers  1977). 
In 1990, the  deep, f i n e  coral rubble mixed with sand e a s t  of the  marae 
yielded 3 old t u r t l e  nes ts .  Overall,  only 6% of the  land area was 
unvegetated. However, sparsely vegetated expanses of hardpan occupied 
the  south-central  sec tor  (immediately inland of the  coas t  within a be l t  
of Tournefortia f o r e s t ) ,  and pure sand a t  l e a s t  t o  0.5 m deep bordered 
Sandy I n l e t .  

Nake's windward coas t ,  complete with a peaked beach c r e s t  and 
discontinuous beachrock, i s  30 m wide in the  north,  narrowing t o  3 m in 
t h e  south. Offshore, submerged reef f l a t s  form a sandy moat. 

In the d i s t a n t  pas t ,  Nake consisted of 2 separate motus: ae r i a l  
photos (Front ispiece)  reveal an oblique, ancient channel about two- 
t h i r d s  of the  way down the  isletwhich i s  now well vegetated c e n t r a l l y  
b u t  scrubby per iphera l ly .  

i o n :  Before the  major c lear ing f o r  coconut p lanta t ions ,  Nake's 
na t ive  f o r e s t s  were "80 t o  100 f e e t  high" (Arundel 1875). Today the re  
a re  16 plant  species ( 5  t r e e s ,  1 shrub, 10 he rbs ) ,  62% of Caroline 's  
f l o r a ,  I t  i s  t h e  lushes t  motu, with woodlands (82.39 ha) about 80% 
nat ive  and 20% Cocos (PI .  37) .  Although in 1916 there  were about 260 
palms, and the  e n t i r e  island was evidently planted with 10,544 palms in  
1918-1919 (Young ca.  1922, Table 1 3 ) ,  substant ia l  t r a c t s  of each major 
vegetation type occur today. I t s  i n t e r i o r  i s  r i ch  in Pisonia ,  with the  
l a r g e s t  acreage (20.79 ha) and some of t h e  t a l l e s t  t r e e s  (20 m high) and 
l a rges t  t runks on t h e  a t o l l  (PI .  43, Table 1 1 ) .  In addi t ion ,  Cordia i s  
well-represented:  2 major groves of Cordia-Tournefortia f o r e s t  occupy 
11.8 ha, 2% of Nake's area .  Extensive pioneer herb mats, flanked on 
t h e i r  inner s ides  by Tournefortia scrub, occur in the  north and e a s t .  
The remaining Coeos, e s s e n t i a l l y  in the  southern quar te r ,  comprise 
Caroline 's  second l a r g e s t  coconut grove. 

s :  Nake, with 80% of Caroline 's  breeding seabird species ,  shows a 
c t  co r re la t ion  between i s l e t  s i z e  and bird species d i v e r s i t y ,  Nine 

species of seabirds breed, a l l  with l a rge r  po ul a t ions  ( p a i r s )  than 
previously reported (Cl app & Si bley 1971a) : asked Booby (105 ) ,  Brown 
Booby ( l ) ,  Red-footed Booby (496), Great Frigatebird (522),  Lesser 
Frigatebird (56) ,  Brown Noddy (390), Black Noddy (814),  Sooty Tern 
(nest ing in 1989; Anne Falconer, pers.  comm.), and White Tern (1 ,094) .  

2 )  LONG ISLAND (75.98 ha) Figs. 30, 35, 38-41; Pls .  9,  
17, 19, 27, 32, 47, 54 

Third l a r g e s t  in area ,  t h i s  longest of motus covers nearly one- 
t h i r d  of the  a t o l l ' s  windward s ide .  I n  the  north i t  i s  separated from 
Nake by a narrow channel; from i t s  southern t i p  a chain of smaller motus 
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F i g u r e  40. ILong I s l a n d :  eds t -wes t  c r o s s - r e c r l o n  t h rough  T ransec t  C, d  f o r r w r  l n t e r - i s l e t  channe l ,  showing 
f l o r i s t i c  c a n p o s l t i o n ,  r e l a t 7 v e  abundance o f  p l a n t  spec ies ,  degree o f  spec ies  o v e r l a g ,  and  canopy h e l y h t s .  
V e r t i c a l  h e i g h t  i s  exagge ra ted .  

F ~ g u r e  41. Long I s l a n d .  e a s t - m s t  c r o s r - s e c t k o n  Khrouqh I r a n s e r t  8 ,  w h l ~ h  pJtse'l :hrovqh 
m p t v r c  I n t e r l o r  h e o n w  f o r e s t  o f  l a r q e s t  o f  Long ' s  c o a l e r c u d  motus Oato ~ n c l u d e s  i l o r l s t l c  
~ o h Q o s l t l o n .  r e l d t l v c  abundance o i  p l a n t  P p r c l c r .  dey ree  of Ppcc les  o v e r l d k ,  dnd  Cdnopy 
h e l g h t r .  V c r t t c a l  h e l g h t  Is e l d q q ~ l d t P d  I lOte t he  d b ~ e n c e  o f  10.1 vrgeKdt  I o n  on t h e  l e p r a r d  
sho re  



Physiography and History: Long, 4,226 m long and 330 m wide, i s  
somewhat snake-shaped, with an enlarged northern "head" and at tenuated 
" t a i l . "  From a d is tance  i t s  vegetation appears a s  a  s e r i e s  of humps.  
Long has experienced a f a i r l y  complex geological h i s to ry ,  noted by the  
Solar Eclipse Party: "On some of the  i s lands  there  are  spaces void of 
vegetat ion,  extending from lagoon t o  beach, which indicate  the  exis tence  
a t  a  former time of a  water separat ion" (Holden & Qualtrough 1884). 

A t  present ,  Long i s  composed of 5 d i s t i n c t  former motus separated 
by sparsely vegetated channels of coarse sand and coral gravel .  Aerial 
photographs a l so  reveal f u r t h e r ,  older subdivisions (see below). 
Coalescence and f rac tu r ing  of the  or ig inal  motus probably occurred 
repeatedly.  Since erosion proceeds f a s t e r  on an a t o l l ' s  windward r e e f s ,  
providing coral fragments, c o r a l l i n e  algae,  and pulverized molluscs, i t  
i s  no su rpr i se  t h a t  the  f i r s t  s e r i e s  of Caroline 's  motus t o  fuse were 
those facing t h i s  r i ch  source of parent mater ia l .  

Long's coarse rubble beaches (PI .  19) a re  a mirror image of those 
on Nake: they widen progressively southward. The swath of unvegetated 
rubble above high t i d e  l i n e  in the  upper two-thirds of Long averages 8 m 
wide, while in the  lower t h i r d  i t  i s  40 m wide. Unvegetated coral 
debr is  accounts f a r  10% of the  i s land 's  area (Fig .  3 0 ) .  Beachrock, 
flanking the  windward shore l ine  f o r  most of i t s  length ,  i s  more abundant 
than elsewhere (PI .  5 4 ) .  

Long's lagoon f lank i s  edged with submerged sand and s i l t ,  and i s  
one of t h e  most shel tered  pa r t s  of Caroline. Sand and rubble deposition 
off  the  south point has formed a lagoon i s l e t  (Bo'sun Bi rd ) ,  which 
could, in the  f u t u r e ,  coalesce with Long's south point t o  form a hook. 

An uncommon subs t ra te  on Caroline, upraised reef  forms a low 
rampart (general ly (1 m high) pa ra l l e l ing  the  r idge c r e s t  ins ide  t h e  
vegetation f o r  much of the  lower quar ter  of Long. Although we camped i n  
t h i s  area and conducted 4 t r ansec t s  through t h i s  upraised r e e f ,  we found 
no plant species t h a t  indicated the  presence of f e o ,  such as can be 
found in the  Tuamotus (Fosberg, pers.  comm.). 

In 1990 G .  Wragg found some sca t t e red  large  s tones ,  s imi la r  t o  
those of the  Nake marae, located c e n t r a l l y  100 m north of the  southern 
t i p  of Long, confirming the  repor t  of the  remains of a  smaller marae o n  
Long Island (Holden & Qualtrough 1884). Wragg noted t h a t  the  marae was 
small ,  measuring approximately 3 m wide by 8-10 m long. I t s  o r i en ta t ion  
appeared t o  be northeast-southwest.  The wall on one end was evidently 
smashed by storm waves. Only 2 of the  peripheral upright stones were 
standing,  of s imi la r  s i z e  t o  those on Nake. The platform was i n  
reasonable condit ion,  with a huge Pisonia t r e e  growing through i t .  Some 
rock s l abs  were l a rge  (2 x 2 m ) .  The e n t i r e  marae was s i t u a t e d  within a 
Pisonia grove, with nearby Cocos. We do not know i f  t h i s  coconut grove 
(1.6 ha) was present before 1,343 palms (20% of the  i s l e t ' s  a rea)  were 
planted in 1918-19 (Young ca.  1922). The shel tered  locat ion and a 
bisonia-~ocos f o r e s t :  which sugg ' 

pr io r  occupation. 



In 1990, Wragg a lso  uncovered an RNZAF survey marker jus t  inland 
of Long's southernmost t i p .  

Vegetation: There a re  15 plant species (4 t r ee s ,  2 shrubs, 9 herbs),  on 
Long, 58% of the t o t a l  f l o r a .  Long's var ie ty  of hab i ta t s ,  vegetation 
heights, subst ra ta ,  and birds make i t  the  most diverse i s l e t  on 
Caroline. Only 3% of i t s  area remains in Cocos. All the a t o l l ' s  
seabirds have bred here. I t s  ecology i s  best understood with reference 
t o  Figures 35 and 39-41. 

Within the basic pattern of 5 coalesced motus, i t  may be seen 
t ha t :  

From north t o  south (measured from the  midpoint of each former 
channel) the  motus, of divergent s ize  and shape, a re  approximately 
320, 620, 700, 1,840, and 100 m 1 ong. 

Each former motu, crowned by P i s o n i a  fo r e s t ,  contains concentric 
r ings of decreasing f e r t i l i t y  around i t s  core and i s  morphologically 
s imilar  t o  motus surrounded by water, except t h a t  the coarse coral 
gravel along the former perimeter i s  l e s s  marked. More spec i f ica l ly ,  
beach sands and gravel extend fo r  200-300 m north and south of the 
old channels, a f t e r  which they increasingly accumul a te  coral rubble, 
humus, and guano. 

T o u r n e f o r t i a  dominates, interspersed with 4 patches of t a l l e r  P i s o n i a  
fo res t  and scattered clumps of Cocos and C o r d i a .  Interrupted herb 
mats paral le l  the windward coast and often extend across the island 
along former i n t e r i s l e t  channels ( P I .  32).  Vegetation height var ies  
from 2 cm t o  15 m .  

Plant species d ivers i ty  i s  highest in T o u r n e f o r t i a - P i s o n i a  a n d  lowest 
in P i s o n i a  fo r e s t s .  

Long's t a l l e s t ,  most mature P i s o n i a  groves ( u p  t o  100% P i s o n i a )  occur 
on  the l a rges t  of the former i s l e t s ,  The P i s o n i a  fo res t  near the 
south end (Tr, l o ) ,  although healthy, i s  only 12 m t a l l .  This may be 
due t o  i t s  impoverished upraised p i t t ed  reef subst ra te  barely covered 
with " so i l . "  Since i t  l i e s  adjacent t o  Long's most luxuriant  Cocos 
grove, i t s  land could well have been cleared in 1918-19, with the 
P i s o n i a  fo res t  taking longer than elsewhere t o  recuperate. Because 
tern guano increases soi l  f e r t i l i t y ,  contributing t o  P i s o n i a  growth, 
i t  i s  of i n t e r e s t  tha t  nei ther  Black nor Brown Noddies nested here. 

Deep dips in Figure 39 (lower graph) correspond t o  east-west 
corridors formed from 01 d channel s .  Vegetation in these re1 a t  ively 
i n f e r t i l e ,  sandy f l a t s  i s  low, s imilar  t o  t ha t  on  small developing 
motus ( i . e .  native herbs with scat tered T o u r n e f o r t i a  (2 m high).  One 
sandy channel (Tr. C, Pl. 32) supported sparse S u r i a n a .  During the 
February 1990 cyclone, a l l  vegetation was e i t he r  uprooted, washed 
away, or smothered with fresh sand and coral gravel along Transects A 
and C (PI .  33).  Storm erosion was par t i cu la r ly  marked within the  
channel t ha t  almost b isects  the island (Tr. A ) .  



7 )  Secondary d i p s  mark even o l d e r  i n t e r i s l e t  channe ls  ( " a n c i e n t  
channe l s " )  , v i s i b l e  on a e r i a l  photographs ( F r o n t i s p i e c e )  bu t  b a r e l y  
r e cogn i zab l e  i n  t h e  f i e l d .  They a r e  overgrown wi th  Tournefortia 
and/or Pisonia. 

8 )  Sharp d i p s  w i th in  e s t a b l i s h e d  f o r e s t s  o r  he rb  mats denote  r e l a t i v e l y  
r e c e n t  channels  gouged o u t  by s torms ( " r e c e n t  s torm c u t s " ) .  These 
were a l s o  a l t e r e d  du r ing  t h e  w in t e r  1990 s torm.  

F igures  40 and 41 i l l u s t r a t e  some d i f f e r e n c e s  between t h e  windward 
and leeward c o a s t s .  T r ansec t  C (F ig .  40) c r o s s e s  t h e  no r th  end o f  Long 
through an o l d  i n t e r i s l e t  channel now f i l l e d  with  sand and rubb l e .  I t s  
1  ow p r o f i l e  r e f 1  e c t s  t h e  s imple  h a b i t a t  ha rbor ing  ha1 o p h y t i c  herbs  and 
Tournefortia shrubs  l e s s  than  2  m h igh.  Although t h e  sh rubs  a r e  
s c a t t e r e d ,  t h e  lagoon h a l f  o f  t h e  t r a n s e c t  pa s se s  through s l i g h t l y  
h ighe r  ground, which encourages  dense r  Tournefortia. Thi s  t r a n s v e r s e  
s e c t i o n  i s  s i m i l a r  t o  t h a t  o f  a  fo rmat ive  motu such a s  F i shba l l  
(F ig .  56 ) .  Th is  exposed, scrubby swath,  300 m wide,  ha rbo r s  Red-footed 
Boobies, Grea t  F r i g a t e b i r d s ,  and a  d i s c r e t e  popula t ion  of  Masked 
Boobies.  Approximately 127,000 p a i r s  o f  Sooty Terns  ne s t ed  i n  a  s i m i l a r  
sandy channel 740 m t o  t h e  sou th  (Tr .  A)  i n  1988. 

Transec t  8 (F ig .  41) c rossed  t h e  i s l e t  n e a r e r  t h e  sou thern  t i p  
( F i g .  8 ) .  Th i s  p r o f i l e  d e p a r t s  s i g n i f i c a n t l y  from t h e  usual p a r a b o l i c  
c r o s s - s e c t i o n  seen on most of  t h e  small motus and which e x i s t s  f u r t h e r  
nor th  on Long I s l a n d .  From e a s t  (windward) t o  wes t ,  t h e r e  i s  f i r s t  a  
wide expanse o f  c o a r s e ,  unvegetated r u b b l e ,  fol lowed by r u b b l e  d o t t e d  
with  he rb s ,  then  Tournefortia s c r u b  i n c r e a s i n g  t o  9  m h igh.  Fu r the r  
i n l a n d ,  a  f o r e s t  o f  10-m-high Tournefortia, Pisonia and Cordia con t i nues  
westward t o  t h e  1  agoon. This  1  eeward margin of  Long, ex tend ing  
southward n e a r l y  t o  i t s  t i p ,  i s  t h e  on ly  l o c a t i o n  on Ca ro l i ne  where 
t a l l ,  indigenous vege t a t i on  overhangs and s h e l t e r s  t h e  lagoon.  No herb  
mat i s  p r e s e n t .  

In summary, Long c o n t a i n s  examples o f  a l l  major p l a n t  communities,  
a s  well  a s  2  minor ecosystems,  Bisonia-Cordia ( 3 . 2  ha) and Cocos-Cordia 
( 0 . 82  h a ) ,  I t s  woodlands t o t a l  49.60 ha. Coconut c r a b s  i n h a b i t  a l l  
a r e a s  con t a in ing  Cocos and Pisonia; our  rough popula t ion  e s t i m a t e  i s  
200. 

Birds: In 1988 Long supported 9 (10 i n  1965) s p e c i e s  o f  breeding 
s e a b i r d s ,  a s  f o l l ows  ( p a i r s )  : Red- ta i l  ed T rop i cb i rd  ( 5 ) ,  Masked Booby 
(69 ) ,  Brown Booby ( 1 2 ) ,  Red-footed Booby (659) ,  Great  F r i g a t e b i  r d  ( 808 ) ,  
Sooty Tern (179 ,800) ,  Brown Noddy (207 ) ,  Black Noddy (986) ,  and White 
Tern (751 ) .  From 1988 through 1990, Sooty Terns  occupied 19 l a r g e  
colony s i t e s  (F ig .  11, P t .  11 ) .  

Comments: Polynesian r a t s  were abundant,  e s p e c i a l l y  i n  Cocos and 
Pisonia h a b i t a t s .  I t  was o f t e n  p o s s i b l e  t o  s e e  3  o r  4  s imu l t aneous ly  
wh i l e  conduct ing d a i l y  surveys ,  and 20 o r  more around camp. A t  n i g h t ,  
t h e i r  numbers i nc r ea sed  s u b s t a n t i a l 1  
cyanura) were noted.  



WINDWARD ISLETS 

This chain of 13 i s l e t s  occupies the  southern hal f  of Caroline 's  
e a s t  coas t .  All r e s t  on the  same reef  f l a t ,  separated by channels 
varying in width and depth. They can be waded with care  a t  low t i d e s ,  
but most harbor black-tipped reef  sharks: u p  t o  4  were v i s i b l e  in t h e  
shallows within 50 m of an observer. Several motus have a l t e r e d  shape 
s ince  1883, including Brothers, which has incorporated a  small cay i n t o  
i t s  present  confines.  

The motus range in s i z e  from Noddy Rock (0.02 ha) t o  Windward 
(11.42 ha).  They support every major vegetation type from simple herb 
mats t o  Pisonia f o r e s t s ,  21 m t a l l .  Because of t h e i r  constant  exposure 
t o  t r ade  winds, the  seaward vegetation i s  wind- and sa l t - shorn .  Though 
appearing primari ly untouched, a l l  of the  Windward I s l e t s  were planted 
with Cocos (Table 13) from 1916-20 (Young ca.  1922). However, these  
inc ip ien t  p lan ta t ions  experienced d i f f i c u l t y  and appear t o  have been 
abandoned within a  few years ,  and t h e i r  vegetat ion recovered remarkably 
( see  Sect .  G ) .  

Flanking the  lagoon of the  southern motus (Brothers  through 
Tridacna),  and extending westward, a re  r ee f s  densely studded with 
Tridacna clams, which add t o  Caroline 's  outstanding natural  a s s e t s  
( P I .  25; P t .  I I ,  Sect .  G ) .  

IRD ISLET (0.86 ha) Figs. 29, 42 

We named t h i s  motu f o r  i t s  Red-tailed Tropicbirds,  commonly ca l l ed  
Bo'sun b i rds .  The s i zeab le  population i s  the  l a r g e s t  on Caroline. In 
addi t ion ,  our 1988 records cons t i tu ted  the  f i r s t  known breeding of t h i s  
species on the  a t o l l .  

y: Bo'sun Bird I s l e t ,  165 m west of bong's southern t i p ,  i s  
the  only motu lying within Caroline 's  lagoon. I t  shares the  same reef  
as Long, however, and i s  not a  t r u e  "lagoon motu." 

Amoeboid in shape, Bo'sun Bird i s  g r e a t l y  a f fec ted  by the  t i d a l  
waters t h a t  spread across the  shallow reef  f l a t s  and gush through t h e  
channels separat ing Long and Windward. Because i t  s i t s  near the  inner 
edge of a  wide windward reef  f l a t ,  t he  layering of sediments around i t  
i s  complex and t r a n s i t o r y ;  our observations ind ica te  t h a t  more rubble 
was deposited on the  i s l e t ' s  western edge s ince  t h e  a e r i a l  photos were 
taken in 1985. I t s  western shore l ine  r i s e s  gradually t o  a  high water 
mark, and s l i g h t  changes in water level  g r e a t l y  change i t s  overal l  s i z e  
and shape. A t  high t i d e  i t s  perimeter i s  ovoid with a  long westerly 
extension.  The "head" i s  approximately 70 m wide and 115 m long, while 
the  "nose" i s  45 m long and 15 m wide. 

Vegetation and Birds: Bo'sun Bird I s l e t ,  composed of coral rubble and 
sand, supports only natural  herb mats (Heliotropium, Por tu laca ,  
Lepturus) and Tournefortia scrub ( t o  4  m t a l l ) .  These 2 simple p lant  
communities cover 35% and 55% of the  land a rea ,  r e spec t ive ly .  For i t s  





s i z e ,  the  motu i s  sparsely vegetated, with only 4  plant  species ( 1  
shrub, 3 herbs),  15% of Caroline's t o t a l  f l o r a .  There are  no 
introductions.  

Bo'sun Bird's most notable a t t r i b u t e s  are  i t s  4  species of 
breeding seabirds:  Red-tailed Tropicbird (47 pa i r s  in 1988, 130 pa i r s  
in 1990), Sooty Tern (8,400 p a i r s ) ,  Brown Noddy (10 p a i r s ) ,  and White 
Tern (6  p a i r s ) .  

4 )  WINDWARD I S L E T  (11.42 ha) Figs. 29, 43 

We named t h i s  "Windward" because i t  i s  the  f i r s t  major, and 
l a rge s t ,  Windward I s l e t .  

Physiography: Broadly crescent ic  in shape, 508 m long by 287 m wide, i t  
p a r a l l e l s  the r e e f ' s  longitudinal axis  and i s  s e t  close t o  the  lagoon. 
I t s  seaward beach i s  qui te  narrow (3  m wide); there  i s  no lagoon beach. 

egetat ion:  Windward has 11 species of p lants  (3  t r e e s ,  1  shrub, 7 
herbs) ,  42% of the  t o t a l  f l o r a .  A windward crescent of halophytic herbs 
borders a zone of Tournefortia scrub, which mixes qu i te  densely w i t h  
Pisonia and Cordia over most of the i n t e r i o r  in a  bilobed pat tern .  
These l a t t e r  f o r e s t s ,  reaching 14 m high in the south and 9  m in the 
north,  t o t a l  8.67 ha. This unusual d i s t r ibu t ion  of centra l  f o r e s t s  
undoubtedly r e f l e c t s  Pisonia 's  recovery from 100% land c lear ing f o r  
Cocos--1,299 palms--in 1920 (Young ca. 1922, Table 13) .  I t  i s  
remarkable t ha t  not one Cocos remains as a  legacy of t h i s  disturbance.  

The east-west p ro f i l e  of Windward, s imi lar  t o  t h a t  of Transect 8 ,  
Long Island (Fig.  41) ,  i s  typical  of most motus, except t ha t  lagoon- 
facing herb f l a t s  a re  almost nonexistent. Scaevola taccada var .  
taccada, a  new plant record fo r  the a t o l l ,  was only found on t h i s  motu, 
although 5. t .  var ,  tuamotensis was found on South Island i n  1990. 

s :  Five species of breeding birds were present ,  a l l  in appreciable 
numbers ( p a i r s ) :  Red-footed Booby (163) ,  Great Frigatebird ( 2 0 7 ) ,  Brown 
Noddy (201, Black Noddy (28) ,  and White Tern (134). 

ay 1990, AKK noted a possible motu midway between 
Windward and Crescent I s l e t s  during midtide, I t  appeared an upraised 
reef platform l i k e  Noddy Rock, b u t  because of extensive shallow 
r e t i cu l a t e  reefs  in t h i s  area ,  i t s  presence a t  high t i d e  has not yet  
been confirmed. 

T I S L E T  (3.10 ha) Figs. 29, 43 

We named t h i s  i s l e t  f o r  i t s  cupped shape. 

Physiography: Crescent I s l e t  i s  190 m long by 225 m wide. I t  i s  almost 
en t i r e l y  composed of coral rubble, with a  l i t t l e  humus in the  i n t e r i o r .  
The seaward beach i s  variable ( u p  t o  50 m wide), the 1  agoon beach, 
ins ign i f i can t .  
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Figure 43. Vegetation and physiography of Windward I s l e t s  
nos. 2 ,  3 and 4: Windward and Crescent I s l e t s ,  and Motu 
Atibu ("Coral Rubble I s l e t " ) .  Atibu appears t o  have been 
severely damaged during the February 1990 storm. 



Vegeta t ion :  There  a r e  10 s p e c i e s  ( 3  t r e e s ,  1 shrub ,  6  h e r b s ) ,  39% of  
C a r o l i n e ' s  f l o r a .  No in t roduced  p l a n t s  occur .  P l a n t  d i v e r s i t y  i s  
poore r  than  on Windward, a  r e f l e c t i o n  o f  small  s i z e ,  poor s o i l s ,  and 
s c a n t  he rb  mats .  However, woodlands cover  t w o - t h i r d s  o f  i t s  a r e a ,  and 
t h e  c e n t r a l  s t a n d  o f  P i s o n i a  and Cordia  i s  87 m wide and up t o  13 m 
h igh .  Crescen t  was h e a v i l y  p l a n t e d  (80% of  t o t a l  a r e a ,  228 palms) i n  
Cocos i n  1920 (Tab le  1 3 ) ,  but  today none remain.  

B i r d s :  Crescen t  I s l e t  was used by t h e  fo l lowing  numbers o f  b reed ing  
p a i r s :  Red-footed Booby ( 2 8 ) ,  Great  F r i g a t e b i r d  ( 5 ) ,  Brown Noddy ( 3 6 ) ,  
Bl ack Noddy ( 6 0 ) ,  and White Tern ( 8 ) .  

6 )  MOTU ATIBU ("Coral  Rubble I s l e t " )  (0 .02 ha) F i g s .  27,  43 

Motu At ibu was C a r o l i n e ' s  s m a l l e s t  and l e a s t  v e g e t a t e d  i s l e t .  
Th i rd  i n  t h e  windward c h a i n ,  i t  measured 13 x  1 8  m .  We named i t  f o r  i t s  
b a s i c  r u b b l e  c h a r a c t e r .  Vegeta t ion covered on ly  2% o f  t h e  l and  s u r f a c e  
and c o n s i s t e d  o f  a  few T o u r n e f o r t i a  sh rubs  ( t l  m h igh)  e n c i r c l e d  by 
narrow swaths o f  low herbs  and r u b b l e .  I t s  3  p l a n t  s p e c i e s  ( 1  s h r u b ,  2  
he rbs ) - -12% of  C a r o l i n e ' s  f l o r a - - w e r e  among t h e  most meager on t h e  
a t o l l ,  Wtibu 's  p r o f i l e  was s i m i l a r  t o  t h a t  o f  F i s h b a l l  ( F i g ,  5 6 ) .  
There were no b reed ing  b i r d s .  

omments: S ince  a  February 1990 s to rm,  At ibu has a p p a r e n t l y  
d i s a p p e a r e d ,  having been reduced t o  a  t h i n  s t r i p  o f  c o r a l  g rave l  below 
high t i d e  l e v e l .  

ORTW PIG ISLET (5 .44 ha) F i g s .  29,  44; P l s .  55 

We named t h e  f o u r t h  windward i s l e t  "North Pig"  f o r  i t s  l o c a t i o n  
immediately n o r t h  o f  Pig I s l e t .  

ys iography:  C l a s s i c a l l y  c r e s c e n t i c ,  North Pig i s  350 m long and 230 m 
wide.  Though approximately  h a l f  o f  P i g ' s  a r e a  and l e s s  wooded o v e r a l l ,  
North Pig has a  s i m i l a r  d i s t r i b u t i o n  o f  sediments  ( i n c l u d i n g  sand on t h e  
l e e  s i d e ) ,  v e g e t a t i o n ,  and breeding b i r d s .  P r o f i l e s  of t h e  2 motus a r e  
n e a r l y  i d e n t i c a l  (F ig.  45) .  

e g e t a t i o n :  There a r e  11 p l a n t  s p e c i e s  ( 3  t r e e s ,  1  s h r u b ,  7 h e r b s ) ,  42% 
of  C a r o l i n e ' s  f l o r a .  No in t roduced  p l a n t s  a r e  p r e s e n t .  Proceeding 
s o u t h  a long t h e  windward i s l e t s ,  l a g o o n - s i d e  he rb  mats develop and i s l e t  
c r o s s - s e c t i o n s  assume a  more p e r f e c t  symmetry--low a t  t h e  edges and 
forming a  hump i n  t h e  middle .  

North P i g ' s  3  v e g e t a t i o n  zones a r e  p r e d i c t a b l y  symmetr ical :  a  
p e r i p h e r a l  band o f  he rbs  (more e x t e n s i v e  on t h e  " h o r n s " ) ,  curved b e l t s  
o f  T o u r n e f o r t i a ,  and a  spac ious  c e n t r a l  f o r e s t  of mixed P i s o n i a ,  Cord ia ,  
and T o u r n e f o r t i a .  The l a t t e r  ( t o  20 m t a l l )  c o v e r s  more t h a n  o n e - h a l f  
t h e  i s l e t ' s  width  and o n e - t h i r d  i t s  a r e a  and i n c l u d e s  f i n e  Cordia  
grove cause  402 Cocos 
palms were p l a n t e d  on 93% of  North P i g ' s  usab le  l and  i n  1920 (Young c a .  
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Vegetation and physiography of Windward I s l e t s  
nos. 5 through 9: North Pig, Pig,  Sku l l ,  North Brothers ,  
and Brothers I s l e t s .  Note the  r e e f s  extending westward 
i n t o  the  lagoon. 



1922, Tab le  1 3 ) .  Measurements from 25 P i s o n i a  t r e e s  (main t r u n k s )  
averaged 19 m i n  h e i g h t ,  221 cm cbh and 261 cm i n  base  c i rcumference  
(Tab le  1 2 ) .  

B i r d s :  Five s p e c i e s  o f  s e a b i r d s  bred:  Red-footed Booby (31  p a i r s ) ,  
Great  F r i g a t e b i r d  (17 p a i r s ) ,  Brown Noddy (76 p a i r s ) ,  Black Noddy (3 ,199  
p a i r s ) ,  and White Tern (110 p a i r s ) .  The l a r g e s t  co lony  of  Black Noddies 
on C a r o l i n e  n e s t e d  i n  t h e  t a l l  P i s o n i a s .  

Comments: Rats  and coconut c r a b s  were common. 

8) PIG ISLET ( 7 . 2 1  ha)  F igs .  29, 44; P l s .  26, 41,  50,  55 

Number 5 down t h e  c h a i n ,  Pig was named p r i o r  t o  1883. Domestic 
p i g s  were in t roduced  t o  C a r o l i n e  i n  1828 by Captain  S t a v e r s  but 
e v i d e n t l y  d i e d  o u t  b e f o r e  1834. Reintroduced i n  1848 wi th  t h e  f i r s t  
r ecorded  s e t t l e r s ,  i t  i s  n o t  known how long t h e y  l a s t e d .  One would 
expec t  t h a t  t h e y  were on ly  on South I s l a n d ,  but  t h e  s t a t e m e n t  t h a t  
"about  o n e - t h i r d  t h e  d i s t a n c e  up t h e  lagoon a  canvas  h u t  e x i s t s  on one 
of t h e  s m a l l e r  i s l e t s  on t h e  e a s t e r n  s i d e  o f  t h e  lagoon" (Holden & 
Q u a l t r o u g h  1884) s u g g e s t s  t h a t  perhaps  domest ic  animals  a l s o  i n h a b i t e d  
P ig .  Though t h i s  i s  weak ev idence ,  t h e r e  must have been some reason  For 
t h i s  c u r i o u s  name. Today no p ig  d e v a s t a t i o n  i s  e v i d e n t  anywhere on t h e  
a t o l l .  

Physiography: Bean-shaped, Pig i s  330 m long and 255 m a c r o s s .  I t  i s  
s e p a r a t e d  from North Pig by a  channel 60 m wide. 

Vege ta t ion :  The i s l e t  has 11 p l a n t  s p e c i e s  (4  t r e e s ,  1 shrub ,  6  h e r b s ) ,  
42% of  C a r o l i n e ' s  f l o r a .  Cocos, t h e  on ly  i n t r o d u c t i o n ,  i s  r a r e  
(0 .03 h a ) .  In 1920, 538 palms were p l a n t e d  (Young c a .  1922) ,  which 
covered approx imate ly  79% of P i g ' s  u s a b l e  a r e a  (Tab le  1 3 ) .  

P i g ' s  v e g e t a t i o n  p r o f i l e  [ F i g .  4 % )  i s  c l a s s i c :  a wide,  windward 
herb  mat, bordered by T o u r n e f o r t i a  and Cordia ,  which,  i n  t u r n ,  g r a d e s  
r a p i d l y  i n t o  an o u t s t a n d i n g  P i s o n i a  f o r e s t  ( t o  21 m t a l l ,  3 .36 h a ) ,  one 
o f  C a r o l i n e ' s  b e s t  g r o v e s ,  easurements  from 5 t r e e s ,  most ly  mu1 t i p l e -  
t r u n k e d ,  averaged 16 m i n  h e i g h t ,  338 cm i n  c i rcumference  ( a t  1 .5  m), 
and 282 crn i n  base  c i rcumference  (Tab le  1 2 ) .  T h i s  P i s o n i a  a l s o  occup ies  
t h e  l a r g e s t  p r o p o r t i o n  (46%) of any i s l e t  a r e a .  I t  i s  s t r i k i n g  t h a t  
such q u a l i t y  f o r e s t s  could  r e g e n e r a t e  i n  about 6% y e a r s  ( s e e  S e c t .  G).  
In t h e  Cordia f o r e s t  ( P I .  2 6 ) ,  a l s o  t h e  f i n e s t  on C a r o l i n e ,  6  t r e e s  
averaged 12.6  m i n  h e i g h t ,  116 cm i n  c i rcumference  ( a t  1 . 5  m), and 
99 .8  cm base  c i rcumference .  O n  t h e  l e e  s i d e  of P i g ,  T o u r n e f o r t i a  
ex tends  d i r e c t l y  t o  t h e  lagoon s h o r e .  

B i r d s :  Five  s p e c i e s  o f  s e a b i r d s  bred:  Red-footed Booby (14 p a i r s ) ,  
Great  F r i g a t e b i r d  (118 p a i r s ) ,  Brown Noddy (82 p a i r s ) ,  Black Noddy 
( 1 , 9 2 8  p a i r s ) ,  and White Tern (164 p a i r s ) .  
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Figure 45 .  Pig I s l e t :  east-west cross-section through center  of 
i s l e t .  Data includes f l o r i s t i c  composition, r e l a t i ve  abundance of 
plant  species ,  degree of species overlap and canopy heights.  
Vertical height i s  exaggerated. P i g ' s  p ro f i l e  i s  especial ly 
symmetrical. I t  i s  remarkable t ha t  t h i s  i s l e t  was t o t a l l y  f e l l ed  
f o r  coconuts in 1920. 



Comments: Ra t s  and coconu t  c r a b s  were common. In 1990 a  g r a y i s h  gecko 
( p o s s i b l y  mourning gecko,  Lepidodacty7us  7ugubr i s )  was seen  by 
A .  G a r n e t t .  

9) SKULL ISLET (0.02 ha)  F i g s .  27,  44;  Pls. 46,  49 

S i x t h  i n  t h e  windward c h a i n ,  we named S k u l l  I s l e t  a f t e r  f i n d i n g  
t h e  s k u l l ,  t a i l  f e a t h e r ,  and e g g s h e l l  o f  a  R e d - t a i l e d  T r o p i c b i r d ,  t h e  
f i r s t  e v i d e n c e  t h a t  t h i s  s p e c i e s  bred on t h e  a t o l l .  A low s h e l f  o f  
c o r a l  r u b b l e  and s a n d ,  b a r e l y  above h igh  t i d e  mark, t h i s  motu i s  b a r r e n  
e x c e p t  f o r  a  smal l  h e r b  mat under 5  T o u r n e f o r t i a  bushes  ( 1  m h igh)  on 
t h e  lagoon s i d e .  Only 2% o f  t h e  s u r f a c e  a r e a  i s  v e g e t a t e d .  There  a r e  3  
p l a n t  s p e c i e s  ( 1  s h r u b ,  2  h e r b s ) ,  11% o f  t h e  a t o l l ' s  f l o r a .  A1 though 
a p p e a r i n g  young, t h e  motu i s  marked on Arundel ' s  c h a r t  ( F i g .  4 ) .  A f t e r  
February  1990, s e v e r a l  l a r g e  s to rm b l o c k s  r e s t e d  i n  t h e  channel c l o s e  t o  
Sku l l  I s l e t .  

In 1988 t h e r e  were no b i r d s .  However, i n  March 1990, a  co lony  o f  
150 Brown Noddies was i n  a  p r e l a y i n g  phase ,  accompanied by 6 Sooty  
T e r n s ,  a  Brown Booby and a  Wandering T a t t l e r .  

(1 .71  ha) F i g s .  29, 4 4 ;  P I .  55 

The s e v e n t h  windward motu, we named t h i s  i s l e t  North B r o t h e r s  
because  o f  i t s  l o c a t i o n  d i r e c t l y  n o r t h  o f  t h e  named motu, B r o t h e r s .  

Physiography:  North B r o t h e r s  i s  shaped l i k e  an oval  t h a t  c u r v e s  
lagoonward toward B r o t h e r s ,  40 m away. The concave s h o r e l i n e s  and l a c k  
o f  h e r b  mats  on t h e  o p p o s i t e  s h o r e l i n e s  o f  t h e s e  2  i s l e t s  s u g g e s t  t h a t  
t h e y  might have been f o r m e r l y  connec ted ,  Composed p r i m a r i l y  o f  r u b b l y  
s u b s t r a t e s ,  wi th  s l i g h t l y  b e t t e r  s o i l s  c e n t r a l l y ,  i t  3s 95 m long and 
250 m wide .  

: P l a n t  s p e c i e s  number 10 ( 3  t r e e s ,  1 s h r u b ,  6 h e r b s ) ,  39% o f  
C a r o l i n e ' s  f l o r a .  A few Cocos t r e e s  a r e  p r e s e n t ,  remains  o f  t h e  180 
p l a n t e d  i n  1920 (Young c a .  1922) ,  which covered 100% of  a l l  a v a i l  a b l e  
l a n d  on t h e  i s l e t  (Tab le  1 3 ) .  P l a n t  communities on North B r o t h e r s  a r e  
s imple :  T o u r n e f o r t i a  (more open i n  t h e  wes t )  r i s e s  t o  an e x c e l l e n t  
P i s o n i a  f o r e s t ,  80 m wide and 18 m t a l l ,  on t h e  e a s t  end.  Average 
measurements from 3 P i s o n i a  t r e e s  were:  h e i g h t  18  m ,  base  c i r c u m f e r e n c e  
314 cm, and number o f  t r u n k s ,  2 .3  (Tab le  1 2 ) .  

B i r d s :  Five  s p e c i e s  o f  s e a b i r d s  bred on t h e  i s l e t  i n  1988 ( p a i r s ) :  
Red-footed Booby ( 2 5 ) ,  Grea t  F r i g a t e b i r d  ( 9 ) ,  Brown Noddy ( 2 3 ) ,  Bl ack 
Noddy (40,  p l u s  hundreds of  o l d  n e s t s ) ,  and White Tern ( 6 9 ) .  In  
September 1989, Sooty  Terns  n e s t e d  on t h e  windward beach (Anne F a l c o n e r ,  
p e r s .  comm.), and i n  May 1990, a p r e b r e e d i n g  s w i r l  o f  thousands  o f  Sooty  
Terns  swarmed above B r o t h e r s  and North B r o t h e r s .  

ents: Gecko eggs  were seen  on P i s o n i a  t r u n k s  i n  1990. 



11) BROTHERS ISLET (4.31 ha) Figs.  29, 44, 46; P l s .  29, 55 

The eighth windward motu, Brothers I s l e t  was named l a s t  century 
a f t e r  Captain Brothers, who managed a  s tock-ra is ing venture on Caroline. 
In 1873 h i s  r i g h t s  t o  the  a t o l l  passed in to  the  hands of John Arundel. 

Physiography: Crescentic in shape, with longish horns extending toward 
the lagoon, Brothers I s l e t  l i e s  about two-thirds of the  way down 
Caroline 's  windward r e e f .  I t  i s  198 m long x 178 m wide through the  
center .  A Tridacna reef extends westward almost completely across the 
1  agoon. 

An i n t e r e s t i n g  aspect of Brothers' s t r u c t u r e  i s  t h a t  Arundel's 
char t  (Fig. 4) indica tes  a  t i n y ,  separate motu off  the  southwest point .  
Our survey and the 1986 a e r i a l  photos show t h a t  t h i s  motu i s  now joined 
t o  Brothers I s l e t .  I t s  former iden t i ty  i s  marked by a  small patch of 
Tournefort ia ,  around which the  recently deposited sand and rubble i s  
sparsely dotted with native herbs. 

ion:  There are  11 plant  species (4 t r e e s ,  2 shrubs, 5 he rbs ) ,  
42% of Caroline 's  f l o r a .  Cocos, along the leeward shore, i s  the  only 
introduced p lan t ,  Three d i s t i n c t  plant  communities are present :  
peripheral herb mats ( including leeward Portulaca with Sur iana) ,  
Tournefortia scrub and f o r e s t  ( t o  6 m high) bordered with Cordia, and a  
cent ra l  Pisonia f o r e s t .  Larger t r e e s  had u p  t o  15 trunks and mult iple 
root suckers. Measurements of 10 t r e e s  (main trunks) averaged 15 m in 
height ,  140 cm in circumference ( a t  1 .5  m ) ,  and 243 cm base 
circumference. Distances t o  nearest  neighbor f o r  10 t r e e s  averaged 4.2 
meters. As on i t s  neighbor i s l e t s ,  the  Pisonia f o r e s t  on Brothers i s  
s t r i k i n g ,  especia l ly  since i t  has matured t o  a  closed-canopy monotypic 
stand devoid of any subcanopy species (Fig.  46), evidently in about 65 
years .  In 1920, Brothers I s l e t  was planted with 315 Cocos palms, which 
covered approximately 97% of the  usable land area (Table 1 3 ) .  

i r d s :  Four species of seabirds bred: Red-footed Booby ( 2 5  p a i r s ) ,  
Brown Noddy (8 p a i r s ) ,  Black Noddy (15 p a i r s ) ,  and White Tern (50 
p a i r s ) .  In May 1990, large  numbers of Sooty Terns swirled over Brothers 
and North Brothers. 

Comments: Many mature Pisonia t r e e s  contained capacious c a v i t i e s  in 
t h e i r  boles t h a t  housed l a rge  coconut crabs.  In March 1990, several of 
these holes had feathered ske le ta  of Sooty Terns (and possibly a lso  
Brown Noddies) outs ide  t h e i r  entrances,  along with freshly-snipped 
Pisonia branches (see P t .  11, Sect .  F ) .  

Figs. 27, 47; P I .  18 

We named t h i s  ninth motu in the  Windward I s l e t s  f o r  i t s  only known 
breeding seabird ,  the  Brown Noddy. In September 1988, a t  l e a s t  80 pai rs  
were incubating t h  aca mat t h a t  covers i t s  cent ra l  

n .  
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Figure 46.  Brothers I s l e t :  east-west cross-section through 
center of i s l e t .  Data includes f l o r i s t i c  composition, relat ive 
abundance of plant species, degree of species overlap and canopy 
heights. Vertical height i s  exaggerated. Note the central 
monotypic stand of Pisonia forest .  This i s l e t ' s  forests  were 
to ta l ly  fel led in 1920. 
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Figure 47. Vegetation and physiography of Windward 
I s l e t s  nos. 10 through 1 2 :  Noddy Rock, North Arundel, 
and Arundel. See t e x t  f o r  explanation of the  re la t ive ly  
small amount of Pisonia cover (Sect .  H ) .  



Noddy Rock, an eroded limestone plateau of unknown age, i s  26 rn 
wide by 9 rn long and 0.5 rn above high water. I t  i s  windswept and s a l t y ,  
with waves general ly splashing over i t s  eas tern  edge. During storms i t  
i s  completely awash (Anne Falconer, pers.  cornrn.). Only 3 species of 
p lants  (11% of Caroline's f l o r a )  grow here, th in ly  covering the western 
(leeward) t h i r d  of the  is land in the  following proportion: 75% 
Portu7aca, 20% Lepturus, and 5% Tournefort i a .  

13) NORTH ARUNDEL (0.91 ha) Discussed below 
14) ARUNDEL (7.34 ha) Figs. 29, 32, 47; Pls .  14, 56 

Arundel I s l e t  was named l a s t  century in honor of John T .  Arundel. 
A Br i t i sh  t r ader  and guano digger,  Arundel was one of the leading 
f igures  in the Paci f ic  phosphate industry,  d i rec t ing  guano and coconut 
planting operat ions on Caroline and other  i s lands  from 1873 t o  1897. 
His most valuable contr ibut ions ,  however, were h i s  excel lent  surveys and 
maps of several cent ra l  Paci f ic  is1 ands, including Carol ine (Fig.  4 ) .  
The i s l e t  immediately t o  i t s  north, Arundel's "cap," we named North 
Arundel . 

hy: Arundel i s  crescent ic ,  with wedge-shaped North Arundel 
lying across a short  channel immediately t o  i t s  north. North Arundel i s  
80 m long x 130 m wide, while Arundel i s  375 m long x 210 m wide. They 
are  composed almost exclusively of coarse coral rubble,  flanked on t h e i r  
inner edges by Acropora-Tridacna ree f s .  Arundel's lagoonward "horns" 
have evidently added more sand and rubble s ince  1883 (Figs .  4, 47) .  

Vegetation: There are 11 plant species ( 3  t r e e s ,  1 shrub, 7 herbs) on 
Arundel, 42% of Caroline 's  t o t a l .  There a re  no introductions.  North 
Arundel a l so  has 11 (4  t r e e s ,  1 shrub, 6 herbs) ,  42% of Caroline 's  
f l o r a ,  including one introduction,  Cocos. 

The vegetation on the  motus, along with Tridacna t o  the south,  
cons i s t s  of extensive herb mats, low scrub and small i n t e r i o r  f o r e s t s  
(Fig ,  3 2 ) ,  s l i g h t l y  l e s s  lush than the more northerly windward motus. 
Their woodlands are  primarily Tournefortia, with th in  b e l t s  of Cordia 
a n d  cent ra l  Pisonia groves (a  bilobed pat tern  on Arundel). Morinda i s  
unusually common on Arundel, and Achyranthes abundant on North Arundel. 
Pisonia occupies only 13% of the  land area on Arundel, compared t o  46% 
on Pig. Their poor s o i l s  are  a possible legacy of the  guano e r a .  

Both motus were heavily planted with Cocos in 1919-20 (69 and 646 
palms, r e spec t ive ly ) .  A1 1 usable 1 and was cleared (Table 1 3 ) .  Despite 
today's paucity of Cocos, the  r e l a t i v e l y  scant Pisonia ,  compared t o  
motus f u r t h e r  north,  suggests t h a t  t h e i r  p lanta t ions  were more 
successful and maintained more frequently.  

B i r d s :  Five species of seabirds bred on Arundel: Red-footed Booby (37 
p a i r s ) ,  Great Frigatebird (on t e r r i t o r y ,  September 1988; breeding 
confirmed, ea r ly  1989 by Anne Falconer),  Brown Noddy (11 p a i r s ) ,  Black 
Noddy (249 p a i r s ) ,  and White Tern (227 p a i r s ) .  In May 1990, thousan 
of Sooty Terns swarmed both rnotus. 



15) TRIDACNA I S L E T  ( 9 . 08  ha) F ig s .  29, 48, 49; P l s .  1,  
25, 48, 56, 57 

The 13th and southernmost motu i n  t h e  windward cha in  was named by 
t h e  p r e sen t  a u t h o r s  and Bor i s  S i renko  f o r  i t s  ou t s t and ing  c o r a l  r e e f  
dense ly  s tudded with  g i a n t  clams (Tridacna maxima). 

Physiography: Somewhat c r e s c e n t i c ,  measuring 446 m long and 250 m wide,  
Tr idacna i s  one of  t h e  l a r g e s t  motus on Caro l ine .  I t s  t e r r a i n  i s  
heav i l y  l i t t e r e d  wi th  co r a l  r ubb l e ,  having a  sandy s t r i p  above t h e  beach 
c r e s t  on t h e  windward edge. 

Vege ta t ion :  There a r e  13 p l a n t  s p e c i e s  ( 2  t r e e s ,  2  sh rubs ,  9  h e r b s ) ,  
50% of  t h e  a t o l l ' s  f l o r a .  For i t s  s i z e ,  T r idacna ' s  vege t a t i on  i s  
s u r p r i s i n g l y  l a c k i n g  i n  t a l l  f o r e s t s ,  a  l egacy  o f  t h e  910 Cocos palms 
p lan ted  on 82% o f  i t s  ava i l  a b l e  l and  a r e a  (Table  1 3 ) .  Vegetat ion 
p a t t e r n s  f o l l ow  t h e  usual c o n c e n t r i c  zona t ion :  pe r i phe ra l  he rb  mats 
border  a  d i s con t i nuous  b e l t  of  Sura'ana (windward s i d e ) ,  wh i l e  t h e  l a r g e  
c e n t r a l  mass i s  dominated by scrubby Tournefor t  ia-Norinda wood1 ands ,  
which cover  88% of  t h e  i s l e t ' s  a r e a ,  y e t  on ly  a t t a i n  7  m i n  h e i g h t .  I n  
c r o s s - s e c t i o n  (F ig .  491, t h e  s h o r t  wood1 ands a r e  p a r t i c u l  a r l y  
n o t i c e a b l e .  Compare t h e  p r e sen t  l a c k  of  Cord ia ,  pauc i t y  of  P i s o n i a ,  and 
r i c h n e s s  of he rb s ,  both i n  s p e c i e s  numbers and abundance, wi th  Pig 
( F i g .  45) and Bro thers  (F ig .  4 6 ) .  Although t h e r e  a r e  no in t roduced  
p l a n t s ,  t h i c k  pa tches  of  Lepturus  a l s o  r e f l e c t  p a s t  f o r e s t  c l e a r i n g .  

B i rd s :  Four s p e c i e s  of  s e a b i r d s  were n e s t i n g  i n  1988: Red-footed Booby 
(111 p a i r s ) ,  Brown Noddy (11 p a i r s ) ,  Black Noddy (249 p a i r s ) ,  and White 
Tern (227 p a i r s ) .  Tr idacna i s  p e r i o d i c a l l y  a  major breeding a r e a  f o r  
Sooty Terns .  Clapp & S i b l e y  (1971a) found 4 main c o l o n i e s  t o t a l l i n g  
250,000 b i r d s ,  and l a r g e  numbers nes ted  along t h e  windward beach in  
August 1989 (Anne Falconer ,  pe r s .  comm.). Nests were l o c a t e d  under 
sh rubs ,  o r  i n  open a r e a s  border ing them, and were e v i d e n t l y  preyed upon 
by coconut c r a b s ,  

F igs .  30, 36, 50; P l s .  1 - 8 ,  12 ,  
0 ,  44, 45, 56 

H i s to ry :  The h i s t o r y  o f  South I s l and  ( c a l l e d  Rimapoto i n  Young c a .  
1922) i s  e s s e n t i a l l y  t h e  h i s t o r y  of Ca ro l i ne ,  f o r  most in format ion  about 
t h e  a t o l l  p r i o r  t o  1965 i s  from- he r e .  I t  i s .  t h e  second l a r g e s t  i s l e  
and t h e  s t a g i n g  a r ea  f o r  t r i p s  up-lagoon a s  i t  l i e s  ad j acen t  t o  both 
"boat  l and ing"  and " b l i n d  passage ."  

South I s l and  was i nhab i t ed  i n  p r e h i s t o r y  by Tuamotuans, who 
p lan ted  t h e  f i r s t  small coconut grove on i t s  nor thwest  p o i n t .  The f i  
Europeans t o  l a n d ,  i n  1606, found coconuts ,  f i s h ,  l o b s t e r s ,  and s eab i  
i n  abundance. They dug f o r  f r e s h  water  i n  va in .  Two hundred y e a r s  
l a t e r ,  i n  t h e  decade a f t e r  a  cyclone i n  1825, p i g s ,  sweet p o t a t o e s ,  

t h e  

rst  
r d s  

a r rowroot ,  and South Sea c h e s t n u t  were ' 

u n f r i e n d l y  c h a r a c t e r  o f  t h e  s o i l ,  and t 
i n f e s t  i t ,  gave us but  l i t t l e  hope of t h e  experiment succeeding" 
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F i g u r e  48. V e g e t a t i o n  and physiography o f  Windward I s l e t  no. 
13: T r i d a c n a  I s l e t .  The b e s t  q u a l i t y  Acropora-~idacna r e e f s  
ex tend c l e a r  ac ross  t h e  lagoon f rom t h i s  motu. See S e c t i o n  H 
f o r  e x p l a n a t i o n  o f  unusual f o r e s t  cover .  
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Figure 49.  Tridacna I s l e t :  east-west cross-section through 
lower center of motu.  Data includes f l o r i s t i c  composition, 
re1 ative abundance of plant species, degree of species overlap 
and canopy heights. Vertical height i s  exaggerated. Note the 
absence of well-developed inter ior  fores ts ,  unusual for  a 
motu of t h i s  s ize (see Sect. H ) .  
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Figure 50.  South Island: vegetation and physiography. 
Note the accepted landing route across i t s  leeward reef 
f l a t s .  



(Bennett  1840). The pigs soon expi red .  The arrowroot ,  tenacious and 
adapted t o  i s l and  environments, s t i l l  e x i s t s  today (unless  1  a t e r  
immigrants brought i t ) .  Of t h e  o t h e r s ,  plus many o the r  l a t e r  food 
p lan t s  and ornamentals,  no t r a c e s  e x i s t  (Table 3 ) .  Tropical hea t ,  
droughts ,  storms, excess ive  shade from Cocos, poor germination, poor 
s o i l s ,  t e r r e s t r i a l  c r abs ,  and l ack  of  c a r e  a l l  undoubtedly cont r ibuted  
t o  t h e i r  demise. 

The f i r s t  recorded se t t lement  on Carol ine,  and f i r s t  f o r  t h e  Line 
Is lands  was in 1846, on t h e  northwest poin t .  These s e t t l e r s ,  a s  well as  
subsequent ones, eked out  a  spar tan  l i v i n g  by r a i s i n g  s tock ,  drying f i s h  
and copra,  and digging f o r  guano. Thei r  managers b u i l t  "proper" 
dwell ings,  so  when U.S., B r i t i s h ,  and French astronomers a r r ived  t o  
observe t h e  s o l a r  e c l i p s e  in  May 1883, South Is land  was q u i t e  
" c i v i l i z e d , "  f a r  more than i t  i s  today. Three houses and 2  sheds "were 
in good r e p a i r , "  and a  va r i e ty  of  "anchors,  cha ins ,  s p a r s ,  and pieces of 
t h e  woodwork of ves se l s "  l i t t e r e d  i t s  r e e f s  (Holden & Qualtrough 1884). 
Large grassy c l e a r i n g s  adjacent  t o  the  lagoon accommodated several  
European-style houses ( P l s .  2 - 6 ) .  The astronomers' account of South, 
i l l u s t r a t e d  with pen-and-ink drawings ( P l s .  2 -7 ) ,  i s  t he  only record of 
bui ld ings  on  Carol ine ,  apa r t  from mention of t he  manager's house, 
reported in 1936 by t h e  "H.M.S." We77ington t o  be " in  exce l l en t  
condi t ion  and s p o t l e s s l y  clean" (Maude ca .  1938),  and a  copra shed 
(Clapp & Sibley 1 9 7 l a ) ,  Arundel too  photographs, including t h e  marae 
on Nake, which we have not examined. % 

Today, t he  houses, sheds, b r i ck  p i e r s  (cons t ruc ted  in 1883 f o r  
te lescopes  and observatory frames) ,  signboard, f l  agpol e ,  marble s l  ab 
with i n s c r i p t i o n  "U.S. Ecl ipse Par ty ,  1883, May 6 , "  and a l l  b u t  one of 
t h e  introduced p l a n t s  have disappeared.  In 3  t r i p s  we found no t r a c e s  
of t h e  copra shed, nor have t h e  Falconers ,  a f t e r  repeated v i s i t s  over 2 
yea r s .  All t h a t  remains of t he  formerly ex tens ive  open a reas  a r e  2 
small palm-shaded c l e a r i n g s ,  i n  1988 used by t h e  U,S. and Soviet  
s c i e n t i s t s  f o r  a  base camp and work a rea .  In 1987, t h e  Falconers l i ved  
in one c l e a r i n g ,  and in 1990, fishermen expanded the  o the r  by burning an 
area  35 x 22  m, then e rec t ing  a t i n  shack, cookhouse, and f i s h t r a p ,  a l l  
destroyed in a  summer 1990 storm. 

Our " c i v i l i z a t i o n  l i s t "  probably covered a l l  t h a t  could be seen on 
South Is land  without digging:  a  26-foot  wrecked sloop ( A K  6691 J . ) ,  
complete with t r a i l  t o  a  "Robinson Crusoe-type" campsite strewn with 
remnants of rad io  and navigat ional  equipment, s a i l ,  cans,  c l o t h i n g ,  e t c .  
( sou theas t  c o a s t ) ;  assor ted  f lotsam and jetsam (whisky b o t t l e s ,  Japanese 
f i s h b a l l s ,  p l a s t i c  d e b r i s ,  e t c . ) ;  a  l a r g e  rubber sh ip  fender ;  a  bench 
mark from t h e  1985 RNZAF survey team; a  r ecen t ly  renovated concre te  
c i s t e r n  (by t h e  l and ing) ;  and an o ld  wooden canoe ly ing  on i t s  s i d e  j u s t  
l i k e  de Qu i ros  found in 1606. 

7 ~ r u n d e l ' s  memorabil i a  (photos,  l e t t e r s ,  d i a r i e s ,  a  microfi lm,  e t c  . )  a re  
in t h e  Rare Book Col lec t ion ,  National Library and P a c i f i c  Manuscripts Bureau, 
Research School of P a c i f i c  S tud ie s ,  Aus t ra l ian  National Univers i ty ,  Canberra, 
A.C.T., Aus t r a l i a .  



We assume t h a t  a l l  t h e  P o l y n e s i a n s ,  a n c i e n t  and r e c e n t  
(Tuamotuans, T a h i t i a n s ,  Niueans a s  f a r  a s  i s  known), l i v e d  i n  n a t i v e  
t h a t c h e d  h u t s  s i m i l a r  t o  t h e  ones  on Ana-Ana today .  Fashioned from 
coconut  palms and pandanus t r e e s ,  t h e y  d i s a p p e a r  q u i c k l y  when abandoned. 
The l a r g e s t  number o f  i n h a b i t a n t s  r ecorded  f o r  C a r o l i n e  ( p r o b a b l y  a l l  on 
South I s l a n d )  was "two managers and 52 l a b o r e r s "  i n  1873 (The Commercial 
A d v e r t i s e r  1873) .  

The h i s t o r y  o f  South I s1  and ' s  coconut  p l a n t a t i o n s  from 1885-1901, 
and from 1916-1929, i s  d i s c u s s e d  under Coconut Woodlands ( S e c t .  G ) .  

Physiography: South I s l a n d  forms t h e  base  o f  t h e  t h i n l y  c r e s c e n t i c  
i s o s c e l e s  t r i a n g l e  whose l i m i t s  d e f i n e  the  a t o l l .  I t s  own shape i s  t h a t  
o f  an i r r e g u l a r  p a r a l l e l o g r a m  858  m wide x 1,254 m l o n g  a t  i t s  l o n g e s t  
p o i n t s  ( F i g .  5 0 ) .  The n o r t h  c o a s t ,  a  curved bay, forms t h e  lower  
boundary o f  t h e  l agoon .  T h i s  pa lm- l ined  s h o r e ,  a long  w i t h  t h e  a d j a c e n t  
nor thwes t  p e n i n s u l a ,  has  been t h e  most t rodden  by man, one o f  t h e  most 
p i c t u r e s q u e  s p o t s  on t h e  a t o l l  ( P l s .  23,  3 9 ) .  

The r e e f  f l a t s  su r round ing  t h e  o u t e r  3 s i d e s  o f  South a r e  t h e  
w i d e s t  on t h e  a t o l l ,  ave rag ing  231 m ,  578 m ,  nd 363 m on t h e  e a s t ,  
s o u t h  and w e s t ,  r e s p e c t i v e l y .  The windward a d 1 eeward r e e f s  
immediately t o  i t s  n o r t h  a r e  530 m wide.  To leeward i s  t h e  smal l  boa t  
"1 and ing ,  " on a congl omerate pl a t f o r m  ( P I .  2 0 ) ,  and t o  
" b l i n d  p a s s a g e , "  a n o n - f u n c t i o n a l  hoa ( P I .  7 2 ) .  

e g e t a t i o n :  There  a r e  23 p l a n t  s p e c i e s  ( 7  t rees,  3 s h r u b s ,  13  h e r b s ) ,  
89% o f  the a t o l l ' s  f l o r a .  Cocos dominates  South I s l a n d ,  occupying 77% 
o f  i t s  a r e a .  The superannua ted  c losed-canopy  p l a n t a t i o n s  (21 m t a l l )  
t h a t  border  i t s  c o a s t l i n e s  g i v e  no i n d i c a t i o n  o f  t h e  v a s t  overgrown, 
dying g roves  t h a t  occupy 80 ha,  t w o - t h i r d s  o f  i t s  i n t e r i o r  ( F i g .  50;  
21s .  8, 3 4 ) .  Here,  3 s p e c i e s  o f  he rbs  (Boerhavia  r e p e n s ,  P o r t u l a c a  
7 u t e a ,  Phymatosor s s c o l o p e n d r i a )  have p r o l i f e r a t e d  u n n a t u r a l l y  t o  form 
dense  c a r p e t s ,  and t h e  v i n e  (dpomoea macrantha)  c l imbs  i n  t a n g l e d ,  
s t r a n g l i n g  masses t o  t h e  t o p s  of t h e  h i g h e s t  palms.  

The n a t u r a l  communities t h a t  p r e v a i l  on o t h e r  motus a r e  o n l y  minor 
components on South ( F i g .  50) : herb  mats ( 1  % o f  t h e  t o t a l  a r e a ) ,  
Coas ta l  Sc rub  w i t h  S u r i a n a  ( I % ) ,  and Tournef r t i a  Sc rub  (4%).  
Conspicuously  a b s e n t  a r e  prime s c r u b l a n d s  and f o r e s t s  o f  T o u r n e f o r t i a ,  
P i s o n i a ,  and Cord ia ,  which undoubtedly  once swept i n  a l u s h  expanse  from 
s h o r e  t o  s h o r e ,  s t r a t i f i e d  and zoned a s  on o t h e r  motus,  and which were 
"80 t o  100 f e e t  h igh"  b e f o r e  e x t e n s i v e  c l e a n i n g  began (Arundel 1875) .  
Canopy h e i g h t s  o f  t h e  p l a n t a t i o n s  a r e  uniform (21 m), and t h e  o u t e r  
f r i n g e  o f  ind igenous  s c r u b  ( T o u r n e f o r t i a ,  Cord ia ,  S u r i a n a )  and h e r b s  
(He7iot ropium,  P o r t u l a c a )  occupy a small  p r o p o r t i o n  o f  t h e  i s l a n d ' s  
width  ( F i g s .  36 ,  5 1 ) .  Note t h e  a b r u p t  t r a n s i t i o n  o f  canopy h e i g h t s  a s  
t h e y  d rop  t o  t h e  l e v e l  o f  c o a s t a l  s c r u b  on both  s i d e s  o f  t h e  p l a n t a t i o n .  
Pandanus,  t o o ,  i s  l e s s  e x t e n s i v e  t h a n  f o r m e r l y :  Benne t t  (1840) c a l l e d  
i t  "somewhat numerous." During o u r  s u r v e y ,  we obse rved  o n l y  one smal l  
Pandanus g r  
i s l  and was 
twenty  f e e t . "  However, 9 o r  10 y e a r s  p r e v i o u s  t o  B e n n e t t ' s  v i s i t  a  
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Figure 51, S o u t h  Island: distribution and abundance of plant 
species along Transect 2 ,  which runs a t  an angle of 60' from the 
lagoon t o  the south shore through the western center of the i s l e t .  
Data includes f l o r i s t i c  composition, re lat ive abundance of plant 
species, degree of species overlap and canopy heights. Vertical 
height i s  exaggerated. Horizontal scale i s  half that  of the 
profiles from smaller motus. 



violent storm had whipped over the a t o l l .  By the early 1870s, t rees  
were approximately 30 m high again (Arundel 1875). Remnant Tournefortia 
and Pisonia are i l lus t ra ted  in drawings of South Island's lagoon shore 
in 1883 (Pls.  4 ,  5 ) .  

Apart from the coastal buffer zone, 1 i t t l e  native forest  remains. 
Other sizable t rees  (Pisonia, Cordia), up  t o  17 m t a l l ,  are rare ,  b u t  
Morinda, tolerant to  both sun and shade, i s  s t i l l  quite common. Though 
we have not been able to  trace any records to  Caroline, i t  i s  possible 
that  shiploads of Cordia logs were exported to  San Francisco on guano 
ships, as was the case on Fl int ,  worked simultaneously by Arundel's 
company (Young ca. 1922). 

A f inal noteworthy aspect of South Island i s  t ha t ,  despite i t s  
history of sporadic occupation and extensive forest  fe l l ing  for coconut 
plantations, only one exotic (a t iny patch of Phyllanthus amarus) and no 
vegetable or ggrden ornamentals (excluding Polynesian introductions) 
have survived. The 19th century gardens, once drenched in sunshine, 
have long been buried beneath the deep shade of palm groves (compare 
Pls. 2, 3 and 23). I n  addition, rare hurricanes, periodic storms, 
droughts, irregular r a in fa l l ,  nutrient-poor so i l s ,  r a t s ,  land crabs, and 
the harsh sal ty  environment must have contributed t o  the eradication of 
alien species except traditional native food and medicinal plants,  which 
are specifically adapted for a tol l  environments. Studies on other 
a t o l l s ,  even those near high islands (Stoddart & Gibbs 1975, Stoddart & 
Fosberg 1972), have demonstrated also that  many exotics do  n o t  survive, 
despite the proximity t o  source areas containing garden ornamentals and 
weed plants. On our l a s t  2 v i s i t s  (March, May 1990), however, we 
discovered a weed n o t  previously reported (Kyllinga brevifol ia)  near the 
Phyllanthus, a consequence of recent clearing around the c i s te rn .  This 
area was an extension of the Falconers' vegetable garden on Motu Ana-  
Ana. Kyllinga i s  l i s t ed  as a temporary species (Table l ) .  

i rds:  Only 2 species of birds bred on S o u t h  in Septe 
eflection of i t s  paucity of natural habitats: Brown 

and  White Tern (381 pa i rs ) .  Bristle-thighed Curlews are very common, 
gathering in small flocks on the rubbly shores (P t .  I I ) .  They also 
forage i n  the open Ipomoea-Gocos fores t ,  perching on dead coconut stumps 
6-10 m high, then flying down t o  feed in the thick herb mats, 

Terrestrial  rabs: Caroline's highest population of coconut crabs, 
having many huge individuals decades old, occupies the open Cocos 
forests  (Pls .  21, 53). A crude minimum estimate for South Island i s  500 
mature individuals. We also found a f i s t - s ized  blue hermit crab within 

8 ~ e  are unsure of the s tatus  of Hibiscus t i l iaceus,  Thespesia populnea or 
Ximenia americana. Although indigenous t o  the area, a recent analysis of the 
vegetation of Flint  Island (Kepler, in prep.) indicates that  these species 
were most l ikely introduced t o  b o t h  islands in the l a t e  19th century. 

'since March 1990, these have become much reduced due t o  ki l l ing and 
preserving in formalin for curios. 



a Turbo argyrostomus shel 1  , possibly Coenobita brevimanus (Yaldwyn & 
Wodzicki 1979; E .  Reese, pers. comm.). As elsewhere on the  a t o l l ,  land 
crabs such as the reddish-purple Cardisoma sp. and s ca r l e t  hermit crabs,  
Coenobita per la tus  ( i n  T. argyrostomus shel 1  s )  were abundant (PI. 38) . 
Geograpsus sp . ,  c lose r  t o  the  shore, was l e s s  common. 

Rats: Polynesian rats were abundant, constantly afoot in broad 
daylight ,  and a t  night f l ash l igh t  beams often revealed a half  dozen a t  a  
time. 

SOUTH NAKE ISLETS Fig. 52 

This chain of 7  i s l e t s  extends 1,500 m sou th  from Nake on the west 
s ide .  They range in s i ze  from 0.64 ha (Kota) t o  7.36 ha (Pandanus). 
All are  well-wooded and support every natural plant community. 
Proceeding south, the overall plant cover th ins  somewhat, but n o t  t o  the 
dryness and openness of the Central Leeward I s l e t s .  The herb mats are  
more extensive than on the  windward i s l e t s ,  especial ly t o  seaward. 
Aboriginal introductions (Cocos, Pandanus) are  sparse.  We have found no 
h i s to r ica l  records indicating human disturbance t o  these i s l e t s ,  thus 
t h e i r  vegetation, with the possible exception of Pandanus I s l e t ,  i s  
evidently natural .  The 2 scrawny Cocos are  probably d r i f t -der ived .  

On the  Solar Eclipse Party's map of Caroline (Fig. 5), only the  
t o p  2 i s l e t s  of t h i s  group are drawn.  The South Nake I s l e t s  cons t i tu te  
the only c lu s t e r  of motus tha t  show appreciable differences between 
Arundel's chart  (Fig.  4 )  and the 1985 aer ia l  pho tos :  most were shown as 
smaller, and with s l  ight ly  d i f fe ren t  shapes, by Arundel . The i n t e r i o r  
vegetation on these motus includes mature fo r e s t s  of Tournefortia, 
Pisonia,  and Pandanus, so i t  i s  unlikely t ha t  these di f ferences  r e f l e c t  
changes t o  the center of the motus. However, s ince the i s l e t s  now 
appear l a rger ,  accretions of coral rubble and sand t ha t  may have 
occurred in the past 105 years,  and are now barren or covered only with 
herb mats, could account fo r  most of the differences (see Coral I s l e t  
d iscuss ion) .  

Although we have no actual records of Sooty Tern colonies on t h i s  
chain of i s l e t s ,  i n  May 1990 AKK observed pre-breeding swir ls  over Lone 
Palm, Kota, and Mouakena ( P t .  11, Fig. I l f .  

US ISLET (7.36 ha) Figs. 29, 52; P1. 58 

This motu was named by the present authors fo r  i t s  coastal 
Pandanus grove, probably a  dr i f t -der ived offshoot from a  parent colony 
on Nake. 

Physiography: Pandanus I s l e t ,  f i r s t  i n  the chain, i s  i r regu la r ly  oval ,  
400 m long and  258 m across.  I t  i s  nearly twice the s i ze  shown  o n  
Arundel's map (ca .  3.4 ha) .  I t  occupies a  sheltered spot a t  the  apex of 
the lagoon. Sand, act ively  f i l l i n g  in the adjacent lagoon, is an 
important subst ra te  component on Pandanus, extending one-third of the 
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Figure  52.  Vege ta t ion  and physiography of t h e  7 South 
Nake I s1  e t s :  Pandanus,  Danger, Booby, Coral , and Lone 
Palm I s l e t s ,  Motu Kota ("Red-footed Booby I s l e t " ) ,  and 
Motu Mouakena ( "Masked Booby Is1  e t " )  . 



way a c r o s s  t h e  i s l e t .  A l t h o u g h  t i d a l  r e e f  f l a t s  a r e  absent  on t h e  
l agoon  edge, t h e y  average 75 m  w ide  on t h e  seaward s i d e ,  p r o d u c i n g  a  
f a i r l y  h i g h  p r o p o r t i o n  o f  r u b b l e  compared t o  t h e  t o t a l  l a n d  s u r f a c e  
(32%) . 
V e g e t a t i o n :  P l a n t  s p e c i e s  t o t a l  10 (3  t r e e s ,  1 shrub,  6  he rbs ) ,  39% o f  
C a r o l i n e ' s  f l o r a .  Cocos i s  absent ,  d e s p i t e  t h e  mo tu ' s  c l o s e  p r o x i m i t y  
t o  Nake. Pandanus I s l e t  has 4  b a s i c  v e g e t a t i o n  zones: n a t u r a l  h e r b  
mats, T o u r n e f o r t i a  Scrub ( w i t h  Pandanus), T o u r n e f o r t i a - P i s o n i a  F o r e s t ,  
and p u r e  P i s o n i a .  Woodlands c o v e r  62% o f  i t s  a rea.  The w i d e s t  p i o n e e r  
mats (13 m) o f  any l eeward  motu occupy i t s  e a s t  edge and though  s p a r s e l y  
v e g e t a t e d  (20% H e l i o t r o p i u m ,  5% Lep tu rus ,  5% P o r t u l a c a )  r e f l e c t  a c t i v e  
g r o w t h  toward  t h e  lagoon.  Proceed ing west  a c r o s s  t h e  i s l a n d ,  
T o u r n e f o r t i a  s c r u b  (2 m  h i g h ) ,  w i t h  p o c k e t s  o f  p u r e  Pandanus (10 m 
h i g h ) ,  merges i n t o  T o u r n e f o r t i a - P i s o n i a  F o r e s t  ( t o  14 m  h i g h ) ,  whose 
bimodal  d i s t r i b u t i o n  suggests  t h a t  t h e  i s l e t  was once d i v i d e d .  The 
seaward c o a s t  s u p p o r t s  open T o u r n e f o r t i a  ( 5  m  h i g h ) ,  beneath  wh ich  he rbs  
e v e n t u a l l y  t h i n  o u t  o n t o  t h e  e x t e n s i v e  r e e f  f l a t s .  

B i r d s :  F i v e  s p e c i e s  o f  s e a b i r d s  breed:  Masked Booby ( 2  p a i r s ) ,  Red- 
f o o t e d  Booby (32 p a i r s ) ,  Grea t  F r i g a t e b i r d  (26 p a i r s ) ,  Brown 
p a i r s ) ,  and Wh i te  Te rn  ( 5 2  p a i r s ) .  

Comments: S k i n k s  and r a t s  were observed,  a l o n g  w i t h  t h e  u b i q u i t o u s  
Coenob i ta  and Cardisoma l a n d  c r a b s .  

18) DANGER ISLET (2 .71 ha) F i g s .  29, 52; P I .  59 

We named Danger I s l e t  t o  commemorate t h e  deep, s h a r k - i n f e s t e d  
channel  t o  i t s  n o r t h ,  a  b a r r i e r  t h a t  a b o r t e d  o u r  f i r s t  a t t e m p t  t o  s u r v e y  
t h e  South  Nake I s l e t s .  

h y s i o g r a p h y :  Danger, o f  rounded shape, i s  a p p r o x i m a t e l y  150 m l o n g  and 
215 m w ide .  I t  i s  composed a lmos t  e n t i r e l y  o f  c o r a l  r u b b l e ;  i n t e r i o r  
humus i s  s c a n t .  I t s  r e e f - c h a n n e l  f l a t s  a r e  21 m ( n o r t h )  and 14 m 
( s o u t h )  w ide .  The e a s t  and west  beaches, na r row and w ide  r e s p e c t i v e l y ,  
a r e  t y p i c a l  o f  a l l  t h e  l e e w a r d  motus, 

V e g e t a t i o n :  Danger has 10 p l a n t  spec ies  ( 3  t r e e s ,  1 shrub,  6 h e r b s ) ,  
39% o f  t h e  t o t a l  f l o r a .  There  a r e  no i n t r o d u c t i o n s .  The v e g e t a t i o n  i s  
c o n c e n t r i c a l l y  zoned: h e r b  mats,  T o u r n e f o r t i a  s c r u b  and f o r e s t ,  c e n t r a l  
P i s o n i a ,  and C o r d i a  i n  t h e  southwest .  The h e r b  mats a r e  w ide,  e x t e n d i n g  
22 m and 15 m  on t h e  n o r t h  and s o u t h  shores ,  r e s p e c t i v e l y .  

B i r d s :  Four  s p e c i e s  o f  n e s t i n g  s e a b i r d s  were p r e s e n t  i n  1988: Red- 
f o o t e d  Booby (139 p a i r s ) ,  G r e a t  F r i g a t e b i r d  (26 p a i r s ) ,  Brown Noddy (26 
p a i r s )  , and Wh i te  Te rn  (52 p a i r s ) .  



19) BOOBY ISLET (0.84 ha) Figs. 29, 52; PI. 60 

We named t h i s  motu, t h i r d  in the  chain, f o r  i t s  2 species of 
boobies, the  common Red-footed and r a r e r  Masked Booby. 

Physiography: Booby, shaped l i k e  a teardrop,  i s  70 m long and 125 m 
wide. I t s  coral rubble f l a t s  extend 10 m and 30 m on the  north and 
south s ides ,  respect ively .  

Vegetation: Despite i t s  small s i z e ,  the most notable fea tu re  of Booby 
i s  i t s  Pisonia f o r e s t ,  20 m t a l l  and undoubtedly v i rg in .  I t  occupies 
the  exact center  of the  i s l e t  in a c i r c l e  about 40 m in diameter. 
Surrounding t h i s  i s  Tournefortia scrub ( t o  8 m t a l l ) ,  thinning out t o  
peripheral bands of coral rubble. Although l e s s  than one hectare in 
s i z e ,  Booby I s l e t ' s  woodlands occupy two-thirds of t h i s  area .  Booby 
I s l e t  has 9 species of p lants  ( 2  t r e e s ,  1 shrub, 6 herbs) ,  35% of 
Caroline's f l o r a ,  and no introductions.  

Birds: Five species of seabirds breed: Masked Booby (7 p a i r s ) ,  Red- 
footed Booby (52 p a i r s ) ,  Brown Noddy ( 2  p a i r s ) ,  Black Noddy (1  p a i r ) ,  
and White Tern ( 6  p a i r s ) .  

LET (1.70 ha) Figs. 29, 52; PI. 60 

Fourth from the  north,  Coral I s l e t  was named f o r  i t s  reef-derived 
c o r a l l i n e  subs t ra te .  

Physiography: Arrowhead-shaped, Coral i s  approximately 130 m long by 
200 m wide, more than 3 times the  s i z e  mapped by Arundel (Fig.  4 ) .  Most 
of i t s  area i s  barely higher than the surrounding i n t e r - i s l e t  channels. 
The shallow reef f l a t s  between Coral and i t s  2 southern motus are only 
several centimeters deep at. low t i d e ;  a l l  3 may be dest ined t o  uni te .  
Unless c lose ly  inspected,  they appear t o  have already merged, a  f a c t  
which, together with Bryan's incorrect  map (Fig.  6 ) ,  helps account f o r  
the widely d i f f e r i n g  number of motus a t t r i b u t e d  t o  Caroline. 

e t a t i o n :  There are  9 species of p lants  ( 2  t r e e s ,  1 shrub, 6 herbs) ,  
35% of Caroline's f l o r a ,  and no introductions a re  present .  Plant 
communities comprise a small 
surrounded by the  predominan 
narrow band of nat ive herbs. 

Birds: Five species of seab 

Pisonia f o r e s t  (0.13 h a ) ,  which i s  
Tournefort ia ,  in turn fringed with a 
"Soil s "  are extremely coarse. 

rds bred in 1988: Masked Booby ( I  p a i r ) ,  
Great Frigatebird ( 2  p a i r s ) ,  Brown Noddy (6 Red-footed ~ o o b y  (28 p a i r s )  , 

p a i r s ) ,  and White Tern (15 p a i r s ) .  

21)  L O N E  PALM ISLET (1.99 ha) Figs. 29, 52; Pls .  60-61 

i f t h  in the chain, f o r  i t s  s ing le  coconu 
palm which towers, f l a g - l i k e ,  above a dense mound of Tournefort ia .  



Physiography: Similar  t o  Kota ( t o  i t s  south),  Lone Palm i s  sausage- 
shaped, 97 m long and 240 m wide, and 4 times the  s i z e  mapped by 
Arundel . A1 though composed almost e n t i r e l y  of coral rubble, some sand 
borders the lagoon. Following a pat tern  prevalent on a l l  leeward motus, 
i t s  lagoon beach i s  2 m wide, while the  seaward beach i s  17 meters. 

Vegetation: Eleven species of p lants  are  present ( 3  t r e e s ,  1 shrub, 7 
herbs) ,  42% of Caroline's f l o r a .  Plant communities a r e  simple: a wide 
band of herb mats and open Tournefortia f lanks  an oval of Tournefortia 
f o r e s t  ( t o  10 m t a l l ) .  A l i n e  of Pisonia t r e e s ,  with a lone Cocos 
surmounting the  scrub, i d e n t i f i e s  t h i s  i s l e t  from lagoon or  ocean. 

Birds: Three species of seabirds  bred in 1988: Masked Booby (2 p a i r s ) ,  
Red-footed Booby (48 p a i r s ) ,  and White Tern (9 p a i r s ) .  In May 1990, we 
saw a l a rge  pre-breeding swarm of Sooty Terns. 

22) MOTU KOTA "Red-footed Booby s l e t "  (0.64 ha) Figs. 28, 52; 
Pls .  60 

We named t h i s  motu f o r  i t s  high densi ty of Red-footed Boobies 
(kota in Gi lbe r tese ) .  

Physiography: Sixth in l i n e  south of Nake, sausage-shaped Motu Kota i s  
50 m long and 175 rn wide. A t  low t i d e  i t  i s  almost connected t o  Motu 
Mouakena. Both surveys indicate  t h a t  coral rubble,  the i s l e t ' s  
predominant subs t ra te ,  had fu r the r  accumulated on i t s  south s ide  s ince  
the  1985 ae r ia l  photos, and a l so  since 1988. 

Vegetation: Though barely wooded, Kota has 11 species of p lants  ( 3  
t r e e s ,  1 shrub, 7 herbs) ,  42% of Caroline 's  f l o r a .  One introduced 
species i s  present ,  one t a t t e r e d  Cocos. Plant communities include: 
peripheral herb mats and a cent ra l  Tournefortia scrub ( t o  10 m t a l l ) ,  
with a few Pisonias .  

s :  Three species of seabirds bred in 1988: Brown Booby (1 p a i r ) ,  
Red-footed Booby (12 p a i r s ) ,  and White Tern (3  p a i r s ) .  I n  May 1990, a 
s ingle  Masked Booby was on t e r r i t o r y ,  and Sooty Terns swirled overhead. 

23) MOTU MOUAKENA " s l e t "  (1.00 ha) Figs. 2 9 ,  52; 
Pls .  15, 62 

This i s l e t  was named f o r  i t s  nesting Masked Boobies, a r e l a t i v e l y  
uncommon seabird on Caroline. 

Physiography: Somewhat U-shaped, Motu Mouakena i s  seventh, and 
southernmost, in the South Nake chain of i s l e t s .  Both s ides  of the  "U" 
were, in the recent  pas t ,  separate i s l e t s .  By joining on the  west,  a 
narrow, V-shaped i n l e t  was created on the lagoon s ide .  Motu Mouakena, 
100 m long and 160 m wide, i s  extremely rubbly and i n f e r t i l e ;  much 
rubble was reorganized during the  torm. Seventeen meters 
t o  i t s  south l i e s  a newly emerging shoal of sand and gravel ( P I .  1 5 ) ,  



perhaps dest ined t o  be Caroline's f o r t i e t h  motu. Since the  above storm, 
rubble has f u r t h e r  accumulated on t h i s  shoal ,  i t s  adjacent reef  f l a t s ,  
and in the  channel separat ing i t  from Mouakena. I t  a lready supports one 
Tournefortia shrub, 2 dozen Heliotropium p l a n t s ,  and scant  Lepturus and 
Portulaca.  

Vegetation: Mouakena has 8  species (1  t r e e ,  1  shrub, 6 herbs) ,  31% of 
Caroline's f l o r a ,  with no in t roduct ions .  I t  i s  t h i n l y  vegetated with 
open Tournefortia scrub ( t o  9  m t a l l ,  26% cover) ,  a  few small P isonia ,  
and sparse herb mats. 

Birds: This motu supports l e s s  vegetation and fewer b i rds  than i t s  
overal l  area implies,  s ince  38% of the  land cons i s t s  of unshaded, coarse 
coral rubble (Fig .  29b). Although unproductive botanica l ly ,  t h i s  
provides ideal nest ing grounds f o r  Masked Boobies, one of i t s  2 species  
of 1988 breeding seabi rds :  Masked Booby (3 p a i r s )  and Red-footed Booby 
(8 p a i r s ) .  In May 1990, we a lso  saw one Great Fr iga tebi rd  nest  with 
eggs and a  swirl of Sooty Terns. 

k LEEWARD ISLET 

This chain of 11 motus occupies the  cent ra l  west s ide  of Caroline. 
All a re  separated by channels,  wadable only a t  low t i d e  but prowled by 
be l l ige ren t  sharks.  Approximately 1,600 m south of Motu Mouakena l i e s  a  
sandy shoal (0 .5  m high, 7  m wide, 4 m l ong) ,  c lose  t o  the  lagoon edge 
of the  reef  f l a t s  and connected only by a  th in  thread of rubble t o  Motu 
Mannikiba t o  i t s  south. 

The i s l e t s  range in s i z e  from Mannikiba (28.50 ha ) ,  the  most 
nor ther ly ,  t o  Fishball (0.46 ha ) ,  the  most souther ly .  All support good 
seabird populations. Although most are  well-wooded, they a re  
nonetheless the  l e a s t  lush motus on Caroline. His tor ica l  records a re  
meagre: much of Mannikiba's f o r e s t  was f e l l e d  t o  make room f o r  a  Cocos 
seedling "nursery" (Young c a .  1922). The bulk of "40  t r e e s  on o ther  
i s l e t s , "  in Young's p lanta t ion  t o t a l s ,  were most l i k e l y  from Shark and 
Emerald. The r e s t  of t h i s  group i s  evidently p r i s t i n e ;  Bird I s l e t  i s  
par t icul  a r l y  notable.  

In common with a l l  western motus on Caroline,  the  lagoonside 
beaches a re  narrow and leeward reef  f l a t s  wide. The l a t t e r  e x h i b i t  a  
g r e a t e r  va r i e ty  of subs t ra t a  than the  former, including older  ra ised  
ree f s  and beachrock. Per iodica l ly ,  thousands of nest ing Sooty Terns 
occupy t h e i r  open spaces (Clapp & Sibley 1971a; A K K ,  pers .  obs. ; 
Anne Falconer, pers .  comm.). 

24) MOTU MANNIKIBA "Seabird I s l e t "  (21.49 ha) Figs. 29, 53; 
P l s .  63-65 

rnotu f o r  i t s  teeming seabi rds ,  mannikiba in 
Gi 1  be r t e se .  
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Figure 53. Vegetation and physiography of 
Centrai Leeward I s l e t  no. I :  Motu Mannikiba 
("Seabird I s l e t " ) .  



Phys iog raphy :  L a r g e s t  and most  n o r t h e r l y  o f  t h e  C e n t r a l  Leeward I s l e t s ,  
Mannikiba i s  somewhat r e c t a n g u l a r  w i t h  rounded c o r n e r s .  I t s  r e e f  f l a t s ,  
s u p p o r t i n g  an i n c i p i e n t  i s l e t ,  s t r e t c h  2 . 0  km n o r t h  t o  t h e  S o u t h  Nake 
I s l e t s .  

Mann ik iba ' s  maximum d i m e n s i o n s  a r e  700 m l o n g  and 3 7 5  m w ide .  On 
t h e  l agoon  s i d e ,  t h e  s c r u b  s k i r t s  h igh  w a t e r ,  b u t  when t h e  t i d e  d r o p s ,  a  
s t r i p  o f  b l i n d i n g  w h i t e  s andy  c o r a l  l i n e s  t h e  l a g o o n .  To s e a w a r d ,  
u p r a i s e d  r e e f ,  b e a c h r o c k ,  and s u c c e s s i v e  l a y e r s  o f  r u b b l e  s t r e t c h  i n  a  
wide swath  (40  m) toward  t h e  o u t e r  r e e f ,  130 m d i s t a n t .  The p r i m a r y  
i n l a n d  s u b s t r a t u m  i s  c o r a l  r u b b l e  w i t h  hardpan  i n  t h e  n o r t h e a s t .  

V e g e t a t i o n :  Mann ik iba ,  t h e  f o u r t h  l a r g e s t  motu ,  h a r b o r s  1 3  p l a n t  
s p e c i e s :  ( 4  t r e e s ,  2  s h r u b s ,  7  h e r b s ) ,  50% o f  C a r o l i n e ' s  f l o r a .  The 
o n l y  i n t r o d u c t i o n  i s  Cocos,  occupy ing  0 .1% o f  t h e  l a n d  a r e a .  The 
s i n g l e ,  s t e r i l e  Ximenia amer i cana  i s  i n d i g e n o u s ,  b u t  may have  grown from 
a  s e e d  d e r i v e d  f rom t h e  o t h e r  p a t c h  o f  t h i s  s p e c i e s  on S o u t h .  

Mann ik iba ' s  v e g e t a t i o n ,  d e n s e r  toward  t h e  n o r t h  e n d ,  i s  c l e a r l y  
zoned :  h e r b  matss, T o u m s f o r t i a  s c r u b  and f o r e s t ,  and s c a t t e r e d  P i s o n i a  

- 
g r o v e s ,  Ihe Few c lumps  o f  p e r i p h e r a l  Cocos a r e  p r o b a b l y  n o t  d r i f t -  
d e r i v e d ,  b u t  t h e  r emnan t s  o f  6 , 0 0 0  " s e e d  s e t s "  b r o u g h t  from F l i n t  I s l a n d  

- 
i n  J u n e  1920 ,  l h e s e  were s t o r e d  on Mannikiba and "used  t o  r e p l a n t  
m i s s e s  on o t h e r  i s l e t s "  (Young c a .  1 9 2 2 ) .  

P i s o n i a ,  though p r e s e n t ,  o c c u p i e s  o n l y  5% o f  t h e  l a n d  a r e a ,  a  
sma l l  p e r c e n t a g e  f o r  such  a  l a r g e  i s l e t .  T h i s  s u g g e s t s  t h a t  l a r g e  a r e a s  
o f  t h e  i n t e r i o r  f o r e s t s  were f e l l e d  t o  accommodate t h e  c o c o n u t  " s e t s . "  
T h i s  i s  a l s o  c o n f i r m e d  by t h e  p r e s e n c e  o f  s e v e r a l  o l d  c u t  s tumps  
( C o r d i a ? )  i n  t h e  i n t e r i o r ,  u n d o u b t e d l y  a  l e g a c y  o f  S .  R. Maxwell and 
Co . ,  L t d . ,  who e r e c t e d  h u t s  a round  1920 (Young c a .  1 9 2 2 ) .  A l though  
n o t h i n g  more i s  known o f  Mann ik iba ' s  h i s t o r y ,  c o l l e c t i o n  o f  guano f rom 
i t s  numerous s e a b i r d s  may a c c o u n t  f o r  f u r t h e r  p a s t  d i s t u r b a n c e .  

- 
l r a n s e c t  i ( n o r t h - c e n t r a l  s e c t o r ,  P I .  6 4 )  p a s s e d  t h r o u g h  t h e  h e a r t  

o f  a  f i n e  i n t e r i o r  f o r e s t ,  w h i l e  T r a n s e c t  2 ( s o u t h - c e n t r a l  s e c t o r )  
p a s s e d  t h r o u g h  s c r u b  and h e r b  ma t s  which may r e p r e s e n t  p a r t  o f  t h e  
f o r m e r  Cocos " ~ t r r s e r y , "  P r o f i l e s  t h r o u g h  t h e s e  2  c r o s s - i s l a n d  t r a n s e c t s  
r e s e m b l e  t h o s e  f rom B r o t h e r s  ( F i g ,  46) and an o l d  i n t e r i s l a n d  c h a n n e l  on 
Long ( F i g .  4 0 ) ,  r e s p e c t i v e l y ,  

- 
rhe low,  p e r i p h e r a l  h e r b  ma t s  ( a b s e n t  f rom t h e  l a g o o n  s i d e )  a r e  

composed o f  30% H e l i o t r o p i u m ,  20% B o e r h a v i a ,  15% T o u r n e f o r t i a ,  and l e s s  
t h a n  1% o f  P o r t u l a c a  and L a p o r t e a .  They a r e  b e s t  r e p r e s e n t e d  i n  t h e  
s o u t h e r n  s e c t o r .  The T o u r n e f o r t i a  f o r e s t ,  6  m h i g h  on b o t h  s i d e s ,  i s  
t h i c k ,  hav ing  95% canopy c o v e r a g e .  The P i s o n i a  f o r e s t s ,  t hough  
f r agmen ted  (12  m h i g h ,  100% canopy c o v e r ) ,  c o n t a i n  Mor inda ,  B o e r h a v i a ,  
A c h y r a n t h e s ,  L a p o r t e a ,  and Phymatoso rus ,  b u t  none c o v e r  more t h a n  10% o f  
t h e  ground a r e a .  

t e d  Booby (184  
y  (161  p a i r s ) ,  B lack  

Noddy (176  p a i r s ) ,  and White  Tern  (195  p a i r s ) .  No S o o t y  T e r n s  n e s t e d  on 



t h i s  i s l e t  in  1988, but Clapp & S i b l e y  (1971a) e s t ima t ed  2,500 p a i r s  i n  
1965, and t h e  Fa lconers  r epo r t ed  1  a rge  c o l o n i e s  on Manni ki ba,  Bl ackf  i n  
and Matawa i n  J u l y  - August 1990. 

Comments: Coconut c r a b s  l i v e  i n  t h e  Cocos g rove .  A z u r e - t a i l e d  and 
snake-eyed sk inks  (Cryptoblepharus  p o e c i l o p l e u r u s ) ,  a s  wel l  a s  a  gecko,  
were noted i n  1990 (DHE, G .  Wragg, p e r s .  o b s . ) .  

25) BLACKFIN ISLET (2.62 ha)  F ig s .  29,  54; P l s .  29 

We named t h i s  motu, second i n  t h e  Cent ra l  Leeward cha in ,  f o r  2  
sha rk  a t t a c k s  (nea r  misses )  w i th in  i t s  no r the rn  channe l .  

Physiography: B l ack f in ,  shaped l i k e  con jo ined  o v a l s ,  i s  140 m long and 
190 m a c r o s s .  Coral r ubb l e  covers  30% of  i t s  s u r f a c e ;  a l l  beaches and 
upper r e e f  f l a t s  a r e  o f  v a r i a b l e  wid ths ,  due i n  p a r t  t o  t h e  f a c t  t h a t  i t  
has r e c e n t l y  i nco rpo ra t ed  a  s m a l l e r ,  c i r c u l a r  motu i n t o  i t s  no r the rn  
con f ine s  . 

e g e t a t i o n :  Blackf in  I s l e t  has 9 s p e c i e s  o f  p l a n t s  ( 3  t r e e s ,  1 shrub ,  5 
h e r b s ) ,  35% of  Ca ro l i ne ' s  f l o r a .  The on ly  i n t r o d u c t i o n ,  Cocos, i s  r a r e .  
Four p l a n t  communities were p r e s e n t .  Herb mats a r e  well  r e p r e s e n t e d ,  
e s p e c i a l l y  around t h e  newly incorpora ted  i s l e t .  The Tou rne fo r t i a  s c r u b ,  
21 m wide i n  t h e  e a s t ,  i s  s h o r t  ( t o  2  m), bu t  approaches t h e  s t a t u r e  o f  
a  f o r e s t  ( t o  6  m) i n  t h e  west .  The c e n t r a l  f o r e s t s  o f  Cordia and 
P i s o n i a  (0 .41  ha) a r e  9  m h igh.  

B i rd s :  Three s p e c i e s  of s e a b i r d s  bred in  1988: Great  F r i g a t e b i r d  ( 4  
p a i r s ) ,  Brown Noddy (37 p a i r s ) ,  and White Tern (11 p a i r s ) .  In May 1990, 
one Red-footed Booby s a t  t i g h t  on a  n e s t ,  whi le  2  months l a t e r  l a r g e  
numbers o f  Sooty Terns began l a y i n g .  

h i t e  Tern I s l e t "  ( 1 - 7 1  ha)  F ig s .  29, 5 4 ;  
P I .  3  ( P t .  11 )  

On a r r i v i n g  a t  t h i s  motu, t h e  au tho r s  were g r e e t e d  by 15 White 
Terns ,  matawa i n  G i l b e r t e s e .  

Physiography: Of oval shape,  Motu Matawa i s  t h i r d  from t h e  no r th  i n  t h e  
Cent ra l  Leeward cha in .  I t  i s  105 m long and 190 m wide. The e n t i r e  
motu i s  composed of co r a l  rubb le  o f  varying g r ades ,  whose unvegetated 
p o r t i o n  comprises  one - fou r th  o r  more o f  t h e  l and  a r e a .  I t s  lagoon beach 
i s  2 . 5  m wide, whi le  t h e  seaward beach ( s p a r s e l y  v e g e t a t e d )  i s  6  m wide. 

Vege ta t ion :  Matawa has 10 s p e c i e s  o f  p l a n t s  ( 4  t r e e s ,  2  s h r u b s ,  4  
h e r b s ) ,  39% of  C a r o l i n e ' s  f l o r a .  There a r e  no i n t r o d u c t i o n s .  
Vegetat ion i s  l e s s  l u sh  and more open as  one p rog re s se s  sou th  on t h e  
leeward s i d e .  Tou rne fo r t i a  ( t o  7 m )  cove r s  h a l f  t h e  i s l e t ,  surrounding 
an e a s t - c e n t r a l  P i son ia -Cord ia  f o r e s t  ( t o  8  m ) .  
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Figure 54. Vegetation and physiography of the  
Central Leeward I s l e t s  nos. 2 through 4: Blackfin 
I s l e t ,  Motu Matawa ("Fai ry  Tern I s l e t " ) ,  and Emerald 
I s l e .  



B i r d s :  In  1988 f o u r  s p e c i e s  o f  s e a b i r d s  bred:  Red-footed Booby ( 5  
p a i r s ) ,  G r e a t  F r i g a t e b i r d  (1 p a i r ) ,  Brown Noddy ( 3  p a i r s ) ,  and White 
Tern (13 p a i r s ) .  Most conspicuous  were White T e r n s ,  w i t h  9  p a i r s  
b reed ing  on t h e  30-m-wide t r a n s e c t  swath .  One d a r k  morph Reef Heron 
f i s h e d  i n  t h e  s h a l l o w s .  In summer 1990, Sooty  Terns  a l s o  b red .  

27) EMERALD ISLE (8 .34  ha) F i g s .  29, 54; Pls. 24, 66 ,  67 

F i f t h  down t h e  c h a i n ,  we named Emerald f o r  t h e  r i c h l y  c o l o r e d ,  
t r a n s l u c e n t  lagoon w a t e r s  t h a t  f r i n g e  i t s  s h o r e l i n e s .  

Physiography:  C r e s c e n t i c  Emerald, 330 m long  and 240 m wide has 
l a g o o n s i d e  r e e f s ,  pa tch  r e e f s ,  and c o r a l  k n o l l s  i r r e g u l a r l y  p a t t e r n e d  
w i t h  sandy c h a n n e l s .  

V e g e t a t i o n :  Emerald I s l e  has  12 s p e c i e s  o f  p l a n t s  ( 5  t r e e s ,  1  s h r u b ,  6  
h e r b s ) ,  46% o f  C a r o l i n e ' s  f l o r a .  The on ly  i n t r o d u c t i o n  i s  Cocos. Four 
p l a n t  communities,  w i t h  a  f a i r l y  high s p e c i e s  d i v e r s i t y ,  a r e  p r e s e n t :  
t h e  he rb  mats ,  c o v e r i n g  o n e - f o u r t h  o f  i t s  l a n d  a r e a ,  a r e  composed a lmos t  
e x c l u s i v e l y  of  He7 io t rop ium (35% c o v e r )  wi th  s c a t t e r e d  1  ow T o u r n e f o r t i a  
(30% c o v e r ) .  The T o u r n e f o r t i a  a t t a i n s  a  maximum h e i g h t  o f  8  m and ,  f o r  
v a r i e t y ,  i s  mixed abou t  e q u a l l y  wi th  Pandanus over  most o f  i t s  seaward 
width  (144 m). 

The i n t e r i o r  f o r e s t  ( t o  11 m t a l l )  i s  a l s o  mixed, w i t h  Pandanus,  
T o u r n e f o r t i a ,  P i s o n i a ,  and a  l i t t l e  Cordia  ( P I .  6 6 ) .  T h i s  3 .20  ha mixed 
f o r e s t ,  a s  on Shark ,  s u g g e s t s  t h a t  Pandanus may be both  n a t i v e  and 
P o l y n e s i a n - i n t r o d u c e d ,  a l though  we do n o t  have specimens t o  v e r i f y  t h i s .  
Cocos i s  p r e s e n t  a s  2 small  g r o v e s ,  complete  wi th  coconut  c r a b  s i g n  
(mounds o f  shredded f i b e r s ,  P I .  5 3 ) ,  b e s i d e  t h e  e a s t  and midwest s h o r e s .  
We have been unable  t o  t r a c e  t h e  h i s t o r y  o f  Emerald 's  f o r e s t s ;  t h e  Cocos 
and f ragmented P i s o n i a  s u g g e s t  p a s t  d i s t u r b a n c e .  

- s :  S i x  s p e c i e s  o f  b reed ing  s e a b i r d s  were p r e s e n t :  R e d - t a i l e d  
l r o p i c b i r d  ( 1  p a i r ) ,  Red-footed Booby ( 3  p a i r s ) ,  G r e a t  F r i g a t e b i r d  (230 
p a i r s ) ,  Brown Noddy ( 7  p a i r s ) ,  Black Noddy ( I50  p a i r s ) ,  and White Tern 
(83  p a i r s ) .  

Although we d i d  n o t  l o c a t e  any R e d - t a i l e d  T r o p i c b i r d  n e s t s ,  2  
a d u l t s  c i r c l e d  s t e a d i l y  overhead.  Two Reef Herons (1 d a r k  morph, 1 
1  i g h t )  f o r a g e d  i n  t h e  i n s h o r e  r e e f  s h a l l o w s .  

28) SHARK ISLET (7 .98  ha) F i g s .  

We named t h i s  i s l e t  t o  commemorate a  p a r t i c u l a r 1  
charged shoreward and l eaped  t o  t h e  beach toward o u r  

29, 55;  P l s .  28 ,  68 

y  pugnacious  s h a r k  
f e e t .  

Physiography:  S t o u t l y  c r e s c e n t i c ,  Shark  I s l e t  i s  280 m long and 310 m 
wide i n  t h e  c e n t e r ,  The sandy lagoon beach and r u b b l y  seaward beach a r e  
each 3 m wide ,  The former  i s  C a r o l i n e ' s  prime s t r e t c h  o f  sand ,  o v e r l a i n  
by numerous p ink  g r a n u l e s ,  p o s s i b l y  due t o  Foramin i fe ra  t e s t s ,  a s  i n  
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common i n  t h e  Tuamotus ( S t o d d a r t  & S t e e r s  1977) .  Beyond high w a t e r  t h e  
seaward r e e f  f l a t s  ex tend  f o r  280 m .  

V e g e t a t i o n :  There a r e  1 2  s p e c i e s  of  p l a n t s  ( 5  t r e e s ,  1 s h r u b ,  6  h e r b s ) ,  
46% o f  t h e  a t o l l ' s  f l o r a .  One i n t r o d u c t i o n ,  Cocos, forms 3  clumps a long  
t h e  lagoon beach (1% o f  t h e  i s l e t ' s  a r e a ) .  Shark ' s  r i n g s  o f  v e g e t a t i o n  
approximate  t h e  i s l e t ' s  o u t l i n e .  Herb mats  d o t  t h e  f i n e  sand 
lagoonward,  w h i l e  t o  seaward t h e y  grow i n  c o a r s e  r u b b l e .  The 
T o u r n e f o r t i a  ( t o  7  m t a l l )  e v e n t u a l l y  g i v e s  way t o  a  12-m-high P i s o n i a  
f o r e s t  s tudded  wi th  Cordia  and Pandanus.  C e n t r a l l y  t h i s  mixed f o r e s t  i s  
u n n a t u r a l l y  open,  s u g g e s t i n g  p a s t  d i s t u r b a n c e .  

B i rds :  Four s p e c i e s  of  s e a b i r d s  bred i n  1988: Grea t  F r i g a t e b i r d  (118 
p a i r s ) ,  Brown Noddy (37  p a i r s ) ,  Bl ack  Noddy (125 p a i r s ) ,  and White Tern 
(44 p a i r s ) .  Red-footed Boobies were n e s t i n g  i n  1990. The n o t a b l e  
c o l o n i e s  o f  Great  F r i g a t e b i r d s  and Black Noddies a r e  due i n  p a r t  t o  t h e  
e x t e n s i v e  P i s o n i a  f o r e s t ,  cover ing  o n e - h a l f  of  t h e  i s l e t .  

(0 .46 ha) F i g s .  28 ,  55 

T h i s  motu was named by t h e  a u t h o r s  i n  honor sf Coenobika p e r l a t u s ,  
t h e  s c a r l e t ,  f i s t - s i z e d  he rmi t  c r a b  t h a t  i s  abundant both h e r e  and on 
t h e  e n t i r e  a t o l l .  

Physiography: S c a r l e t  Crab,  s i x t h  i n  t h e  cha in  and on ly  40 m long by 
125 m wide ,  i s  a  young oval  motu. I t  s k i r t s  t h e  s o u t h e r n  s h o r e  o f  
Shark ,  from which i t  i s  s e p a r a t e d  by a  channel 16 m wide .  Because i t s  
e a s t e r n  end p o i n t s  i n t o  t h e  l agoon ,  t h e r e  i s  no t r u e  lagoon beach.  
Together  wi th  t h e  nex t  3  i s l e t s ,  S c a r l e t  Crab ' s  seaward r e e f  f l a t s  
(480 m) a r e  t h e  most e x t e n s i v e  on C a r o l i n e ' s  l e e  s i d e .  

e g e t a t i o n :  V e g e t a t i v e  cover  i s  s l i g h t :  j e s s  t h a n  i% a r e a  coverage of  
He l io t rop ium and Lapor tea ,  i n t e r s p e r s e d  wi th  10 sma.1! T o u r n e f o r t i a  ( t o  
1 . 5  m). I t s  s p e c i e s  count  i s  6 (1  s h r u b ,  5 h e r b s ) ,  23% o f  C a r o l i n e ' s  
f l o r a ,  There a r e  no i n t r o d u c t i o n s ,  

B i r d s :  Although d u r i n g  s to rms  t h i s  motu i s  undoubtedly awash, 2 s p e c i e s  
of  s e a b i r d s  were b reed ing  i n  1988: Brown Noddy (1 p a i r ,  on ground) and 
White Tern ( 2  p a i r s ,  i n  low s c r u b ) .  

30) MOTU NAUTONGA "Sea Cucumber I s l e t "  ( 0 . 3 4  ha )  F i g s ,  28,  55 

We named t h i s  motu f o r  t h e  G i l b e r t e s e  word f o r  t h e  b l a c k  s e a  
cucumbers o r  "beche-de-mer" (Ludwigothur ia  s p . )  t h a t  a r e  s t rewn 
u b i q u i t o u s l y  w i t h i n  t h e  1 agoon sha l lows  ( P I .  1 0 ) .  

Physiography:  S e m i c i r c u l a r  i n  shape ,  Nautonga i s  seven th  i n  t h e  C e n t r a l  
Leeward c h a i n ,  measuring 70 m long and 80 m wide .  S i t u a t e d  c l o s e  t o  t h e  
l agoon ,  i t  i s  one o f  3  small motus t h a t  b a r e l y  p r o t r u d e  above t h e  r 
f l a t s .  Nautonga's p e r i m e t e r  beaches a r e  a l l  narrow ( 2  m), w h i l e  i t  
seaward r e e f  f l a t s  a r e  wide (495 m ) .  



V e g e t a t i o n :  There  a r e  9  ind igenous  s p e c i e s  ( 3  t r e e s ,  1 s h r u b ,  5  h e r b s ) ,  
35% o f  the a t o l l ' s  f l o r a .  Though s m a l l ,  Nautonga's v e g e t a t i o n  i s  
c o n c e n t r i c a l l y  zoned,  compris ing he rb  mats (10-14 m wide) and a  c e n t r a l  
f o r e s t  o f  Tournefortia and Pisonia (84 m w i d e ) ,  t o  10 m t a l l .  

B i r d s :  Five  s p e c i e s  o f  s e a b i r d s  bred i n  1988: Red-footed Booby (11 
p a i r s ) ,  Grea t  F r i g a t e b i r d  (2  p a i r s ) ,  Brown Noddy ( 7  p a i r s ) ,  Black Noddy 
(32 p a i r s ) ,  and White Tern (10 p a i r s ) .  Lesse r  F r i g a t e b i r d s  appeared t o  
be p r e p a r i n g  t o  n e s t  i n  May 1990. One p a i r  o f  B lue-gray  Noddies,  f l y i n g  
s o u t h ,  was seen  i n  May 1990. 

31)  AZURE ISLE (0 .20 ha )  F i g s .  28, 55;  P I .  51 

We named t h i s  s m a l l ,  wedge-shaped motu f o r  the  s t r i k i n g  c o l o r s  o f  
i t s  nearby l agoon .  

Physiography:  Eighth  from t h e  n o r t h ,  t h i s  s m a l l ,  e i o n g a t e d  t r i a n g l e  of  
l and  i s  30 m l o n g  and 66 m wide ,  I t s  seakrard r e e f  f l a t s  a r e  wide 
(512 m), w h i l e  t h e  a d j a c e n t  channe l s  a r e  narrow and s h a l l o w .  

e t a t i o n :  Azure has  on ly  7 s p e c i e s  ( 1  t r e e ,  1 s h r u b ,  h e r b s ) ,  27% o f  
C a r o l i n e ' s  f l o r a .  A young motu, Azure i s  a  s u p e r b  example of an e a r l y  
s t a g e  o f  b i o l o g i c a l  s u c c e s s i o n .  I t s  p l a n t  c o v e r  c o n s i s t s  of a  s i n g l e  
mound of  Tournefortia s c r u b  crowned by a  s i n g l e  Pisonia t r e e  (6  m t a l l ) ,  
growing on ly  one mete r  above s e a  1  eve1 . Only 45% o f  t h e  motu i s  
v e g e t a t e d ;  t h e  r e s t ,  p r i m a r i l y  t o  seaward,  i s  c o a r s e  r u b b l e .  Azure I s l e  
i l l u s t r a t e s  t h e  minimum width o f  v e g e t a t i o n  ( 3 8  m) i n  which Pisonia 
devel  ops  on Carol i  ne .  

B i r d s :  T h i s  motu i l l u s t r a t e s  t h e  speed a t  which s e a b i r d s  w i l l  u t i l i z e  
newly a v a i l a b l e  h a b i t a t s .  Within i t s  dozen o r  so  Tournefortia s h r u b s  
( t o  4 m t a l l ) ,  3  s p e c i e s  of  s e a b i r d s  n e s t :  Red-footed Booby (7  p a i r s ) ,  
Grea t  F r i g a t e b i r d  (2  p a i r s ) ,  and White Tern (2  p a i r s ) ,  A p a i r  o f  Blue- 
g ray  Noddies were seen i n  May 1990. 

32) REEF-  LET ( 0 . 0 9  ha) F i g s ,  27,  55 

We named t h i s  young motu f o r  i t s  pr imary c h a r a c t e r i s t i c :  r e e f  
f l a t s .  Ninth i n  t h e  Cen t ra l  Leeward c h a i n ,  t h i s  curved s t r i p  o f  c o a r s e  
r u b b l e  1  i e s  p a r a l l e l  t o  t h e  c h a n n e l s  t h a t  surround and spawned i t .  I t  
measures about  20 m long and 60 m wide.  Three s p e c i e s  o f  p l a n t s  ( 1  
s h r u b ,  2  h e r b s ) ,  12% o f  C a r o l i n e ' s  f l o r a ,  cover  l e s s  t h a n  o n e - f o u r t h  o f  
i t s  a r e a  and a r e  d i s t r i b u t e d  s o  s p a r s e l y  t h a t  n o t  one b i r d  was p r e s e n t .  

33)  BIRD ISLE F i g s .  29,  55 

T h i s  i s  one o f  t h e  motus named on Arunde l ' s  c h a r t  ( F i g .  4 ) ,  
p robab ly  because  o f  numerous Black Noddies and/or Sooty  T e r n s .  



Physiography: Bird i s  ovo id ,  measuring 230 m long by 200 m wide. I t  
s i t s  c l o s e  t o  t h e  i n n e r  edge o f  t h e  lagoon r e e f ,  whereas 400 m o f  
seaward r e e f  f l a t s  s t r e t c h  westward. 

Vegetation: There a r e  12 s p e c i e s  o f  p l a n t s  (4  t r e e s ,  2  s h r u b s ,  6  
h e r b s ) ,  46% o f  C a r o l i n e ' s  f l o r a .  A small  Cocos g rove  i s  t h e  o n l y  
i n t r o d u c t i o n .  I t  i s  well-wooded, wi th  ve ry  narrow herb  mats (6% of 
t o t a l  a r e a ) .  T o u r n e f o r t i a  ( t o  8 m) and P i s o n i a  ( t o  14 m) each c o v e r  42% 
o f  i t s  s u r f a c e ;  t h e  r e s t  i s  r u b b l e .  The P i s o n i a  f o r e s t  i s  o f  good 
qua1 i  t y  (90-95% canopy c o v e r ) ,  having s c a t t e r e d  Morinda, Boerhav ia ,  and 
Achyranthes  a s  an u n d e r s t o r y .  One l a r g e  clump o f  S u r i a n a  (14 x  14 m ,  
2 . 5  m h igh)  grows c e n t r a l l y  (A. G a r n e t t ,  p e r s .  comm.). B i rd  I s l e t  shows 
ve ry  few s i g n s  o f  p a s t  d i s t u r b a n c e ,  having prime p l a n t  communities,  r i c h  
i n  b reed ing  s e a b i r d s .  

Birds: Five s p e c i e s  of s e a b i r d s  n e s t e d  i n  1988: Red-footed Booby (29 
p a i r s ) ,  Grea t  F r i g a t e b i r d  (6 p a i r s ) ,  Brown Noddy (42 p a i r s ) ,  Black Noddy 
(329 p a i r s ) ,  and White Tern (48 p a i r s ) .  In June 1990, many thousands  o f  
Sooty  Terns  1  a i d  on Bird  and a d j a c e n t  F i s h b a l l .  

34 B A L L  ISLET (0 .57 ha )  F i g s ,  28, 55,  56 

Eleventh  and southernmost  in  t h e  Cen t ra l  Leeward c h a i n ,  we named 
F i s h b a l l  a f t e r  f i n d i n g  a  l a r g e  g l a s s  f i s h i n g  f l o a t  wi th  a  broken bottom, 
d e c o r o u s l y  p laced  i n  t h e  i s l e t ' s  c e n t e r  amidst  c o r a l  s l a b s .  

Physiography: Paramecium-shaped, F i s h b a l l  l i e s  c l o s e  t o  t h e  lagoon and 
i s  s e p a r a t e d  from Bird by a  s h a l l o w ,  r u b b l e  s t rewn channel 100 m wide.  
The motu i s  45 m long by 144 m wide,  wi th  seaward r e e f  f l a t s  595 m i n  
e x t e n t .  South o f  t h e  i s l e t ,  t h e  r e e f  f l a t s - - w a d a b l e  a t  v e r y  low t i d e - -  
s t r e t c h  1 . 4  km t o  t h e  Sou thern  Leeward I s l e t s .  

- 
e t a t i o n :  Ihe number of  p l a n t  s p e c i e s  i s  8 (1 s e e d l i ~ g  " t r e e , "  1 

s h r u b ,  6 h e r b s ) ,  31% o f  C a r o l i n e ' s  f l o r a .  F igure  56 d e p i c t s  an e a s t -  
west  c r o s s - s e c t i o n  o f  F i s h b a l l ,  showing a  v e r t i c a ?  p r o f i l e  and t h e  
r e l a t i v e  abundance and d i s t r i b u t i o n  of  each s p e c i e s ,  F i s h b a l l  
e x e m p l i f i e s  a young motu. All p l a n t s  a r e  low and h a l o p h y t i c ;  most a r e  
h e r b s .  The motu i s  h a l f - c o v e r e d  w i t h  a  s p a r s e  he rb  mat. o f  He7iot ropium 
(10% c o v e r ) ,  wi th  s c a t t e r e d  l a p o r t e a ,  l e p t u r u s ,  and P o r t u l a c a  (each (1% 
c o v e r ) .  Small T o u r n e f o r t i a  s h r u b s  ( t o  2 m t a l l )  a r e  s c a t t e r e d  i n  t h e  
c e n t r a l  s e c t o r ,  w h i l e  a  t i n y  d r i f t  s e e d l i n g  o f  Morinda,  7  cm h i g h ,  
s t r u g g l e d  t o  g a i n  a  f o o t h o l d  i n  t h e  exposed,  s a l t y  r u b b l e .  

Th i s  motu i s  a  f i n e  example of t h e  i n i t i a l  s t a g e s  o f  i s l e t  
fo rmat ion  and c o l o n i z a t i o n ,  demons t ra t ing  t h a t  s e a - d i s p e r s e d ,  h a l o p h y t i c  
he rbs  f i r s t  appear  l a t e r  becoming shaded o u t  by T o u r n e f o r t i a ,  e n a b l i n g  a  
g r e a t e r  p l a n t  s p e c i e s  d i v e r s i t y  t o  e s t a b l i s h .  I t  i s  ve ry  u n l i k e l y  t h a t  
a  ground w a t e r  l e n s  i s  p r e s e n t .  

o  s p e c i e s  of  s e a b i  n 1988: R e d - t a i l e d  T r o p i c b i r d  ( 3  
Brown Noddy ( 5  pa May 1990, many thousands  of  Sooty  

Terns  covered t h e  ground and s w i r l e d  i n  t h e  a i r ,  day and n i g h t .  We 
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height i s  exaggerated. 



found no eggs ,  but 1  aying occurred i n  June here  and on a d j a c e n t  Bird 
I s l e t  (Anne Fa lconer ,  p e r s .  comm.) . 

SOUTHERN LEEWARD ISLETS P l s .  14,  69 

This  cha in  of 5  small motus l i e s  a long t h e  southwestern edge of 
t h e  lagoon.  All a r e  b u i l t  upon p i l e s  of  r ubb l e  about 3  m h igh ,  o r i e n t e d  
e a s t - w e s t ,  and s epa ra t ed  by sha l low,  narrow channe ls .  From 1.51 t o  
3.67 ha i n  s i z e ,  t h e i r  topography, v e g e t a t i o n ,  and breeding s e a b i r d s  a r e  
s i m i l a r .  Although s i t u a t e d  on t h e  leeward s i d e  of t h e  a t o l l ,  t h e  
Southern Leeward I s l e t s  e x h i b i t  some windward c h a r a c t e r i s t i c s ;  t h e y  l i e  
o p p o s i t e  and s l i g h t l y  nor th  of  a  wide break in  t h e  windward r e e f  which 
a l lows  t r a d e  winds t o  sweep, u n i n t e r r u p t e d ,  a c ro s s  t h e  lagoon.  This  
promotes t h e i r  60-80% cover  of  s c rub  o r  f o r e s t .  Ana-Ana, t h e  
southernmost ,  was p e r i o d i c a l l y  occupied from 1987-1991 by t h e  Falconer  
fami ly .  

Of p a r t i c u l a r  bo t an i ca l  i n t e r e s t  a r e  t h e  i n t e r i o r  f o r e s t s ,  
composed of  P ison ia  mixed with  more Cordia than e lsewhere  on t h e  a t o l l .  
Pure Cordia groves  (most ly  t o o  small t o  map a c c u r a t e l y )  t y p i c a l l y  occupy 
t h e  f o r e s t  p e r i p h e r i e s .  

T h e i r  h i s t o r y  (p r ev ious  t o  1987) i s  unknown; a l l  appear  t o  harbor  
v i r g i n  p l a n t  communities mingled with  occas iona l  d r i f t - d e r i v e d  Cocos o r  
Pandanus. 

35) MOTU RAURAU " B l  ue-Gray oddy I s l e t "  ( 3 . 48  ha) Figs .  29, 57;  
P l s .  14,  69 

Northernmost of  t h e  Southern Leeward I s l e t s ,  we named t h i s  motu 
f o r  t h e  Blue-gray Noddies ( r au rau  i n  G i l b e r t e s e )  observed t h e r e .  

y: Raurau i s  ovo id ,  wi th  a  small l agoons ide  bay, and maximum 
dimensions of  180 m long and 231 m wide,  I t  has t h e  most expansive 
rubble  o f  a l l  t h e  Southern Leeward I s l e t s .  Th is  c o a r s e  c o r a l  c l i n k e r  
ex t ends ,  a p r o n - l i k e ,  around t h e  i s l e t ,  wides t  ( 4 0  m )  c l o s e s t  t o  t h e  
lagoon,  and narrower (10 m) t o  seaward,  The seaward r e e f  f l a t s  extend 
446 m t o  t h e  ocean. 

Vege ta t ion :  The number of p l a n t  s p e c i e s  i s  10 ( 5  t r e e s ,  1  sh rub ,  4 
h e r b s ) ,  39% of t h e  a t o l l ' s  f l o r a .  Raurau's  2  p l a n t  communities a r e  
s imple :  a  very s c a n t  herb mat i s  s p r i n k l e d  with  T o u r n e f o r t i a ,  which 
r i s e s  t o  6-m-high s c rub  a l l  around t h e  i s l e t .  Laportea forms a  narrow 
band a t  t h e  i n t e r f a c e  between co ra l  r ubb l e  and s c rub .  C e n t r a l l y  a  
P i s o n i a  f o r e s t  ( t o  13 m), do t t ed  with  Cordia on t h e  pe r i phe ry ,  ha rbors  
much Morinda i n  t h e  unde r s to ry ,  i nc lud ing  t h e  t a l l e s t  Morinda (13 m) 
seen on t h e  a t o l l .  A handful of  d r i f t - d e r i v e d  Cocos and Pandanus, t h e  
on ly  i n t r o d u c t i o n s ,  do t  t h e  sc rub .  
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Figure 57. Vegetation and physiography of the 5 Southern 
Leeward Is1 e t s :  Motus Raurau ("Bl ue-gray Noddy I s l e t " )  , 
Ei te i  ("Fr igatebird  I s l e t " ) ,  Pisonia I s l e t ,  Kirnoa ("Rat 
I s l e t " ) ,  and Ana-Ana ("Anne's I s l e t " ) .  



Birds: No seabirds were found on t ransec t ,  but a perimeter walk in 1988 
revealed 4  species breeding in the 1  eeward Tournefort i a :  Red-footed 
Booby (10 p a i r s ) ,  Great Frigatebird (31 p a i r s ) ,  Brown Noddy (1  p a i r ) ,  
and White Tern ( 2  pa i r s ) .  This i s l e t ,  f o r  i t s  s i z e ,  i s  pa r t i cu la r ly  
r ich  in f r iga teb i rds .  

Comments: Polynesian r a t s  are present. 

36) MOTU EITEI "Frigatebird I s l e t "  (1.41 ha) Figs. 29, 57; 
Pls. 14, 69 

Second in l i n e  from the  north, we named t h i s  motu fo r  i t s  nesting 
Great Frigatebirds,  e i t e i  in Gil bertese.  

Physiography: Motu Eitei  i s  rounded, 105 m long and 280 m wide. Lying 
perpendicular t o  the reef axis ,  i t  touches the  lagoon edge on i t s  inner 
s ide .  To seaward, the reef f l a t s  are  644 m wide. 

etation: There are 8 s  ecies of plants ( 3  t r e e s ,  1  shrub, 4 herbs) ,  
of the a t o l l ' s  f l o r a ,  i t h  no introductions. Eitei  i s  carpeted with 

3 plant communities in the usual concentric arrangement. However, there  
i s  a s l i g h t  difference in the species composition of the  herb mats: on 
t r ansec t ,  the southern mat ( 2  m wide) consisted sole ly  of Portulaca,  
while the north s ide  contained a 3-m swath of Heliotropium, Laportea, 
and scat tered Suriana. Inside the  mat i s  a  r ing of Tournefortia scrub 
( t o  5  m )  and a  central  Pisonia-Cordia fo res t  ( t o  11 m ) .  Laportea i s  
pa r t i cu la r ly  abundant, while Portulaca, normally confined t o  the edges, 
abounds in small openings within the  i n t e r i o r  woodlands. 

Birds: Four species of seabirds bred on  Motu Eitei  in 1988: Red-footed 
Booby (17 p a i r s ) ,  Great Frigatebird (14 p a i r s ) ,  Brown Noddy (6 p a i r s ) ,  
and White Tern (18 p a i r s ) .  The a t o l l ' s  f i r s t  Blue-gray Noddy nest was 
found in 1990 ( P t ,  11) .  

37 ( 2 . 4 5  ha) Figs. 29,  57; Pls .  14, 69 

We named t h i s  motu  f o r  i t s  f i ne  Pisonia fo r e s t .  

Physiography: Pisonia, th i rd  in the chain from the north, i s  almost 
c i r cu l a r ,  and l i e s  closely appressed t o  i t s  neighbor i s l e t s .  I t s  
maximum dimensions are 140 m long and 220 m wide. Like Raurau, i t  
possesses a  wide "apron" of coral rubble and sparse herbs on  the lagoon 
s ide .  I t s  seaward reef f l a t s  are  300 m wide. 

Vegetation: The number of plant species i s  15 (5  t r e e s ,  2 shrubs, 8  
herbs) ,  58% of the a t o l l ' s  f lo ra .  The only introduction i s  Cocos (few, 
sca t te red ,  north and south shores).  Well-wooded, Pisonia harbors the 
customary 3 plant communities: the herb mat i s  almost pure 
Heliotropium, dotted with Suriana. One specimen of Lepidium bidentatum 
was found in 1990. The Tournefortia scrub and  f o r e s t ,  covering half of 



the  motu's length and width, grows t o  9  m, while the  Pisonia-Cordia 
f o r e s t ,  covering 0.86 ha (35% of the  i s l e t ' s  a r e a ) ,  reached 10 meters. 

Birds: Despite the  f i n e  Pisonia f o r e s t ,  no Black or  Brown Noddies 
nested. Only 3  species of seabirds bred in 1988: Red-footed Booby (26 
p a i r s ) ,  Great Frigatebird (14 p a i r s ) ,  and White Tern (10 p a i r s ) .  Best 
represented were Red-footed Boobies; a  perimeter count yielded 18 tended 
nes t s ,  a l l  in Tournefortia scrub. A Long-tailed Cuckoo was heard in the  
i n t e r i o r .  

Comments: Rats were common: 6  were noted on a  mid-morning t r a n s e c t  
survey. 

38) MOTU KIMOA "Rat I s l e t "  (1.80 ha) Figs. 29, 57; 
Pls .  14, 69, 70 

Fourth from the  north, we named t h i s  motu f o r  Caroline 's  s ing le  
mammalian inhabi tant ,  the  Polynesian r a t ,  kimoa in Gilbertese.  

Physiography: Kimoa, smallest  of the  Southern Leeward I s l e t s  and shaped 
l i k e  a  f l a r e d  teardrop,  i s  squeezed between i t s  neighbor motus. I t s  
maximum dimensions are 92 m long and 218 m wide, almost 4 times the  s i z e  
mapped by Arundel (Fig ,  4 ) .  The southeast rubble and herb mats are  
wide. The dis tance  t o  the  outer  reef  edge i s  307 meters. Of special  
note i s  the  emergent Tridacna-Acropora reef which s t re tches  completely 
across the lagoon t o  Tridacna I s l e t .  This reef  i s  15-20 m wide 
(Fig .  48; Pls .  25, 57) and 1,023 m long, which, together with an equal 
length in blind d ive r t i cu lae ,  t o t a l s  over 2 kilometers. The Tridacna 
clams aggregate in dens i t i e s  u p  t o  80/sq m (Sirenko & Koltun, in p r e s s ) .  

egeta t ion:  Kimoa has 11 species of p lants  (3  t r e e s ,  2 shrubs, 6 
he rbs ) ,  42% of Caroline's f l o r a ,  There are no in t roduct ions .  Though 
small and narrow, Kimoa i s  well-vegetated. I t s  herb mats are composed 
of Heliotropium on the  south s ide  and Portulaca (p lus  Suriana) on the  
north.  The i n t e r i o r  Tournefortia-Pisonia-Cordia f o r e s t s  ( t o  11 m )  cover 
nearly half  the  i s l e t ' s  area.  

i rds:  Four species of seabirds bred in 1988: Red-footed Booby (21 
p a i r s ) ,  Great Frigatebird (3  p a i r s ) ,  Black Noddy ( 2  p a i r s ) ,  and White 
Tern (7  p a i r s ) .  Red-footed Booby nests  occupied perimeter s i t e s .  

39) MOTU ANA-ANA "Anne's I s l e t "  (2.16 ha) Figs. 29, 57; Pls .  7a, 
14, 52, 69, 71 

This motu includes a  small set t lement with 3  thatched huts 
(cooking, ea t ing ,  s l eep ing) ,  a  water tank, chicken coop, and garden. I t  
was occupied from 1987-1991 by Anne and Ron Falconer, 2 small ch i ld ren ,  
chickens, Muscovy ducks, and a  dog. A wooden sign marked "Ana-Ana" 
indicated t h a t  the  i s l e t  had been named. 



I t  i s  in te res t ing  t o  compare Pla tes  7a and 71, ident i  
of Ana-Ana 105 years apar t .  

17 1  

cal p r o f i l e s  

Physiography: Ana-Ana i s  the southernmost motu in the  Southern Leeward 
I s l e t s ,  120 m long by 2 2 2  m wide a t  i t s  widest point .  Approximately 3  m 
high, i t  i s  roughly oval ,  with a  hooked point and curved bay facing the  
lagoon. This point i s  ac t ive ly  growing as more and more rubble i s  
deposited by the  l a rge  flow of water passing through the  channel (430 m 
wide) t h a t  separates Ana-Ana and South Island.  This channel contains 
abundant clams t h a t  amass in to  an extensive Acropora-Tridacna reef  
s t r e tch ing  approximately 900 m across the  lagoon t o  Tridacna I s l e t .  The 
outer  reef  f l a t s  measured 281 meters. 

Vegetation: Ana-Ana has 15 species of p lants  (5  t r e e s ,  2 shrubs, 8  
he rbs ) ,  58% of Caroline 's  f l o r a .  Introductions include Cocos, 
vegetables,  a few ornamentals and, as y e t ,  no weedy exo t i cs .  Ana-Ana's 
vegetation i s  typical  of the other Southern Leeward I s l e t s  except f o r  
the  se t t lement .  Narrow t r a i l s  from the  southern channel lead t o  a  neat 
c l ea r ing ,  approximately 40 m x 70 m ,  the  only inhabited portion of the 
a t o l l .  We advised the  Falconers against  introducing a l i en  p lants  with 
spreading seeds and requested them t o  destroy a l l  introductions when 
vacating the  is land permanently. 

Ana-Ana has sparse herbaceous mats: Suriana, Ne7iotropium, 
Portu7aca, Laportea, and Lepturus. The Tournefortia s trand includes 
Cocos, Cordia, and Pandanus. Quality Pisonia f o r e s t ,  15 m high, covers 
43% of the  i s l e t ' s  area.  

Birds: No breeding seabirds were found on any of the  3  v i s i t s  t o  
Caroline. However, the Falconers found a few White Terns and one Great 
Frigatebird nesting in the perimeter scrub, as well as groups of Brown 
Noddies s i t t i n g  on the  beach. Long-tailed Cuckoos were seen around the  
huts in March, Apr i l ,  and May 1990.  I t  i s  t o  be hoped t h a t  seabi rds  
re turn  now t h a t  the  motu i s  again uninhabited. 

omments: Rats and l a rge  cockroaches are  abundant. Despite the t i d y  
s i t e ,  1 2  r a t s  occupied a  p i l e  of coconut debr i s ,  while others scurr ied  
amongst the f o r e s t  l i t t e r ,  The Falconers trapped over 1,300 r a t s  one 2- 
year period. Several pale geckos with a  few spots and l a rg i sh  heads 
were seen in and around the  huts (probably mourning geckos). 

1. CONCLUSIO 

Lushly wooded Caroline Ato l l ,  with the  majority of i t s  39 i s l e t s  
(399 ha of land) e i t h e r  in nea r -p r i s t ine  condition o r  having recovered 
remarkably from past  disturbance,  i s  one of the l e a s t  spoiled a t o l l s  in 
the Paci f ic .  Uninhabited, i t  harbors plant  ecosystems and breeding 
seabirds ( P t .  11) of national and in ternat ional  importance. I t s  marine 
and t e r r e s t r i a l  ecosystems are  prime outdoor ecological l abora to r ies  f o r  
research on geological processes including ground water, sea level  
changes, the dynamics of motu formation, f i s h  poisoning, and numerous 
f a c e t s  of ecology including plant  succession and Pisonia growth r a t e s .  



Carol i n e  b o a s t s  prime c o r a l  r e e f s  t h i c k l y  s tudded wi th  Tr idacna  c l  ams, 
s u b s t a n t i  a1 numbers o f  coconut  c r a b s ,  b reed ing  s i t e s  f o r  g reen  t u r t l e s ,  
w i n t e r i n g  grounds f o r  s h o r e b i r d s  i n c l u d i n g  t h e  r a r e  B r i s t l e - t h i g h e d  
Curlew, a n c i e n t  Tuamotuan marae, and a c r y s t a l l i n e ,  u n p o l l u t e d  lagoon.  
The v a r i e t y ,  abundance, and q u a l i t y  o f  i t s  f l o r a  and fauna q u a l i f y  i t  
f o r  s t a t u s  a s  an o f f i c i a l l y  recognized i n t e r n a t i o n a l  p r e s e r v e  ( P t .  11,  
S e c t .  G ) .  E f f o r t s  toward i t s  c o n s e r v a t i o n  have t h u s  f a r  been 
u n s u c c e s s f u l :  i n  1992 i t  was l e a s e d  t o  a p r i v a t e  French businessman who 
i s  c u r r e n t l y  f i s h i n g  t h e  r e e f s  f o r  commercial p r o f i t ,  a s  wel l  a s  
d i s t u r b i n g  s e a b i r d ,  t u r t l e  and coconut  c r a b  p o p u l a t i o n s .  
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APPENDIX I  

Reef In format ion  f o r  Naviqa to rs  

We i  ncl  ude t h i s  s e c t i o n  because no a c c u r a t e  hydro1 ogi c a l  c h a r t  
e x i s t s ,  and t h e  Pacific Islands Pilot (Hydrographer o f  t h e  Navy 1982) 
s e c t i o n  f o r  C a r o l i n e  i s  incomplete .  Arundel ' s  1883 map (Admiral ty  Char t  
No. 979, F ig .  4 )  i s  s t i l l  used t o d a y .  

C a r o l i n e  i s  v i s i b l e  "from a l o f t "  a t  abou t  23 km (Ward 1974) .  I t  
has  n e i t h e r  a  deep p a s s ,  nor nav igab le  channe l s  i n t o  t h e  l agoon ,  nor  a  
s h i p  anchorage beyond t h e  r e e f .  In 1873 a  s e t  o f  moorings was p laced  
o f f  t h e  west  c o a s t  o f  South I s l a n d  f o r  t h e  convenience o f  guano s h i p s ,  
approximately  " a  m i l e  n o r t h  o f  t h e  sou th-wes t  p o i n t ,  i n  about  60 fathoms 
o f  wa te r  and some d i s t a n c e  from t h e  shore"  (Arundel 1875) .  These a r e  
long  gone,  a l though  small b o a t s  can s t i l l  anchor w i t h i n  t h e  c l o s e  l e e  o f  
South I s l a n d  d u r i n g  normal t r a d e  winds. Today's  s h i p s ,  however, must 
d r i f t  well  o f f s h o r e  a f t e r  approaching t h e  a t o l l  from t h e  west  ( P I .  1 2 ) .  

O f  s p e c i a l  n o t e  i s  a  p o s s i b l e  e x t e n s i o n  of  t h e  p e r i m e t e r  r e e f  
sou th  and southwest  of C a r o l i n e .  Arundel ' s  map n o t e s :  "Reef r e p o r t e d  
t o  extend f o u r  c a b l e s  from s o u t h e a s t  p o i n t . "  T h i s  in fo rmat ion  p robab ly  
o r i g i n a t e d  i n  Find1 a y ' s  South P a c i f i c  D i r e c t o r y ,  quoted by Wolden 
(1884) .  E v i d e n t l y  t h e  windward r e e f  o f  South I s l a n d  ex tends  
approx imate ly  1 . 7  km from i t s  s o u t h e a s t  p o i n t .  From h e r e  " t h i s  r e e f  
sends  o u t  two branches  t o  a  d i s t a n c e  of  2 . 5  km, one toward t h e  
s o u t h e a s t ,  t h e  o t h e r  toward t h e  southwest  and i s  consequen t ly  dangerous  
t o  approach a t  n i g h t . "  Arundel ' s  map does  n o t  i n c l u d e  t h i s  b i f u r c a t i o n  
which, accord ing  t o  F ind lay  (1884) ,  ex tends  a t  l e a s t  a c r o s s  t h e  width o f  
South I s l a n d .  He a l s o  s t a t e s  t h a t  " a  1  anding ( n o t  always s a f e )  may be 
e f f e c t e d  on t h e  n o r t h  s i d e  o f  t h e  southwest  b i f u r c a t i o n ,  d e s c r i b e d  
above."  No t r a c e  o f  'chese submerged r e e f s  i s  e v i d e n t  on t h e  R N Z A F  
a e r i  a1 pho tos .  

The " b o a t  e n t r a n c e "  ( F i g s .  4 ,  50) ,  a narrow n i c k  i n  t h e  o u t e r  
leeward r e e f ,  marked by t h e  s t o c k  and r i n g  o f  
t o  t h e  west  of  South I s l a n d ' s  nor thwes t  o o i n t ,  

i  e a s i e s t  r o u t e  t o  t h e  lagoon.  Landing i s  poss  
r e e f  a t  many l o c a t i o n s  a long  t h e  leeward r e e f  
of  Ana-Ana i s  good. 

an anchor and immediate ly  
i s  n o t  n e c e s s a r i l y  t h e  

b l e  a c r o s s  t h e  s t e e p - t o  
o p p o s i t e  t h e  s o u t h e r n  end 

s t r a i g h t f o r w a r d  i n  calm 
h t h e  crooked notch which 

Landing a d j a c e n t  t o  t h e  anchor i s  f a i r l y  
s e a s ,  e s o e c i a l l v  when one becomes f a m i l i a r  wi L 
narrowly'  p i e r c e s  t h e  o u t e r  r e e f .  A f t e r  n e g o t i a t i n g  a  powerful backwash, 
one ' s  boa t  i s  swept o n t o  t h e  sha l low r e e f  f l a t s - - l i b e r a l l y  l a c e d  wi th  
chunks o f  jagged ree f - -which  i s  exposed a t  low t i d e  and b a r e l y  covered 
a t  high t i d e .  A s w i f t  c u r r e n t  passes  west  o u t  o f  t h e  lagoon between 
South I s l a n d  and Ana-Ana, sweeping over  t h e  r e e f  a t  t h e  n o t c h .  Only 
small c r a f t  wi th  v i r t u a l l y  no d r a f t  can e f f e c t  t h e  500-m journey  t o  
South I s l a n d .  Because t h e  sha l lows  a r e  unchanneled and no t  navig  
even a t  high t i d e ,  s k i f f s  must be c a r e f u l l y  hauled through t h e  wa 
a  s h e l t e r e d  l a n d i n g  s p o t  a d j a c e n t  t o  S o u t h ' s  nor thwes t  p o i n t  ( P I .  1 2 ) .  



An a1 t e r n a t i v e  1  anding method used by yach t s  i n  calm weather i s  
v i a  t h e  " b l i n d  passage" (Sect.  D., F i g .  50) ,  between no r theas t  South and 
Tr idacna I s l e t .  Desp i te  t h e  f a c t  t h a t  t h e  i n n e r  o n e - t h i r d  o f  t h i s  
narrow d i v e r t i c u l u m  i s  calm, t h e  o u t e r  t w o - t h i r d s  a re  rough most o f  t h e  
t ime.  I t s  channel l e a d i n g  t o  and f rom t h e  open sea i s  p a r t i c u l a r l y  
t u r b u l e n t  and should n o t  be at tempted w i t h o u t  land-based ass is tahce ,  and 
o n l y  a t  f i r s t  l i g h t .  

Landing i s  a l s o  p o s s i b l e  across t h e  r e e f  f l a t s  o f f  leeward Nake, 
b u t  t h e r e  i s  no boat  passage i n t o  t h e  lagoon. Ward (1974) s t a t e s  t h a t  
a t  h i g h  water ,  l i g h t  draught  boats  can l a n d  over  t h e  r e e f  oppos i t e  t h e  
m idd le  o f  t h e  western s i d e  o f  South I s l a n d .  T h i s  would be t h e  o n l y  
c r o s s - r e e f  l a n d i n g  which does n o t  i n v o l v e  wa l k i ng  a  boat  across t h e  
uneven r e e f  f l a t s .  

Ymther Data, Caroline Atol l .  1989-19%) 

A. Uird D i ~ e c t l o n  and Speed (sqph), 1989 

Jan Feb War Apr May dun Jul Aug Sep k t  v k 

1 HBE 15 W 18 E 25 E 12 E 20 E 15 E 25 E 20 
2 WE 10 W 5 E 15 E 16 E 20 HE 18 SE 20 E 12 WE 10 16 20 RE 8 WE 12 M 15-17 RE 10 

Variable 
3 NE 10 NE 20 E 12 SE 14 S 15-20 E 18 E 20 SE 25 - NE 15 BE 15 20 
4 NE 15 NE 15 E 12 SE 15 E 15 E 15 E 20 SE 20 - RE 15 NE 12 W 20 
5 HE 20 NE 15 HE 15 E 12 WE 8 E 15 E 18 E 18 HE 12 E 12 big U 18 

E 10 
8 HE 12 E 15 calm SE 10 E 10 HE 20 SE 12 ME 18 - RE 15 calm 18 

squall s 
9 NE 12 E 18 SE 10 E 20 E 15 NE 18 SE 20 E 12 

10 HE 15 E 16 
HE I2  n l o  

n u l o  E Z O  
NE 10 

E 15 E 15 SE 16 E 12 HE 10 NE 12 WE 10 
- - 

I 1  NE 10 NE 16 calm SE 25-E 10 E 15 NE 15 E 15 calm HE 10 E 18 PIE 5 
squalls E 15 

12 HE 20 SE 14 E I 0  W 14 E 15 E 15 E 12 E 12 - NE 16 E 17 
13 RE 15 E 12 

NE 12 
E 12 E 16 HE 16 HE 16 E 12 - HE11 E l 4  

14 NE 15 E 10 NE 10-18 E 20 NE 16 flE 8 E 12 cala 
HE 12 

- EHE 10 E 10 
15 HE 15 NE 8 

WE 14 
E 8 E 18 E 15 E 10 E 10 - ME 10 cala WE 14 

- 

16 WE 15 SE 8 E 12 E 18 E 22 E 10 NE 10 ME12 Call8 E l %  
squalls 

17 WE 18 E 20 NE 15 E 18 E 25 E 15 E 10 - NE 14 clts RE 12 
18 NE 12 E 12 E 8 E 18 M E  18 E 15 big E 15 - HE 15 I4 RE 14 

s w l l s  
19 NE 12 E 12 E 10 E 18 HE 14 E 10 E 16 ME 13 10 E 12 
20 WE 18 E 12 E 10 E 18 WE14 E l 5  E 18 E 15 15 E 10 

21 NE 15 ti€ 10 SE 8 E 14 E 12 WE 20 E 20 E 16 n 16 E 10 big 
squall s swell s 

22 NE 20 E 15 calm E 14 E 12 E 10 E 15 HE I 4  ME 14 E 12-IE 10 
23 HE 18 thunder 1 18 SE 14 SE 10 E 10 E 15 - WE 20-30 E 20 NE 16 calm 

squall s thunder 
24 WE 15 E 25 N 12 SE 14 SE 10-25 E 10 E 12 - E 20-30 HE 15 RE 12 A 15 
25 NE 12 E 15 # 12 E 12 E 18 SE 17 E 10 - E 20 NE 15 WE 12 WE 16 

26 NE 12 E 15 ti 10 E 10 WE 14 E 10 calm - E 20 HE 15 tl l o  RE 15 
27 HE 12 E 25 SE 10 HE 10 E 18 E 10 calm - NE17 € 9  € 9  U f  15 
28 NE 12 E 14 E 12 E 13 E 18 E 10 E 15-35 - E 15 HE 10 E 8 NE 15 
29 NE15 E 14 E 18 big E 15 E 18 E 15 - N 1 0  WE8 € 7  #E 12 

cwr l l  c - - . -  
30 HE 12 E 12 E 13 calm 
31 calm i4 20 
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B. Rainfall, 1989-1990 

Month/Year Mean Month ly  R a i n f a l l  (mm) Mean Number o f  Rain  Days 

Jan '89 
' 90 

Feb '89 
' 90 

Mar '89 
' 90 

Apr '89 
' 90 

May '89 
' 90 

Jun '89 
' 90 

J u l  ' 89  
' 90 

Aug '89 
' 90 

Sep '89 
' 90 

Oct '89 
' 90 

Dec '89 
' 90 

Annual '89 
' 90 

Source : Ron Fa1 coner,  Caro l  i ne At01 1 (pe rs  . comm. ) . 
a ~ a s e d  on 16 days'  da ta .  
b ~ a s e d  on 9 days'  da ta .  
C ~ a s e d o n  18 days'  d a t  



Plate 1 .  A 1988 dawn view of Caroline as seen from i t s  leeward seas ,  
very s imi lar  t o  tha t  seen by the  a t o l l ' s  Western "discoverer ,"  
de Quiros ,  i n  1606. Left t o  r i gh t :  Motu Ana-Ana, Tridacna I s l e t ,  
South Island.  Open reef area in the foreground i s  the  1883 char t ' s  
"boat entrance. " 

Plate  2. A c lear ing on South I s l a n d  from which the  Solar Ecl ip 
Party made t h e i r  observations in 1883. Today the  area i s  covered with 
dense Cocos f o r e s t  (from Holden & Qualtrough 1884). 



P l a t e  3 .  One OF t h e  3 European-style  houses t h a t  have eve r  been b u i l t  
on Ca ro l i ne ,  drawn in 1883 ( i b i d . ) .  

P l a t e  4 .  An a r t i s t ' s  very f r e e  render ing  of Caro l ine  i n  1883 (from 
Hol den & Qua1 t rough 1884) .  



P l a t e  5 .  Map o f  t h e  " s e t t l e m e n t "  on Sou th  I s 1  a n d ,  a s  drawn by t h e  
S o l a r  Ecl i p s e  P a r t y  (i b i d .  ) . 

PI. 6s. 
P l a t e  6- Two 
l agoon v i  ews 
a  c e n t u r y  agc  
a l o n g  t h e  
n o r t h  c o a  
o f  S o u t h  
I s l a n d  ( f r o m  
Holden & 
Qua1 t r o u g h  
1884). 
Compare t h e s e  
d r a w i n g s  w i t h  
P l a t e  23. 
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P l a t e  9 .  " R a t  C i t y "  b a s e  camp, s o u t h w e s t  Long I s l a n d .  

P l  a t e  10. B l  a c k - t i p p e d  reef s h a r k  ( C a r c h a r h i n u s  me7 a n o p t e r u s )  , 
numerous  and  a g g r e s s i v e  i n  C a r o l i n e ' s  l a g o o n .  Note  t h e  a b u n d a n t  s e a  
cucunibers  ( L u d w i g o t h u r i a  s p . ) .  



Plate  11. Lateral ly continuous, upraised older ree f s  o f  unknown age, 
southwest Nake. Note the  wide reef f l a t s .  

Is land.  Note the  wide reef f l a t s .  The Akademik K o r o l e v  d r i f t s  
offshore.  



Plate  13. Beach c r e s t ,  sandy rubble, seaward moat and narrow reef  
f l a t s  off  southeast  Nake Island.  

Pla te  1 4 .  Extensive lagoon reef  f l a t s  south of Arundel I s l e t  on the  
windward s ide .  Note the 5 Southern Leeward I s l e t s  in the d is tance .  



Plate 15. An inc ipient  motu, barely connected t o  Motu Mouakena's 
southern shore. See a lso  Plate 6 2 .  

Plate 16. Successive r idges of coral rubble deposited by past storms, 
northeast  Nake Is1 and. 



Pla te  17 .  Channel between the  2 northern i s l e t s ,  Long and Nake. Note 
the  mixed f o r e s t  with Cocos and Pandanus, and f i l l e d - i n  upper lagoon. 

P la te  18. Noddy Rock (0.02 ha ) ,  an emergent reef  platform of unknown 
age along the  windward reef  f l a t s .  A northward view. I s l e t  i s  
completely awash during storms. 



P l a t e  1 9 .  Windward b e a c h ,  Long I s l a n d ,  s h o w i n g  w i d e  r u b b l e  f l a t s  
i n l a n d  o f  t h e  b e a c h  c r e s t ,  rimmed by o c e a n i c  f l o t s a m  a n d  j e t s a m .  

Pl a t e  20. C o n g l o m e r a t e  p l a t f o r m ,  n o r t h w e s t  p o i n t ,  S o u t h  I s 1  a n d .  
R u s s i a n  v e s s e l  Akademik Korolev d r i f t s  o f f s h o r e  and  a  1  o n e  Suriana 
maritima d o t s  t h e  b l i n d i n g  c o r a l  b e a c h .  



P l a t e  21. A l a r g e  coconut c r a b  ( B i r g u s  l a t r o )  s h e l t e r s  in  a  
s u b t e r r a n e a n  c a v i t y  i n  t h e  f e o .  Some males were among t h e  l a r g e s t  
e v e r  measured. 

P l a t e  2 2 .  Sandy I n l e t ,  a  f i l l e d - i n  p o r t i o n  o f  t h e  l agoon ,  ex tends  i t s  
f i shhook-shaped  mudf la t  300 m nor thward i n t o  Nake's landmass .  .Here 
grow t h e  h e a l t h i e s t  and most p r o d u c t i v e  Cocos  on C a r o l i n e .  Note t h e  
B r i s t l e - t h i g h e d  Curlews i n  t h e  fo reground .  



P l a t e  23. South I s l a n d ' s  pure  Cocos p l a n t a t i o n ,  l o o k i n g  west  a long 
t h e  l agoon .  T h i s  e x t e n s i v e  grove has  now o b l i t e r a t e d  a l l  t r a c e s  of  
t h e  former  " s e t t l e m e n t "  ( P l s .  2 - 6 ) .  Note t h e  dead Tournefortia bush,  
k i l l e d  by e x c e s s i v e  shade .  

P l a t e  2 4 .  C r y s t a l l i n e  lagoon w a t e r s  a d j a c e n t  t o  Emerald I s l e  ( C e n t r a l  
Leeward I s l e t s )  a r e  s tudded  wi th  submerged r e e f s  and sandy c h a n n e l s .  



P l a t e  25. A h i g h l y  p r o d u c t i v e  c r o s s - l a g o o n  r e e f  o f  Acropora s p p ,  
c o r a l s  and Tt- idacna maxima c1  am s h e l l s  j o i n s  T r i d a c n a  I s l e t  w i t h  Motu 
Kimoa. S i r e n k o  & Kol tun  ( i n  p r e s s )  e s t i m a t e  390 ,000  l i v i n g  
T r i d a c n a l k m .  



P l a t e  26. Cord ia  F o r e s t  ( t o  12.6  m t a l l ) ,  P i g  I s l e t .  



P l a t e  2 7 .  Sand, s i l t ,  r u b b l e  and hardpan mingle  on t h e  upper r e a c h e s  
of  Long I s l a n d  a d j a c e n t  t o  t h e  lagoon.  

P l a t e  28. C a r o l i n e ' s  s a n d i e s t  beach f l a n k s  t h e  lagoon s h o r e  o f  Shark 
Is1  e t  . 



Plate 29.  Sheltered bay, Brothers I s l e t .  Raurau I s l e t  1 i e s  across 
the lagoon. Note the  sparse herb mat and s i l t y  shallow waters. 

Pla te  3 0 .  Narrow lagoon beach l ined with Tournefortia scrub, Blackfin 
Is1 e t  (Central Leewards). 



P l a t e  3 1 .  Recent sand a d d i t i o n s  t o  South I s l a n d ' s  n o r t h e a s t  p o i n t ,  
p a r t l y  covered wi th  e x c e l l e n t  n a t u r a l  he rb  mats and h e a l t h y  S u r i a n a  
s c r u b  ( r i g h t ) .  

P l a t e  32. An o l d  i n t e r - i s l e t  channel ( T r .  C, Long I s l a n d )  f i l l i n g  i n  
wi th  h e r b s ,  Tournefortia s c r u b  and Cocos i n  1988, but  smothered wi th  
f r e s h  sand d u r i n g  t h e  February  s to rm o f  1990 ( s e e  P I .  331, Note t h e  
n e s t i n g  Masked Boobies i n  middle  r i g h t .  A w e s t e r l y  view toward t h e  
1  agoon. 



Plate  33. The same area as PI. 32, March 1990, 2 weeks a f t e r  t h e  
severe cyclonic weather. The herb mats had been smothered with sand, 
and a  large  percentage of Tournefortias were p a r t l y  uprooted and 
de fo l i a ted .  An e a s t e r l y  view, toward the windward ocean. 

P la te  34. A c l ea r ing  within the  dying Cocas-lpomoea f o r e s t ,  i n t e r i o  
South Island.  Note the  p r o l i f i c  mats of Boerhavia, Phymatosorus and 
Ipomoea . 



Plate  35. Pandanus f o r e s t ,  south Nake. 



P l a t e  36. The nor th  end wall  of t h e  a n c i e n t  Tuamotuan marae, 
northwest  Nake. 

P l a t e  37. Mixed f o r e s t  wi th  Cocos, southwest  Nake I s l a n d .  



Plate  38. Orange, s c a r l e t  and green phalanges of Pandanus r e s t  on a 
clump of Portulaca. The ubiquitous Coenobita perlatus forage on t h e i r  
s t r ingy  f l e s h .  

P la te  39. Inner edge of lagoon, South Island,  1988. Cocos i s  
progressively shading out the  beach scrub with Suriana maritima. 



P l a t e  40, Inner  edge of  lagoon, South I s l a n d ,  1965, taken from 
approximately t h e  same l o c a t i o n  as  P l a t e  39. Note t h e  g r e a t e r  e x t e n t  
of  sand and Sur iana  coverage above high water  than today ,  due t o  l e s s  
encroachment and shading by t h e  palms. 

P l a t e  41. Heavy unders tory  of  Achyranthes canescens, Boerhav la  repens 
and Phymatosorus sco lopend r i a  in  a  c l e a r i n g  ad j acen t  t o  P i s o n i a  
f o r e s t ,  Pig I s l e t .  



P l a t e  42 .  B o e r h a v i a  f r u i t s  on f e a t h e r s  and b i l l  o f  a  G r e a t  
F r i g a t e b i  r d .  

P l a t e  43 .  I n s i d e  a  ma tu re  P i s o n i a  g r a n d i s  f o r e s t ,  i n t e r i o r  Nake 
I s l a n d .  Mote t h e  b a r r e n ,  d a r k  a s p e c t ,  v i r t u a l l y  d e v o i d  of unde rg rowth  
e x c e p t  r o o t  s u c k e r s .  Appear ing  v i r g i n ,  t h i s  q u a l i t y  s t a n d  i s  p o s s i b l y  
o n l y  60-70 y e a r s  o l d .  





Pl ate 45. We1 1 -devel oped natural herb mat, primarily He7 iotropium 
anomalum and Lepturus repens. Scattered Tournefortia forms a 
"savannah." Here sandy soils support a lush Heliotropium cover, 
northeast point, South Island. 

Plate 46. Detail of He7iotropium anomalum, Skull Islet, with remains 
of the first evidence of tropicbirds on Caroline. 



P l a t e  4 1 .  Tournefartia s c r u b ,  f r i n g e d  by a n a t u r a l  h e r b  m a t ,  a n d  
o c c u p i e d  by a  c o l o n y  o f  S o o t y  T e r n s .  An o l d  i n t e r - i s l e t  c h a n n e l ,  
n o r t h e r n  Long I s l a n d .  Note t h e  n e s t i n g  Red- foo ted  Boob ies .  



Pla te  48. Tournefortia-Morinda f o r e s t ,  with nest ing Brown Noddies, 
i n t e r i o r  Tridacna I s l e t .  This i s  secondary growth, as t h i s  motu was 
heavily planted with coconuts in the  1920s. 



Plate 49 .  Skull I s l e t  (0.02 ha), with Brown Noddy t e r n s ,  looking eas t  
t o  the  windward r e e f .  

P la te  50. Mature P ison ia  g rand i s  canopy with incubating Bl ack Noddies 
and a  White Tern, Pig I s l e t .  With a canopy height of 21 m, t h i s  was 
one of the  most majest ic  i n t e r i o r  f o r e s t s  o n  t h e  a t o l l ,  although i t  i s  
only approximately 65 years old.  



Pla te  51,  Azure I s l e  (Central Leewards)--an example of a motu 
containing a  s ing le  P i s o n i a  t r e e .  Note the  narrow, b u t  s t i l l  shark- 
pa t ro l l ed ,  i n t e r - i s l e t  channel. View e a s t  from Motu Nautonga, w i t h  
Brothers I s l e t  in the  d is tance .  

P la te  52 .  Caroline 's  so le  c l ea r ing ,  with now-abandoned T a h i t i a n - s t y l e  
huts ,  Motu Ana-Ana. 



Plate 53. Piles of fibrous shavings--coconut crab sign. 

typically found at low water. 



P l a t e  55 .  Windward I s l e t s  n o s .  5 - 9  ( l e f t  t o  r i g h t ) :  Nor th  P i g ,  P i g ,  
S k u l l  ( n o t  v i s i b l e ) ,  Nor th  B r o t h e r s  and B r o t h e r s .  

P l a t e  56 .  Arundef  I s l e t  ( f o r e g r o u n d ) ,  l o o k i n g  s o u t h - s o u t h w e s t  a c r o s s  
T r i d a c n a  I s l e t  t o  Sou th  I s l a n d .  D i s t a n t  Motu Ana-Ana l i e s  on t h e  
r i g h t .  



P l a t e  57. D e t a i l ,  Tr idacna  max ima  r e e f s ,  l agoons ide  of Tridacna 
Is1 e t .  Th is  dense aggregat ion of g i a n t  clams amassed up t o  80 p e r  
square  meter .  

P l a t e  58. View of Pandanus I s l e t  ( c e n t e r )  west down t h e  channel 
s e p a r a t i n g  Nake ( r i g h t )  and Long ( l e f t )  Is1 ands.  



P l a t e  59. Danger I s l e t  (Sou th  Nake no .  2 ) ,  l o o k i n g  due  w e s t  a c r o s s  
t h e  s h a l l o w  u p p e r  1  agoon f rom Long I s l a n d .  

u t h  Nake I s l e t s  n o s .  3-6 ( r i g h t  t o  l e f t ) :  Booby, Cora 
Lone Palm, and Kota .  W e s t e r l y  view a c r o s s  t h e  s h a l l o w  uppe r  l a g o o n  
f rom Long I s l a n d .  



P l a t e  6 1 .  Lone Palm I s l e t  ( S o u t h  Nake n o .  5 ) :  a  s o u t h e r l y  v i ew  f rom 
t h e  s h a l l o w  t i d a l  f l a t s  o f  Co ra l  I s l e t .  

P l a t e  6 2 .  Motu Mouakena ( S o u t h  Nake no .  7 ) ,  w i t h  c o n n e c t e d  c a y .  A 
w e s t e r l y  v iew f rom t h e  u p p e r  1  agoon .  Compare w i t h  P l a t e  1 5 .  



P l a t e  63. North end,  Motu Mannikiba "Seab i rd  I s l e t "  ( C e n t r a l  Leewards 
no. 1 )  showing mounds of  P i s o n i a  and a  c l o s e r  Cocos g rove .  Note t h e  
c i r c u l a r  pa tch  r e e f  a t  r i g h t .  

P l a t e  6 4 .  Motu Manni k i b a ,  l o o k i n g  e a s t  a long  T r a n s e c t  1. Na tu ra l  
he rb  mats on c o r a l  r u b b l e  g i v e  way t o  T o u r n e f o r t i a ,  t h e n  a  d i s t a n t  
pa tch  o f  P i s o n i a .  The e x t e n s i v e  i n t e r i o r  f o r e s t s  of  t h i s  motu were 
f e l l e d  70 y e a r s  ago t o  s u p p o r t  a  w e l l - m a i n t a i n e d  coconut  n u r s e r  
F o r e s t  r e c o v e r y  has  been much s lower  than  on i s l e t s  where t h e  Cocos 
was n o t  managed a s  i n t e n s i v e l y .  



P l a t e  65,  Motu anni k i b a ,  look ing  e a s t  a long  T r a n s e c t  2 .  Low 
Tournefortia s c r u b  c o v e r s  a  c o a r s e  rubb ly  s u b s t r a t e ,  probably  a  former  
i n t e r - i s 1  e t  c h a n n e l .  



Plate 66. Mixed Pandanus-Tournefortia f o r e s t ,  i n t e r i  



P l a t e  6 7 .  Emerald I s l e ,  look ing  west  a c r o s s  t h e  open l a g o o n s i d e  s c r u b  
and hardpan t o  a  d e n s e l y  v e g e t a t e d  i n t e r i o r .  

P l a t e  68.  Shark I s l e t  ( C e n t r a l  Leewards no. 5 ) :  view a c r o s s  pa tch  
r e e f s  t o  a  sandy beach.  



P l a t e  69 .  Southern Leeward i s l e t s  nos .  1 - 5  ( r i g h t  t o  l e f t ) :  Motus 
Raurau and E i t e i ,  P i son i a  i s l e t ,  Motus Kimoa and Ana-Ana. View 
northwest  from Tridacna I s l e t .  

l a t e  70. View of  Motu Kimoa ('"at I s l e t " )  from P i son i a  I s l e t .  I t  
c e n t r a l  f o r e s t ,  t y p i c a l  of t h e  Southern Leewards, i s  a  mix ture  of 
Pisonia and Cordia. 



P l a t e  71 .  Motu Ana-Ana ( "Anne ' s  I s l e t " ) :  a  v iew w i t h  g i a n t  r a y ,  f r om 
t h e  s h a l l o w s  o f  t h e  l a g o o n ' s  s o u t h e r n  end a d j a c e n t  t o  S o u t h  I s l a n d .  
Note  t h e  s i m i l a r i t y  t o  P l a t e  7 ,  d a t i n g  f rom 1883. 

P l a t e  7 2 .  The " b l i n d  p a s s a g e "  ( n o n - f u n c t i o n a l  h o a ) ,  l o o k i n g  w e s t  f r o m  
i t s  i n n e r  end  a c r o s s  t h e  s h a l l o w  r e e f  f l a t s  t o  t h e  l o w e r  l a g o o n .  




