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ABSTRACT

This paper adds new data on ningros e-associated species ol
Littorarvia in the Indo-\West Pacific reaon that have acennm-
lated sinee the taxonomic revision ol the aroup I Rewd
H1986Gal. One new species is deseribed from the northeastern
tndian Ocean and L sinensis - Philippi. 1517 is distmanshed
from the similar Lo articalata Plilippi. 1516 with wineh it was
previoush conlused. Significant extensions to the distribution
ranges ol 12 species are reported The pems: parasperinatozoan
and radula of Lo delicatda Nevill, 1555 e desenbed Tor the
first time and additonal mformation gnven o the geoaraphicad
variation of L. filosa tSowerby, 1932 in Anstraha New hitera-
tiure post-19551 on the entire: gewns Littoraria is bnelly re
viewed.

INTRODUCTION

The family Littorinidace is among the most well studied
ol niarine gastropod gronps. for it is of worldwide dis-
tribution and its members e usnally abundant acces-
sible and casily collected in the intertidal zone see e
views by MeQuaid, 1996a. b Until some 30 vears ago
the Umvup was noted Tor a conlised tononn hased
mainly on highly variable shell characters. However.
since then the d])])]l(d(lt)ll ol techniques of fine iamnatoms,
scanming electron microscopy and molcenlar biology Tias
resulte (l in refinement. \Within the most well known suly.
Funilv, the intertidal and monophvletic Littorininae
deid. 19590, recent stndies recognise 134 species in
eight generwe 1 Mclarhaphe  Rosewater. 1951 Reid.
1959:): 1) Peasiclle Beid. 19590 Reid and Nk, 1995
2 Mainwcaringia Reid. 19S6h 110 [ectarinsg: Rosewater,
1972 Beid and Geller, 19970 1 Cenchritis Rosewater
1972, Reid. 19S9ar. 39 Littoraria - Beid. 1986a. 19994
I, this studv). 19 Littoring Reid 1996 and 36 Nodilit-
torina (Bandel and Radolskv, 1952 Reid. 1959 in press
). For the sublanily Littorininac there is ot least .
])I(]lll]lll(ll'\ plinlogem ol the anera Reid, 19594 .m(l
\(mu' species-level pll\ logenies tee Reid et alo T990:
Reid, 1999hy . and  further molee |1! w phylogenios are

now being produced. For all these 139 speaies the re-
Im)(]u(‘ti\(' mode and habitat are known, aned Tor adinost
all of them the geographical distribution is recorded in
detail. This, therefore, represents aremarkable: dataset
arnone narine ivertebrates: a relatively well-sworked
monoplyletic gronp ol worldwide  but Imdmnm(mtl\
tropical - distribntion. Onee a more robust phiyvlogenetic
Iomesork is achieved it shonld become amaode | svstenm
for the studs ol macroevolntionan processes e, Lit-
torinag. Beid ot al 19967 Meanwhile, it is nnp(n(‘mt to
mnderstand the swstematies ol these spee jes accnrateh
and to record then (ll\llll)tlfl()ll\ as precisely as I)()\\l')l('
The modern concept ol the gens Littoraria as a
|||(>1|<>|)h\]( tie aronp was est. blishied by Bandel and Ka-
(I()l.\]\} 1992 and Reid 19560 19592 - betore this the
species were generally - ineluded Littorina. a large
lml\l)h\l( tic assemblage The venus is alimost excelusively
lmlm(ll in distribntion and the Ill"]l( «tdive 1\1(\ /I |n||n<|
i the Indo-West Pacilic hiovcour: ||)|||( region. At the
species level the (].1\\1[1( ation ol this group undenvent
a considerable change Tollowing o revision by Reid
1956 ol the Tudo-Pacilic species associated with iman
arove habitats. Using a range of evidence from amatonmn
i particular ol penis. paraspermatozoaand pallial ovi-
duet - rachilas shell morphology, habitat, distribution. and
copulation Irequency. itwas shown that 20 species conld
be diserininated whereas ol 3 T been conamonly
distingnislied previonshe Smee this revision, new collee-
tions have accenmmlated. As o resnlt, some of the carlier
conchsions must be revised and three addhtional species
can be recognised in the region The new material also
adds sienificamt extensions to the distributional ranges ol
some tava U is the aime ol this paper to deseribe and
redeseribe two ol the additional tasa the third will he
deseribed elewheres Stnekey and Reid, in preparation
andd to document some new obsenvations and distribu-
tional records, 1t shonld be used in conjunetion with the
carlier work  Reid. 195644 .
At the time ol Reid s 1956a0 systematic revision, oth-
craspects of the bioloay ol these tropical species Tad
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received relatively Tittle studs. Towever, in the vears
since then they have received mneh more attention.
\iong several remarkable Teatures ol Littoraria are the
association ol many species with mangrove trees, leading
to studies of their zonation g atterns, diet and pre (]d(]()l]
Some members are ovoviviparons, and many show
spawning or feeding wigrations with hinar and tidal pe-
riodicity. A \tn]\nm m](n polvimorphism ol the shell s
shown ]1\ species ocanring on mangrove foliage and
these Tinve eme rge «Jas a nmd(] svstemn for the %tnd\ of
the maintenance of ])()I\Ill(]l'l)lll\ll] by natural selection.
There has also been new work on nltrastractire. egg
capsitles, radular plasticity. parasitisim and genetics. This
new literature will be brietly reviewed here.

NEW LITERNTURE ON LITTORARLA SINCE 1955

Reid (1956a. 195940 listed 36 known species of Litto-
raria worldwide tone ol which was unnamed), but de-
tailed descriptions were restricted to those 20 found in
association with inangrove trees in the ndo-West Pacific
region. Since then the six species occurring in the East-
ern Pacific region lave been described (Reid, 1999a: sec
also Reid and Kaiser (2001} for two new records of Indo-
West Pacific species in the castern Pacific) inclnding the
uique nonplanktotrophic L. aberrans (Philippi. }S—lm
and the new taxon L. roscwateri Reid, 1999, 1n addition
to the single new species described in the present paper,
and the recognition of two taxa within *L. erticulata (Phi-
lippi. 154607 (us used by Reid, 1956a), a further new
species [rom northern Australia is being described else-
whiere (Stuckey and Reid, in preparation: see Warmoes
et al.. 1990, and Reid, 19924 for additional regional tax-
onomic accountst. This brings the total for thc genus to
39 species. ‘

A preliminary: phvlogenetic analvsis of all Littoraria
species then kniowrt, based on cladistic analvsis of mor-
l)]m]()mc.ll characters. was done In Reid ]L)Sﬁll This
has since been revised and npd: ded (Reid. 1999h). The
new P]]\]()(T(‘]l\ was not well resolved, but supported the
numupln]\ of the snboenera Palustorina and Littorinop-
sis. and suggested et [l subuenus Littoraria was a
paraphyletic assemblage; a x|<r1nfuant change to the phy-
logenetie elassilication ol the genns was the combination
of five mainly rock-dwelling ln(l() Pacific species (L. pin-
tado Wood, 1525, L. mauritiena amarck, 15221, L.
clabrata Philippi. 15161, L. coccinea (Gmelin, 1791, L.
undulata  Grav. 18390 in the busal subgcims Protolitt-
oraria. wIneh Trad previonshy hield only L. pmm(/n (Reid,
1959a . The lossil record ol Littoraria is limited, but
better than that ol other littorinid genera. l)l‘(l])'l])]\' he-

canse presenvation is more likelv in mangrove environ-
wents thin on high-cne ruy roc 1\\ shores. The known los-
sil species were hsl( « by Reid 01999 and disenssed in
the conteat of vicariant events in tlu hioge ()“'l.l])lll(' his-
tory of the clade. Y similar histony, ol Te Ahvan origin
snl)w(]n( nt vicartance, has heen pmptm «Jlor MUTov es
by Ellison et al. 1999 who cited the worldwide diver-
sity aradient of Littoraria species insnpport. Extincetions

of marine imvertebrates during historical time are rarelv
re portu] flamniea (Philippi, 1547) was incladed as
one of <m]\ fonr possible examples among gastropods
discussed h\ Carlton 119931,

Reare tta])]\ little genetic work has vet heen imdertak-
en on Littoraria. bewm] studies ol allozvme variation
within the Anstralian species have confirmed that the
species defined by morphological eriteria are indeed dis-
tinet 1 Johnson and Black, 1995: Sclimidt, 1995: M
Stuckey. personal communication). Levels of intraspe-
cific genetic variation have been assessed nsing allozyme
markers in L. angulifera 1Lanarck. 1522) (Janson, 1953)
and in the two subspecies of L. cingulata  Philippi. 1546)
(Johnson and Black, 199S). DNA sequences have so far
heen published for the 168 ribosomal RNA gene (3 spe-
cies, Reid et al., 1996) and 1SS rRNA gene (1 species,
Winnepenninckx et al.. 19951, but have vet to be used
for phylogenv reconstruction within the genus. This
shonld be a priority.

Although the genus Littoraria is well known as a char-
d(‘kﬂlstlc inhabitant of mangrove lorests, this is not tre
of all the species. There appears to have been an evo-
]nti(nmn' @pccidlimtion to the mangrove habitat. since
hasal species occur exclusively on 10(1\5 or on both rocks
and driftwood, whereas onlv the more derived clades
occur on trunks and f()]l.lae ol mangrove trees (Reid,
1999b). The three- (]111]@1].\1()11&] strnetnre of the man-
arove habitat, and frequent svmpatric occurrence of sev-
eral Littoraria species, has stimulated numerous ac-
counts of comparative zonation patterns. These have
been carried out in Australia and the western Pacific
(Cook et al.. 19553 Reid. 1953: Boneka. 1994: Catesby
and McKillup, 1995, Japan (Ohgaki. 19921 the Carib-
bean w(.ntwne 195S) and the eastern Pacific Blanco
et al.. 19953, B];m('o and Cantera. 1999: Cantera et al.,
1999). In general. Littoraria species do not seem to be
restricted to particular tree species, but are found on
characteristic substrates (hark or foliage), at typical tidal
lieights and in typical horizontal zones (se saward or Land-
\\41(1 Iringes) within the forest: turthermore, the ussem-
blages of species on continental margins and on oceanic
islands are dilferent (Reid. 1955, 1956a. 1999a). Some
ol the typically mangrove-associc ated species can also be
lound on sheltered rocky shores. including L. artic ulata
(see Crowe, 19970, Lo sinensis (Philippi. 1547 acconnts
of distribution ol “Littorina scabra”™ on rocky shores of
Hong Kong and southern China probably refer to a mis-
ture of these two species, e.g. Ohgakic 1995: Yi and Li.
1955: You, 1990 and L. flava 1 King and Broderip, 1532)
Nlontinho and Alves-Costa, 20000 Ecological data on
those .\]wci('s that are lfound m;linl_\ on rocks and drilt-
wood, snch as L. undulata and L. coccinea. are searce
(Poulicek et al., 1994: Sacchi. 1994 ()llg:lki, 19951,

Within the NEMgrove environment those species in-
labiting trunks and roots at lower levels on the trees
migrate vertically with the tide inorder to remain above
lh(* water fevel 1Yipp, 19S5 Gutierrez. 1955 Ohuaki.
1992: Jensen, 20000 Similar hehavior has heen re pmte(]
on rocky shores - Ohgaki, 1993; Svame and Pringgenies.
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19970 and displaccinent evperitments have been carried

out LArtwi and Amevan-Aknmfi. 19570 T contrast. spu-

cies typically fonnd at higher levels among the Toli: we ol

nangroves are not contacted by the lnqh ke, Tt [l
come active during rain and heas dew Little and Stir-
ling. 1954 Kohlmever and Bebont, 1956; Ohgaki, 1992
Littoraria irrorata (Sav, 19221 ocenrs in salt uiarshes in
the sontheastern United States. where it climbs the
stems of marsh grass and descends to leed on the snb-
strate at low tide. This heluwior Lis been inmvestizated in
relation to both thermoreaulation (MceBride of al.. 1959
Williams and Appel. 1959: He iy et all 19930 and avoid-
ance of predators (Wiarren, 1983: Vanghin and Fischer,
1955, 1992: Dix and amilton. 1993: Duval ot al. 1991,
This species has been emploved in studies of trail fol-
lowing (Stirling and 1Lamilton. 1956: Tankerslev, 1959,

1990, Rol)hm.\ and Thamilton. 1996 Unlike all other

species ol the genus. it is entirelv temperate in distri-
bution aud hibermates during winter - Panl ot al.. 19591
Aggregation behavior has been deseribed in £ flata on
rocky shores in Brazil Montinho and Ahes-Costa,
2000)).

Littoraria species sulter high levels of predation. ap-
parently mainly from aquatic predators, acconnting lor
their avoidance of submersion by the rising tide. Tnman-
grove forests portumid crabs t: tke snails at and helow the
water surface, while sonie grapsids are wble to elimb sev-
eral metres np into the trees (Narathamuthn et al..
1955, 19S6: Borjesson and  Szelistowski. 1989: Reid,
1992b: Boneka et al.. 1995 Predatony fish miav also he
important predators of juvenile Littoraria and species
from lower vertical levels Tughes and Jones. 1955
Hughes and Mather. 1956; Borjesson and Szelistowski.,
1959; Catesby and McKillup, 1995: Duncan and Seelis-
towski, 199S). In salt marshes both portunid crabs and
predatory gastropods  (Melongena) attack L. irrorata
(Warren, 1985: West and Williuns, 1956 Dix and Ham-
ilton, 1993; Schindler et al.. 1994 There is linited ov-
idence of predation by birds on Littoraria species in the
mangrove canopy (Reid, 1957: Cook and Garbett, 19921,
An unusual predatony association has recently been re-

ported in southern Queensland. where two species ol

sarcophagid flies are a significant canse o mortality in
L. filosa (Sowerlw 1832) (NMeKillup and MeKillup, 2000:
MceKillnp et al.. 2000: Pape et al.. 20000 Tn Vietan,
South East Asiaand India the larger Littoraria specices
are gathered locallv for food by hnmans  Kasinathan and
Shanmugain. 1955: Ponticrs. 19951

On tropical rocky shores Littoraria have heen report-
ed to graze on diatoms. microalgac. evanobacteria and
bacteria. but in mangrove mand saltmarsh habitats addi-
tional sources of lood are available. Littoraria species

appear to he opportunistic grazers, ingesting a range of

fungal, algal. detrital and plant imaterial and their role in
lood webs has been examined  Kemp et al.. 1990: Currin

tal., 1993). Several mvesticators have stressed the kel
importance ol marine fungi in the diet ol Littoraria in-
habiting both mangrove trees tKohhnever and Bebont.
1956; Christensen, 1995 and arass - Newell and Blir-

locher, 1993: Birlocher and Newell, 19910 b: Graca ot
al. 20000 Whether mangrove plant tissue is a significant
food sonree s debated  Ohgaki. 1990, Jensen, 2000 Lee,
2000 and the composition ol the dict ni n depend npon
vertical zonation and tree species - Jensen. 20000 The
mechanical fanction of the radula has not been stadiced.
but it lias been \h()\\n that the form of the radular teeth
ditfers consistenth i 1specimens of the sine species
sampled Trom rock an(l wood substrates, implyving that
tooth shiape is phenotepically plastic  Reid and \lak.
1999 Gronth rates can be |1p|(l in tropical Littoraria
\]n-(im most re d(]lill" .l\\lll‘)l()(l( size i sin months to
one vear NLonthammthn and Kasinathan, 1955 Buruett
etal. 1957 Cruz, 1959: Boneka ot al.. 1997 Jensen et
al. 1999: Jensen. 20000 Breeding and population cha-
acteristios lave been reported in several Littoraria Spe-
cies Berny, 1996: Narnthamuthu and Kasinathan, 1956:
Yi and Lic 19SS Herjanto and Thomas, 1993: Jensen et
al.. 1999, ' )

The 1ntraspecific variabilitv of littorinid  shells s
been a common cause of taonomic conlnsion in the
past. In-a morphometric study of Lo angulifera throngh-
out its Atlantic range. Moerkt and Ellison (199 reported
strong. intraspecific variation in shell shape, but argued
that this was « conseyuence of ecophe notypic cffeets
rather than genetice dillerentiation. However, an carlier
studv of the same species over @ more: restricted arca
had reached the opposite: conclusion  Janson. 1955
When considering variation hetween species, it has often
been observed that shell thickness decreases in species
zoned at igher levels on the trees, retlecting ad ptation
to the severity of aquatic predation at lower levels  Cook
et al.. 1955: Borjesson and Szelistowski. 1959: Duncan
and Szelistowski. 1995 and the danger of dislodgenent
in the canopy MeNahon, 1995

In mam Littoraria species the most striking aspect of
shell v n]llnht\ is the color polvinorpliism of the shell.
Indeed this featnre las stimulated the most active field
research on the genns, so that species of Littoraria have
become recognised as o model svstem for the study of
visible genetic: polvmorphisin Cook. 1992 Unfortu-
nateh. (nn]\ studies sidfered [rom the conlusion of sey-
eral dillerent svinpatric species  Hughes and - Jones,
1955: Nughes and Mather, 19567 1t has bheen obsenved
that there is a consistent correlation hetween monomor-
phic although <Gl variable shells and a Tow-lesel Tiab-
itat on trimks and branches, whereas species inhabiting
[oliage are polvimorphic - Cook, 1983, 1956h | althougl
uder exceptional ciremustanees polvmorphisim has also
beew reported ina trunk-dwelling species  Cook and
Bridle. 1995 . The three pml(lpll morphs are vellow,
brown and pink  or “orange™ and cach appears 1o he
envptic against different parts of the visnadly varied hack-
around of the mangrove canopy. or to mimic elements
ol the foliage  Cook. 1953: Reid. 1957 \ssuming that
the p()l\ mmplmm IS genetic i origin and not selective l\
neutral. there are a number of meclanisims by which it
could be maintained by natonral selection Reid. 1957
Cook and Carbett. 19920 Evidence has acennmlated for
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x‘i(fniﬁc;m! ('||'m‘f("~ ni mur])h Ire nencies accordme to
the composition ol the backaronmid (oo, trec species and
abindance of Toliaze: Reid. 1987 (‘()UI\ and Garbett.
1959: Cook, 1990a: Schmidt. 1998 and there has been
one namipulative ficld experiment that suceested the op-
eration ol requency- -dependent apostaticn selection
Aeid. 19570 Nevertheless, the ide ntity of possible visual
predators is o natler ol svallLlhun Divds. erabs and
even flies have been suggested - Reid . 1957 Cook and
Garbett, 19920 NMeKillap et alo 200000 The differences
in thermal properties of the morphs may resalt in he-
havioral differences that contribntte to site selection and
backgronnd mateling (Cook. 1956h: Cook and Free-
man. 1956: Reid. 19971 The color morphs of L. palles-
cens have also been shown o differ in shell strengthh,
size, vartanee and growth rate Cook ot al.. 1983: Cook.
1990D: Cook and Kenvon. 1993 Boncka. 1996, Bonceka
et al.. 1997).

Relatively Tew new anatomical studies e heen car-
ried oul since 1956, Egg capsule shape has been daen-
mented ina nmunber of additional species Bern. 1956

Ho. 1987; Mak. 1993 The flagellmm-like strnctire of

the paraspermatozoa is a character of phiviogenetie sig-
nilicance (Reid, 199900 this has been nanmed the psen-
dotrich dn(] has been the subject of striactural and on-
togenetic study (Healy and Jamieson. 1993: Brekkad-
\ul\s ot al.. 20000, The himetions of Paraspernitozon
have heen reviewed by Binekland-Nicks (1995 Bocek
Lindd-Nicks et al.. 19990 Eertiman (19960 deseribed the
ultrastrocture of the gl filaments ot L. articidata.

MATIERINL AND METIHODS

Shell dimensions were nicasured with vernier calipers to
0.1 nnn. Shell height 1D is the maxinmn dimension
parallel to the axis of coiling. shell hreaddr (B the niay-
innnn dimension perpendicnlar to Hand the length ol
the aperture (LAY the greatest Tength from the junction
ol the outer lip with the pennltimate whorl to the an
terior lip. Shell shape was quantified as the ratio 118
and 1V/LA trelative spire Tieight. ST1

For ceneral accounts of the male and Tenale anatomy
of Littoraria. and methods of stidy. see Reid (1986
19990, Living animals were relaved in 7.5 magnesinm
chloride in fresh water, fined in 109 seawaler formalin
and stored in SO% ethanol helore examination. Paras-

permatozoa were examined from the seminal vesicles of

specintens fied and stored in 109 seawater lormalin.
The relative radnkar length was the total radular Tength

—

Figures (=13, Shells of Littoraria bensalensis new species

Penang, NMadavsin BNMINTE 2000115,

F.onede:s 7, temale 2,

divided by shell height. Radulac were eleaned by soaking
m a ]l\[mt]ll(mi(' I)I('.l(lmw solution at room t( niperi-
turce {or abont 5 i rinse <] in distilled water, monnted
on a filin of polvim | acet
dnc i air and coated \\1111 cold and palladinm before
examination i a scanning clectron microscope. Unworn
portions of radulac were viewed in three orientations: in
standard flat view from vertically above the radnla ito
show shiapes ol teeth - at an angle of 15 from the front
end of the radula o show shapes of tooth ensps - and
at an angle of 15 from the side of the radula to show
relied”.

te elue on vliss, allowed o

Institutional abbreviations:

AN S Anstradian Musennn Svdney

ANSE Academn of Natnral Sciences of Philade Iphia
BNNIL Natural Tistons Mosenmn, London

MNTIN, Musémn National d Histoire Natnrelle, Paris
NSMT National Science Nsenm, 'I‘<)|\}t)

NN National Musenms and Galleries of Wales, Ca-
dift

RN Nationaal Natunrhistoriselr Nuoscmnm. Leiden
USNAM National Muscum ol Natnral Thston, Smithson-
an Institition. Washineton, 1D €

ZNAL Tnstitude of Tavonomic Zoology, University ol \in-
sterdam

SYSTEMANTIOS
Littoravia  Littorinopsis scabra Linnaens, 1755

Distribution:  New records: Mascarene Islands: Ro-
dricues NAIW Victnam: Lo River. Nha Trang
CBMNTE Chine Saanvas Hainan Island - BNINTE Tai-
wan: Tan Shui cBNINEL Japae: Ymami O Shima Kyi-
s University = Tnoda, Ishigaki Shima BNINTLE - Chichi-
jirna and Tlahajinie Ogansawara Islands Fokada, 1993

Littoravia - Littorinopsis Intea Philippic 1517
Distribution:  New records: Vietnanm: Lo River N
Trang  BMNI Indonesiac Lembar, f.ombok BNINTT

Littoraria  Littorinopsis pallesecns Philippic 1516

Distribution:  New records: Vietnam: 1o River. Nha
Tramg BNINHL Chinas Sanvae Hainan Iskad - BNINTY
Taiwan: Tan Shi BMNTT - Japan: Naze, Aninnioshin
Kvishin University = Rabria Bane Ishigaki - BNIN

aned Lattorarvia mtermedia V=11 L benealensis 1, 5. Bata Manne,
1S, Paratvpes, Thae Island. Gl of Mannar.

Fannbiadn, Todia

(BMINTI 200001 10 2, 8. temale: 40 male . 306, Taticorm, Tolnadn Indie BNINTT 20000783, females 3.0 Sunger Merbok, near

Pantai Merdeha, Kedal Malinsia H\I\II 20010118 nale 9.

vo N Bor, Phuket Ishind. Thadand - BNINTT 200008017 fenale

10 Holotvpe: Hare Islaod. G adf ol Mantar, Faonahiado Tadie BNINTL 20010116 wsade - VE. Ao N Bor, Ploket Ishand, Plaaland

CBMNTE 200001160 wiader 12, 430 1L intermedia: Uare tsland

13, female,

Gall o Mannar Tamiloadn, India BNINTL 20000754 12, nualce




Page 120

Western Australiac Berheley River, Wocaast Joseph Bon-
aparte € Gulf (BMNID: \L mgrove  Bavo Cape Range
BNINID. Mariana Islands: Merizo, Guam (BNINTL,

Littoraria Littorinopsis) bengalensis new species
Fignres 1-11. 14=16. 20-22, 31, 35)

Littorina scabra—\Nielsen, 1976: 14 fig. 1A tin part. includes
L. scabra (Linmaens, 17380 L. pallescens  Phalippi. 1546)
and probabh L. intermedia (Philippi. 1S46)).

Littoraria intermedia - Reid, 1985: 39-68, figs 9, 11 (zomation)
tie. 9 includes L. intermedia Philippic 15160, Cook and
Garbett. 1959 3. fig. te. 2¢ (penis) tin part, inclndes L.
intermedia (Philippi. 1516)1,

Littoraria + Littorinopsis' interimedia — Reid, 1956a: 124-133.
figs 43D, 44e. [ 45¢, d. 6L (penis). 16k (paraspermatozoa’
in part, inclndes Lo intermedia (Philippi. 1S46))

Etymology:  From the Bav of Bengall of which the

known distributional range of this species spans the

southern part.

Types:  Tolotvpe BNMINTL 20010114 (Fignre 10); 17

iy paratypes BMNTE 20010140 (Figures 2.4, S): 100

paratvpes i ethanol BNINTT 20000755: 4 dry paratypes

USNM 1000887,

Type locality: Tare Island, Gull ol Nannar, ©
India.

Familnadn,

Material Examined: 32 lots; 15 penes: 7 spermn sami-
ples; 4 pallial ovidnets: 4 radulae.

Shell (Figures 1-11):  Adult sivze range 12.3-25.6 ni.
Slmp(‘ clongate-tnrhinate (1V/B = 149-1.56; SH =
1.72-2.16); whorls moderately ronnded.  soture im-
presse (l peripheny of Tast whorl angled, often with a
raised nh relatively: thin-shelled, Matire lip sometimes
slighthy ared in males, varices rare I formed. Columella
wide. ])l“dl' straight or slighthy comex, excavated. Sculp-
ture of (5)19-10 primary spiral grooves on spire whorls,
equally spaced: primany grooves remain as incised Tines
or mp to 0.2-0.3 rib \\1<lt]| on last whorl. often slightly
(lup(] and wider posteriorly (where occasionally pos-
teriar groove may he 0.5-1 rib width): inte nening ribs
remain individed uniil Tast whorl, where 24 posterior
ribs texcelnding vib adjacent to sninre) hecome divided
by a contral inpressed Tine; pevipheral rib nsnally mised.
()((.1.\1()11‘1”_\ carimate: sometimes a narrow riblet inter-
polaicd in 223 posterior grooves: hasal ribs finers total
ribs on last whorl 21 35, Snrface glossy, spiral micros-
triac faint or absent. Protoconel 033 i diumeter, 3.5
whorls, with spiral ribs aid sinnsigera noteh. Color var-
iable: gromnd color erewm, pade ve H()\\ or oclire: pattern
ol dark rown dashes o ribs. on spire whorls dashes are
nsnally avially aligned to Torm obligne or zigzag stripes,
but on last whorl diishies hecome less diserete and hreak
up into dilluse blackish to red-hrown mottling: olten a
broad paler zone on middle of hase: pattern sometimes
Faint. so that shell appears vellow with grev-hrown mot-
ting. Colimella pople hrown to uI\ violet: aperture
with exterior pattern showing throngly imd not obsenred
by the thin whitish callos.,
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Animal:  Teadloot, operenlmm. pallial oviduet and rad-
nla (Fignres 340 35) do not differ significantly from those
of 1. mh)nu’(lm as described by Reid (1956a). Penis
Fignres =16, 200 hifurcate; large dark brown glan-
dular dise carried on ong hranch of hase: smoath blade-
shaped  filunent with nimeronate tip separated from
wrinkled hase by constriction, 0.4-0.5 total length of pe-
mis: entire vas deferens from tip of penial hl.unult to
prostate closed as a dnet. Paraspermatozoa (Fignre 21:
Reid. 19864 {ig 46Kk 14-26 wm (including rod picces):
rod picces composed of a bimdle ol several narrow el-
cments, or rarely singles usually projecting from cell: cell
(led with Targe mnn(l grannles. Ovoviviparons: eimbnvos
hrooded hetween gill folds in mantle ¢ cavity until ve 115_{(1
stuge: development planktotrophic.

Distribution:  1labitat on branches and foliage  of
mangroves  CAricennia. Hhi:.nplun‘u, Sonnceratia) and
mantinme trees ll’('nzphi.s“, up to 3.5 1 above gr()un(L
alwavs above water level: most freguent at seaward edge
of mungrove forests. but extending far hack into forest
(see Reid. 1983: figs 9. 11, for zonation: as L. interme-
dia); only rawrely f(mn(] on rocks. Found i moderately
turbid and estnarine localities as well as on nearshore
islands. Range (Fignre 22) from India to western Malay
Peninsula and northiern Sumatra. Records: India: Chan-
pati Beach, Mumbai (USNND: Vengurl (USNAD: Man-
dovi Estnany. Goa « BMINTD: Netravata R.. AMangalore
(USNM): Cochin Harbor (ANSP): Alle ppey (BNMNTL
Tuticorin (BNNITL USNND: Krusadai 1. Gulf of Mannar
(BMNITD: Portonovo, Tamilnadn (BMNID: Chennai
CBMNTD: Port Blair, Andaman Is «BMNILL Burma:
Thavawthadangyi Kyvun (Elphinstone L1 Mergui Arch.
(BNINTD: Kadan Kyvun «King 100 Mergui Arch.
(BMNID: Laubi Kvun (Sullivan 100 Mergui Arel,
(BNINTD. Thailand: Goh Contee, l\.mon"\\l(" ): 70 km
S Ranong (BNINTD: Ao Nam Bor, Phuket 1. (BNINTDD:
Pulan Tanga, Butang Is (USNAD. Malivsia: Merbok Bs-
tary (BNINTD: Bato Maune, Penang (B\l\l]\ Matang
]‘Atl'l‘m CBMNID. Indonesia: Belawan, Deli. Sumatra
(RN Sin ihang, Stmenné Lo (RNTH).

Remarks:  In his discussion of L. intermedia Reid
(1986 13D noted that specimens from sonthwestern
Thailand. Penang and India had thin-walled, often large
shells with an irvegular color pattern. This form ocenrred
tozether with typical L. intermedia at Phuket Island.
Thailand, vet was not considered distinet. sinee it was
chimed that intermediates were present and becanse no
anatomical dilferences were obsenved. Although the
Jdiclls can be closely similar and anatomical differences
are slicht, new evidence supports recognition of this
form as o distinet species. This was (it sucaested Iy
field observations at the tvpe locality (Hare l\]dll([ onll
of NMamar). Herve, three species ocenrred together on
shrabs of Pemphis overlimging a sheltered sandy Tagoon
hehind a finging reef. There was a clear zonation: L.
intermedia was present on trunks at a level of 0=30 cm
above the igh water mark: L. seabra ocenpied a zone
30060 eni above high water, on tranks and branches,
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whereas a third species (Lo Dengalensis' ocearved on
both foliage and branchies from a height of 30- 100 ¢,
The three species conld be separated In shell characters
(see below) and, most significantly. all three were cop-
nlating only with conspecifics. Subse quent anatomical
examination Tound a consistent difference in the penis

ol L. bengalensis and L. intermedia. Reexamination off

museimn collecetions has revealed sy mpatric ocanrence
(mized samples) ol L. bengalensis and L. intermedia
the following additional locaditios: Galle. Sri Tanka
(BNMINTD: two islands in Merani \I'('lli[)(‘l;l“'()\ Birma
(BNINT: Ao N Bor, Platket T Thailand «BNINTI
Pulan Tanga, Butang Is, Thailand cUSNATL Sinabune.
Simenlué L. Indonesia (RNTHLL T cach case separation
of shells was straightlonvard. with no intermediates. and
males from Ao Nain Bor were also distinguished nsing
the same penial characters as at the tvpe locality.

The differences between L. bengalensis and L. inter-
media are summarised in Table 1. The shells of L. in-
termedia show considerable geographical and ecotvpic
variation (see Reid, 19564, and below 1 so the deserip-
tions apply onh to specimens from within the geograph-
ical distribution of L. bengalensis and from the nian-
grove habitat. For comparison. shells ol Lo internedia
from the type ocality of L. bengalensis are illustrated
Wigures 12.13). The shells of L. bengalensis are nsually
Lll”tl np to 28.6 mu those ol Lo intermedia rarcly ex-
ceeding 15 mm talthongh the ln(mnmm size ol the spe-
cies as a whole is .utnall\ arcater. 32 mn: Reid, 19560,
They are also of thinner texture. \\1tl| more sharply an
gled periphen, than those of Lo intermedia Sexnal h-
mnl])]n.\m is ‘evident in both species  Fignres 1131,
males being sinaller and with a relatively lower spire and
larger aperture (Reid. 195620 however. males of L. ben-
galensis often have a more elongately patalons shape.
reminiscent ol a Succinea (compare Fignres 5 and 12
The overall color of the shell is ochraceons or vellowish.
with brown pattern. in L. bengalensis: in contrast. that
ol L. intermedia is grev with black to brown pattern. In
detail. the dark ]ntt(*m of dashes on the ribs s similar
on the carly whorls of both species: but on the final
whorl the dashes of L. intermedia remain more diserete
and axially aligned. whereas in L. bengalensis the pattern
becomes more diffuse and mottled. In- botl species
there appears to be a direct effeet of substrate upon
shell color, presumably mediated throngh dict  Reid.
1956a). Shells Trom Rliizophora and Pe mpliis are darkly
patterned. whereas those from Avicennia and Sonncratia
are conspicnonushy paler. Onls Lo interme ‘lier is hnown to
oceur on rocks and these too are nsig iy relatively pale
in color.

The onle anatomical difference that has been oh-
served is the shape of the penis: that of 1. bengalensis
has a more robnst filament and a Lueer glandulor dise
borne on a longer branch of the base althongh the pro-
portions of tlw penis depe nd upon the degree ol relan-
ation. see Reid, 1986a: fig, 461 In all aninials examine ()
the penia - alandular dise of L. benealensis was dark
brown, whereas that of L. interniedia was eream or vel-

lowash. There may also be acdilference in the parasper-
natozoa: in L bengalensis the rod picces usnally project
Figure 210 Reid. 1956 fig, 46k bat in L. intermedia
they seldom picree the oval ontline of the cell Reid,
198G figs 16§
tively . '

There is littde information on the comparative hubitats
ol L. bengsalensis and L. intermedia sinee the two have
only recently been distingnished in the field and found
in s\m[mtl\ The wvailable obsenations indicate that /..
bengalensis s {found higher on the trees, thronehont a
arcater width ol the mangrove forest and that it is more
tolerant of turbid and estuarine conditions. For example.
at the mnddy hay of Yo N Bor: Phuket sk, Reid
11955: fie. 9 recorded L. Cintermedia” from throughont
a numgrove stand SO wide. throngh to the Tandward
sone and at heights of up to 3.5 m above the ground.
Both species are present at this site o collections ol Reid
i BNINTL and sinee in other parts of its range L. in-
termedia sensi stricto is knowan to ocenr mainly at the
seaward edee and at Tow levels on trees. it is likels that
the high-level and Tndward records apply to L. benga-
lewsis. At the mndds: tarbid site of Batn NManng, Penang.
onlv Lo bengalensis was present and here Reid (1985:
fig. 11, as L. intermediar vecorded it from thronghont a
belt of Avicennia 10 nwide and from np to 2.0 m above
the ground. Likewise in the nearby NMerbok Fstiuan L.
Lengalensis ocenrred wone and Trom scaward edge to
Landward fringe (personal obsernvation . The type locality
ol L bengaleusis is o sandy island with a [ringing reel
and clear water: here hoth species ocewrred and L. ben-
valensis was {fonnd above the lesel ol L intermedia and
on both loliage and branches. whereas the Tatter was
present onhe on trks and has rarely been fonnd on
Jeaves elsewhere. Reid. 19931 Littoraria benvalensis has
so far heen recorded ahnost exclnsively on trees one
specinien on asheltered rocky shore near Ranong, Thai-
Fundd: BNINTL . whereas Lo intermedia is connmonly
fonnd on hoth trimks and sheltered rocky shores Reid,
1955 19560,

Reid 1956 37 35 discussed a distinetion between
Littoraria species with occanic” and “continental” distri-
hution patterns. representing extremes on aradient of
ceological tolerance. The former relerred to o snite of
habitat characteristies inelnding elear water, normal sa-
linity. narrow numerove Iringes or seavward edges ol
hroad manarove helts. and oflshore islands. T contrast.
continental” habitats were characterised by turbid, es-
tuarine water, (~nln)p|1iv conditions. and broad forests on
contmental margins. It s clear that on this continnum

benvalensis oxtends to more “continental” habitats
than L. intermedia For examples in the Andaman Sea
both species have been recorded Trom the Andaiman Is-
lands. Merani \rehipelago. Phoket Island and Butang
Iskands  details given above s these are all “oceanic” sites.
However, at auddy site on Penang and in both the
Merbok ind Matang Estnaries. and in the vicinity ol
Ranonyg. on or close to the maintuand of the NMalay Pen-
insula. Lo bengalensis oceinrred alone large: collections

based on 7T and 5 samples respee-
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v D.G.Reidl ECAshton and D Tavlor respectively:
alt BAINTE . Simikolh s in India 1. bengalonsis has hecu
recorded over a Ln«w extent of the continental coastline.

from Mumbai to Chennai, from iskads i the ¢ ull off

Namar and from Gadle in Sri Lanka, Incontrast. in the
sae redgion Lointermedia has heen recorded only from
islands in the Gull ol Nanmar, Trom Galle and (rom Trin-
comalee, Sri Lanka tsee helow, all ol which appear to
he “oceanic” sites. On a wider geoer: phical scale the dis-
tribution ol L. intermedia estends across the Pacilic to
the islands of Hawaii and Polvnesia, again retlecting the
‘oceanic” character ol this species.

The northern limits of L. bevoalensis in the Bay of

Bengal wre not clear. owing 1o the few availuable collee-
tions from northeastern India and Bangladesh. So far,
onlv two Littoraria species Tave heen recorded from
Bengal and Bangladesh, L. delicatula and L. nelano-
stomna Reid. 1956a: see below

The many morphological siniilarities between Lo ben-
galensis and L. intermedia leave little donbt that the two
are sister spe cies. Likeh \\ndpmnm])hu\ include the
blade-shaped penial filament with mucronate tip and the
bundles of narrow vod-pieces in the paraspermatozoi.
hoth unique in the genus. The closed penial vas deferens
is a likely symapomorphy of a clade comprising L. ben-
aalensis, L. intermedia, L.osubcittata Reid. 1956 and 1.
p/u/lppmuu (Reeve. 1S57) (Reid, 19991,

Confusion of L. bengalensis with other species is less
likelv. In southern India and the southern Andiman Sca
its range overlaps with that ol L. seabra and the two can
be found svimpatrically in relatively “oceanic” habitats tin-
clnding the type locality in the Gulf of Nnnar . Litto-
ravia scabra is casilv recognised vy its wide, white col-
wmella. Littoravia pallescens  Philippic 19460 iy even
more oceanic m character than L. seabra and s heen
recorded svimpatricallv with Lo bewgalensis only in the
Andawnan Isknds. Penang. Batang IsLnds and Phuket
Idand: it is distinenished by its colorlul. p()l\m(n[)]m-
shell, lack of sccondan s(nlpluu' and the rounded inner
fip of the aperture. I cach case penial characters are
diagnostic (Reid, 1956a). The distribution ol L. benga-
lensis just tonches that of L. delicatula. single specimens
of the latter having heen seen from the Gall ol Nannar
and the Andaman Islands, althongh inost are from the
head of the Bay ol Bengad tsee helow o Shells of these
two species can be snperficially simifar: hoth neay be
thin-shelled. and vellow with a Faint or dilTnse attern,
Nevertheless, they can alwans be distingnished by the

—

Figures 14-21.

of L. bengalensis 14=16. Paratvpes: Vare IsLaned, Golf of Mannao, T Inadu, India BMINTE 20000755: Shiell 11
mi 16.6 mme 20, Ao Nam Bor, Phnket Ishued. Thaland BNINTL 200101 16: shell 1
17. 18. Hare tsland. Gulf of Mannar, Tannhadn, Indi BNINTE 20000754 sheldl 1

miore nmnerous primany grooves H D and macl finer
seulpture 35 30 ribs on final whorlcol L delicatula: the
colmells of that species is narrow and excavated in the
typically veny delicate shelts. d]lllnll“’]l it nn approach
that of L. bengalensis in width in oceasional thicker
shells, l]n- shape ol L. delicatula is \nl)tl\ different: the
\pm* whorls are flatter and the spire nstally shightly tall-

NMost importanthy, the penis of L delic atula is entire I\
(Il“l Tent Janres 310320 see below

Littorvaria «Littorinopsis - intermedia  Philippic 1916
Figures 120 13, 17419, 224

Synomany as in Reid 19564 excliuding the entries now
listed vnder L. bengalensis above, New relerences:

Littoraria  Littorinopsis' intermedia - Reid. 19960 1214135,
figs 43a. ¢ i dhed a1 1500 130 protoconch . el 15
radulas 6 el pems 161 | paraspernatozon 4610
ovidnet 47 distribntionin part. inchides 1 bengalen-
SIS DWW species

Distribution:  Records and  distribution s in Reid
V1986w 132131, fic. 17 but exelnding all records from
maindand Indiac exeept those Tisted helow, wnd also ex-
cluding records from Penang. NMerhok estiany and Be-
lvvan (the exeluded vecords apphy to Lo bengalensis, see
abover The doabtinl record from the Galipagos Islnds
Aeid, T9S6a: 131 i now considered anreliable and
honld be exelnded  Reid and Kaiser. 2000 New and
reconfirmed records: Kenvae Kilili R estnan BNINT .
Sandi Arabia: Jeddah BNINH Owan: Muasirah 1
NN Khor Al-Jaramae Ras Al-Hadd BNINTL : Bandar
Khavran  BMNAL . United Arab Emirates: Fujaira
CBNINTTE Ras Al-Khaimals Khor, Dabai BNINH - Khor
Kalbae Shavjah  BNINH - Indiae islands in Cocline Har-
bowr, Kerala cANSE - Nanali 1T oand Tlare 1. Gnll o
Mamur - BNINAL Thailand: Rrabi BNINTL - Mada sia
Pulan Gavae Kota Kinabalne Sabah i BNINTT hudat, Sa-
Dalv tBNINTLL Vietnam: Lo B. Nha Trang  BNINTI

Chince: Beigang Eo Hainan  BNINTL L Indonesia: Kuta
Beach, Lombok  BNINTI l’hilim)inu\; NMandalec, S 1l
Nido, N Paliwan BNINTL Faivvan: Tan Shui  BNINT

[apan: Ishigaki BNINTD: Yakaoshima S. Uoznini Colln
\nuioshima S Uoznmi Colln s Shirahauma, Wakavania
BNINTL 2 Chichijima. Ocasawara bslands Fukoda.
1993 . Australic: Wooli Wooli R New Sonth Wales
AMS Tongar Sopu. Nukicalofa: Tongatapn BNINTT

Remarks: Reid (19560 characterised this as a tapi-

Penes and paraspennatozoa of Littoraria bengalensis new species and Lattoraria mtermedia V=16, 20, Penes

17.0 mm. 16,1
13.0 s 17=19. Penes ol £ intermedia
128 mm 153 mm . 19 ‘o Namn Bor,

Phuket Island. Thailand (BMNT 20000119 <hell H E3. 0 mme. 21 Paraspermatozoa [rom one paratspe ol Lo bengalensis: Hare
1sland, Gull of Mannar, Tamilnadn, Indic BNINTT 20000755 Abhreviations ph penad base wrinkled - pl pemal filiment: smootl
pad. penial glandnlar dise. Stipple on penial alandular dhse mdheates dark brovan coloration. shadimg at base of penis indicates hlack

pigment in epithelum
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Fuble L. Summany of differences hetween Littovaria bengalensis uew species and Lo intermedia shell characters apphy to specimens
from mangrove habitats in northeastern tndiann Ocean only ),

Character

Littoraria henvalensis

Littoraria intermnedia

Shell shape

Shell color
Penis

Paraspermatozou
tabitat

Distribntion

Larger to 29 nun. thinner textnre. peripheral
angnlation with raised nib

Ochre to vellow, with hrown patterni: on last
whorl the dark dashes are diffise

Robust filament: hrown glandular dise horne on
long hrancli of base

Rod picces project from ccll

More tolerant ol turbid and estinarine condi-
tions: oceurs higher o trees and thronghont
forest: found on trunks. branches and foliage.
rarely on rocks

Northeastern Indian Ocean. from India to west-
ern Maliny Peninsnla and northern Sminatra

Smadler (to 1S ', more solid, more ronnded
periphen

Crev. with black to brown pattern: on last whorl
the dark dashies renmain diserete and avially
aligned

Vtore slender filament: eream dlandular dise
bhorme on shorter hranelr of base

Rod picces seldom project rom ccll

Preference lor clear water: fonnd Jower on trees
and onlv common at seaward edge of forest:
formd on roots. trmnks and sheltered rocks

Ocenrs widelv thronghont tndo-West Pacifie re-
gion

cally oceanic species. with o wide distribntion from
South Africa to the Red Sea, thronghout the Indo-WWest
Pacific tropies to Hawaii and Polyvnesia. Within this area
he pointed ont three distinetive geographical forms,
from the central Pacific, from the western Indian Ocean
dneluding the Red sea) and (rom India and the Anda-
man S btis demonstrated above that the fast of these

is a distinet species, Lo bengalensis. Tts reeognition re-
moves the anomaly of the ocaurrence of this form’ in
the l'(*];lti\'('])‘ continental conditions ol hroad mangrove
torests in estuaries on the mainland shores ol the west-
ern Malay Peninsnla. An obvions question is whether the
other forms™ might also deserve speeific status. Aecord-
inglv, neli new anatomical material has heen examined
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Geograplucal disteibution of Littoravia bengalensis with, lor comparison, the records ol Littoraria interedia from
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lrom thronghont the vange ol this speaies. m partienlar
66 penes have bheen drawae However o obvions dis-
continuitios live been found. Furthermore, in arcas
such as the Solomon Iskds. New Caledonia and Fiji,
where overlap in the ranges of @ potative Indo- Malin
species (the “typical form™ and a pitative central Pacilic
species might have been predicted. no- evidencee has
heen fonnd for the svinpatric acenrrence of diserete
conchological or anatomical tvpes. Tustead, the evidence
continues to suggest a single widespread species. typical
of occanic habitats. in which shell eharacters show sl

and gradual changes (in the color patterns frequency of

color morphs. and presence of secondan se llll)llll(“
across the considerable: ceographical vange. Shell char-
aclters continme to show a strong corre Jation with habitat
as well as geograpln. as pmntu] out by Reid 19sGa.
Thus. t]nmwlmnt lh(' range. those specimens from rocky
shores tand from certain mangrove tree species such as
Avicennia and Sonneratia) are paler i color and show
a more diltnse patterne in comparison with the typically
dark shells found on Rhizophora trees. which are the
prevalent shell tvpe in the Indo-Malin and Anstralian
regions.

The new records listed above sianificantly extend the
known range of this species in Arabia. the Sonth China
Sea. and sontheastern Australia. In Japan, the record
from Shirahwna confinas the (presumably sporadie) oc-
currence ot this species in the Kii Peninsula e record
in Reid, 1956, was hased on a shell illustrated by b,
196-0. Additional collecting in northwestern Anstralia
(M Stnckey, personal communication) has failed to find
this species further west than the Coburg Peninsulic so
its absence from Western Anstralia appears to he real

Littoraria (Littorinopsis) subtittata Reid. 19564

Distribution:  New record: Mascarene  Isknds: Ro-
drignes (NMAV

Littoraria (Littorinopsis) philippiana +Reeve 1557

Distribution:  New records: New Sonth Wales: Wooli
Wooli River tAMS

Littoraria (Littorinopsis) filosa (Sowerbs. 1532
Uligures 23-300

Animal:  Penis (Fignres 23-300 in specimens {ron
Wostern Anstralia the ghadukar limlyis often longer and
more robust than pre \mnxlx re pmt( < Reid, 1986 o,
S it may he as fong and up to 3 times as broad as the

penial filaiment.

Distribution:  New records: Northern Termtory: For-
ssth Creek. £ coast Joseph Bonaparte € nll BNINKL
Western Anstralia: Berkeley River and Bevely Bknd W
coast Joseph Bonaparte Gull  BNNTL

Remarks:  Reid 1195640 noted that the geographical

forin Tonnd Trom Cape Levegine o Iamonth Galfin

(8]
ot

Page 12

Western Austraha differed from the tvpreal Torm on the
cast and north coast of Anstralia by more monerons hut
less prominent primany vibs and by details ol color pa
tern Tanonomic recognition was not considered justified
sinee no anatomical differences were detected. Nes ma-
tertal Trom thronghont the range in Western: Anstralia
inclnding the two listed above that G inca cap i the
known distribition conlirns the reported shell differ-
ences, but adds some signilicant details. The typical e
inate casternt shell tvpe extends to- both localitios i
Joseph Bonaparte: Colf isted above, whercas a large
ssunple abont 1000 BNINT (rom €
plavs claracteristies intermediate between castern and
woestern shellss The western forms often, bt not .ll\\.l_\\.
e penes with an wmisnally long and vobist alandular
branch of the base. exceeding i size amy seen rom
northern or eastern \nstralia ‘\;nnpl«-x ol 30 wester and
55 castern penes I none of the samples from Western
Vistraliac or Northern Territony is there any: morpholog-
ical evidenee for a mistire ol two diserete shell types
with correlated penial differences. The carlier tnononice
conclision therefore seems justified from amorpholog-
ical viewpoint. and the evidence appears to show
blending of characters hetween two forms with a con-
tinnons distribution. vather than allopatny or Timited
overlap between two  distinet forms. However. this in-
teresting case should be imvestigated with genetic tech-
niques presenth being done by AL Stackey. University
of Western \ustralia.

The apparent trend towards a longer alandular hranch
in the penis of the western form of L. filosa might repay
further investigation. 1t conld he significant that the cast-
ern form (with relatively shorter ahandnlar branch® s
broadiy sy nipatric with L. philippiana 1 congener with
aomneh longer glandular branch. Tn contrast the western
forn nwith relatively Tonger braneh is Jargely svmpatrie
with L. cingnlata. in which penial shape is more similar
to that of the castern form of L. flosa see Reid. 1956ae
fias 1135 - penial shape is a species recognition char-
acter. its variation within L. fifosa might snggest acase
ol cliracter displacement.

Cape Levegne dis-

Littoraria Littorinopsis  ardoniniana lende. 1555

Distribution:  New records: Taiwan: Tan Shuic Chinae
Sanva Thainan, Vietnam: Sun Sot Caves Ha Long Bay:
Lo River. Nha Trane. Singapore: Changi Southall
BNINTT

Littoravia « Littorinopsis - delicatula - Nevill, 1555

Figures 31 33, 36, 37

Animal:  Penis Fioures 310320 bilareate: glanduolar
dise Targe. with thin margin: fikunent small. 0.2 total
fenath of hase. separated from swrinkled hase by con-
\tn( tion: sperm L{mn\v open. Par: aspernatozon I e
330 020 po ovall 1 orareh 20 laree rectananlar rod
picce filling cell: ar: mn]v\ larae. Tew. distinet - obsena-
tion of single sperm sample presenved in S0% cthanol.
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which may canse shrinkage ol ahont 204 Reid. 1996
6). No data on female. Radula Figures 36, 37 relative
fength 0.76: vachidian tooth: base flared. central ensp
shield-shaped. smalt ensp and one denticle on cach side:
lateral tooth: 3 ensps. Targest central ensp blimt: inuer
marginal tooth: 4 ensps: onter inarginal tooth: 5 ensps.

Distribution:  Habitat: foliace of Avicennia alla on
muddy river hank: water of low salinity (from 2-3 in
wet season to 16.57% - din season! G Pendred. per-
sonal comnmnicition). New records: Bodra Kaal, Clias -
labogi. Sindarhans. Bangladesh (BMINTD: Krnsadai [s-
fand. Gult of Nanmar, Tndia (BNINT

Remarks:  Reid (19860 did not have acceess to am
preserved specitiens. but since then two niales have
been dissected and one radula prepared. Based on some
similaritv of shells. Reid (1956 snggested that L. deli-
catnla was most closely related to Lo ardoniniana and
that anatomical evidence was requived to confinm that
they were indeed distinet. The newly deseribed penial
forin is sulficienty different [rom that of L. ardoniniana.

in which the filument is farge cap to hall total Tength of

penis: Reid. 195620 to deave no doubt that the two are
separate species, The parasperimatozoa are similar in
both. The penis of L. ddlicatula does not differ signifi-
cantly from that of L. pallescens and the vadnlae of these
species are also closely similar. Radular taoth fornyis not,
however, a reliable taxonomic character in Littoraria
(Reid and Mak, 19991 Despite the pewial similarity L.
delicatula is helieved to be distinet frow Lo palleseens.
since the shells are verv different tdelicate, with 11-14
priman grooves. 35-30 ribs on last whorl and marrow
columelle in L. delicatula: solid. with 9-10 priman
arooves, no secondany senlpture and broad columella in
L. pallescens: see Reid. 1956a). Paraspermatozoa also
dilfer, being rounded with simall rod picces in L. palles-
cens (although only a single sanple has heen seensin L,
delicatula). These two have not vet heen collected to-
acther, but both have heen recorded from the Andaman
Istands (Reid. 19560, so that the conelnsion that they
are distinel might be tested in future. There is asper-
ficial similarity to L. bengaleasis tsee above),

The new record from the Culf of Mannar greathy in-
creases the known range of this species. previoushy e
corded only from Porl Canning Bengal and the \u-

daman Ishinds. Tt is likel, however, that the center ol

distribution is the northern Bay ol Bengal. Only single
shells are available rom the Andaman slands (BNINT]
Reid, 19561 and the CGoll of Mannar, The fatter was

—

Figures 23-33.  Penes and paraspermatozoi ol Littoraria filosa and Littoraria delicatida 23=30. Penes ol 1. filosa
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collected in 1931 by R Winckworths the species was not
fonnd on arecent visit to the Gulf o Mannar (personal
ohservation. 2000 and i presumably rare i this area.

Littoraria «Palustoring  mclanostoma  Ceax, 1534

Distribution:  New  records: Japan: Miviko  Island:
Yacvama Islands Higo et al, 1999

Remarks:  Reid (19560 recorded the rare oecnrrence
ol @ pinkish ovange morph i this normatly monomor
phic species. This has now heen seen in two samples
from localities i Ta Long Bav. Vietnam BMINTL: the
frequency was fow 2% and 3%\ 21 and 11 and in
cach ease the specimens were collected among saltnarsh
arass (see Remarks on L carinifera

Littoraria «Palustoring) carinifera  Nenke, 1930

Shel:  Two cases of color polvinorphism have been re-
corded i this species. hitherto thonght to be rather con-
stat in coloration  Reid. 1956 Tna sample of 75 shells
from Lembar, Lombok " BNINI D most had a cream to
arev gronnd color with red brown pattern, but v seven
shells 199 the gronnd color was orange. The sample
was collected on trmnks of dwarl Avicennia and Sonner-
atia trees Tmin height on a nuddy foreshore. A second
polvmorphic sample was collected among saltniarsh
orass 70 ki sonth of Ranong, Thailand «(BNINTL L Tere
the shells were of the small, smooth form e Reid,
1956a: fie. S2i0: the range of colors was similar and three
(6.5 of 16 shells were orange.

Distribution:  \ew record: Indonesia: Lembar, Lomn-
bhok (BNINTIL

Remarks:  Elsewhere in the subaenus Palustorina
pinkish orange shiells are very rarely enconntered in 1.,
articulata and L. melanostoma. althongh this morph s
wideh distributed  though alwavs at low Tregneney - in
l)nl'\n.nn’plli(' members ol the subuenus Littorinopsis
Littoraria carinifera is nornally fonnd on trunks at low
levels tup to 0.5 mon trees inthe Tandward fringes ol
mangrore forests [ Reid. 19560 192 and shells from this
Jhitat are of overall dark brown color and not poly-
morphic or variable, 10 may be significant that lhoth poh -
morphic samiples are from foliage in open sunny condi-
tions. i other words from visnallv varied microhabitats
where the animals might he exposed to visual predation
reves by birds or crabs TS under exacthy these condi-
tioms that the polmorphic species of the subaenas Lit-

23-26. Julago

Beach, Cape teveque, Western Anstralic: BN 20010120 shell 11 = 2005 nnn. 200 . 1905 nons 1S T 27,29, Lookont

1. Broome, Western Anstralia: BAN{E 20010121 shell 1
Western Australia - BNUNH 200101220 shell 11 211 mm

197 win. 135 i 25, Mangrove Point. Rocbuck Bav, Broome
30. Withunell Bav, Burnmp Pemmsolas Westen Australia BNMINTL

200101471; iell = 183 e 31=33. Penes and parasperiatozoa ot £ didicatude Bodra haal, Chavlaboar Sundarbans Bang-

ladesh tBNINTT 20010123 shell 11 = 18 e 113
glandular dise.

Dotted hne mdicates extent of opague glandular portion of pel
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