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Part 1

ECOLQOGICAL NOTES ON THE
HMOLLUSKS AND OTHER ANIMALS OF RAROIA

by J. P. E. Morrison

The molluscan fauna of Raroia Atoll in the Tuamotu Islende, French Oceania,
is fundementally similar to that of the other atolls personelly studied in the
northern Marshall Islands (Eniwetok, Bikini, Rongelap, and Hongerik Atolls).
¥Where there is no widespread silt or mud habitat to compare with the clay or
mud habitats of the shores of higher {volcanic rock) islands, there is necessar-
ily a redvction in the total number of marine specles present. With the simpli-
fication of restriction of the atolls to fewer types of habitats, there are
fewer molluscan species living on and around the atolls than: for example on
such complex shoreg as those of the Prilippine Islands. With fewer species in
the total plecture, 1t becomes a little less difficult to obeerve or evaluate
the ecological preferences of those species. It should be clearly understood
however, that the more than one hundred molluscan species whose observed ecolo-
gy is briefly mentioned or outlined here, constitute oniy one-fif+th or less of
the totel number of species of mollusks known to be living on such atolls as
Raroia. When the classification and determination of all the forms collected
at Raroia are completed, the total number of species is likely to pass six hun-
dred.

The writer wishes to express his sincere  appreciation of the unparal-
leled cpportunity to be a member of the Pazific Science Eoard Atoll Research
team sent to Raroia in 1952. This team, under the auspices of the Paciiic Sci-
ence Board, of the National Research Council, uvnder contract with and supported
by funds of the Office of Naval Resgearch, received the fullest cooperation
from the government of French QOceania., Particularly to be acknowledged is the
excellence of the tramsportation furnished through the good oiffices ¢f the
Governor, The Hon. H. Petitbon, to and f{rom Rarcia Atoll.

T also wish to acknowledge fully the unfailing help received from others,
particvlarly Austin H. Clark {(Echinoderms), F.-A. Chace, F. M. Bayer, and L. B..
Holthuis (Crustacea and other Marine Invertebrates), D. M. Cochran {Feptiles),
D. M. Johnson (Mammals), without whose identifica*tions the non-molluscan notes
contained herein would be valueless; lastly, but not least is the ald recelved
from my colleagues in Mollusks, H. A. Rehder and R. T. Abbott.

The single most characteristic molluscan species of the oceanic or outer
reef edge on the windward side of Rarcia Atoll, is the vwhite-cat's eye shell
Turbo gsetosus Gmelin. Associated with it on and in the zone of the algal ridge
are the two commonest species of €piny rocksnails Drupa moxum K¥ding and Drupa
ricinug Linnaeus. Thege have the aperture purpliish, and white, respecitively.
Also along this outer reef edge is to be found the fuzzy-red-iegged hermit creb
Aniculus aniculus Herbst.
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Behind the algal ridge, the reef diminiches in height in the zone of the
small boring dea urchins Fchinometra mathaei Blainville and Echinometra mathael
oblongs Blainviile, In these short tunnels in the surface of the reef rock,
the Drupa species, the brown mitre shell Mitra coiumbelliformis Kiener, and a
few species of cowries such azs Cypreea (Arabica) depressa Gray and Cypraea
(Ponda)_ventriculus Lsmarck, take refuge during the day from the light, and
from the strong wave action present on windward oceanic reéfs.

A few yards negrer shore the pool zone of the reef flat begins. In these
pools there are cnly a few corals yresent on ithe rock surface, coversd, otherwise,
with a thin film of foraminiferous sand. Here in no great abundance, are sev-
eral species of the smaller cones, such as Conug spongalis Hwass, C. ebrasus
Limnaeus, C. ghg;deus Rbding, and C. nanus Sawerby, along with occasicnal Drupa
ricinus Linnaeus, the very small iitra Litterata Lamarck, and the common biack

rock-snail Morula granulata Duclos. As one proceeds fuﬁfher shorevard in the
etady of the reei the Conus spongalis, WMitra iitterata, and Morula granulsta
are usually to he found in greater abundance., Here under the larger coral blocks
ma; be dlseowered a few blauk poison- sea urchins Diadema setosum Leske, the gmall
“vpolson cone Conus retifer Menke, a small byssiferous pearly oyster Isoznomon
perna Linneeus, a emall black-spotted white ark-shell Arca maculata Sowerby,
‘and two small snails, cone speckied Maculotriton digiialis Reeve, and one pink
Columbella pallida Deshayes, that may be considered characteristic.. Closer to -
the island shores, at just about, or just below the low tide water level, Vasum
armetun Broderip appears commonly, along with Thais hipoocagtaneum Linnaeus,

and occasionally Cronis caricga Wood. Both the Thais and the Cronia specles -
have been found feeding on tne Nern ta snails in the lower adge of the intertidsl
ZONE .

In the intertidal- zone, Rerita plisata Linnaeus is most characteristic,.
 sometimes present in great numbers, on’and under the coval rocks and gravel.
Above it in level is the videspread white littorinid snail Melaraphe coccines
Gmelin, in great abundance on some of the dry rock flats ("Pakokota"), wet only
by spray from the ccean in normal weather, but active with the humidity every
night and during end after every rain. Above it in nermal tide level relations,
the spiny littorinid snail Tecterivs grandinatus Gmelin was found about 4 to. 5
feet above high tide level, but only on the solid rock of the largest reef-
blocks {(cast un by storm action) scattered across this windward oceanic.reef
£lat. The coral gravel and loose rock of the island shores here is . apparently
not suitable for them. The windward island shores facing the -ocean are rather
harren of mollusks. In moet cases the coral gravel and cobbles along the actval
iglet shore 1lines of this part of Rercia Atoll are inhabited principally by
small hermit crabs, mkere are vsually the younger stages (smaller sizes) of one
or more sp901es cf Coebob"ta.

ilany of the rlndward iglands have large areas of dry rock-flats on the.
oceanic side. UVhere these flats are covered with low but very dense growthsgof
‘Surieng and Pemphis, particularly around pools and incomplete channels across
the islands, there sre many individuals of the large land-crab Jardisoma carni-
fex Herbst, called "Papaka Tupa" by the Raroia natives, to be found. The bur-
rows of these land-crabs were all over the:lower ground of some islands; at
night vhen they are most 'active; these crabs may range all over the higher
ground as well, a considérable distence from any water. The brackish (or some-
times fresh ?)} grourdwater of enclosed ponds on the lower areas of some of these

D
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iglands, ard the groundwater exposed in the burrows of these "Papaka Tupa" are
one of the sources of a considerable popula*tion of bird mosguitoes (Culex spp. V.
Another source: of this mosquito population is the ever-present large number of
rain-filled broken or half coconut shells Llying around on both High and low
ground, on and .around the coconut groves. This secondary coconut shell habitat
of the mosuu1to larvae dates only from the time the coconut palm was brought to
Haroia by the Polyne81an natives.

Under the: Gue+ta“da and other trees on the higher sandier ground of the
isisnds, and in the leafmoli of the coconut groves also, there are a few spe-
cies of very small lend snails. These include the ubigquitous, tiny white Gas—
trocopta pedicilug Shuttleworth, a tiny reddish species of Hesopupa, Laumellides
gerrats Pease, Lamellides oblonga Peape, and two species of Opeas. In certain

places on the islands, near the sites of former villages, there 1s a small yel-
low and rea Wand—operculate snail, Ovobophana coluraxa Peabe. It seems likely

froachebichiurr it Y

Raroia with the plants broubht thera by the Polynesman natives. Around one of
the brackish {or fresh ?) grcundwater ponds was found another land-operculate,
a species of Syncera (or Omphalotropis ?), white in color, thalt seems distinct
from its gold-colored relative found along the salty lagoon shores in certain
places. A1l of these small land snails are facultatively xerophytic; that is
they can withstand considerable heat and drought between rains and during the
dry season. Their shells are small, gso that micro-shelters in the upper soil
and leafmold layers are sufficient. The aperture of thelr shell ig sipall in
proportion to its volume, in resisting desiccation, and in the case of the
pupillid snails is still further restricted by lamellee within the aperture.
These pupillids, Gagtrocopta and Nesopupa are probably also protected from the
tiny Ants,Pheidole spp., by their lamellate apertures, at least in the adult
stage. In the leameLd, and under the coconut detritus also, various species
of ants, a couple of species of cockroaches, and a swell short-tailed scorpion
are sometimes to be found in abundance, This species Hormurus austrelasiae
Fabricivus, has & wide range on many Pacific isiands, end may also have come to
Raroia with the Polynesians. The sting of this small scorpion is not regarded
as dangerous by the natives. In addition, it does not seem io be very aggres-—
sive in its natural habitat at Rarcia, so that people are very seldom stung by
it.

The two speclieg of earthworms found on Rarcis are active in the lower leaf-
mold, and upper soil layers, in breaking down plant detritus into richer soil,
They were to be found only in the deeper leafmold layers of lower more moist
ground, and in the denger stands of Guettarda snd other trees, away from the
presently cleared coconut groves. Both these species of earthworms Pheretinag
montana Kinberg and Pheretina upoluensig Beddard, are sxtremely active when
disturbed, and will flip or "jump" out of one's hand if care is not taken when
collecting them. These earthworms also are known to have been carried from
island to island in the Pacific by the natives. They undoubtedly came to Raroia
in soil on the roots of plants brought by the Polynesians gensrations ago.

There are two species of rats on the islands of Raroia Atoll. One, Rattus
exulans, the small reddish species commonly known as the Polynesian Rat, has no
fear of man or his flashlights, lives on various seeds, and has bsen seen feed-
ing on the flowers of Guettarda. This species probably arrived at Raroia with

-
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the coming of the Polynesian people, perhaps two centuries before they brouvght
the coconut palm to Rarcois Atoll.. Ratius exulans.is not known to affect the
crop of coconuts or copra. - The second species {Rattus rattus slexandrinus),
larger and grayish, runs away and hides when discovered at night, and actively
feeds on the coconuts. It gnaws a hole in the side of small green coconuts on
the trees. to eat out their contenis, causing them to drop off later and be
lost; it also gnaws & hole into ripe coconuts on the ground, and eats the coco- -
nut meat out of them. Crop production figures have been gathered on Tahiti,

in the Society Islands, that show that this species of rat may destroy up to

40% of the copra crop. from those coconut trees that are not protected by a sheet
metal band of sufficient. height and smoothness to prevent the rats from climbing
the tree txunks, .and, reachlng the green coconuts. Also, this gray rat species
travels from trée’ to tree across the touching and/or overlapping coconut leaves .
where the trees are ‘crowded and not isolated. This larger gravish rat has ap-
parently. comp}etely displaced the small reddish Polynesian Rat on those islands
of Rarois Atoll the. grey rat now ismhabits,  According to the people of Raroia
this gray rat appeared on-Raroia Atoll only after the development of the commer-

cial copra trade began about a century ago. On Opskea Island, Rar01a, this gray‘-'

rat was found to be parasitized by the SplTU“ld worm Mastophorus muris.

On those 1slands of the Atoll not yet or not now inhabited by any rats,
& large species of gecko Gehyra oceanica is particularly abundant. Here they
may be commonly seen at night at any snd all levels off the ground, on the
Guettarda, Messerschmidia, and coconut palm tree trunks. In the presence of a
population of rats, these geckoes .are abundant only high on the trees, particu-
larly on the underside of the leaves of the coconut trees. Two or three small
species of lizards {skinks) are common on many islands at Raroia. They are
most evident in the bright sun at the edges of' coconut groves, and on and under
the fallen leaves of Guettarda and other trees. A shorter, spotted spercies
ﬁblepharus poecilopleurus saems to inhabit drier, rockier, more open places
than the long-tailed (sometimes blue-tailed) skink Emoia cyanura. Only one
specimen of & third specied, Leiolopisma noctua, was collected on the island just
north of the ship's pass, Tenuku Haupepatea Island. It was taken in company
with, or at least in the same general habitat with, both the other two species
of skinks.

The lagoon shores of the windward islands such as Tetou are almost barren
of mollusks on the sandy beaches. However, wherever beach conglomerate is ex~
posed along the shore, the charscteristic Nerita plicata is .evident, sometimes
in extreme abundance. Everywhere in this habitat it shows the extreme varis—
tion of color of shell from all white, to pink, to striped black, and to an al-~
most completely black shell in a few individuals. Also in this 1nte*t1da1 ZONE ,
in the crevices of the beach conglomerate, but otherwise exposed to the sun ,
whenever the tide is out, may be moderate numbers of the gmall byssiferous rela-
tive of the pearl oyster, Parviperna deatifera Krauss. The color of this Parvi-
perna varies also from blackish, to black-fringed, to a pale yellow overaIL, in
different local areas. On the lower edge of the Nerita plicate zone on-the
rocks, one may find the carnivorous Murieid snail Cronis cariosa Wood, which
feeds on the flesh of the Nerita plicata. The greater numbers of the Cronia
are chdracterlstlcdlly to be found in the zone just below the low tide water
level. Under and on the rocks (bpach conglomerate slabs) along this lagoon
shore are a few money, cowries Cypraea (Monetaria) moneta Linnaeus, purple rock—

.
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snails Peristernia nassatula Lamarck, and & perithiid Bhinoeclavis sinensig
Gmelin, usually a little below the low tide line. Under some of the rock slabs
along these lagoon shores are found small rock crabs, such as Cyclograpsus
longipes Stimpson and Cyclograpsus parvulus DeMan. Also here under the rocks,
but usually closer to the high tide level, are certain small ellobiid snails,
Allochroa conica Pease and Laemcdonta mordax Dohrn.

Brackish water lagoons are present in certain places on Rarcia Atoll. These
are micro-lagoons or ponds usually appearing as incomplete channels between is-
lands or small embayments close to the lagoon of the atoll, and more or less
completely cut off from the salt water of the lageoon by sand bapriers. With the
separation of these micro-lagoong or ponds from free accegs te the oceanic or
lagoon salt water, the additicn of rain or brackish groundwater brings about the
brackish, or at least materially reduced salt water habltat. Such ponds offer
a habitat in which only a few low salt tolerant species seem to flourish. Con-
spicuous here 1s the small rugose venerid clsi Clrce (Crista) pectinata Linnaeus,

debilis Dena. In lesser numbers, but nonetheless probably more comumon in these
brackish water ponds than in any other habitat at Raroia were found Neritins
bengoni, Recluz and the extra large or giant form of Plansxis zonatus A. Adams.
In the search for greater numbers of the Neritina bsngoni, some larger coral
blocks, partly imbedded in the muddy sand botiom, were turned over and acci-
dentally revesled the habitat of scme small pink cap-shells not seen before. The
habitat, or at least the daytime refuge of these small false limpetis, Phenacole-
pas sp., was on these coral blocks under the muddy ssnd line, near the shore of
one of these enclosed brackish water ponds. In life these animals were very pink,
color showing through the thin but tough shells, snd were sc active that the
great numbers present could not all be picked off the coral block, before scme
of them had disappeared to the bottom side of the tuined-over corsl block. They
did not drop off. when the block wes taken out of the water, tney simply started
gliding in a hurry for ihe lower under side of the block. It vas not determined
if they came out and were active above the muddy send line at night, but they
were certainly light-fugitive in the bright noonday sun.

Dredging in the lagoon at Rarcoia to collect the deeper water species of
mollusgks and other animals was not very productive. Little time was aveilable
for the dredging, and each try indicated & generally distributed rock-pavement
bottom, with only a very thin sandy cover belween the numercus coral clumps
growing thereon, in the places sampled. A small shrimp, Palsemonella denticu-
latae Nobili, some small clams, Tellina species, and a cerithiid snail, Rhino~
clavig procers Kiener, were taken in 40 feet or more of water on such sand
covered bottoms. This Bhinoclavis procera Kiener, and a related specles Rhino-
clavis asper Linnaeus are characteristic of such sand-covered rocky boktoms in
the lagoons of many of the Pacific islands vhere *hey are recorded as living.

On and around the coral patch reefs in the lagoon, which at low tide are
or are almost exposed, the green cat's-eye shell Turbe pethclatus Linnaeus, a
large spiny oyster Spondylus varius Sowerby, and a blackish plicate oyster
Ostrea sinengis Gmelin, are among the most conspicuous species of shells. The
small species of giant clam Iridacns maxima R8ding is also present in shallow .
water on these patch reefs. Here also was ssen an occasional individual of the
large "leather urchin" starfish Culcitae novaeguinae Miller & Troschel., The

-5-
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economically importent commercial pearl oyster Pinctada margaritifera Linnaeus
lives here in the lagoon 2long with the Spondylus variug, and the black oyster
Ostrea sinensis, usvally in water 20 to 30 or more feet desp, on the coral of
the slopes of these patch reefs. Living in the mantle cavity of the pearl oy-
ster is the commensal shrimo gpecies Conchodytes meleagringe Peters, a pair
{male and female) in each large individual of the molluscan host. In exactly
the same type of relationship, a paeir (mals and female) of the commensal shrimp
gpecies Pontonia hurili Holthiuis may be found in-each large individual of the
lerge spiny oyster Spondylus variug. Time did not nermit a detalled study of
the many other emaller species of mollusks and other types of invertebrates un-
doubtedly present on and around these patch reefs. The commercial pearl oyster
is sctually living from & few feet below low tide line, to depths of more than
100 feet in the 1agoon. Thers is no commercial pearl shell diving at Raroia
because of the danger of sharks in the open lagoon, but at Takume Atcll a few
nileg to the north, with = closed lagoon and no dangerous sharks, they are
taken during a carefully controlled open season under sirict sisze regulations.
The pearl oysters are important as sn extra cash crop for the Polynesisn natives.

The fauna of the lagoon patch reefs i1s very similar in appearance to that
of the well developed lagoon reef along the shore of most of the islands on the
leeward side of Raroia Atoll. In places on the steep lagoon face of this reef,
the large {lat ark shells, Barbatia complanate Bruguiere, and the byssiferous
clam Pedum spondyloideum Gmelin are conspicucus, living in pockets in living
nassive corals on the almost vertical face of the reef.
On and neear the edge of the reef, the brightly colored animals of the smallest
giant clam, Tridacna maxima R8ding, of large size for the species (10 to 12
inches) are also conspicuous. At first glance,; it may seem completely absurd
to have the smallest of the three known specieg of giant clams with the scien-
tific specific name of maxima. Regardless of how the name may have been orig-
inally given, perhaps even accidentally, it is definitely not a wrong name.
This is the smallest species, but with its shallow water, sometimes even partly
intertidal habitat on the reef surface, it ils subject to the greatest forces of
wave disturbance, of any of the gilant clams. With such ecological requirements,
it nossesses the maximum holdfast or byssal attachment., In this concept, the
name méxima may be considered completely appropriate.

Inconspicuovs at the surface, but nevertheless common here are a few spe-—
cies of c¢lams, boring in the extremely hard coral rock. The commonest of these
is the widespread Indopacific species of boring mytilid Lithophagus (Litho-
‘phagus) tersg Philippi. Another is its relative Lithophagus (Diberus) mucro-
natugs Philippi. A third, smaller species found here, which is probsbly
Gregeriellas (Tibialectus) hakerj Dall, Bartsch & Rehder, has been found only in
the Hawalian Islands, and here at Rarcia. If it is not the same species it is
one very close to, tut distinet from the Hawailan form.. Boring sea vurchins
Fchinometra mathaei oblonga Blainville and black (banded-spined) poiscn sea

. urching Echinothrix diadema Linnaeus are present, but not common, on these la-

goon reefs, There are two gpecies of crustaceans that are commensal here on
the Echinothrix disdema. One ig the commensal shrimp Stegopontonia commensalis
Nobili, which lives generally over the surface of the sea urchin, between the
spines, while the other. is a small (spider ?) crab Bumedonug convichter Bouvier
& Seuret, which lives on the anal plate region of this sea-urchin. There may
be one on each of these urchins of large size, Both the commensal shrimp, and

-
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this little commensel crab are very inconspicuous in their habitat, being of
almost the same color as the very dark greenish-~black .sea urchins.

In the small sandy pockets betwsen corals the poison cecne Conus textile
Linnaeus, a small white cerithiid snail Cerithium nesicticum Pilsbry & Vanatta,
and a small sand clam Tellina species, dre present, along with a species of
balanoglossid worm. Not collected, but obviocusly of necessity present here are
numercous small annelid and other worms that make up the food of such carnivor-
ous speciles as the "cloth of gold" poison cone Conusg hextile.

Inside this lagoon reef proper, the bottom is eroded somewhat, with pools
(1 ft. deep at low tide), and covered with coralline and/or foraminiferous sand
in a thin layer, or it is coral gravel and rocks, with sand filling the inter-
spaces. On and under the gravel and coralline rocks, money cowries (ypraea
(Moneteria) moneta Linnaeus (of small size), black rock enails Morula granulata
Duclos, purple-mouthed snails Peristernia nagsatula Lamarck, Peollia undosa Lin-
nasus, and a few other species may be found in abundance. On the under side of
the larger coral blocks on the lagoon reef flat mey be found the byssiferous
clam Isognomon perna Linnaeug and two characteristic species of ark shells, the
small black spotted white Arca maculate Sowerby, and the smsll brown Barbatia
parva Sowerby. The struggle for space in this habitat under the shelter of the
coral blocks is occasionally kéen enough to provide some astounding examples of
crowding. On the under side of onhe such coral slab of medium size was & com-
plete ring of individuals of the byssiferous Isognomon nerna. Every one of
these individuals of fair size for the species was oriented in the same direc-—
tion around the circle, leaning against the right hand neighbor, and lesned on
by the left hand neighbor. In other words a complete line of these clams was
formed sround the periphery of the underside of this slab. As they grew, they
all leaned in one direction (by chence ?) until, as the crowding progressed,
there was no longer any veginning or end to the line of clams, but a continuous
circle, achieving the absolute maximum use of space available to them under the
slab. Deeply sunken in "nests" or pits ground into the under surfaces of some
of these coral bvlocks are numerous specimens of all sizes of the large turkey-
feather ark sheil Arca ventricoga Iemarck. On these coral blocks, particulariy
on those that extend up to about high tide level, are also found money cowries
Cypraea (Monetaria) moneta Linnaeus, and the eastern gold-ring cowry Cypraea
(Ornamentaria) obvelata Lamarck (here practically intertidal in habitat), along

with a species of the pulmonate sea-slug Onchidium, and the green-colored half-,

shellad tectibranchiate sea-slug Smarsgdinella calyculata Broderip & Sowerby.

Commonly found most active at night along this lagoon shore, at or just
below the low tide line, are a number of crab gpecies, inciuding the rock-crab
Eriphia scabricula Dana, red-eyed rock-crab Zriphis sebana Shew & Nodder,
Lydia annulipes Milne-Fdwards, white rock-crab Xantho exaratus Milne-Fdwards,
speckled rock-crab Xantho grescilis Dana, the small rock-crabs Grapsus longi-
tarsus Dana and Pachygrapsus planifrons Dellan, young individuals of the common
large red-clawed land hermit-crab Coenobita perlatug Milne-Edwards, and the
smaller hermit-crabs Calcinus laevimenus Randall, Calecinug latens Randall,
and Calcinus geurati Forest.

Perhaps less than a hundred yards away, on the sandier portions of this
reef area, Strombus mutabilis Swainson, Strombus gibberulus Linnaeus, Cerithium
columna Sowerby, and Conus eburneus Hwass are conspicuous members of the fauna.

-
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The Conug eburneus were seen only at night; apparently they remain burrowed
under the surface of the,.gand during.the day. Under the rocks in this area
are occasionally seen the small rugose venerid clams Circe (Crista) pectinata
Linnaeus, while under every corsl rock deeply imbedded in the sand, are an-
nelid worms with needle setae that painfully stick in tHe Tingertips at the
slightest touch. This pink species of annelid with ‘golden setae must be handled
only with’forceps. Widely ranging over the inner reef flats are two large spe-
cies of hermit-crabs, one white-eyed Dardanus deformis Milne-Fdwards, and the
other giant red Dardanus megistos Herbst. Poth these species are fast-moving
and difficult to collect. They do not withdraw into the large snail shells such

as those of Turbo, Charonia tritonis Linnaeus, and Lambig truncats Humphrey,
that they use, but scurry rapidly away whenever disturbed or approached with &
light in their nightly wanderings.

I the shallow tide pools that remain in some of the lower parts of the
intertidal flats along the lagoon shore, and even hiding in the white sand film
over the rock pavement of these flats are found certain swimming crabs, such.
as Portunus (Cycloschelous) granulatus Milne-Edwards and Portunus (Hellenus)
longispinusg Dena. In other spots, where there is only a thin crust of the con-
glomerate rock at the surface of the flats at just about the low tide line,
there may be seen fiddler crabs. They are active whenever the tide is down,
but scurry for their holes through the rock, if they are disturbed. Because
their holes go through the thin places in this conglomerate rock, and their
burrows are beneath it, they cannot be dug out, but must be surprised, and
caught "off base" so they can't get back to their burrow, in order to be taken,
The fiddler crab species found at Raroia in this particular habitat is a truly
handsome creature, Uca tetragonon Herbst, with its whitish general color, and
truly brillisnt crimson-orange "fiddler" claw. Sometimes there may be great
numbers of the tiny marine water-striders stranded on such rock flats at low
tide. While each individual of this kind of insect (Halobstes sp.) is very tiny,

~the aggregate of great numbers may add to the food available for scavengers in
this intertidal zone.

Wherever there are extensive rocky pavement flats in the lower intertidal
zone or lower to middle intertidal zones, there is evident a small but very.
characteristic group of molluscan species on these rocky pavements or slabs,
that are exposed with every tide, and remain almost dry for a few hours each
time. Here we find the small relative of the pearl-oysters that looks more
like a sea-mussel at first glance, than anything else. This little bivalve
Parviperna dentifera Krauss is well named. It is one of the very few members
of ite family that possesses even rudimentary hinge teeth. It may well have
retained this primitive character of the shell because of its need for a more
tightly locking shell in its more exposed habitat on top of intertidal rock
surfaces, than that of Isognomon perna Linnaeus its relative which lives under
rocks and has no hinge teeth whatscever. In fact the family up to now has been
descrited as being completely without them. So here we have another example
of a species on the atolls, more primitive in certain ways than any of its rel-
atives, living in a niche nothing else of its type is competing for. TIs it too
much to assume that such primitives still surviving on the outlying island hab-
itats (atolls) might not be oldest or least changed of their kind still living?
Much less conspicuous, in fact easily overlooked unless the rock surface is
ceritically scanned, is the tiny golden trochiform littorinid Peasiella conoi-
dalis Pease. Cerithium breve Quoy & Gaimard is often exceedingly abundant in
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the crevices and hollows on these intertidal rock flats, but is not limited to
thisg 2one. :

In the upper intertidal zone, particularly on those shore lines composed
largely of coral gravels, there is usually present an enormcus population of
rather small sized individuals of the common and widespread Nerita plicata Lin-
naeus. On the lower edge of thig population, the carnivorous nuricid snail
Cronia cariosa Wood may be found in numbers, feeding on the Nerita niicata at
night, and also occasionally in the daytime. Unlike some of their relatives, in
this case the Cronia attack snd eat the Nerita animals out of the aperture of .
the shell. Specimens of the Cronis were collected in the later stages of the
act of eating Nerita animals, on several occasions. Apparently the Cronia have
no difficulty in feeding on this particular species of Nerita because the oper-
culum is only a very thin horny plate. They do not drill or otherwise mark the
Nerita plicata shells. Normally the population of Nerita plicata retreats with
the incoming tide, both day and night, and rests often in the daytime just at
or above the normal high tide line for the next night's period of greatest ac~
tivity.

On those shores of coral gravel with sand interspersed, another species
Nerita polita Linnaeus is a consplcuous member of the fauna, but only appears
at night when the tide is out. In the daytime they remain burrowed under the
sand, &8 they do when the tide is high. These Nerita polita characteristically
live in the zone just below the more visible population of Nerita plicata on
these shores. With a thick calcarveous operculum, the Neri*a polite are eppar-
ently not subject to the depradations of the carnivorous Cronia snails, even
though they live in the same shore line zone.

On the sand beaches of these lagoon shores may be seen the burrcws and
mound of the Pacific ghost crab Jcypode ceratopthalma Pallas. In the daytime
they remain burrowed down to the moist sand layer, but at night when the tide
~is out, they are the most active and most cénspicuoug animals along the sand
beaches. On those lagoon shores along which beach conglomerate rock is exposed,
& brown rock-crab Geograpsus crinipes Dana is characteristic. Along with it
may be found lesser numbers of the rather ubiquitous red-spotted shore (rock)
crab Grapsus tenuicrustatus Herbst, and cther smaller rock--crabs such as Grapsus
longitarsus Dana, and Pseudozius caystrus Milne-Edwards.

The sub-marginal land zone at and just above the high tide line is the.
habitet of a few individuals of the common whitish shore line littorinid snail
Melaraphe coccinea Gmelin, the tiny golden snail Syncera lucida Pease, and a
congiderable and very characteristic population of elloblid or salt-marsh
snails. This habitat is particularly well developed (and filled with snails)
along these lagoon shores of coral gravel and rocks where there ig more or less
accumulation of drift material from the lagoon. In the absence of any salt
marshes on such atolls as Raroia, these "salt-marsh" snails live in their other
known type of habitat, that is under rocks, cobbles, or gravel along the salt
water shores. .These ellobiid snails feed on the decaying plant materials of
the drift zone, or on the algae on these coral rocks, or both. They can sur-
vive under this apparently barren coral gravel, under the full heat of the sun,
without shade, because of the insulation from the tropic sun afforded them by
the numerous gravel and air (interspace) layers. In the daytime they remain

at or on or partly buried in the sand level 4 to 8 inches below the sun-heated
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+omtaf%%%mﬂ%ummslmoaantmop%c 'pELARR10AT Just about at the crest of the bes
ridge, if that is not too high sbove the normal high tide line. These most

primitive land snails, the ellobiids, are limited to the sub-marginal or shore
Jine zones of the land by their life-history requirements, according to the
latest information. The eggs, and the pelagic young larval stage of an Ameri
can species have been recently discovered. FProof of the required pelagic st
in the life-history, which is probeble for many members of the family, logical.
ly explains why this primitive type of pulmonate {lung-breathing) land snail
hes not been sble to fill other land habitats, and at the same time furnigshes
-8 possible explanation for the extremely wide geographic distribution of some
the species that belong to this group. The three largest of these ellobi
from Raroia, Melampus luteus Quoy & Gaimard, Melampus violus Lesson, and Pir
fasciate Deshayes, are known to be living over a vast geographic range in " the
:AIndopacwxlc region, all the way from the South Africer (Natal) coast or from
Mauritius, eastward to the Tuamotu Islands and Baster Island. In addition,
are smaller species belonging to other genera, Allochrova:conica Pease, Laemé
donta mordax Dohrn, Pedipes species, and Microtralia lucida Pease, llVlng at
Rarcia under the rocks and coral gravel of the lagoon: ghoreg., Many or all of
these species may be living together in the same spot. Also found here is an-
other species, a smaller Pira, namely Pira mucronates Gould, whose ecological
.. habit has hitherto kept it in-the category of misunderstood and doubtful specie
The Raroia studies have resultéd in the re-discovery of this species, which see
.-to be restricted to the Tuamotu Island region, and with the finding of large -
populations, the ecology is clarified.  Pira mucronata apparently lives at all
times under the coral. gravel 01ecev alonc these steeply sloping lagoon shores.
It does not normalLy leave ' these covered interupaces under the gravel even at.
night, when all its relatives come: 1c‘orth and wander all over the top surface of
the rocks or gravel, as far as necessary to feed on the drift materizl. The
species Allochroa conica end Laemodonta mordax seem to prefer larger blocks of
coral rock along the shore line for thelr habitat. The Laemodonta is SOmetlmes
inordinately sbundant in the smell pits or pockets on the underside of such ,
larger corsl rocks, just below the normal high tide line, along with another type
of snail, the widespread Planaxig zonatus A. Adams. Two small species of crabs,
Pseudograpsus albug Stimpson, and Cyclegrapsus longipes- Stlmpson, are living:in
the same habitat under the coral gravel and cobbles, wnere the Me¢ampus and Pira
are so abunddnt.v

RO

.The fauna of the leeward islands of the atoll is essentially a repetition
of that of the windward islands of Raroia, with a few modifications. These
leeward islands are usvally more evenly level and sandier, hence the large land-
crab "Papaka Tupa" Cardisoma carnifex Herbst is much less conspicuous. In its
place the conspicucus Crustacean land fauna consists of large land hermit-crabs.
The commonest specles here is the large red-clawed specles Coenobita perlatus
Milne-Edwards. Less common is: the purple-clawed, more active species Coenobita -
brevimenus Dana, and a second.rougher, purple-clawed form Coenobite rugosus ‘
Milne-Edwards. A]l thres of these land hermit-crab species utilize the shells
of Turbo setosus Gmelin and Turbo srgvrostomus Linnaeus for their protection,
as adults. Of all the common shells‘at Raroia and many other similar atolls,

only these species of Turbo have shells large enough and.heavy enough to last
very long for these large land hermit-crabs to keep indefinitely as protective
shells. The large coconut crab Birgus latro Llnnaeus is present, but rare at
Raroia, simply because the Polynesian natives eat every individuwal they find,
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and there is no opportunity for the accumulation of a population of eny size
on any of these inhabited atolls. Alsoc preseat on the leeward islands is a
true land-crab Geograpsus grayi Milne-Edwards, seen princivally on the leaf
covered forest floor of the groves of Guettarda and other trees.

The small lizards (skinks) Emoia cvanurs and Ablepharug poecilopleurus
are less evident around native habitations than they are on the uninhabited
windward islands of Raroia. There is a small species of gecko that is more or
less abundant in and on the walls of every native house or hut. This smalier
gecko Lepidodactylus lugubrig seems to thrive around the native habitations,
laying in wait even on the ceilings, or in the thatch of the temporary coconut-
harvesting huts, for the numerous flies. The larger gecko present at Raroia
Gehyra oceanica is only seen commonly at night on the under side of the leaves
on the coconut trees. Because of the presgent lccation of the native habitations
on the leeward islands, and the greater activity in all the major coconut
groves of burning all the coconut and other detritus off the limestone scil,
the normal fauna of the land is very much reduced on most of the leeward islands.
This is particularly true of the normal inhabitants of the leafmold such as the
land snails, and the earthworms. Both the species of rats present on Raroia
are most uncommon around the native village. The villagers' cats and dogs,
which are mostly allowed to forage for ‘themselves, serve to keep the population
of rats at a minimum and under cover: KStTlC 1y'nocturnal) on every inhabited
island. :

The sandy oceanic soil line of such leeward islands at Rarola as Ngaru-
maca, 1is barren of living mollusks, but highly productive of drift shells.
Here may be found samples of almost all the species living on the outer or
oceanic shore and/or reef, including a number of deeper water inhabiting spe-
cies never seen alive at Raroia. Locally the sand slope may change to a rampart
of coral gravel or coral cobbles., Without any major shelter, this sand slope.
is traversed nocturnally by hermit-crabg, but in the daytime shows no animal
activity. Seaward of the sand slope is a more or less level, but rather rough
rock flat, known by the Polynesian natives as the "Pakokota". The only char-
acteristic inhabitant of these rock flats is the littorinid snail Meleraphe
coccinea Gmelin. These snails are active only in the high humidity at night,
and during and after rains, apparently feeding on the algae thet grow in and on
the surface of the "Pakokota" rock. These sunails, pinkish white in color, are
conspicuous in the daytime resting with the aperture sealed against the leaden
gray rock, either in the crevices, or on the top surfaces of these flats. They
are not reached in this habitat by normal salt spray, living as they do 25 to )
50 yards or more shorowara of the normal high tide line of water on this rocky
shore.

The actual shore line may be characterized by the presence of the common
red-spotted shore~crab Grapsus tenuicrugihatus Herbst. ,Tec+arLu0 grar andinatus
Cmelin is locally abundant on the higher rocks of this shore line, a couple s of
feet above the normal high tide line, but obviously in the upper spray zone.
Mostly below all the Tectarius, but sometimes a little overlapping, is the
population of the common Nerita plicata Linnaeus, just above the high tide line.
The carnivorous snails Cronia cariosa Wocd and Thais hinpocastaneum Linnaeus
are here in moderate numbers in the zone at just about the mean or ordinary high
tide line and a little below. Locally, and particularly on the higher blocks
of coral rock cast up by storm action and standing on the reef near shore, the
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mac+ar&us and ﬂurlta plicata may be conspicuous. In addltlon on these: blo'k

T e e e e e

bheJIea tectlbranch sea—~ siug Smaragdlnella calvcu?ata Broderlp & Sowerby, 11
ing in the upper intertidal zong, just at or a little below the high tide 1
It is not clear what predator or ecological condition would allow these two
_ sea-slug species to be locally abundant on these reef blocks standing isolste
’off;hoze on the reef flat, and at the same time prevent their occurrence op
survival on the shoreline rocks of the same tidal zonation, just. a few yards
away. There did not seem to be any readily observable ecologlcal difference
explain the restriction of the sea-slug species to these isolated rocks.
Locelly dbundant here also is a small species of shore~crab Grapsus longltﬂ
Dans ,'at the edge of the water at low tide.

The molLuscan fauna of the °ered reef flats, sometimes more deeplv poo
near the shoreline, is the most easily collected, and the iargest in number o
common species of all those stuGied at Raroila. Here may be found locally in
abundance several small species of Cer1+h1um, with Pugia nodosa Swainson and
other Pusia species (vwhich probably feed on these small Ceriths), the small mi
trid Imbricaria punctata Swainson, Strombus maculstus Sowerby, and Modulus
lectum Gmelin. The most common and characteristic species of this inner zon
of the oceanic or outer reef on the leewsrd side of Raroia are Vasum armabum
Broderip, the small lettered mitre shell Mitra litterata Linnaeus, the black
rock-snail Morula granuleta Duclos, a whitiShfrOck snall with purple mouth
Morula uvae Ruding, and the 1little red-flemmulate cone, Conus sponsalis Hwass.

In many places the Vasum armatum seemed to be all of & more or less unifl
size, but small for the species; in other places on the reef flats, there wer
two sizes evident in the population, the commoner small size, and a large sisz
“almost twice the dimensions. Ividently we are here dealing with a species that

with two size groups in the total population at one time, must have a growth of
at least two years to reach full size.. Some of the largest and hence oldest
of the Vagum shells exhibited abandoned scars of formerly attached horses'-hoof
shells Sabia conica Schumacher of large (adult) size, to corrohorate the idea
that the Vagum had lived longer than a whole géneration (at least one years
brood) of the Sabia snails. Uncommon, but characteristic here are the carniv
orous frog-shells Bursa greanularis RYding, the toad-shell Bursa bufonium Gmelin,
and the emall white frog-shell Bursa producta Pease. The first itwo of these are
widespread in the IndopdClLJC, while the third, Burse producte is only known
from the eastern atolls, from the Gilberts to the Tuamotu Islands. Also preuent
locally in abundance are the Hebrew cone Conug ebraeus Linnaeus, the Chaldean
cone Conug chaldeus Reding, the flesh-colored Conus miliaris Hwass, and the
darker flammulated Conus coronalis Rodlng. The Hebrew and Chsldean cones, both
named because of the resemblance of the markings on their sheils to ancient
writings, have often been considered as varieties of one species.  Their pre-

sence here in one habitat in considerable numbers, of all sizes and ages, liv- .
ing together without any Lntergrﬂqep vhatsoever, gives us biological proof that
these two are distinet speci By the same proof, we know that the two others,
Conug miliaris snd Conus coronallo, aluhough oxten confused, are absolutely
separate and distinct snecles.
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Under the larger coral rocks.in this zone may be found the beautiful but

danaerous {poison) Conug retifer Menke, the tiny speckled Msculotriton digi-
talis Reeve, the small pink Columbells pallida Deshayes, small black-spotted
whlte ark shells Arca maculata Sowerov, and an occaslonal individual of the
iarge horse's-hoof cowry Cypraes . (Feribolus) mauritiasna Linnaeus, along with
numbers of very young hermit-crabs of various species in many kinds of tiny snail
shells. Under every such rock, the black poison sea uvrchins Diadema setosum
Leske take refuge in the daytime, moving out at sundown to feed. Living on some
of these Diadema individuvels is a smgll commensal species of crangonid shrimp.
Also found characteristicelly under these rocks is a long black sea cucumber that
remains always partly under the rocks, but stretches out a considerable distance
~to feed. Another species, the largest and most conspicuous animal in the open
and evident in the daytime in this zone is the common black sea cucumber, usually
at least partly covered with sand grains. These common black sea cucumbers may
be as abundant as 15 or 20 to the square metre over the rock surface Where it is
coated with a thin film of foraminiferal sand.

Because of their more rapid and wider ranging movements, the crabs of the
outer reef are more difficult to localize into narrow or restricted zones, so
that their exact or complete ecology is not necessarily well indicated by the
collection of a few specimens. However, the following several species of crabs
were definitely recorded from the inshore, more pooled area of the leeward outer
reef at Resroia. These included Cryptodromia canaliculata Stimpson, Dynomene
spinosa Rathbun, Micippoides angustifrons Mllnemdeards, Thalamita picta Stimp-
son, Carupa laeviuscuia Heller, Actaea superciliaris Odhmer, Chlorodopsis
areolata Milne-Edwards, Cyvmo deplanatus Milne-Fdwards, Eriphia sebans Shaw &
Nodder, Lophozozymus superbus Dena, Lybia tesselata Latreille, Lydia snnulipes
Milne-Fdwards, Xanthias lamarckii NMilne~Edwards, and Pachygrapsus plicatus
Milne~Edwards (common also on the reef blocks). Also here are the red-fuzzy-
legged hermit-—crabs Aniculus aniculus Herbst, and Clibansrius corallinus Milne~
Edwards, the brilliant blue-legged hermit-crabs Calcinus elegans Milne-Edwards,
the ordinary sppearing white-legged hermit-crabs Calecinus laevimanus Randall,
.Calcinus latens Randall, Calcinus seurati Forest, and the feathery appsaring
red-banded shrimp Stenopus hispidug Olivier. One individual of the red~eyed
rock-crab Eriphis sebana Shaw & Nodder wag seen in the act of feeding. Then
collected it wag in the act of crushing the shell of & small ceone Conug sponsa-
1is Hwass in its crushing claw, and starting to eat the animal. At just aboutl
dusk this crab was active on the exposed inshore reef flat, out of water at
low tide.

The middle zone of this oceanic reef ig thickly dotted with small corsl
growths, under which the many black poison sea urchins Diadems setosum Leske
‘take refuge diurnally. On some of these sea urchins may be found a small
commensal, a species of crangonid shrimp. The "squilla" (Stomatopod Crusta-
cean) Gonodactylus chirapra platysoma Wood-Mason, is characteristic of the zone,
but was never seen in abundance at Rarcia.  In and under these corals are com-
monly” found money cowries Cypraea (Monetsria) moneta Linnaeus (of large size),
the snake!s-head cowry Cypraea {Ravitrona) caputserpentis Linnaeus, the whitish-
ten -colored sand cowry Cvpraea (Ponda) schilderorum Iredsle, the cones Conus
lividus Hwass and Conug miles Linnsgeus, snd less commonly, the ldrpe Turbo
argyrostomus Linnaeus. Also so found here, but not commonly, were the tlny spotted
cowry Cyvraea (Naria) irroratas Gray, and the small blue-tipped, red-speckled
starfish Linckis multifora Lamarck. Many of the individuals of Linckia collected
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here were In the act of regeneration of pertis, some even.regenerating the othep
four (tiny) new arms (end the body disc ?) from what was apparently only one
ray or arm. Not common, but only found in this gone at Raroia is the round,
short-spined sea urchin that covers itself with pieces of algae or other de—
bris (Tripneustes gratills Linnaeus). e >

Living in the coral rock formed at the base of certain of these corals
(Acropora spp.) is the characteristic white coral-boring snail Magilopsis 1
marckii Deshayes, These snails live in a flask-shaped cavity in the coral
similar to the boring of certain coral-boring clams such as Lithophagus with
the head of the gnail directed toward the small opening to the exterior, and
the spire dowmward in the widest part of the chamber. In some of these Megilop-
£is borings were found some small commensal clamg; one of the clams Barclavia

e

boring, in each observed instance of this commensalism. It is interesting to
note here that the gnail end the clam of this commensal pair were both originall
described from the game locality (Reunion Island) in the Indian Ocean by Deshaye
The discovery of the true commensal relation of the two species at Raroia Atoll
indicates that this commensal clam is also present all the way across the range
of the boring snail; in other words, all the way from Reunion Island thousands
of miles eastward at least as far as Raroia Atoll, in the Tuamotu Islands.

Living in "nests" or depresgsions on the surface near the base of some of
these corsls is the uncommon but very characteristic coral-snail Coraliophila
violacea Kiener. This species holds its egge in capsules under the shell of
the female until they hatch, and the pelagic young swim sway just as is known
in the case of the hipponicid snails (Sabia conica) at Rarcia. In a similar
'faShiqn, the eggs of the corsl-boring Magilopsis lamarckii are held in capsules
in the boring chamber until they hatch, and the pelagic young swim away to. find
a new host coral in which to start their boring. Alsc living on the bases of
corals here is the second type of coral-snail Quoyula monodonta Blainville.

In the patches of the middle of the outer reef that are slmost devoid of
coral, thers is a more or less wide expanse of rock pavement, over which sifts
a very thin film of Foraminifercus sand. Locally abundant on these pavement
areas, but most inconspicuous because of their camouflage coating of smell coral-
line algal (Goniolithon) growths and foram sand the same as the pavement, is
the golden-mouthed rock-snail Drups grossularia Rﬁding.‘ fihat is probably an
undescribed species of boneiliid worm wag seen here at Raroia, but never chi-
seled out of the rock and collected. This appeared as a thin ribbon like a
nemertean worm, but in the shape of a capital T with the ribbon about twe or
three millimetres wide, end the T outstretched about 4 by 6 inches, with the
base of the T disappearing intc a hole in the pavement abcut three milli-
metres in diameter. In a cavity beneath the hole is the large sac-like body of
the bonelliid worm, which is protected by the hard rock of the pavement.

Along some of the outflow areas of the narrower parts of the leeward outer
reef at Reroia, the outer edge of the reef is lacking any definite algal ridge,
g0 that the "pavement! may simply end with the beginning of the outer slope
or buttress zone. On such ‘flat pavement areas, near but not actually on the
outer reef edge, may be found patches of "soft corals®., 1In some spots locally
abundant, these are not true soft corals, but are coionial zoanthid anemones,
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“which. are retracted and appea“ llke %andy gr1t~f111ed Datchee of dlxty grey—
‘whlte parafin or’ candle drlpanga about an inch thlnk _when’ they are expObed
‘out of water . at each low tide interva "“'Vbat Wey be the rarest animal in
point of numbers, that is, least abundant “in ind;v1uuaL& at Reroia, was Found
here. It is a species of’ Bacvalaureus, a symbiotic ‘barnacls that lives in-
side the colon al zoanthld an@mone.. Tnls synblotjc barnacla is without exter-
nal appendages, and is so much’ reduued from the normal appea ence of a bar-
nacle, as to be ﬁlfflruLt to place 1n avy animal group, on the bagis of visible
characters. Its general ‘shape is similar to that of the old greék discus, witn
a symmetrical helicoid spiral ridge on each face. The two sides ot faces, and
the heliqoid ¢idgesxare rightqand left hand mirror“images of eact other.,

":+n th@ borlng sea urchln ana/or AmEthO& alga¢ zone, “the reef is periov—
wated with the burrows of the smail boring urching Echinometrs me thnei Blain-
,V1lle and Fchinometrs mathae; oblongs Biaﬂnvmll,., These uarxngb, doou+ two
1nches in dzanetev, and four to six inches deep, sométimes simple, but more
oiten branched or. i”regularly Y or U shaped,. furnish shelter for a nunber
of other animals besldes the subcyllndeCal UTChlnb, which travel up and down
, (sldewavs) in these short burrows. They ugually stey near th bottom of the
‘boring when the tide is low, but always come right up to uhP gurface end of
the burrow when the first waber of the incoming tide reaches them. Living on
. some of these ‘boring urchins is a srall commensal . pea¢e% o? c*dngonld shrimp.
. lost of the other animals found here in these borings are svmva taking shel-
. ter there until the next night's pericd of activity. Only seen at nlght, or
" more aoundant out on the surface of the reef in this zone at nlghf arg the
spotted cowry Cypraca \Arabnca} depressa Gray, a few species of medium si.zed
mitre shells Mitre spp., and enothér spotted cowry Cypraea (Arabica) histrio
Cmelin. This last, the higtrio cowry, has a bluckish smudge on the bage of the
-much higher arched shell, and is much more rare at Raroia thsn is 1its qlosé'rel~
ative degressa. Alsg ou"d hers but rarely is the widespread and elsewhore COM-
‘mon tiger cowry Cypraea (Cyoraea) tigris Linnaeus. Several vary colorful sea-
slugs (Nudlbranchs) are characteristic of this part of the reef. These in-
clude at least two species of the genus Glossodorig; one about ﬁwo 1uches 1ong
with red ring-spots on a blue-black g@nerdl uolor, vezy gimilay to, but probably
distinct from Glossodoris ransoni Pruvot-Fol recently described Lrom Hikueéro
Atoll, 100 miles southward of Raroia Atoll, and another of the seme. size, but
of an opaque milk-white color all over. One species of crab of mpdlum size,
rough surfaced, and of the same color in general as the pinkish purple Poroli-
thon growths of . algae, is especially charecteristic of the boring sea urchin
zone of this 1eeward outer reef at Raroia. Lh;s species of crab Dairs perlsta
MHernst was seen only 1n or around these bori ngg. Wiith both the color and sur~
face texture resemblance to the coralline algal rock, they were less commonly
notlced than many. <p901e° that were much lesv abunddnt but much more eaglily
visible in the same habitat,

As mentioned before, the crab fauna of the ocuter reef is harder to cor-
relate into narrow.zonation than are some of the slower moving molluscan spe-
cies. The “outer reef", that is the general outer half of this reef along
the lee. side of Rar01a, is the hunting ground of the natives for night-time
fish spearing, ‘and for. the gathering of many species of crabs they use for food,
whenever the tide is out. The edible species taken here by the natives, with
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the aid of torches in the early days, but now with the aid of kerosene or gae
line lanterns, include the swimming crab Charybdis erythrodactyla Lamarck, th
xanthid crabs Atergatopsis signatus Adams & White, Carpilius convexus Fors
Carpilius meculatus Linnaeus, Etisus (Etisodes) splendidus Rathbun, Juxtax
thias tetracdon Heller, Lachnopodus tahitensis DelMan, Zogimus seneus Linnae
and the plagusine crabs Percnon abbreviatum Dana, and Plsgusia speciosa Da
the shovel-nosed lobster Parribacus antarcticus Lund, and the spiny lobste
Penulirus penicilietus Olivier. A small species of goose barnacle was foun
hcre, commensal on the mouth appendages of the shovel-nosed lobster Parrib
antarchbicus Lund.

The top of the algul ridge is the characteristic habitat of Patella stel
laeformlis Reeve, which lives here in little sockets on the surface. When the
ridege is exposed at low tide, each of these limpets is discernible only by the
outline of its shell, the surface of the shell and the rock around it both be
ing covered by the pinkish algal ridge. The limpets must be pried out of thei
individual homing positions or sockets. If they move around much they appa
ently return or "home" at each low tide to the same socket or pit which exactl
outlines the shell. Also most characterigtic here, resting in any liarge crev-
ices available, is the large, heavy-shelled white cat's-eye shell Turbo setosus
Gmelin. On every large Turbo shell are numbers of the hipponicid snail Sebia
conica Schumacher which grows into sockets it erodss on the ITurbc shells near
the aperture. Apparently these small snails which seem to be scavengers, feed-
ing on the scraps or droppings of the Turbo, have a shorter life span than does
the Turbo. The oldest Turbo shells show full adult size scars of Sabia animal
that have lived, died and dropped off, and in these old scars are small Sabia
of the next generation living. Three spiny species of rock-snails, Drupa spp.,
are found here. Drupa ricinus Linnaeus, white-mouthed, may be found in small
numbers gcattered clear across the reef from the shore cutward, but seems most
abundant at the outer reef edge. Drupa elegang Broderip & Sowerby, white-
mouthed with a bright red line ringing the aperture of adults, is less common;
but restricted in habitat to the ocuter reef edge. These studies at Raroia
proved elegans to be a separate species rather than a color form of ricinvs,
with young and adults of both species readily distinguishable. The purple-
mouthed species Drupe morum RSding is typically restricted to the region of the
algal ridge at Rarcia, just as was observed for this species on Bikini and
other atolls in the northern Marshall Islands. Actually the largest and most
conspicucus animal of the algal ridge zone is the purple slate-pencil sea ur-
chin, Heterocentrotus trigonarius Lamerck. Also present, tut much less common
at Rarola is a pecond, more reddish species Heterocentrotuq mamlllatus Linnaeus.
Commonly present on the slate-pencil urchins is & small species of crangonid
shrimp, which is-also purplish in color, matching the general color of the ur-:
chins on which it is commensal. Much more rarely found at Raroia is the para-~
sitic snail Stylifer species, which attaches itself to the oral side of these
slate-pencil sea wurchins.

In certain places, very local and restricted in area on the lee side of
Raroia Atoll, are esmall stretches of what has been called "“dead reef". Here
the first impression is that the erosional forces are in the ascendency, with
the reef being eroded simply as if it were only rock of inorganic origin, and
not actively maintaining iteelf in balance or increasing, by the growth and
the calcareous deposition accomplished by the Porolithon and other calcareous
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algae. In such places, the helmet or "pavement-spined" sea urchin Colobocen-
trotug pedifer Blainville is the conspicuous animel of the reef edge, living
in the pockets they hollow out in the reef rock. Complete studies of these
areas will undoubtedly show that these are not dead reefs, but areas of the
reef where the forces of deposition and erosion are in a different balance,
than is the case of the other stretches of reef at Raroia. In fact it is en-
tirely possible that the presence of the helmet urchins Colobocentrotus is one
of the factors in the modification of the reef to a different, but yet a true
balance, in these areas of so-called "dead reefg",

Along these areas fronted by the helmet urchins on the reef, it seems as
if there is a slightly different or modified zonation of the molluscan species,
a zonation that was particularly evident in the case of the species of Theis
present here. In this modified reef zonation, the large pinkish Thaig armigera
Link was near the reef edge; Thalg intermedia Kiener was in the middle zone or
pot-hole area; and the commonest Thais hippocasteneum Linnaeus was in the shore-
ward zone, without any apparent overlapping of these Thalg populations under
these conditions. Over the commoner type of reef with the algal ridge on the
leeward side of Raroia, the Thaigs species were not so maerkedly set off in dis-
creet or separate zones. In addition, the Thais tuberosa R¥ding was also
present in the middle section of the reef flats, while the small narrow pink
species Thals affinis Reeve was locally common on the middle and the shoreward
areas of the reef, overlapping and mixed with the Thais hipnocagtaneum popula-
tion near but not at the shore line. These Thais specimens from Rarois demon-
gtrate that, contrary to the opinion of Pease, the large pink armigers and the
small narrow pink affinis are completely distinct and separate species. Young
of armigera and adults of affinis, of identical dimensions, are reasdily separ-
ated on the basis of the large knobby spines on the periphery of the whorl;
in armigera ‘there are two equally prominent, in affinis only one, just above
the periphery is of major prominence,

Not evident on the surface, but very characteristic of the area of the
Porolithon, and often living under the surface level of the reef, on the sides
or on the under side of the small rounded "heads" or lumps of the Porolithon
growth, are such species as the horse's-hoof snails Hipponix (Antissbia)
foliacea Quoy & Geimard, Hipponix (Cochlear) barbata Sowerby, and the small
trochid snails Stomatia snp., and Gena rosacea Pease., The nabitat of these
hipponicid enails is completely different from that of the similar, but ge-
nerically distinct Sabia conica Schumacher, which at Raroia and elsewhere on
the atolls is restricted to a (commenssl ?) habitat on larger snail shells.
Drupa clathrate Lemarck, the brown chestnut-burr rock-snail is characteristic
of the lowest normal low tide level on the outer slope of the algal ridge, al-
ways in reach of the surf., Only found on this outer slope also was a small
red chiton, the only mamber of its group seen at Rerola. Also recorded from
the coralline algal ridge of the outer resf, or from the reef margin just be-
yond, are the crabs lLctaea cavipes Dana, Actaea rufopunctata Miine-Edwards,
Carpilodes rugatus Milne-Edwards; tne fuzzy-red-legged hsrmit-crab Aaniculus
aniculus Herbst, and the smaller hermit-crab with the brillisnt blue-banded
legs Calcinus elegans Milne-Edwards.
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From the gurge-channels in the buttreSs.gons Jjust beyond the algal ridge,
two species of shrimp were taken, that epparently make this their home. Thege
species, Fhynchocinetes hiatti Holthuis, and_Brachycarpus bimnpuiculatus Lwcas,
were not. seen in other habitats at Raroia. S '

. The buttress zone of the reof and the coral :shelf, outside
of the surface reef, with up to 10 meters of water: over its out T i
undoubtedly the normal habitats of many of the species of mollusks that zve
recorded (as shells) but that have never been Seen .alive st Rarola. Mosh emye
spicuous among this grour. are the small but very beautiful abalone shell Padol-
lus pulcherrimus Cmelin, the umbrella-limnet Cheiles eguastris Linnseug, th
rare endemic Drupa speciosa Dunker which was only foud as a hermii-creb ol
and the handsome'spottedxcylihdrical cowry Cypraea (Arabica) seurra Gmelin,
It seems probable that the little abalone and the Cheilea are 1iving somewhers
on the outermost‘algal-slopes in the buttress zone,

The scurrs cowry was more abundant in the shoreline drift on the lee side
of Raroia Atoll than at any other place personally visited in the Pscific. It
must be common and characteristic of thé offshore coral shelf of the atoll,
living under and around the many and varied coral growths of this zone,

Only seen rarely at Raroia, undoubtedly cast up over the atoll rim by
storms, were a few shells of the medium sized scaly giant clam Iridacns noae
Roding, It must also be living only on these outer siopes of the atoll. Lack
of sufficient time, and the extreme reluctence of the Rarcian netives to dive
here in the known presence of all the dangerous sharks of the region, prevented
the study or even the collection of living specimens of mollusks or other in-
vertebrates from this outermost zone of the atoll ring,
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