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Par t  1 

ECOLOGICAL NOTES ON THE 

XOLLUSiCS AND OTHE'F, ANIMALS OF RAEOIA 

by J. P. E. Morrison 

The mol1.uscan fauna of Raroia Atol l  i n  the Tuamotu I s l ~ n d s ,  French Ocemia, 
is fundamentelly similar to  t ha t  of t he  other a t o l l s  perronelly studied i n  the 
northern Marshail i s l m d s  (Eniwetok, Bikini, Rongelap, wid Rongerik Atoils) .  
Tihere there i s  no widespread s i l t  o r  mud habi ta t  t o  cornpar5 v i t n  the clay o r  
mud habi ta t s  of the shores of higher (volcanic rock) islands,  there i s  necessar- 
i l y  a reduction i n  tine t o t a l  nunioer of maririe species p'resafit. With Kie simpli- 
f icat ion o r  r e s t r i c t i on  of the a t o l l s  to  fewer types of habi ta ts ,  there  a r e  
fewer luolluscan species l iv ing  on and around the a t o l l s  than for  example on 
such complex shores a s  those of the Phil ippine Is!.ands, With fewer species i n  
the t o t a l  picture,  it becomes a l i t t l e  l e s s  d i f f i c u l t  to  observe o r  evaluate 
the ecological preferences of those species. It shou1.d be c lear ly  understood 
however, t h a t  the  more than one hundred molluscan species whose observed. ecolo- 
gy i s  b r i e r iy  mentioned o r  outlined here, const i tute  only one-fifth o r  l e s s  of 
the to-tal number of species of mollusks lcnown t o  be l i v ing  on such. a t o l l s  a s  
Raroia. Lhen the c lass i f icat ion and deterxination of a l l  the forms collected 
a t  Raroia a r e  completed, the to ta l  number of species i s  l i k e l y  t o  pass six hun- 
dred. 

The m i t e r  wishes to  express h i s  sincere ap?reci.ation of the unparal- 
l e led  opportunity t o  be a member of t he  Pzcific Science Eoard Atoll  Research 
team sent  t o  Raroia i n  1952. This team, under the  auspi.ces of the Pac i f ic  Sci- 
ence Board, of the  National Research Council, under contract  p i th  and supported 
by funds of the Office of Nzval Research, received the f u l i e s t  cooperation 
from the government of French Oceania. Par t icu la r ly  t o  be a.cknot~ledged i s  the 
excellence of the transportation furnished through the good of f ices  cf the 
Governor, The !<on. R. Pet i t i~on,  to  and from Raroia Atoll. 

I also vish t o  acknowledge f u l l y  the unfail ing help received from others,  
par t icular ly  Aiistin H. Clark (~chinoderms), F. A .  C'nace, . A. Bayer, and L. B.. 
Holthuis (Crustacea and otner Marine ~ n v e r t e b r a t e s ) ,  D. 3 .  Cochran ( ~ e p t i l e s ) ,  
D. M. Johnson (Mammals), without whose iden t i f ica t ions  the non-molluscan notes 
contained herein would be val.ueless; l a s t l y ,  but not l e a s t  i s  tihe a id  received 
from my colleagues i n  Mollusks, 3. A. Rehder and P.. T. Abbott. 

The single most character is t ic  molluscan species of the oceanic o r  outer 
reef edge on the windward s ide of Raroia Atoll, i s  'Ae white-catis eye she l l  
Turbo setosus Ginelin. Associated with it on and i n  the zone of Vie a l ~ a l  r idge 
a re  the two coxmonest s ~ e c i e s  of spiny rocksnails Drupa morum FEiing and 
r ic inus  Linnaeus. These have the ~ p e r t u r e  purplish, and vhi te ,  res2ec-ti.vely. -- 
Also al.ong t h i s  outer reef edge i s  t o  be fomd the fuzzy-re<-Legged hermit cr8.b 
Aniculus aniculus Herbst. -- -- 

Atoll Research Bulletin No. 34. Part 1. Morrison, J.P.E. Nov. 1954



Behind t h e  a l g a l  r idge ,  t h e  r ee f  diminishes i n  he ight  i n  t h e  zone of t h e  
small boring $ea urchins !khi.nometra ma-thaei B la inv i l l e  and Echinometrg mathaei 
o b l o n ~ a  Blainvij.?.e. In  these s h o r t  tnnne l s  i n  t,he surface  of  t h e  r ee f  rock, --.-- 
t h e  & u s  species ,  t h e  brown mit re  s h e l l  N!itra columbelliformis.Kiener, and a 
few species  of cowries such a s  Cypmea (Arabica) depressa Gray and Cypraea 
(=dl) ven t r i cu lus  iamarck, take refuge  during t'he day from t h e  l i g h t ,  and 
from t h e  s t rong  wave ac t ion  present  on windv~arc! oceanic reefs .  

A few yards nezrer  shore t h e  pool zone of  t h e  r e e f  f l a t  begins. In  these  
pools t h e r e  a r e  only a few cora l s  i s w e n t  on the  rock surface .  covered, o thervise ,  
v i t h  a .thin f i lm of fwamini lerous  sand. Here i n ' n o  g r e a t  abundance, a r e  sev- 
e r a l  species  of t h e  smaller  cones, such as Conus sponsal i s  Hwass, C. ebraeus 
Linnaeus, 2. chaldeus %ding, and 2. n- S~werbp, along vlith occasional  
r i c i n u s  Linnaeus, t h e  very small %ti l i t t e r a f a  Lamarck, and t h e  common black 
rock-.snail Morula -- .- -- granulata -- Cuclos. A s  m e  proceeds f u r t h e r  shoremrd  i n  t h e  
stddg of t h e  r e e f ,  the  Conus s ~ o n s a 1 l s ,  Kiira l i t t e r a i a ,  and Xorula m a n u l a t a  
a r e  i l s l~a lLy  , t o  bk found i n  g rea te r  abundance. Here under - t h e  l a r g e r  co ra l  blocks 
may be discovered a few blask po i son  sea  urchins Diadcma setosum. Leske, the  small 
poison cone Conus r e t i < =  Xenke, a small bysslferous pea r ly  o y s t e r  isomomon 
nerna Linnaeus, a small black-spotted white ark-shell &rs ~nacula ta  Somerby, *-- 
and two smail s n a i l s ,  one speckled Maculotriton d i g i t a l i s  iieeve, and one pink 
Columbella p a l l i d a  Ceshayes, t h a t  may be considered c h a r a c t e r i s t i c .  Closer t o  , 
t h e  i s l a n d  shores, a t  j u s t  about, o r  J u s t  below t h e  low t i d e  water level., Vasum 
armsturn Rroderip appears commonly, along with Thais hipnocastaneur,l Linnaeus, 
and occas ional ly  Cronia cariosaVi'ood. Both %he and t h e  -a s?ecies ; 

have been found feeding on t:?e Neri.ta s n a i l s  i n  t h e  lov!er edge of t h e  i n t e r t i d a l  . . zone. 
. .  . .  . . .  . 

I n  tlie i n t e r L i d a 1  zone, Nerj.%a p l i c a t a  Linnaeus i s  most c h a r a c t e r i s t i c ,  
sometimes p resen t  i n  g rea t  nurnbers; on 'and under the  c o r a l  rocks m d  gravel.  
Above it i n  l e v e l  i s  the  Ti idespead white 1 i t tor in i .d  s n a i l  kle!.araphe cbccinea 
Gmelin, i n  g r e a t  abmdance on some of t h e  d ry  rock f l a t s  ("Pakokotal'), wet on1.y 
by spray from t h e  ocem i n  norrnal weather, but  a c t i v e  ~,:ith t h e  humidi.ty evexy 
nigh.% m d  &r ing  and a f t e r  every rain. Above it i n  normal t,ide level. r e l a t i o n s ,  
t h e  spiny l i t t o r i n i d  s n a i l  Tectar ius  - gr:qdinatus Gmelin was found about 4 t o  5 
f e e t  above high LXe l e v e l ,  but  only  on t h e  s o l i d  rock of t h e  l a r g e s t  reef -  
blocks ( c a s t  up by storm ac-tion) scat t ,ered across  t'nis t?indwa.rd oceanic.  r e e f  
f l a%.  Tile co ra l  grcvel  ?mi Loose rock of  t h e  i s l and  shores here i s  a p p a r e n t l y  
n o t  s o i t a h l e  For tkem. The ~ i indxard  i s l a n d  shores f ac ing  t h e o c e a n a r e  r a t h e r  
barren of molluslcs. In  most cases t h e  c o r a l  gra-$el. and cobbles al.ong t h e  a c t u a l  
i s l e t  shore l i n e s  of t h i s  p a r t  of Ra-roia Ato l l  a r e  inhabitec! p r i n c i p a l l y  by 
small hermit crabs. There a r e  usua l ly  t h e  younger s tages  (smal ler  s i z e s )  of one 
o r  more spec ies  of Coenobita. 

, . 
. .. idany of t h e  windv~aVd~islands have l a r g e  a reas  of  dry  rock-f la ts  on V h . .  
oceanic s ide .  P'here t h e s e f l a t s  a r e  covered %<Jith lor! but  very  dense growths ,of 
S u r i a n a  and Pemphis, p8.rticularl.y around pools  and incomplete channel$ ac ross  
file is;ands, t h e r e  &re  many  individual:^ of t h e  l a r g e  land-crab Cardisoma &- 
f e x  Herbst, ca l l ed  "Papaka %pa1' by tk.e Raroia na t ives ,  t o  be found. The bur- - 
revs of these  land-crabs rere. all: cver  - A e  :lower ground of some i s l ands ;  a t  
n i g h t  when they a r e  most 'ac t ive ;  these  : c rabs  may range all over t h e  higher. 
ground as well ,  a considerasle d i s t a ~ c e  from any water. The brackish ( o r  some- 
times f r e s h  ?) grouridvaterof  encl-osea ponds on t h e  lower a r e a s  .of some of these  

. . 
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islands, srid the  groundwater exposed i n  the  biirrows of these "Papaka %pav are 
one of t h e  sources of a cmsiderab1.e populaSion of b i rd  mosquitoes (=ex spp.). 
Another sourqe of t h i s  mosquito popui6tion i s  the ever-present l a rge  number of 
ra in-f i l led broken o r  ha1.f socmut s h e l l s  :Lying around on both Sigh and low 
ground, on and.:.around the coconut groves. This secondary coconut she l l  hab i t a t  
of the mo~quit~o larvae dates only from the time the coconut palm was brought t o  
Raroia by the Polynesian natives. 

Under the- Guettarda and other t r e e s  on the higher sandier ground of the 
islonds, end in  the  1eaf:old of %he coconut groves also,  there  a r e  a fer: spe- 
c ies  of very small land snai ls .  These include the ubiquitous, t i ny  wfflite Lag- 
trocopta pediculus Shuttleworth, a t i n y  reddish spec5.e~ of I~esopupa, Larnellidea - - 
serrata. Pease, .Lamellidea obl.onga Pease, and tvo species of m. In cer ta in  ' 

places on the islands,  near the s i t e s  of former vi l lages ,  there  i s  a small yel- 
low and red land-operculate sna i l ,  Qbophana colorata Pease. It seems l i k e l y  
t ha t  t h i s  hel idinid sna i l  and both the  species of Lamellidea were carr ied t o  
Raroia with the plants  brought there  by the Polynesian natives.  Around one of 
the  brackish (o r  f resh ?) groundwater ponds was found. another land-operculat.e, 
a species of Syncera (or  Omphalotropis ?), v!hite i n  color, t h a t  seem dj-s t ins t  
from i ts  gold-colored r e l a t i ve  found along the s a l t y  lagoon shores i n  cer ta in  
places. A l l  of Vnese small land s n a i l s  a r e  facultaiAvely xerop'nytic; t h a t  i s  
they can withstand considerable heat and drought between r a in s  and during the 
dry season. Their she l l s  are  small., so t h a t  inicro-shelters in  the upper s o i l  
and leafmold layers  a r e  suff ic ient .  The aperture of t n e i r  she l l  i s  saall i n  
proportion to  i t s  volume, i n  r e s i s t i n g  desiccation, and i n  the case of the  
pupi l l id  sna i l s  i s  s t i l l  fur ther  r e s t r i c t ed  by lameliae within the aperture. 
These pupi l l ids ,  Gastrocopta and filesopupa are  probably also protected. from the 
t iny  Ants,Pheidole_ spp.,by the i r  lamellate apertures, a t  l e a s t  i n  the adul t  
stage. In  the leafmold, and under Vne coconut de t r i t u s  a lso,  various species 
of ants ,  a couple of species of cockroaches, and a small. short-tai led scorpion 
a re  sometimes t o  be found in  abundance. This species Hormurus austra las iae  
Fabricius, has a wide range on many Pac i f ic  islands,  and may al.so have come t o  
Raroia with the Polynesians. The s t i ng  of t h i s  small scorpion i s  not  regarded 
as  dangerous by the natives. i n  additLon, it does not seem t o  be very aggres- 
s ive i n  i t s  na tura l  habi ta t  a t  Raroia, so t h a t  peopie are  very seldom stung by 
it. 

The two species of earthworms found on Raroia a r e  act ive i n  the lower leaf-  
mold, and upper s o i l  layers,  i n  breaking c i o ~  p lan t  de t r i t u s  in to  r icher  so i l .  
They were t o  be found only i n  the deeper leafmold layers  of lower more moist 
ground, and i n  the  denser stands of Guettar- and other t rees ,  amy  from the 
presently cleared coconut groves. Both $hese species of eartkmorms Pheretina 
montane Kinberg and Pheretina upol.uensis Eeadard, are  extremely act ive when 
p- 

disturbed, and 611 f l i p  o r  "jump!' out  of one's hand i f  care i s  not taken when 
collecting them. These earth.aorms a l so  are  known t o  have been carried from 
is land to  is land i n  the Pacif ic  by the natives. They undoubtedly came t o  Raroia 
i n  s o i l  on the roots  of plantsbrought  by the Polynesians generations ago. 

Them a r e  two species of r a t s  on the is lands of Raroia Atoll. One, Rattus 
exulans, the small reddish species commonly known as  t i e  Polynesian Rat, has no -- 
f ea r  of man o r  h i s  fl.ashlights, l i v e s  on various seeds, and has been seen feed- 
ing on the flowers of Guettarda. This species probably arrived a t  Raroia with 
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the coming of the Polyiesian people, perflaps tvm centuries before.  they brought 
the coconut palm t o  R a r o i ~  Atoll.: &t_tug, ex111ans.is not knom to  a f f ec t  the 
croj! of coconuts o r  copra. . The second spegies (Rat tus  r a t t u s  a1exandriflus), , . 

l a rger  and grayish, runsaway and.hides ?hen discovered a t  night ,  and ac t ive ly  
' 

feeds on the coconuls. I t  gnaws a h o l e  i n  the side of small green coconuts on 
the t rees .  t o  e a t  o u t  t h e i r  cont.ents, causing them t o  drop of f  l a t e r  and be 
I.ost; it also gnaws a hole into  r ipe  coconuts on the ground, and ea t s  the  coco- 
nut  ment out  of them. Crop production f igures  have been gathered on Tahiti ,  
i n  the Socie'iy Islands, t ha t  show tha t  t h i s  species of r a t  may destroy up t o  
40% of t.he copra csop.'.from those coconut t r e e s  t ha t  a r e  not  protected by a sheet 
metal band of suf f ic ien t  height an@ smoothness t op reven t  the r a t s  from climbing 
the t r e e t r u n k s ,  l qd reach ing  the green coconu.ts. Also, t i i i s  gray r a t  species . . : 

t rave ls  frdmtree: &tree across. the touching and/or overlapping coconut leaves 
-?there t h e  t r ee s  a r e  crowded and not isolated., This la rger  grayish r a t  has ap- 
parently,  completeiy: displaced .the small reddish Polynesian Rat on those is lands 
of Raroia Atoll  the. gray r a t  now inhabits.  According to  the  people of Raroia 
t,his gray r a t  appeared on.Raroia Atoll only a f t e r  the development of the comqer- 
c ia1 copra t rade beg& about a century ago. On Opakea Island, Raroia, t h i s  gray 
r a t  was found . t o  . be parasit ized by the Spirurid worm Mastophorus e. 

On those islands of  the:Atoll  not yet ,  o r  not no? inhabited by any r a t s ,  
a large species of 'gecko Gehyra oceanica i s  particularly abundant. Kere they 
may be eommonly seen a t  night a t  any vnd a l l  l eve ls  off  the ground, on the 
Guet,tarda, Messerschmidia, %id coconut palm t r e e  trunks. In the presence of a --.- 
popuiation of r a t s ,  these geckoes-are abundant only high on the t rees ,  particu- 
l a r l y  on the undsrside of the leaves of t he  coconut trees.  Two o r  three small 
species of l i za rds  (&inks) a r e  common on many islands a t  Raroia. Tney ,are  
most evident i n  the bright sun a t  the edges of.coqonut groves,.and on and under 
the f a l l en  leaves of a e t t a r d a  and otker t rees .  k shorter,  spotted species 
Ablepharus poecilopleurus seems t o  inhabi t  d r i e r ,  rocgier,.more open places 
than the long-tailed (sometimes blue-tailed) skink h o i a  cyanura. Only one 
specimen of a t h i rd  specieS,'Leiolopisma noctua,nas collected on the is land ju s t  
north of the  sh ip ' s  pass, Tenuku Haupepatea Island. It was taken in  company 
with, o r  a t  l e a s t  in the same general habi ' tat  with, both t:le other two species 
of skinks. 

T'ne lagoon shores of the windward is lands such as  Tetou a re  almost barren 
of mollusks on the sandy beeches. Hornever, wherever beach conglomerate i s  ex- 
posed along the shore, the charac te r i s t ic  Nerita p l i c a t a  i s .ev ident ,  some'times 
i n  extreme abundance. Everymhere i n  t h i s  hab i ta t  it shows the extreme varia- 
t ion of color of she l l  from a l l  white, t o  pink, t o  s t r iped black, and t o  an al- 
most com?l.etely black shel.1 i n  a few individuals. Also i n  t h i s  i n t e r t i d a l  zone, 
in  the crevices of thebeach conglomerate, but otherwise exposed to  the sun 
whenever the  t i de  is out, may bemoderate numbers of the small byssiferous rela- 
t i v e  of the pear l  oyster, Parviperna dent i fe ra  Krauss. The color o f .  t n i s  PgvL- 
perna vari.es a lso from blackish, to  black-fringed, to  a pale yellow overal l ,  in  
dif.feren.t l oca l  areas. On the lower edge of the Nerita p l i ca t a  zone on. the  
rocks, 011e'may find the"carnivorous Muricid sna i l  Cronia cariosa V?ood, v:hich 
feeds on the f l e sh  of the Nerita n l ica ta .  The greater numbers of the Cronia 
are  character is t ical ly '  t o  be found i n  tine zone ju s t  below the low t i d e  water 
level.  Under &d on the rocks .,(bea.ch :conglomerate slabs) along t h i s  lagoon 
shore are  a few money, 'cowries' ~ y p r a e a  (Nonetaria) p n e k  Linnaeus, purple rock- 

. . 
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sna i l s  Per is ternia  nassatul? Lan~arclt, an< &. ,oer i thi id  &&oclavis s inensis  
Gmel.in, usua!.ly a ! . i t t le below tne l o c  t i de  l i n e .  Under some of the rock s labs  
along these lagoon shores aye found sckalj. rock crabs, such as  ~ + l o m a ~ . s u s ~  
l o n f i i ~ e s  Stimpson and C y c l o ~ r a ~ s u s  parvulus DeMaa. Also here under the rocks, 
but usually c loser  t o  the high t i d e  leve l ,  are  cer ta in  small e l lob i id  sna i l s ,  
Allochroa conica Pease and Laemodonta mordax Dohrn. ---- --- 

Brackish water lagoons are  present in  cer ta in  piaces on Raroia Atoll.  These 
are  micro-lagoons o r  ponds usually appeiwing a s  incomplete channels betreen is- 
lands o r  small embapnents close to  t he  lagoon of the a t o l l ,  and more o r  l e s s  
conpletely cut off from the e a i t  water of the lagoon by sand barr iers .  With the 
separation of these micro-lagoons o r  ponds from f ~ e e  access to  the oceanic o r  
lagoon sd.t water, the addition of r a in  o r  brackish ground~fater brings about the 
brackish, o r  a t  l e a s t  materially reduced sa l - t  water habi ta t .  Such pcnds of fe r  
a hab i ta t  i n  which only a few low s a l t  to le ran t  spacies seem t o  f lour ish.  Con- 
spicuous here i s  the small. rugose .t.enericl c2.m Circe ( ~ r i s t a )  x c t i n a t a  Linnaeus, 
the ce r i t h i id  sna i l  Cerithiulii. )rev- Quog & Gainard, 2nd the shrimp j z g l d e ~ n  
debi l l s  i)ma. In  l e s se r  numbers, 'cut none'theless probably more cowlon i n  these -- 
brackish water ponds than in  any other habi ta t  a t  Raroia ?!ere found Pler:.tina 
bensoni Reclua and the extra  large o r  giant  form of _PLansxfis ~ g g t g g  A. Adams. -.-- 
In tfie search f o r  greater numbers of t he  Neritina. bensoni, some 1.arger cora l  
blocks, pa r t l y  imbedded i n  the xuddy sand bottom, mere turned over and acci- 
dentally revecled the habi-tat of scme smalzk 'pink cap-.shells not  s e m  before. The 
habj-tat, o r  a t  ?.east the da.ytime refuge o f  these small raise limpets, --.-- Phenacole- 
ss_ sp,., was on these coral  blocksunder the muddy smd l ine ,  near the  shore of 
one of these enclosed brackish wa.:er ponds. In l i f e  these animals were very pMk, 
color showing -through t.he thin but tough she l l s ,  and were sc act ive t h a t  the  
great numbers ?resent could not a l l  be picked off the coral  block, before some 
of them had disappeared t o  the bottom side of the  tume&-0-ver coral  block. They 
did not  drop o f f .  v?cen the block was &ken out of the water, tiiex simply s t m t e d  
gliding i n  a hurry f o r  the l.o%er ilnder s ide of the block. It r a s  not  determined 
i f  they came out and were act ive above the muddy smd  l i n e  a t  night, but they 
were cer ta in ly  l ight-fugit ive in  the br igh t  noonday sun. 

. , 

Dredging ir tiie lagoon a t  Raroia t o  co l l ec t  the deeper water species of 
mollusks snd other a;limalS was not  very productive. L i t t l e  time was avail.eble 
for  the dredging, and each t r y  indicated a g s n e r d l y  distribilted rock-Pavement 
bottom, with only a very thin san5y ccver between the numerous coral  c lump 
growing thereon, i n  the places sampled. A m a l l  shrimp, Palaemonel'la denticu- 
I.ata. Nobil.i, some small clams, T e l l h a  species, an6 a ce r i t h i id  snail,  .&Liz- - 
clavis  p-rccera Kiefier, were talcen i n  49 f e e t  o r  more of water on such sand --- 
covered bottoms. This Winoclavis nrocera Kiener, and a. re la ted species ,&;i?~- 
clavis  as~er Linnaeus a r e  ~ h a r a c t e r i s i ~ i c  of such sand-covered rocky l2o-';toms i n  -- 
the lagoons of many of the Pacif ic  is lands tvhere they are  :ecorded as l iv ing .  

On and around tne coral  patch r e e f s  i n  the lagoon, which a t  lov? t G e  a re  
o r  are  almost exposed, the  green cat's-eye Shell Tkrbo ~ e t h o l a t u s  Linnaeus, a 
large spiny oyster Snondylus varius Sowerby, and a blackish p l ica te  oyster 
Ostrea s inensis  Gmelin, are  among the most conspicuous species of shel1.s. The -- 
small species of giant clam Tridacna maxima RiSding i s  also present i,n shal.1.oiv 
'later on these patch reefs.  Here a l so  was seen an occasional individual of the  
large "leather urchin1' s t a r f i sh  Culcita novae,%- ~L'l 'Ier & Troschel. The 
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economically important commercial pear l  oyster Pinctada margarit ifera Linnaeus 
l i v e s  here i n  the lagoon along 'iith the Sr;ondylus varius, and the black oyster 
Ostrea sinensis,  usually i n  vater  20 t o  30 o r  more f e e t  deep, on the coral  of -- -- 
the slopes of these patch reefs.  Living i n  the mant1.e cavlty of the pear l  oy- 
s t e r  i s  tine commensal shrimp species Conchodytes rneleagrinae Peters,  a p a i r  
(male and female) i n  each large ix l iv idua l  of the molluscan host. In exactly 
the same type of relationship,  a pa i r  (male and female) of the  commensal shrimp 
qeciec:  lontonia h u r i i  Holtiruismay be found b e a c h  la rge  i n d i v i d a l  of the 
large spiny oyster Spon.dy1.u~ varius. Time <id not permit a. detai led study of 
the many other smaller species of moliusks and at'r,er types of invertebrates un- 
doubtedly present on and around these patch reefs.  The commercial pear l  oyster 
i s  actual ly  l i v ing  from a few f e e t  belov! low t ide  l i ne ,  t o  depths of more than 
100 f e e t  i n  the lagoon. There i s  no coinmercial pearl  shell. diving a t  Raroia 
because of the danger of sharks i n  the open lagoon, but a t  Tahme Atoll  a few 
n!iles t o  the north, wi th  a closed lagoon and no dangerous sharks, they a re  
talien during a carefu l .1~  controlleii open season under s t r i c t  s i z e  regulations. 
The pear l  oysters are  im2ortant a s  an ex t r a  cash crop for  the  Polynesian natives.  

The f a m a  of the lagoon patch r ee f s  i s  very similar 5.; appearance t o  t ha t  
of the  well developed lagoon reef along the shore of most of the is lands on the 
leeward s ide of Raroia Atoll. In  places on the steep lagoon face of t h i s  reef ,  

, the large f l a t  ark shells, Ba rba th  complanata. Bruguiere, and the byssiferous 
clam, Pedum sponc?yIoideu~n Gmelin are  conspicuous, l i v ing  i n  pockets i n  l i v ing  
inassive corals on the almost ve r t i ca l  face of tine reef. 
On and near the edge of the reef ,  the  br igh t ly  co3.ored mimals of the smallest 
giant  clam,gridacna d m 2  Rb'ding, of l a rge  s ize  f o r .  the species (10 t o  12 
inches) are  8 . 1 ~ 0  cons?icuous. A t  f i r s t  glance; i t  may seem complete1.y absurd 
t o  have the sma!lest of the three knovn species of g i a n t  clams with the scien- 
t i f i c  spec i f ic  name of maxima. Rsgardless of how the name may have Seen or ig-  
i r a l l y  given, perhaps even accidentallly, it i s d e f i n i t e l y  not  a wrong name. 
This i s  the smallest species, but  v i th  i t s  shallov: water, sometimes even 3a r t l y  
in- ter t idal  hab i ta t  on tne reef surface, it i s  subject to  the greates t  forces of 
wave dis'turbance, of any of tine giant clams. F!ith such ecolo&i.cal. requj.rements, 
kt possesses tne inaximum ho7.6fast o r  byssal attachment. In  . h i s  concept, the 
zame maxima may be considered com?letely appropriate. 

inconspicuous a t  t!?e surface, but nevertlneless common here a r e  a Cenr spe- 
c ies  of cl.ams, boring in  tine extreir.ely hard coral  rock. Tine commonest of these 

.. is  the widespread Indopacific species of boring mytilid L4.thophaeus (m- 
phae:us) t e r e s  - P'nilipyi. Another is i t s  r e l a t i ve  Lithophagus (Ciberus) mucro- 

Phi l ippi .  A third;smaller speciesfound here, which i s  probably 
C r s p a r i u  ( T i b i a l e a )  > x k d  Dell, Bartsch & Rehder, has been found on2.y i n  
the Hawaiian I s l m d s ,  cad here a t  Raroia. I f  it i s  not  the same species 'it i s  
one very close to, but d i s t i n c t  from the Hawaiian form. Boring sea urchins 
Fchi.nometra mathaej. oblonga Elainvil.le and black (banded-spined) poison sea , .  - 
urck.ins c h i ? i o t h r i x  d:..adema Lknaeus are  present, but not common, on tnese la-  
goon reefs.  There are  two specj.esof crustaceans t h a t  are  commensal here on 
tin.0 E-'iiinothrix disderna. One i s  the commensal shrimp &egopontonia commensalis 
Nobili, vhich l i v e s  generally over the surfzce of the sea urchin, betxeen the 
spines, vrhile the other.  i s  a small (spider  ?) crab Eumedonus conv3.c.l;er Bouvier 
& Seurat, which l i v e s  on tne anal p l a t e  regio,? of t h i s  sea-urchin. Theremay 
be one on each of these urchins of l a rge  size.  Both the commensal shriiip, and 

. . 
. , . . . ,  . . . . 
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t h i s  l i t t l e  commensal crab a r e  very ilnconspLcuous i n  t h e i r  hab i ta t ,  b e h g  of 
a lnos t  the  same col-or a s  the  very clark gzeenish-black sea urchins. 

In  the  small smdy ~ o c k e t s  between cora l s  the  polson cone Conus t e x t i l e  -- -.-"-- 
Ltnmeus, a omall white ~ e r i t h l i d  s n a i l  Che~it11iu~a nesioticufil P i l sbry  & Vanktta, 
and a small sand clam Telliria species, d.rte' present, along v:ith a spscies  of  
balanaglossid worm, Not coll-ected, but obvlouslg of necess i ty  present here a re  
numerous saal-1 anneli.4 and other  worms t h a t  mnke up the  food of such casnivor- 
ous species ns the  ''dl-0th of g d d t f  poison cone Conus t e x t i i e .  

Ins ide  t h i s  lagoon reef proper, t he  bottom is eroded somev&at, a i t h  pools 
(1 f t .  deep a t  low t i d e ) ,  and covered with cora l l ine  and/or foraminiferous sand 
in  a th in  l ayer ,  o r  it i s  coral  gravel a d  ~ o c k s ,  wi%h sand ftlling t h s  in te r -  
spaces. On and under th.e gravel and cora l l ine  rocks, money cowries s = ~  
(Monetaria) moneta Linnaeus (of s m a l l  s i z e ) ,  black rock s n a i l s  Morula g rmu l - a s  
Cuclos, purple-mouthed snai3.s Pe r i s t e rn i a  nassat~11-8. Lamarck, P o l l i a  yndosa Lirl- 
naeus, and a few o-bher species may be found i n  abundance. On the  under siGe of  
the  l a rge r  coral  b:~ocks on the  lagoon reef  f l a t  may be found the  byssiferous 
clam Isognoinor! perna Linnaeus and. two character is5ic  species of ark she l l s ,  the  
small black spot,ted virhi-te &YCL~ rnamlzta Sowerby, and the  smll  brovm Eiarbatia 
parva Sowerby. The s t ruggle  f ~ r  space i n  t h i s  habitat ,  under the  she l t e r  of the  
coral  blocks i s  occasionally kben enough t o  provide some astounding examples of 
crowding. On the  under si.de or" ofie such coral  slab of medium s i z e  was a com- 
p l e t e  r i ng  of individuals of the  'byssiferous Iso-momon Tern?. E-~ery one of 
-these inditi-iduals of f a i ~  s i z e  f o r  the  species was or iented i n  the  same direc- 
t ion  a r o u ~ d  the  circl.e, leaning against  -the r i g h t  hand neighbor, and leaned on 
by the  l e f t  hand neighbor. I n  o ther  words a. complete l i n e  of these c l a m  was 
formed around the  periphery of the  unc?erside of t h i s  slab. As they grear, they 
a l l  leaned i n  one di rect ion (by chance ?) u n t i l ,  a s  the  crowding progressed, 
the re  was no longer any beginning c;r end t o  the  l i n e  of clans,  but  a contknuous 
c i r c l e ,  achieving the absolute ma,xlmum use of space ava i lab le  %o them under the  
s lab,  Deeply sunken i n  %es t sU  o r  p i t s  ground i n to  the  under surfaces c f  some 
of these coral  blocks a r e  numeroLa specimens of a l l  s i z e s  of the  Large turkey- 
fea ther  ark: she l l  Arca ~er! t r i .coea Imnarck. On these coral  blocks, pa r t i cu l a r l y  
on those t'nat exten6 up t o  a5out high t i d e  l eve l ,  a r e  aLso found money cowries 
Cyp'raea (hlonstasia) moneta Linnaevs, and the  e'astern @&ring cowry m x a e a  
(~rnamenfzwia) &vela%% Lamzrck (here p r ac t i c a i l y  i n t e r t i j a l  in  hab i t a t ) ,  along 
with a species of  t h e  F;ulmonate sea.-s3.ug ach id ium,  and t he  green-colored half - ,  
shell-ed tectibrancni.a-ie sea-slug Smar~~di.ne!.la c a . l ~ c u l a t a  Broderip 3 Soverby. ' 

Com~ilonly found most ac-t,ive a t  n igh t  along t h i s  lagoon shore, a t  o r  j g s t  
below the  low tFde l i n e ,  a r e  a number of crab species, inclcding the  rock-crab 
E r i ~ h i e  scabricula Cwa, red-eye6 rock-crab Erii2hia_ pbeb S h z ~  8,: iiodder, -.. - --..--- 
Lydia anaulipes Miln e-Fdnards , v h i  t e  ro  ck-crab Xan t h , ~  &Y_G._~?&S Miln e--Edwards , 
speckled 'rock-crab Xantho p r w i i .  Dana, the  smalL rock-crabs &rapsus lor,&- 
t a r su s  Dana and Pacliy~ransus planifrons DeJian, young ini?ivid.uals o f  the common -- 
Xarge red--clawed Lmd hermit-crab Comobitg perlaaatus Milne-Er2wnrds, md the  
smaller hermit-crabs Salcinus 1-aevinanus Rand.ail., Calcinus l a t ens  Randall, 
and Calcinus s e u r a t i  Forest,  

Perhaps l e s s  than a hundred yards avay, on the  sandier port ions of th i s  
reef  area,  Strombu s m u  t a b i l i s  Swainson, Strombu s gi.bberulu s Linnaeus , Cerithium 
columns_ Sowerby, and Conus eburneus Hmass a r e  ccnspicuous members of the fauna. 
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The Conu s eb-mneus v:ere seen , only a,t  night;  xpparent?.y they remain burro 
under -@IS surface of thel,sanc! during..the ciay, Under t i e  rocks i n  t h i s  
a r s  occasionally seen the snia,ll rugose venerid c l m s  g i ~ c e  ( ~ r i s t a )  
Linnaeus, while under every coral  sock deep2y ircbedded. in  the  sa id ,  
ne l i d  worms nith 'needl-e setae. -tha.t painful ly  s t i c k  i n  tlie f i n g e r t i p s  a t  
s l i g h t e s t  touch. T h i s  pink species of annslid with .goiden se tae  must be 
only vrith' forceps. R d e l y  rangi.ng over t he  inner reef  f l a t s  a r e  two l a r g  
c i a s  of hermit-crabs , one white-eyed Dardaiius deformis Milne-Edwards , ' and. 
o ther  g iant  red Dardanus rnegistos Herbst. Both these  species a r e  fa.&-movl 
a.nd d i f f i c u l t  t o  col lect .  They do not  withdraw in to  t he  l a rge  s n a i l  s h e l l s  
8,s those of Turbo, C'naronia t r i t o n i s  Linnaeus, and h m b i ~  truncata Hmphrey, 
tha-1; they use, but s c u r r j  r ap id ly  away whenever disttirbed o r  approached with 
l i g h t  i n  t h e i r  n igh t ly  wanderings. 

t h i s  i n t e r t i d a l  zone. 

iherever the re  a r e  extensive rocky pavement f l a t s  i n  the  lower i n t e r t i d a l  
zone o r  lower t o  middle i n t e r t i d a l  zones, there  i s  evident a small but  very 
cha rac t e r i s t i c  group of molluscan syecies on these rocky pavements o r  slabs,  
t h a t  a r e  exyosed n i t h  every t i de ,  and. r m a i n  almost dry f o r  a fen  hours each 
time. Here me f i nd  the  small r e l a t i v e  of the  pearl-oysters t h a t  looks more 
l i k e  a sea-mussel a t  f irst  glance, than anything else.  This l i t t l e  bivalve 
Parvinerna den t i fe ra  Krauss i s  wellnamed. It i s  one of the  very fey, members - -  
of i t s  family t h a t  possesses even rudimentary hinge teeth .  It may well have 
re ta ined t h i s  primitive character  of the  s h e l l  because of i t s  need f o r  a more 
t i g h t l y  locking s h e l l  i n  i ts  more exposed hab i t a t  on top of i n t e r t i d a l  rock 
surfaces, than t h a t  of Isognomon perna Linnaeus i ts  r e l a t i v e  ahich l i v e s  under 
rocks and has no ninge t e e th  whatsoe~rer. In  f a c t  the  family up to  now has been 
described a s  being completely r:ithout tliem. So here vm havg another example 
of a s:;ecies on the  a t o l l s ,  more primitive i n  ce r ta in  ways than any of i t s  r e l -  
aLives, l i v i n g  i n  a niche nothing e l s e  of i t s  type is  competing for .  Is it too 
much t o  assume t h a t  such primitives s t i l l  surviving on the outlying i s land  hab- 
i tats  ( a t o l l s )  might no t  be o ldes t  o r  l e a s t  changed of t h e i r  kind s f i l l  l iv ing?  
Much l e s s  conspicuous, i n  f a c t  e a s i l y  overlooked unless  the  rock surface i s  
c r i t i c a l l y  scanned, is  the  t i n y  golden trochiform l i t t o r i n i d  Peas ie l l a  conoi- 
d a l i s  Pease. Cerithium breve Quoy & Gaimard is  often exceedingly abundant i n  

In -the shallow t i d e  pools t h a t  remain i n  some of the  lower pa,rts of th 
inter.-Ljdal ' f l -a ts  along the  lagoon shore, and even hi.cling i n  .%he whi-te sand 
over'  t h e  .i-ock: pavement of these f l a t s  a r e  found cer ta in  swimming cr8bsg suc 
a s  -- Portunus (~ycloi?chslous) grzinulatus k4ilne-Edtt~ards and Lortunus (Hellenus) 
longispinus Dana. I n  other  spots,  where there  i s  only a th in  c ru s t  of the  co ------ 
glomerate rock a t  t h s  surface of the f l a t s  a t  j u s t  about the  low. t i d e  l i n e ,  
there  .may be sesn f idd le r  crabs. They a r e  ac t ive  whenever the t i d e  i s  down 
bu-i; scurry f o r  t ,heir holes through the  rock, i f  they a r e  disturbed.  Becaus 
the.i.r . holes .go through the  th in  places i n  t h i s  conglomerate rock, and t h e i r  
burrows a r e  beneath it, they cannot be. dug out, but  must be surprised,  and 
c.aught "off ba,self 'so they can ' t  get  back t o  t h e i r  burrow, i n  order t o  be taken. 
The f i dd l e r  'crab species found a t  ,Raroia i n  this.payticu!.as hab i t a t  i s  a t r u l y  
haudsome creature,  .Uca - t e t r a g o n s  Herbst, with i t s  whit ish general color, and 
. t r u l y  b r i l l i a n t  crf.mson-orange llficidleru claw. Sometimes there  may be g rea t  
numbers of the  t i n y  m@rine vater-s t r iders  stranded on such rock f l a t s  a t  low 
t i de ,  W i l e  each individual  of t h i s  kind of insec t  (Halobztes sp.) i s  very tiny 
. the aggregate of g rea t  numbers may add t o  the  food avai lable  f o r  scavengers i n  
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the  crevices and hollows on these i n t e r t i d a l  rock f l a t s ,  but  is  no t  l imi ted  t o  
.this zone. 

I n  the  upper intertid&.l zot:e, pa r t i cu l z r l g  on those shore l i n e s  comp~sed 
3.argely of coral  gravels, there  i s  usual ly  present an enormous population of 
ra ther  small s ized individuals of the  corrmon md widespread -- Neri ta  p l i c a t a  Lin- 
naeus. On the  I-oaer edge of t h i s  population, the  carnivorous niuricid s n a i l  
Cronia ca r iosa  TVood may be found i n  numbers, feeding on t h e  Neri ta  n3.icatta a t  
night, and a l so  occasionally i n  t he  daytj.me. Unllke some of t h e i r  re la t ives ,  i n  
t h i s  case the  Cronia a t t ack  m d  e a t  the  blerita animals out  of t he  aper ture  of 
the  she l l .  Specimens of the  Csonia were col lected i n  the  l a t e r  s tages  of the  
a c t  of' ea t ing i\ieri"u animals, on several  occasions. Apparently the  Cronia have 
no d i f f i c u l t y  i n  feeding on t h i s  pa r t i cu l a r  species of N=i& because the  oper- 
cuXum i s  only a very t h in  horny pla te .  They do no t  dril.1 o r  ot'nerwlse mark tile 
Nerita p l i c a t a  she l l s .  Normally the  population of Ner i ta  p l i c a t a  r e t r e a t s  with -- 
the  incoming t i de ,  both day and night,  and r e s t s  of ten i n  the  daytine j u s t  a t  
o r  above t he  normal. high t i d e  l i n e  f o r  the  next n igh t f  s period of g rea tes t  ac- 
t i v i t y .  

On fnose shores of cora l  gravel v i t h  sand interspersed,  another species 
Nerita p o l i t ?  Linnams i s  a conspicuous rcernber of the  fauna, but  only appears 
-7 

a t  n igh t  when the  t i d e  is  out. In  the  daytime they remain burrowed m d e r  t he  
sanZ, ss they do when t h e  t i d e  i s  high. These N e r i t ~  ~ o l i t c  ~ h a r ~ ~ - i ; ~ r i s t i c a 1 1 y  
l i v e  i n  the  zone j u s t  below the  more v i s i b l e  population of IJeritq p l i c a t a  on 
these shores. Kith a th lck  calcareous opercu:Lum, tine I\lerifa polS.t,a a r e  eppar- 
en t ly  no t  subject  t o  the  depada t ions  of the  carnivorous Cronia sna i l s ,  even 
though they l i v e  i n  -the same shore l i n e  zone. 

On the  sand beaches of these lagoon shores na.y be seen the  burrcws and 
mound of t he  Pac i f ic  ghost crab Gcy-pode ceratopthalna P a i i a c ,  In t 5 e  daytime 
they'remain burrowed down t o  the  moist sazd layer ,  but  e t  n ight  r rhe~  t?:e t i d s  
i s  out, they a r e  the  most ac t ive  and most conspicuous animals along the  sand 
beaches. On those lagoon shores along mhicf; beach conglornera.te rock i s  expsed ,  
a brown mck-crab Geograps-us ,crirfLpes Ezna i s  characterLstic.  Along v;ht:fl it 
may be found l e s s e r  numbers of the  r a the r  ubiquitous red-spotted shore (rock) 
crab Grapsus tsnuicrusta tus  Herkst, and c the r  smaller rock-crabs such a s  Grapsus 
l m i l a r s u s  Dana, and Pseudozius caystrim Milne-Edwards. - *-- 

The sub-marginal l a ~ d  zone a t  and j u s h b o v e  the  high t i d e  l i n e  is  the  
hab i t a t  of a few individuals  of the  common whitish shore l i n e  l i t t o r i n i d  s n a i l  
Me]-araphe pocclnea Gmelin, the  t i n y  golden s n a i l  Syncera luc ida  Pease, and a - 
considerable and very cha rac t e r i s t i c  population of e l l ob i i d  o r  sal-t-marsh 
sna i l s .  This h a b i t a t  i s  pa r t i cu l a r l y  re11 aeveloped (arid filled with sna i l s )  
along these lagoon shores of coral  gravel  ,and rocks where there  i s  more o r  l e s s  
accumulation of d r i f t  mater ia l  from the  lagoon. In  t he  absence of any s a l t  
marshes on such a t o l l s  a s  Raroia, these "salt-marsh" @na i l s  l i v e  i n  t h e i r  o ther  
known type of hab i ta t ,  t h a t  i s  undes rocks, cobbles, o r  gravel  along the  s a l t  
water shores. These e l l ob i i d  s n a i l s  feed on the  decaying p l an t  materia1.s of 
t he  d r i f t  zone, o r  on t he  algae on these  coral  rocks, o r  both. They can sur- 
vive under t h i s  apparently barren cora l  gravel, under the  f u l l  :?eat of the  sun, 
without shade, because of the  insula-tion from the  t r o p i c  sun afforded them by 
the  numerous gravel and a i r  ( in terspace)  layers .  In  the  daytime they remain 
a t  o r  on o r  p a r t l y  buried i n  the  sand l e v e l  4 t o  8 inches below the  sun-heated 
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top Layer of gravel om the  beach slope, o's j u s t  about a t  t,he eyes 
r idge,  if that is. n o t  too high a.bo-cze the  no~mal  high t i d e  l i n e .  

has no t  been able t o  f i l l  o ther  land hab i ta t s ,  and a t  the  sam 

I n d o ~ a c i f i c  region, a11 the  may from the  South African' (Natal) coa 
Mauri-tius, eastward t o  t h e  Tuamotu Is lands  and Bastel- 1 s k n d .  I n  

are, s6 abundant. 
. .  , 

of Turbo setosus Gmeli~, and Turbo ~ , r ~ ~ r o s t o m u s  Linnaeus f o r  t h e i r  pro 
as adults .  O f  a l i  the  common . s b e l l s : a t  Raroia and many other  s i n i l a r  
only these species ~f Turbo have' skel2.s l a rge  enough heavy enough t o  1 
very long f o r  the'se large. land hermit-crabs t k k e e p  i nde f in i t e ly  a.s protec 
she l l s .  The la rge  co.coput crab E i r g u s i a t r o  Lgnqeus i s  present,  but  ra.re 
Raroia, simply bec'ause the  Polynesian na t ives  e a t  every individual  they f 
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m d  there  i s  no opportunity f o r  the  acc~mulat~ion of a population of any s i z e  
on any of these inhabited a to l l s .  Also present on the leeward i s lands  i s  a 
t rue  land-crab Geograps* g r a s  Nilne-Edwards, seen princi.pal2y on the  l e a f  
covered fo r e s t  f l oo r  of the  groxres of Guettarda oticler t rees .  

The small l i z a r d s  ( skinks) E~noia ,cyanum m d  Ab1~spha . r~~  ~ o e c j . l o n l s ~ ~ r u ~  
a r e  l e s s  evident around nat ive  habi ta t ions  tk;m they a r e  on t he  uninhabited 
windward i s lands  of Raroia. There i s  a small species of gecko t h a t  i s  more o r  
l e s s  abundant i n  and on the  wall-s of every na t ive  house o r  lzut. This sma1;er 
gecko Le~idodactylus  &ugubris seems t o  th r ive  around t he  na t ive  habi ta t ions ,  
laying i n  wait even on the  cei l ings ,  o r  i n  the  thatch of t he  temporary coconut- 
harvesting huts,  f o r  the  nu3erous f l i e s .  !The l a rge r  gecko present a t  Raroia 
Gehyra oceanica i s  only seen commonly a t  n igh t  on the  uneer s ide  of the  ieaves 
on the  coconut t r e e s ,  Eecause of the  present  1-ccation of the  na t ive  habi ta t ions  
on the  leevard i s l a - d s ,  and t,he greater  a c t i v i t y  i n  a l l  the  major coconut 
groves of b u r ~ i n g  a l l  the  coconut and 07t5er de+,ritus o f f  the  limestone s o i l ,  
the  normal fauna, of the  l a d  i s  very much reduced on most o f  the  leewzrd is lands .  
This i s  pa r t i cu l a r l y  t r ue  of the  normal innabi tants  of the leafmold such a s  the  
land sna i l s ,  and t'ne eart?ha-orms. Botii the  speci.es of rats present on Rarola 
a r e  most uncommon around tine na t ive  vi l lage.  Die v i l l age r s1  c a t s  and dogs, 
v~hich a re  mostly ailowed t o  forage f o r  themselves, serve t o  keep t h e  population 
of r a t s  a t  a minimum and under cover ( s t r i c 5 l y  nocturnal)  on every mhabited. 
i s land.  

The sandy oceanic s o i l  l i n e  of such l e e ~ ~ a r d  i s lands  a t  Raroia a s  Ngaru- 
maoa, i s  barren of l i v i n g  mollusks, but  kighly productive of d r i f t  she l l s .  
Here may be found sanpl-es of almost a l l  the  species Living on t he  ouzer o r  
oceanic shore and/or ree f ,  including a number of deeper water inhabi t ing spe- 
c i e s  never seen a l i v e  a t  Raroia. Locally the  sand slope may change t o  a rampart 
of coral  gravel o r  cora l  cobbles. Kithout any major she l te r ,  t h i s  sand slopec 
i s  traversed nocturnally by hermit-crabs, but  i n  %he d8ytime shows no axiimal 
ac t i v i i y .  Seaward of the sand alope i s  a more o r  l e s s  l eve l ,  but ra ther  rough 
rock f l a t ,  knoivn by the  Polyxesian na.k,ives a s  the  " P a k o ' r ~ t s ~ ~ .  The only char- 
a c t e r i s t i c  inhabi tant  of these rock fLats  i s  t he  l i t t o r i n i d  s n a i l  ibklarabhe 
coccinea Gmelin. These s n a i l s  a r e  a&ive only i n  the  hiph humidi-ty at night,  
and during and a f t e r  ra ins ,  apparsntly feedi-ng on t he  algae <net gro-: in and on 
t he  surface uf the  tlPakokota" rock. These sna i l s ,  pinkish v;hite i n  color,  a r e  
conspicuous ir, the  daytirne r e s t i ng  v i t h  %he aperture sealer1 against  the  leaden 
gray rock, e i t he r  in  the  c r e v c e e ,  o r  on the  top sur:@aces o f  these f i a t s .  They 
a r e  no t  reached i n  t h i s  hab i i a t  by normal s a l t  spreg, l i v i n g  as Wley 60 25 t o  
50 yar& o r  more shoreward of' the  normal. high -cide l i n e  of rater on t h i s  rocky 
shore. 

The ac tua l  shore l i n e  may be characSerjzed by t h e  presence qf' t he  comnon 
red-spotteii sk,ore-crab G~L-psus - t e n z i c ~ u s ~ a t ~ s 8  Herbst. ~ e ~ L 8 ~ i u s  gzdiilat,us 
Gmelin i s  local!.g dxmcian-i; mi the  lligjner r d s s  o f  t h i s  &ore 1Sne, a collple of 
Seet  above the  normal high t i d e  i t n e ,  b~-i ;  ob~6.ocslg i n  t h s  cpper sprzy zonc. .. - 

Mostly below a l l  t ne  ~ec t a r i * ,  ht  konetimes a l i t t l e  ov-erlapping, is the  
population of the  common Blerita p l i c a t a  Linnaeus, j u s t  above .toe high t i d e  1.ine. 
The carnivorous s n a i l s  Cronia cs,csa Vtoctd and _T&8iii U p o c a s  tmeum Li.nnseus 
a r e  here i n  moderate numbers i n  the  zone a t  j u s t  about the mean o r  ordinary high 
t i d e  l i n e  and a l i t , t l e  beloa. Locally, md partA.cularlg on the  hj-gher blocks 
of coral  rock c a s t  up by storm a c t i o n  and st;andi:ng on tne  r ee f '  ne&r shore, the  
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Tec.t.wius and Neri ta  p l ica . ta  may be conspicuous. In  addit ion on thes  ----.- 

ing i n  the  upper i n t s r t i d a l  zoni+., jusk a t  o r  a l i t t j le  below 
I t ,  is: not  . c lea r  what ' predator. of  ecological cond-ition cwould 
sea-slvg species t o ,  be 1ocal.ly abandant on .these reef  blo'c 
offshore on the  reef  .Slat, an& a t  the  same t ine  pre-mnt t h e i r  occurren 
survival  on t n e  shoreline rocks 02 the  t i d a l  zonation, j y s t .  a f e  
awc~y. There d id  no t  seem t o  be any . r ead i ly  obiemable ecological' d i f  
exp'r-ain the  . r e s t ~ i c t i o n  of  t h e  sea-slug species t o  these Xsolated 
L o c l l y  cibundant here a l so  ib a s m a l l  species of shore-crab 
Dana,. 8% -the edge of the  v&er a k . 1 0 ~  t ide .  

The mo'll,usean f.%una: of t he  eroded reef f l a t s ,  sometimes more 
near t he  shoseiine, i s  the. most, e a s i l y  collected,  and tile L 

other  Pusia species fffhich probably feed on these snlall Ceri'cfis), the  s 

. , 

. . . . .  < .  

Vnere i s  a:pulm&nate sea-slug @h@.di~m species, and a grem-colored 
shel led . tectibrcinch sea-slug Sms.ragdineila calycula ta  Broderip & Some 

cormon spec ies  of all these  sigCied a.$.fiaroia., kere may be found l o c a l  
abundance severs1 small species of,.Cefit,hium, n i t h  - Pusia --- noclose Swaiwo 

-- . . 
t r i d  Lmbricaria punctatn  inson on,- Stroa?ms &culatua Sowesky, and & 
tectum Gmelin. The most common and charac te r ie t i c  species of t h i s  i n  --...- 
of the  oceanic o r  outer  reef  on the leemad s ide  of karoia  are Vasum 
Brodcrip, t he  s ~ a l l .  l e t t e r e d  mitre s h e l l  iVIi tm. l i t tera ta  Linnaeus, t h  
rock-snail I%rula g r m u l a t a  Duclos, a whitish rock s n a i l  witn purple 
hlorula uva Riiding, an6 the  l i t t l e  red-flammulate cone, Conus sponsalis  Hrna -- - 

In nany places the  Jasum ar~natum seemed to' be a l l  of a more o r  l e s s  'LI 

s ize ,  but small f o r  Tne species; i n  o t ' e ?  places on the  ree f  f l a t s ,  t h  
tno s izes  evident i n  t'he population, t h e  cormones small s i ze ,  and a l a  
almost twice -the dimensions. Evicien3;y we a r e  here dealing a i t h  a spe 
with tv,o s i z e  groups in tine total.  population at one time, &$t' nerve a g r  
a t  l e a s t  two years t o  reach f u l l  slee. . Some of the  l a r g e s t  and hence a 1  
of the  Vasum s h e l l s  exhibited abandoned scars  of formerly at tached horsesr  
s h e l l s  Sabia conice, Schurnacher of large (a.duli;) s i z e ,  "l corroborate the  
t h a t  the  &sasg kad Ilved l o n g e r  than a ,.sshole gemrat ion ( a t  Least one yea 
brood) of  the  8abj.a sna i l s ,  Uncomon, ht cha rac t e r i s t i c  .here are %he ca 
orous fmg-shel ls  Bums.  g.rmufaria Rdding, the  toad-shell Bursa bufonium 
and the  smal l  vhi te  frog-shell' Eursz ~ro2 .uc ta  Pease. The f i r s t  two o f  t h  
widesprerzd, in the  XndopaciL*j.c, while toe th i rd ,  Bursa producta i s  only kno 
from t h e  eastern a t o l l s ,  f ron the Gil.berts t o  the  fiamotu Islands.  Also p 
l oca l l y  lin abundance are the  Hebrew cone Conus ebraeus Linnaeus, t'ne Chald 
cone C ~ i l t ~ s  , C & ? ~ ~ U A  Rtfdirrg, the  flesh-colored Conus miliaris Hwass, cznd t 
darker flammulaled Conu s coronalis  liCi$i.ng, The H e b r e ~ ~  and Chaldean cones, 
named because of  tl>e reamblance of  t he  markings on t h e i r  sheLZs ' to  ancien 
writAr~gs, have of ten been @onsidese@ as v a r i e t i e s  of o m  species. , Their p 
sence hers  in one hab i t a t  I n  considerable numbers, of 8.11 s i ze s  a ~ d  ages, 1 
ing together without any intergrades  hatso so ever, gives us biological. proof 
thcse  tm a r e  d i s t i n c t  species. by . t he  same proof, w e  k n o ~  t h a t  t he  two o 
Conus m i l i a r i s  s.nd Conus coronn.li.s, although of  tefi confused, a r e  6bsolu t e i y  - --- 
separat~e and d i s . t i ~  ct species. . . 

. - 
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Under t he  l a rge r  coral  rocks i n  t h i s  zone may be found the  beaut,iful but 
rous (poison) Couus r e t i f s r  Menke, the  t i n y  specklecl ~ ~ e c u l o t r i t o n  r?.ipi- 
Reeve, the  small pink Columbella g a l l i d a  Cesiiayes, smaLL black-spotted 

"c ark s h e l l s  Arca maculata Sowerby, and an occasionai individual  of  the  
rge horse's-hoof cowy Cmraea. (~erS.bo2-us) mauritiana Linnaeus, along ~ 5 t h  
mbers of very young hermit-cmbs of v a ~ i o u s  species i n  many kinds of t i n y  s n a i l  

she l l s ,  Under every such rock, the  black poison sea urchins Diadema setosum 
Leske take refuge i n  the  daytime, moving ou t  a t  sundom t o  feed. Living on some 
of these 3iadema indivgduals i s  a smaU coinmensal. species of crangonid shrimp, 
Also found cha.racteristice.113~ under these rocks i s  a long black sea cucumber t h a t  
remains always p a r t l y  under t he  rocks, but  s t re tches  out  a consicier2ble dis tance 
t o  feed. fhotiier species, the  l a r g e s t  and most conspicuous anSmal i n  the  open 
and evident i n  the  daytime i n  t h i s  zone i s  the  common blacir sea  cucumber, usual ly  
a t  l e a s t  p a r t l y  covered a i t h  sand grains. These comnon bla*:k sea cucumbers may 
be a s  abundant a s  15 o r  20 to the  square m t r e  over %he rock surface where it is  
coated with a th in  f i im of foraminifera1 sand. 

Because of t h e i r  more rapid  and w;ifder ranging movements, %he crabs of the  
outer ree f  a re  more d i f f i c u l t  t o  l oca l i z e  i n to  narrow o r  r e s t r i c t e d  zones, so 
t h a t  t h e i r  exact o r  complete ecology i s  no t  necessar i ly  well indicated by the  
col lect ion of a few specixens. Horrever, Vne f o l l o ~ ~ i n g  several  species of crabs 
were de f in i t e ly  recorded from the  inshors, more pooled nrea of the  lee-tvard outer  
reef a t  Xa,roi-a. These included _ C a t o d ~ o m l a  cana1ic-d.a-b~ St,inpson, Dynomene 
spinosa Rathbun, i\lILci~poides angustifrons I~4ilne-M~.ards, Tiialamita p i c t a  Stimp- 
son, Carupa laeviuscula  IIelLler, Actaea s u ~ e r c i l i a r i s  Odhner, Chlorod~pgig 
areola ta  iiililne-Edwards, Lvmm &eplana t~~g  Milne-Edvfxrds, E ~ i p t i i a  ?barla Skiam; & 
Nodder, Lophozozymus superbus Dana, Lvbia tsssela", Latrei?.ie, Lydi.8 ~ n n u l i ~  
Milne-F:dna,rds, Xan t h i a s  j a n a ~ c k t i ,  Uilne-Edwards , and Pachyq t i~su  s L i c a t u  s 
Milne-Eldwards (common a l so  on; the  reef  blocks). Also here a r e  Gie red-fuzzy- 
legged hermi%-crabs ---- Aniculus -.- aniculus Herbst, and Clibanarivs corell inue Milne- -- ---- 
Edwards, %he bri1lLan-G blue-legged hermit-crabs Calcinus elegans Mil~~e-Edwr.zrds, 
the  ordiinary appearing whi te-legged hermit-crabs xr,&g &ev%anE Randall, 
Calchus l a t e n s  Randal.1, Czllcinus s eu ra t i  Forest,  and the  feathery appearing -- -- -.-- -- 
red-bapded shrimp ,Stenopi.~s hispldcx Ol ivier .  One individual  ~f the  red-eyed 
rock-crab ErIphLa sebana Shaw & Nodder was  seen i n  t h e  a c t  of feeding. Then 
col lected it was i n  t he  a c t  of crushing t h s  she l l  of a snail cone sascmg SEnSg- 
l i s  Hwass i n  i t s  crushing clam, and s t a r t i n g  t n  e a t  the  mLmal., fit jus-b about - 
dusk, t h i s  crab was ac t i ve  on the  exposed insnore reef  fla%, out  of water a t  
LOT t ide .  

The zniddle zone of 'chis oceanic reef' i s  th ick ly  clotted with s m a l l  corzl  
growths, under which -the many black poison sea urchins Dkaderna. setosum Leske 
take refuge diurnally.  On some of .these sea urchins may be .fc;urd a smdl 
commensal, a species of crangonid shrimp. The n squ i l i av  (~tornatgpod Crusta- 
cean) Gonodact~J - us  cni r a g &  ~ l a t ~ s o i n a  Rood-iblason, i s  characte2j s t i c  of t he  zone, 
but  was never seen in abundance a t  Raroia. , In  and lander ?hese cora l s  a r e  corn-- 
monly found money cowries Cypraea (I@onets8ri%) moneta Linnaeus (of la2,ge s i ze ) ,  
the  sn&el s-head cowry Cypsaea ( F p 3 t r o n ~ )  ca.pt~tserpen= IJinn&eus, t he  whitish- 
tan  colored sand cowry Cvpraea (pond%) ,schil.derarum Iredale ,  the  cones $on~,s~ 
lividirs  Hwass and Conus miles Linnaeus, m d  l e s s  commonLy, the  l a rge  Tl~rbo 
argyrostomus Linnaeus. Also found here, brat not  commonly, aere %he t i n y  spot5ed 
cowry Braes (Naria) i r r o r a t a  Gray? and the  small. blue-tipped, red-speckled 
s t a r f i s h  Linckia mult ifora L~aa rck .  Many of $he fndividuals of Linckia col lected 
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here were in the:.act of regeneratiqn of psrts,. some even. regenerating 
four ( t iny)  new arms (and the  body d i s c  -? )  from what- was- 
ray o'r arm. ' Not conmon, but  on$y found . i n  t h i s  zone' &,t Raroia is 
short-spined sea urchin t h a t  coi&rs i t s e l f  viith .pieces of algae o r  

, , .  . . . 
bsf s (Tripneustes m t 3 - l l a  Lknaeuq) . 

. .. . 

Lliving in tk~e  corhl rock formed. a t  . the .  base of cer ta in  of these .co  
(&gs;g-s m.), i s  the  cha rac t e r i s t i c  white coral-boring sna.51 
marckii Deshayes, These s n a i l s  l i v e  i n  a flask-shaped cavi --,--- 

simihr t o  t h e  boring of ce r ta in  coral-boring clams such a s  
the head of ' t h e  sna i l  ' directed toward the  m a l l  opening t o  
the sp i r e  dovmmard i n  the  widest p s r t  of the  cha.mber. 
sis borings were found some ma i l  comiiensal c l a w ;  one of -- 
i .ncarta Deshayes l'lving %longside the  l i v i n g  2'Iaailopsi -.--- 
boring, 4c each observed instance of t h i s  corr,mensaLism. 
note here t h a t  the  snail and the  cl.m of t h i s  commenssl p 
described from tks? same local i ty .  (Reunion I s l m d )  i n  the 1adia.n Ocean by 
The discovery of the  t r ue  commensal r e l a t i on  of the  two s 
i.ndicates t h a t  t h i s  commensal clam is a l so  presen-b a l l  the  way across t h  
of the  box5116 s ~ a i l ;  i n  other  words, a l l  t he  way from Reunion 'islmd tho 
of miles easJmaz4d. a t  l e a s t  a s  fa r  a s  Raroia Atoll, ' i n  t he  Tuamotu Is lands  

Living i n  %.astsv o r  depressions on the surface near  t h e  base of some 
these  c o r d s  i s  Yne uncommon but very cha rac t e r i s t i c  coral-snail  
a iolacea Kiener. This 6peci.e~ holds i t s ' e g g s  i n  c ~ g s u l e s  under -- 
%he ferrtale ur , t i l  they hatch, aad. the  pelagic young s w i m  

. i n  the case of t he  h.ipponicid. snai1.s (Sabia conica) a t  R 
, . 

fashlqn,, the  eggs of the' c m a l - b r i n g  biagilopsj.~ Lamarckii a r e  held i n  
. .. . ',in. '%.e .'boring chamber until ,  they hatch,  and' the  pelagic  young s w i m  away 

a. new :bo.& Coral. i n  which t o  s t a r t  t h e i r .  boring. Also living cn the  base 
c o r d s  h'ere, i s  the' second Qpe of coral-snail G.uoyu1a monodonta Bla inv i l l  

Ln $he patches of  the  middle of  the  o u k r  reef  %hat; are  almost devoi 
coral ,  ther:? i s  a more 3r l e s s  viide expanse of rock pavement, over zhich 
a very thin f i l m  of Fosamii~iferous sand. ~ o c a l l v  ahr id  
areas,  but  mosS inconspicuorls because of theiG 'camouf3.age c o a t h g  of smal 
line algal. ( ~ o n i o i i t h o q )  groyths and foram sand the. same as Lno navement, 
the golden-mouthed rock-snail Drupa groasular ie  Rt.$ding. @hat i s  probably 
undescribed species of bonel1,iid zorm was seen here z t  
seLed out of the  rock and coliecteG. This s.ppeared z s  
neznertem ~imrrn, but  i n  the shape of  a cap i t a l  T with the  ribbon about two 
three mill.imetres v~icie, cnd the  T outstretched a'bout.4' by 4 inches, with 
base of t h e  T dicappearin.t;. h t c  a hole i n  t he  pavement & c u t  'tJnree m i l l i -  
metres in diameter. Tn a cavity beneath the  hole is t h  
tine bonel-liiu Tom, vhich i s  protected. S-Jr %he bard rock 

Along some of t he  outflow areas o f  the  narrower p 
reef  a t  Raroi.a, the otter edge of t he  reef is lacking'  
$0 t h a t  t he  I1pavement"' m?,y simply end w i t h  the  beginni 
or  butiress zone. On such ,f la-t  pavcment areas, near 
outer  reef  edge, may be found patches of " so f t  coral  
abundant, tbese are no t  t r ue  s o f t  corals ,  b u t  are colon 

. . 
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which ate  retracted; and appear l i k e  s&& grit-filled p t c h e s  of d i r t y  grey- 
white parafin ,or c q q - e  drippings a ~ y t  an i m h  thick,  when -they a r e  ewosad 
out  of wtiter a t  each low t i d e  intcrvrd,, v&at say be tf;e yarest en'mai i n  
point  of numbers, t h a t  is, l e a s t  a b ~ r ~ d a r ~ t  I n  indlvi&uaLs at Ibruf.a, mss iouud  
here. It is a species of Rs~qalnq~~?u, a s p b i o t , i ~  bamacls  t&at l ives  ii:- 
s ide  the  c d o n i a l  zczmthid anemorre. This symbiotic bamiach is ~ ; i t h s u t  ezitey- 
nFll appendages, and i s  so much ?educed from the noma l  appearance of a b%y- 
nscle,  as t o  be d i f f i c u i t  t o  place ;in by a q l ~ a l  group, on the  b a s i s  of  visL'uLo 
characters. Its g&ex.al. shape is sj i i iar  Cud $hat of +,he o ld  gr.:ek clisccs, cj.ti2 
a symmetrical hel icoid  s p i r a l  r idge on each face. 5%e ttm d c e s  o r  faces,  aad 
t h e  he l ico id  > .  ridges , a re  r i g h t  and l c f  t hand m i r ~ o r  , imges  of each other. 

In  the  boring sea urchin arrc$"or .&mphiroa algal zone, tine reef  i s  pe~i 'or -  
a ted w i t h  t he  burso;as o f  the small Bcriag t~rch ins  ~ c h i r ! o r i ~ ~ t ~  g&bneq Blain-- 
v i l l e  and Echincme&a ~ath~le& o b 1 . m p ~  RLaS.nv-ale. These Lorings, abogt, t~ro  
inches i n  diaineter, and f o u r  t o  s i x  inche5 deep,  s m e f  imes siinple, bu t  more 
often branched o r  i r r egu l a r l y  Y o r  U ' shayeci, furnish  s l d t e r  f o r  a niaber 
of o ther  animals besides the  subcylindrichl. urclcins, xbich travcl up mrl! ciorpm 
(sideways) i n  these shor t  burrows. They usually s toy  ?:ear t he  b o t t ~ m  of t he  
boring :?/her? the  t i d e  i s  lox, but  always coae r igh t  up to the surface end o f  
the burrok when the first water of the  ificomling t i d e  r e a c b s  them, Living on 
same of these  boring u rch ins  I s  a sr-al?. commensal ~ p e c i e s  of csangonid shrimp, 
~ d s t  of the  other  animals foucd here ir, thesa borings arc simply taking shel- 
t e r  the re  u n t i l  t he  n e s t  n igh t ' s  period of ac t i v i t y .  Only seer] a t  n ight ,  o r  
more abundant ou% on the  sur?aca cf the  r'eef in t h i s  zone a t  n igh t  a r c  the 
spotted cowry ,Czrxr jk~b*) j j g ~ r ~ s g  Gray, a fey; species of medium sLzed 
mitre  s h e l l s  Mitrz. and eno t l~er  spo t t ed  co"irr.y Cypraea (Urabica) h is t r io-  
Gmelin. This last ,  the  histrio cowry, has a b l ~ c k i s h  smudge on the  base of t'ne 
much higher arched she!-1, and j s  much riiors rare a t  Rarois .timn i s  its cclose re]-- 
a t i v e  depsessa. Also fourld hers  but  rars iy  i s  'che siidesprsad and elsewhere corn- 
mon t i g e r  cowry Lvp_raea (C&ma,ea) i i g r i s  Linnaeus. Several very colo-rful sea- 
s lugs  (Mudibsaciis) ari! c h e ~ a c t e r i s t ~ i c  of t h i s  >art  of .the reef .  '3:bzse tn- 
clude a t  l e a s t  twc species 3f t he  genus Cl.ossodo~is; one about two inchss  long 
with rad ring-spots on a blue-black general color, vezy s ix i lar  te, bvt probably 
di  s t i nc t  from G l  ossodosis r m s a n q  Prwot -Fo l  recently described from Bikuero 
Atoll ,  100 miles southmrc? of h r o l a  Atoll ,  and amther of the s a w  size, ' k t  
of an opaque milk-white color  d l -  over, One species of crab of  mediun s i z e ,  
rough surfaced, and of the  s a m  colcr i n  general as Cne pinkish p u r p k  .15,q'~$A-- 
thon growths of algae, i s  espec ia l ly  C h a r a c t e r i ~ t l ~  oS t he  boring sea u rch in  -- 
zone of t h i s  l eewa$d ,~$,ex-  reef ~tt Raroj,n. This species o f  C F E ? , ~  @ I  perlo h a  
Herbst was seen only i n  o r  around these bor5ngs. Wth  both t h e  color and sur- 
face  t ex ture  resemblance t o  the  corel2ine a lga2  rock, ilieg were less ~ o m ~ o n 1 y  
noticed than nany species that were much 2 e s ~  abundant, ht much -?,ore e a s i l y  
v i s i b l e  i n  the  same hab i t a t ,  

A s  mentioned before, the  crab fauna of t h e  outer  reef i s  ha~l?,er t o  @or- 
r e l a t e  i n to  narrow zonation "can arc some oT the  sl..~wer moving niolli~scan spe- 
cies.  Tne "outer r ee fn ,  t h a t  i s  Lne general odter  ha l f  o f  this reef d o n g  
%he l ee  s ide  of Raroia, i s  the  hunting ground of the  na t ives  for riight-t , im 
f i s h  spearing, and f o r  the  gathering of many species of crabs theg use fir food, 
whenever the  t i d e  i s  out,  The edible  species taken here by the  natives, with 
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The top of the  R3,gd r idge i s  the  cha rac t e r i s t i c  h a b i t a t  of 
laeformis Reeve, which l i v e s  here i n  l i t t l e  sockets on t -..-- 
r idge i s  exposed a t  l ox  t i de ,  each of these  limpets i s  discernible o 
ou t l ine  of  i t s  s'neli, t he  surface of t he  shell. and the  rock around i 
Ing  covered by the  pinkish a l g a l  ridge. The limpets must be pr ied o 
i.ndi.vlc3w.l koming posi t ions  o r  sockets. If they move around much the  
en-t3.y setwn o r  flGomefl a t  each low t i d e  t o  the  sane sock 
ou l l ines  the  she l l ,  Also most cha rac t e r i s t i c  here, r e s t i ng  i n  any 
i ce s  available,  i s  the large ,  heavy-shelled white cat's-eye s h e l l  
GmeLin. On every la rge  Turbo s h e l l  a r e  nt~mbcrs of the  hipponicid sn 
csnica Schu~acher  which grows i n to  sockets it erodss on the  -- 
the  aperhure. Apparen t l y  these  smal.1 s n a i l s  which seem t o  
ing  on the  scraps o r  droppings of the  Turbo, have a shor te r  
the 331. The o ldes t  Tmbo s h e l l s  show full adul t  s i z e  s ca r s  of 
tha"t;ave l ived ,  died and dropped o f f ,  and i n  these old sca 
as" t h e  next generztion l iv ing .  Three spiny species of 
are f o-md here. Dru~ia ~ i c i n i ~  s Linnaeus , white-~outhed, 
numbers s c a t t e r e d y l o a r  across t he  ree f  from the  shore out  
abundant a.t the  outer. r ee f  edge. Drupa eZegans Eroderip 
moutned with a br ig3t  red 3.ine ringing the  aperture of a 
but  rcstsict ,ed i n  hab i t a t  t o  %he ou te r  reef  ec'lge. These s tud ies  a t  R 
pro7~ecE Legaxz. t o  be a s e p a r a h  species ra.ther' t h m  a. color forn of _T 
v i t h  young and adu l t s  of both species r ead i l y  dist inguishable.  The purp 
moxtlied species b u p a  n o r m  Rdding i s  typ ica l ly  r e s t r i c t e d  t o  the  regl.on 
alga; r idge at Raroia,, j u s t  as was observed f o r  t h i s  species on Bikini. an 
o t h e r  n.tolls i n  the northem Marshall 1 s l k d s .  Actually t he  largest  m d  
conspicucus animal o f  the  a l g a l  r idge zone i s  the  purple 
chin, H e - t e r ~ c e n - f ~ ~ n t u ~  tri.ponariiis 1;amzrck. Rlso present., but  mljch l e s s  c 
a t  Raroia 5s  a second, more redckish species Heterocentretus mamillatus Li 
Ccmmonly present on tho slate-pencil  urchins i s  a, small species of crango 
shrimp, which i s . a l s o  purplish i n  color, matching t he  gen&ral. ,colos of  t h  
chins on which it i s  comiensd.. Much more rarely found a t  'Raroiq . i s  t h e  
s i t i c  s n a i l  =l i fer  species, which a t taches  i t s e l f  t o  the  o r a l  s ide  of t 
s la te-penci l  sea urchins. 

I n  ce r ta in  places, very l o c a l  and r e s t r i c t e d  i n  area  on ' the l e e  s ide  o 
Raroia A . t o l l ,  are small s t re tches  of what has been ca l led  "dead ree fn .  H 
the  f i r s t  impresston i s  t h a t  the  erosional  forces  a r e  in  t he  ascendency, 
the  reef  being eroded: simply a s  i f  it were only rock of inorganic origin 
no t  ac t ive ly  maintaining i t s e l f  i n  balance o r  increasing, by t he  growth 
t he  cal.careous deposition accomplished by the  Porolithon and oth.er calca 
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algae, In  such places, t he  helmet o r  "pavement-spinedt1 sea urchin Colobocen- 
t r o t u s  ~ e d i f e r  Rla inv i l l e  i s  the  conspicuous animal of the  reef edge, l i v i n g  
C_L - 
i n  the  pockets they hollow out  i n  G2e reef rock. Complete s tud ies  of these  
areas  w i l l  undoubtedly show t h a t  these a r e  not  dead ree fs ,  but  areas  of the  
reef where the  forces  of deposition and erosion a r e  i n  a d i f f e r en t  balance, 
than i s  the  case of the  other  s t re tches  of reef a t  Raroia, In  f a c t  it i s  en- 
t i r e l y  possible t h a t  the  presence of the  helmet urchins Colobocentrotus i s  one 
of the  f ac to r s  i n  the  modification of 5he reef t o  a d i f f e r en t ,  but y e t  a t r u e  
balance, i n  these areas  of so-called "dead reefsn.  

Along these areas  fronted by the  helmet urchins on the  ree f ,  it seems as 
i f  there  i s  a s l i g h t l y  d i f f e r en t  o r  modified zonation of the  molluscaa species, 
a zonation that, was pa r t i cu l a r l y  evident i n  the  case of the  species or" Tnzis 
present here. In  t h i s  modifiec? reef  zonation, the  l a rge  pinkish Thais armiffera 
Link was near -the reef  edge; Thals intermedia Kiener was i n  the  middle zone o r  
pot-hole a ~ e a ;  and the  cow~onest  Thais hippocz.stmeum Linnaeus was i n  t he  shore- 
ward zone, without my apparent overlapping of these Thais popu!.ations uader 
these conditions. Over the  comnoner type of reef  with the a l g a l  r idge on the  
leeward s ide  of Raroia, the Thais syecies viere no t  so marke-3iy s e t  o f f  i n  dis-  
c r ee t  o r  separate zones. I n  addit ion,  the  This t a b e r o a  Rdding was a l so  
present i n  t he  middle sect ion of the reef f l a t s ,  vinile t he  small narrow pink 
species Thais a f f i n i s  Reeve r a s  l o c a l l y  common on the  middle and the  shoreward 
areas o.f the  ree f ,  overlapping and mixed with the  Thais hippocastmeurn popula- 
t ion  near 'out no t  a t  the  shore l i ne .  These Thais specriaens frorfi Raroia demon- 
s t r a t e  t ha t ,  contzary t o  the  opinion of Pease, +he l a rge  pink ami- and t he  
small. narrotv pink a f  f i n i s  a r e  corp le te lp  d i s t i n c t  and separate species. Young 
of a~mige ra  a ~ 6  adu l t s  of a f f i n i s ,  of i den t i ca l  dimensions, a r e  read i ly  separ- 
a ted on the  bas i s  of the  l a rge  hobby  spines on the  p e r i ~ 5 e r y  of the vrhorl; 
i n  armigera %here ase two equally porninant, i n  af f i n l s  only one, j u s t  above 
the  periphery i s  of major prominence. 

Not e ~ ~ i d e n t  on the  surface, but  very cbaracterj .s t ic  of the  area  of the  
Porolithon, and of ten l i v i n g  under the  surface 3..evel of th.e ree f ,  on the  s ides  
o r  on the  under s ide  of the  small rounded %esdss? o r  lumps of the  Poro1.i-&on 
growth, a r e  such species a s  'the horse's-noof s n a i l s  Hipponix (Rntiseb5.g) 
fo l i acea  Quoy & Gsimmd, H I ~ c n i x  (Coch1.eaar) b c b a h  Sov~erby, an2 the  small 
trochid s n a i l s  S t ~ m s t i a  x., and * g  rosacea ?ease. The hab i t a t  of these 
hipponlcid s n a i l s  i s  completely d i f f e r en t  from -that of the  sj.mi!.ar, but ge- 
n e r i c a . 1 1 ~  d i s%inc t  Sabia conica Sciiumacher, which a t  Rarola and elsewhere on 
the  a t o l l s  is  res t . r ic ted -Lo a (commensa.1 ?) hab i t a t  on l a r g e r  s n a i l  she l l s .  
Dr= cla.thrat& Lemarck, the  b r o ~ n  cheatnut-burr rock-snail i s  chasac-leristic - 
of t he  Lowest normal lev: t i d e  l e v e l  on the  outer  slope of the  algal rTdge, 31- 
ways i n  reach of the surf .  Qnly found on t h i s  outer  sl-ope a l so  vias z small 
red chi%on, the  only mmber of i t s  group s e m  a t  Reroia. Also recorded from 
the  cora l l ine  a1ga.i r idce  o f  the  o,uter ree f ,  o r  from tke  reef ncirgin j u s t  be- 
yond, a r e  the  crabs Actaea c a ~ i p ~ s -  Danc., -.- Actaea -- r u f o ~ r ~ c t a l a  iuiine-Ed~wards, 
Car.pS.1odes r u g a t i ? ~  i~Qilr~e-EcIv~ards; .the fuzzy-~ed- -legged harmit-cr& P!i,cillus 
aniculus Herbst, ant-? .the srna.ller hermit-crab ni th  -the b r i l l i m t  blue-banded 
l egs  Ca1cinus eJ..egans P4Tilne-Edanrds. 
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