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ABSTRACT

This papc'i' adds iiiw data cm niaimi()\c-asM)(iati-d spcrics ol

Littomrii: in tiic liidi>-\\Vst Pai-ifk- ifjoii thai lia\c arcuiiiii-

lated since tlif l.iMinomic rt'vision cil tlic i^ronp In Kcid

(19S6a). One new speeies is deserilicd lidiii llie nortiieastern

iniliaii Oeean and L. -sinensis iPliilippi, IStT is dislinijnislied

from (lie similar I., aiiiriihila ( Pliilippi. IS4(i ' with \\ hieh il \\as

pie\ionsl\ ennhiscd. Siij;nifieant extensions to the distribution

ranges ol 12 speeies are repoited The penis, paraspenuatozoa
and radnla ul' I,, ili-licdliiln (\e\ill. 1SS5' are deserihed I'orllie

first time and additional inlonnation i;i\en on the geographieal

variation ot />. filos/i (So\\erb\'. LS.32' in Austialia. New htera-

tnrt- I post- 1985) on the entire genus IJilortirin is Imelh re-

\ie\\etl.

IXTHODIC TION

The hiiiilK' Littorinidae is aiiinii'j; llie iikisI well stiuliecl

o( marine gastropod groups. loi- it is ol woildwide dis-

trilmtioii aiul its nicnihers are iisiialK alinndaiit, aeees-

sil)le anil easlK eollecteil in the intertidal /.oni' (see ri'-

\ie\vs h\- Me(,)nai(l. 1996a, b). Ifntil some 30 vears ago

the gronp was noted lor a eonliised ta\onom\ based

mainl\- on bigliK \ariable shell eharaeters. However,

sinee then tlie applieation ol teelnni|nes ol line anatoinv,

scanning I'leetron mieroseopx and moleenlar biolog\ has

resnited in refinement. Within the most well known sni)-

lamiK, tlii' intei-tidal and mono|)h\letie Liltorininae

(Reid. 19S9a), recent stndies recogmse 1'59 speeies in

eight genera: 1 MclaHiiiphc iHosewater, 19S1; Keid.

l9S9a): 11 Pcasirlla (Reid, 19S9!): iieitl and .\!ak. 199Si.

2 Maiuwari)iiiia (Reid. 19S(Sbi, 10 'rvclahus (iiosewater.

1972; Reid and Geller. 1997). 1 Cvnrhriiis i Rosewater.

1972: Reid, 1989a>. 39 Littomria i Keid. UJSfia. 1999a.

b. this studv). 19 Littoriua (Reid, I99fil and 5(i Xoililit-

foriiui (Bandel and Kadolsk-A. J9S2: Keid. 19S9a, in i)re.ss

a. 1)1. For the snblamiK Littorininae there is at least a

prelimiiian pli\ logen\ of the genera (Keid. 19S9al anti

S(jme species-le\el ph\logeni(>s (e.g. iieid et al.. 199fi;

Reid, 1999h), and fnitlier moleenlar phylogenies are

now beiiiL; ])rodnced, I'lir <ill these l.)9 species the re-

prodiieti\c moile and habitat are known, and lor almost

all ol them the geograjibical distribution is recorded in

detail. This, therelore, rejiiesents a remarkable dataset

among marine invertebrates: a lelaliveK well-worked
monoplnletie gronp ol woildwide i but predomiiiantk
liopieal) distribution. Once a more robust plnlogenetic

hamework is achieved it should become a model svstem
h)r the studv ol m:ieioevolntionan proces,ses (e.g. IJt-

loriiKL Keid et al.. 199fi). .Meanwhile, it is important to

understand the svstematies ol these speeies accurateK

and to record their distributions as preciseK as possible.

The modei'U concept ol the genus Lillcnirid as a

mouophvletic grou]) was estai)lislied b\ Handel and Ka-

dolskv 1 19821 and Reid (l9Sfia. 19.S9a): JH-fore this the

species were generalK included in IJIIohiw. a large

poKpliv letic as.seiublage. The i^enns is almost exciiisi\el\'

tropical in distribution and the highest diversilv is found

in the Indo-W'est I'aeifie hiogeographie region. M the

species level, tlie classification ol this group imdervvent

a eonsiderabk' change following a revision In Reid

(19S6a) of tlie Indo-Pacifie species associated with man-
grove habitats. Using a range ofevidenc-e from analomv
(in particular of penis, parasperniato/oa and pallial ovi-

duct), radula. siieil inoiphologv. Ii.ibital, distribution, and
copulation Iretjuencv. it was shown that 20 speeies could

be discriminated whereas onlv 3 had been conimonlv
distinguished |ireviousK. Since this revision, new collec-

tions have accinnulated. .\s a result, some of the earlier

conclusions nmst \k- revised and three additional species

can be recognisi'd in the region. The new material also

adtls significant extensions to the distributional ranges ol

some ta\a. It is the aim ol this paper to describe and
icdescrihe t\vo of the additional taxa (the third will be
deserihed elsewiiere, Stnckev antl Reid, in preparation)

and to document some new obsenations and distribu-

tional records. It should be used in coujimction with the

earlier work (Reid. I98fia).

.\t the time of Reids (I9S6a) svsteniatic revision, oth-

er aspects of the hiologv- of these tropical species had
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received relati\{^l\' little stiuK. llowcNcr, in the \eais

since then the\' ha\(> iccciNcd iiiiuli more attention.

Among several reniarkalilc tcalurc.s ol iJlloniria are the

a.ssociation of mamspecies witli mangnne trees, leading

to studies of their /onation patti-rns. diet and predation.

Some members are oxoxixiparons. and nian\ sliow

spawning or feeding migrations with hniar and tidal pe-

riochcitv. A striking color poK inoiphism of the shell is

shown l)\' species occurring on mangnne foliage and
these ha\e enierged as a model s\steni tor the stud\' ol

the niainteiuuKc of poK tiiorphisiii In natural selection.

There has also heen new work on ultrastructure, egg
capsules, radular plasticitv. parasitism and genetics. This

new literature will he lirief]\" rexiewed here.

NEWLITERATURE ONLITTORARIA SINCE 19S5

Reid (19S6a. 1989a) listed 36 known species oi' Litto-

raria vxorldwide (one of whicii was unnamed), but de-

t;iiled descriptions were restricted to those 20 found in

association with mangrove trees in the Indo-West Pacific

region. Since then the si.\ species occurring in the East-

ern Pacific region ha\e lieen described (Reid. iy99a; see

also Reid and Kaiser (2()()1 ) for t^vo new records of Indo-

West Pacific species in the eastern Pacific) including the

unique nonplanktotrophic L. ahcrniiis (Philippi, 1S46)

and the new taxon L. ro.scwatcii Reid. 1999. In addition

to the single new species described in the present paper
and the recognition of two ta,\a within L. (ii-ticiilnta (Phi-

lippi, 1846)' (as used by Reid, 1986a), a further new-

species from northern Australia is being describeil else-

where (Stuckev and Reid, in preparation; see W'armoes
et al., 1990, and Reid. 1992a, for additional regional tax-

onomic accounts). This brings the total for the genus to

39 species.

A preliminaiA phvlogenctic anaksis of all Litlorar'ui

species then knowii, based on iladistic analvsis of mor-

phological characters, was done In Reid (1986a). This

has since been revised and updated (Reid. 1999b). The
new phvlogenv was not well resoKed, but supported the

monophyly of the subgenera Pahistorhui and Litioiinop-

sis, and suggested thai the subgenus IJtlonir'ui was a

paraphvietic assemblage; a significant change to the pln-

logenctic classification of the genus was the combination
of five mainlv rock-dwelling Indo-Pacific species (L. pin-

tado (Wood, 1828), L. inanrilitnui (Lamarck. 1822), L.

alahmta (Philippi, 1846), /.. coccim-a (Gmelin, 1791). L.

undulata (Gray. 1839)) in (he basal stibgeinrs Frotolitt-

orariri. wiiich had previousK held onK /.. piiitddo (Reid.

1989a). The fossil record of Ijlltmind is limitt-d. but

better than that of Other littorinid geneia. probali!\ bc-

cau.se preserx'ation is more likeK- in niangroxc cnxiion-

ments than on high-energ\' rock\ shores. The known fos-

sil species were listed i)V Reitl (19991)) and discussed in

the context of vicariant events in the biogeograpliie his-

toiy of the clade. A similar histors-, of Tethvan origin ;uid

subse(]uent \icariance, has been proposed tor niangroxcs

by Ellison et al. ( 1999), who cited the worldwide diver-

sity gradient of IJtloraria species in support. Ivxtinetions

of marine invertebrates during historical time are rarelv

reported; L. fiammca (Philippi. 1847) was included as

one of onlv four possible examples among 'gastropods

discussed bv Cariton (1993).

Regrettablv little genetic work has \et been undertak-

en on Littoraria. Several studies of allozvine variation

within the Australian species have confirmed that the

species defined bv nioq:ihological criteria are indeed dis-

tinct (John.son and Black, 'l998; Schmidt. 1998; M.
Stuckev, personal conmiunication). Levels of intraspe-

cific genetic variation have been assessed using alloTA'me

markers in L. anguUfera (Lamarck, 1822) (Janson, 1985)

and in the hvo subspecies of L. cingidata (Philippi, 1846)

(Johnson and Black. 1998). DN.-\ sequences have so far

been published for the 16S ribosonial RNAgene (3 spe-

cies, Reid et al., 1996) and 18S rRNA gene (1 species,

Winnepenninckx et a!., 1998^, but have yet to be used

for phvlogenv reconstmction within the genus. This

should be a priorih'.

Although the genus Littoraria is well known as a char-

acteristic inhabitant of mangrove forests, this is not tine

of all the species. There appears to have been an evo-

Intionan- specialisation to the mangrove habitat, since

basal species occur exclusively on rocks, or on both rocks

and drifhvood, whereas only the more derived clades

occur on trunks and foliage of mangrove trees (Reid,

1999b). The three-dimensional structure of the man-
gnne 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. 1985; Reid, 1985; Boneka, 1994; Catesbv

and McKillup, 1998), Japan (Ohgaki, 1992), the Carib-

bean (Gutierrez, 1988) and the eastern Pacific (Blanco

et al.. 1995; Blanco 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 (bark or foliage), at txpical tidal

heights and in tvpical horizontal zones (seaward or land-

waril fringes) within the forest; furthermore, the assem-

blages of species on continental margins and on oceanic

islands are different (Reid. 1985. 19S6a, 1999a). Some
of the tvpicallv mangrove-associated species can also be

found on shclteicd rock-v shores, including L. aiiindata

(see Crowe, 1997), L. sinensis (Philippi, 1847) (accounts

of distribution of 'Littorina scahra' on roek-y shores of

Hong Kong and southern China probabK refer to a mLx-

tnre of these tAVo species, e.g. Ohgaki. 1985; Yi and Li,

1988; You, 1990) MvXL.flaia (King and Broderip. 1832)

Nionlinhd ;uid Alves-Costa, 2000). Ecological data on

llidsc species tli;it ;nx' found mainlv on rocks and drift-

wcHid. such ;is /. unduhila and L. coccinea. are scarce

il'diilieek et al., 1994; Sacchi, 1994; Ohgaki. 1998).

Within the mangrove environment those s|ie(ies in-

h;ibiliii'^ liuiiks and roots ;it lower levels on the trees

nii'j;r;ile \erlicallv with the tide in order to renuiin above

die w.iler level (Yip[). 1985; (;utierrez. 1988; Ohgaki,

1992; Jensen, 2000). Similar behavior has 1h'(mi reported

on rockA- shores (Ohgaki, 1993; Svane and Pringgenies,
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1997) and displacfiiieiit i'\periiiu>nts ha\c lircii cairifd
out (Antwi and Aniexan-Ahimfi. 1987). In tontiast. spe-
cies hpicalK- Ibinul at higher lewis among tiic foliage of
mangnnes are not contaeted l)\ the higli tide, hut be-
come acti\e during rain and iieaxA' di'w (Little and Stir-

ling, 1984; Kohlmeyer and Behont. 1986; Ohgaki, 1992).
Lihowria irrorata (Say, 1822) occurs in salt marshes in

the soutiieasteni United States, where i( chmhs tlie

stems oi marsii grass and descends to teed on the suh-
.strate at low tide. This behavior has lu'cn investigated in

relation to lioth thermoregulation (McBride et al., 1989;
WilHams and Appel, 1989; Henn- et al., 1993) and a\oii!-

ance of predators (Warren, 1985; \'aughn and I-lsclier

1988, 1992; Di.\ and Hamilton, 1993; Du\al et ;il.. 199-4).

This species has been eniplo\ed in studies of trail fol-

lowing (Stirling and Hamilton, 1986; Tankersle\-, 1989,
1990;' Robbins and Hamilton, 1996). Unhke ;ill other
species of the genus, it is entireK- template in chstri-

bution and hibernates during winter (Paul et .il 1989).

Aggregation beiiavior has been described in /. tl'ii'i "u
Toch,- shores in Brazil (Moutinho and AKes-Costa.
200(;)).

Littoraria species sulfer high Ie\els of pre(hitioii. a|i-

parently mainK h'oin aquatic pretlators, accounting toi-

their avoidance oi submersion i)\ the rising tide. In man-
grove forests portunid crabs take snails ;it and below the

water surface, while some grapsids are able to climb sev-

eral metres up into the trees (.Maruthamutim et al.,

1985, 1986; Borjesson and Szelistowski, 1989; Reid,

1992b; Boneka et al., 1998). Predaton- fish ma>- also be
important predators of juxenile Litforaria and species

from lower \ertical le\els (Hughes and Jones. 1985;

Hughes and Mather. 1986; Borjesson and Szelistowski.

19S9; Catesby and McKillup, 1998; Duncan ;md Szelis-

towski, 1998). in salt marshes botli portunid crabs and
predaton- gastropods (.A/c/o/igcofl) attack L. irrorata

(Warren.' 1985; West and ^\illiams, 1986; Dix and Ham-
ilton, 1993; Schindler et al., 1994). There is limited e\-

idence of predation b\' birds on Littoraria species in the

mangnne canop\- (Reid, 1987; Cook and C;ad)ett, 1992).

An unusual predatorv association has recentK' been re-

ported in southern Queensland, where U\t> species ol

sarcophagid flies are a significant cause ol moii;ilif\ in

L. filo.sa (Sowerbv, 1832) (McKillup and MeKillup, 2000;

McKillup et al..'2()00; P;ipe et a!., 2000). In \ietnam.

South Kast Asia and India the larger Littoraria sjieiies

are gathered localK lor food In fiumans i i\asm;itliaii and

Shanmugam, 1988; Poutiers. 19981.

On tropical rock'\' shores Littoraria h;i\e been re|)oi1-

l| ed to graze on diatoms, microalgae. c\;inob;Rtt'ri;i ;ind

r bacteria, but in mangro\e and saltuKush h;ibitats addi-

tional sources of food are available. Littoraria species

appear to be opportunistic grazers, ingesting ;i range of

fungal, algal, detrital and plant material and their role in

food webs has been examined (Kemp et al.. 1990; (>urrin

et al., 1995). Several investigators have stressed the likely

importance of marine limgi in tlie diet ol Littoraria in-

habiting both mangrove trees (Kohlmeyer and Behont.

1986; Christensen. 1998) and grass (Newell and Biir-

locher. 1993; Barlocher and Xewcll. 1994a. b; (iraca et

al.. 2000!. Whether mangrove pkmt tissue is a significant

food source is delnited i Ohgaki. 1990; Jensen. 2000; Lei'.

2001) and the composition of the diet ma\- depend upon
vertical zonation and tree spcfies '[ensen. 2000), The
mechanical function of the radul.i has not been studied,

but it has been shown tluit the form of the radular teeth
differs consistentlv in specimens of the same species
samjiled from rock and wood snlisti;ites. impKing that

tooth .shape is phenotypicallv plastic (i{(id and Mak.
1999). Growth rates can be r;i])id in tropic'al Littoraria

species, most reaching :isvmptotic size in six months to

one vear (Maruthamuthn and K;isinath:in. 1985; Bnrgett
et al . 1987; Cruz. 1989; Boneka et al.. 1997; Jensen et

a!.. 1999; Jensen, 2()00>. Breeding and population char-

;icteristics have been reported in several Littoraria spe-
cies I Bern. 1986; Maruthamutim ;incl K;isin;ilhan. 1986;

Yi ;md Li. 1988; Herjanto and Thomas. 1VJ95; Jen.sen et

al.. 1999).

The mtraspc'cific variabilitx' of littorinid shells has
becMi a connnon Ciiuse of taxouomic conhision in the'

past. In a uioq)hometric stucK of L aiiiiiilifcra through-
out its Atkmtic range. Merkt and Kllison i 1998) reported
strong intnispecific variation in shell shape, but argued
tli;it this was a conse(|uence of ecopheno^vpic effects

rather than genetic differentiation. However, an earlier

study of the same species over a more restricted area
had reached the opposite conclusion (Janson. 1985).

When considering variation betAvc'cn species, it has often

been obsened that shell thickness decreases in species

zoned at higher levels on th(> trees, reflecting adaptation
to the severity of acjuatic predation at lower le\els (Cook
et al., 1985; Borjes.son and Szelistowski. 1989; Duncan
and Szelistowski. 1998) and the danger of dislodgenient

in the c-anopv (McMahon. 1985).

In manv Littoraria species the most striking aspect of
shell variabilitx' is the color jiolvmorphism of the shell.

Indeed this feature has stinnilated the most active field

research on (lie gcMms. so that species <)\ Littoraria have
become recognised as a model svstem for the studv of

visible genetic polvmorphism ((.'ook. 1992). I'nfortu-

natelv. earlv studies suffered from the confiision of sev-

enil different svm]-);itric species (Hughes and Jones,
1985; Hughes ;md .Mather 1986). It has been obsened
that there is a consistent correkition between monomor-
phic- (;ilthough still variable) shells and a low-level hab-
it;it on trunks and branches, wiiereas species inhabiting

foliage are polvmorphic (Cook, 1983, 19S6b), although
mider exceptional circumstances polvmotphism has also

beiMi reported in a trunk-dwelling species (C^ook ;ind

Bridle. 1995). The three princi]ial moqihs are vellow.

brown and pink (or Orange) and each appears to be
cnptic against different parts of the \isuallv varied back-

ground of the mangrove canopv, or to mimic elements
of the foliage (Cook. 1983; Reid. 1987). Assuming that

the polvTnorphism is genetic in origin and not selectiveK

neutral, there are a number of mechanisms bv which it

could be maintained in natin-al selection (Reid. 1987:

Cook and Gadiett. 1992). Evidence has accunnilated for
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sisiiiifiraiil iliaiim's in iiioipli licc|urnrics ac((ii(liii'4 to

tlic cdiriposition of the l)ack>j;n)iiu(l (cij;. tree species ami
al)uii(!aiR-e 1)1 li)lia<ie; Heid, U)S7; (.'ook and (iaiiietl.

19S9; Cook. 19y()a; Schmidt, 199.S) and tlieiv has heen
one nianipnlativc field e\perinit>nt tiiat sutisiested the op-

eration ol lre(]nenc\ -dependent (apostatiel selection

(Reid, 1987). \e\eitheless, the identit\ of [lossilili' \isual

predators is a matter ol speculation: hirds. erahs and
even flies ha\e been su^^ested (Reid. 19S7: Cook and
Garhett. 1992: McKillnp'et :il.. 2000 i. The differences

in thermal properties ol the niorphs iiia\ result in l>e-

havioral ilillerences that contrihute to site sck'ction and
background matching (Cook, 19S(il); Cook and Free-

man, 1986: Reid, 1987). The color inoiphs of /,. jiiillcs-

cens have also been showni to differ in shell strength,

size, variance and growtli rate iCook et al . 1985: Cook.
19901): Cook and Kenxon. 1993: Bonek:i. 199(r. Honeka
et al., 1997).

ReIati\eK' lew new anatomical studies ha\e been e:n-

ried out since 198fi. Egg capsule shape luis been docu-

mented in a number of ailditional species (Bern. 19Sti:

IIo, 1987: -\lak, 1995). The llagelhun-like structure of

the paraspermato/.oa is a character ol phvlo^enetie sig-

nificance (Reid, 1999b): this has bctMi named the pscn-

dotrich and has been tlu' subject ol struetnr:il :md on-

togenetic stucK (IleaK ;md |;uniesou. 1993: iiuckland-

Nicks et al., 2000). The lunctions ol parasperniato/o;i

have been rcxii-wed hv Buckland-N'icks (1998: 1-inck-

land-Nicks et al.. 1999). Eertmau (1996) described the

ultrastructure ol the gill filaments ol L (iiiicuhtUL

MATERI.\L AND .METHODS

Shell dimcTisions weie uie;isured with \erniei e:ilipers lo

0.1 nun. Shell heiglit (H) is the m;L\innun dimension

parallel to the axis of coiling, shell bre:ullli iB' the ma.\-

imuui dimi'iision peipeiidicuhir to II. and (he length ol

the aperture (LA) the greatest length from llie junction

ol the outer lip with the penultimate wliorl to the an

tenor lip. Shell shape was quantified :is the r:ilio II B

and H/LA (rekitiw spire height. Slfi.

For geni'ral :iceounts ol the m:Lle and lem;ile :iUiitom\

of Lifforariii, and methoils of stniK. see Beid i 198(ia:

1999a). Li\ing animals wi're relaxed in 7.5'/f maguesium
chloride in fresh water, fixed in lO'/f sc:iwater formalin

and stonxl in SO^r ethanol before examination. Banis-

permatozoa were I'xamined Irom the seminal \esicles of

specimens fixed :ind storetl in lO'f sc:iw;iter lormalin.

The relatixc radular leu<fth was the total rathilar k'ntith

di\ ided b\ shell height. B;idnkie were cle.iued b\ so:ikini4

iu a h\pochlorite bleaching solution ,it room tempera-
ture' for about 5 min. rinsed in distilled water mounted
on ;i film of pol\Aiii\l acetate glue ou glass, allowed to

(In in air and coated with gold and palladium before

(.xamination iu :i scanning electron microscope. I'nworu
jiortions ol radulac were xiewed in three orientations: in

st;uKkir(l H;it view iVoni x'erticalK' above the radula (to

show sh:ipes of teeth), at an angle of 45° from the front

end ol the railula (to show sluqies ol tooth cusps), and
at ;in angle of 45° from the side of the raduki (to show
relief).

Inslitiiti<)nal ahhre^iati<>lls:

.\.\1S. .\ustr:iliau Museum. S\dne\

ANSI' .\c:idem\ ol \:itnral Sciences ol Phikidel]ihi:i

BMXJl. \:itural lliston .Museum. London
\l\ll\. Museiun \;iliou:il d llistone \alnrelle. Baris

\S\1 1 National Science .Museum, 'lokxu

\.\1\\ National Museums and (Galleries ol Wales. ( .':u-

din

UNllL. Xatioiuial Natnmhistorisch .Museum. Leiden
USWI. National Museum of N:itur:il lliston. Smithson-

i:in Institution. Washington. D.C.

Z.\l A. Institute ol 'laxououiic '/oolog\. I'liixcrsitx ol .\m-

stei'dani

SVSI EMAilCS

iJI/oriniii {I .itioriiKtpsis ' scabrti ; Linu.ieus. 175S)

Distribution: New leiords: M;iscareue Islands: Ro-

drit;ues iNMW'. N'ietnam: Lo Bixcr. Nha Trang
(B.MNin. Chiu:i: S:ui\:i. Ilain;m Iskiud BMNIH. Tai-

wan: Tan Shui (BMNTL. |;i[)an: .\mami () Sliima iKxu-

shu I'nixo'rsitx h Inoda. Ishigaki Shinui i BMNTI h Chichi-

jinia :md llah:ijim;i. ()ii;is:ix\ai'a Iskinds l''nkndii. 1993).

I .iltoniiiii • Lilldhnopsis- hilcd I'hilippi, ISI7)

Distrihntioii: New records: Nieluiun: Lo Bixcr. Nha
Trang (fUlNll Indonesia: l,emb:u'. Lombok ; BMNII i.

l.iiloniriii ' lJII(>i-iii<>psis< piillcscciis i I'hilippi. IStfii

Distribution: Nexx records: \ietn:mi: Lo Rixcr Nha
Trang (BMNH). China: Sanxa. ll:iin:iu Iskind BMN11).

T:iix\an: Tan Shui (l^MNTIl. |apan: Na/.e. .ATuamioshinui

iKxiishu Unixcrsitx): Kabria Bax, Isiii<'aki (B.MNTI).

Figures 1-13. SlielK i>\ LitUtnnid iHiiiiiilciisis new species and IJttoriirin intermedia 1-11. /.. hcii'^alriisis. 1, 7. 15:itii Mauii;;.

Peiiani;. M:ila\sia il5.\INH 2()()1()1 lo: 1, niafc; 7, Icmafd. 2, 4, 8. I'aratxpcs: Hare Island. Cailf of Mannar, Taniilnailu, In(li;i

(HMNH 2001(11 t(l; 2, 8, female: 4, male). 3, 6. Tntieoiin. Tamilnadu. India (BMNII 20()0()7S3: females). 5. Sun<.»ei Mcrhok, near

Pantai Merdeka, Kedah, Malaxsia i BMNII 2()01()11S: malcL 9. .-\i) Nam Bor Phuket Island. Thailand ( BMNII 2()(II()| 17: lemalel.

10. Ilolotxpp: Hare Iskiiid. Culf of Mann:ir Tamilnadu. India iB.MNII 2()()1()I14: male). 11. .-^o Nam Bor Phuket Island. Thailand

IBMNII 2001011(1: male' 12, 1.3. /, iiitcnitidiii: ll:ire Island. ( ailf of \lann;ir Timihwidn. In(li:i iBMNll 2i)0007."il 12, male;

13, leuialel.
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\\'estern Australia: Bt'rkt'lr\ Ki\(r. Wcoa.st Joseph Bon-

aparte Gulf (BMNH); Maii<iro\c Bav, (^ape Range
(BMNH). Mariana Islands: .\leri/o. Cuain (BMNH).'

Liltorciria {Littoriiiojisi.s) hcn^dlcnsis new species

(Figiu-es 1-11. 14- US, 20-22. 34. 35)

Lilloriiia acahra —XicUcn. Ii)7(i: 1-4. ti<j;. l.'\ (in part, iiitliulcs

L. saihni (Linnaeus, IToS). L. pallcsccns (Philippi, lS4(i)

and prohahK /.. iiilcniirtliri (Philippi, 1S46)).

Littoniiia inlcnncdUi —Heicl, I9S5: .'j^-fi.S. fiijs 9, 11 (zonatioii)

(fig. 9 includes /,. iiilcniicditi ll'liilippi. 1.S46)). Cook and

Garbett. 1989: 5. fig. If. iv (penis) (in part, iuclndt's /,.

intermedia (Philippi. lS4fi)).

Litturaria (Uttoiinopsi.s) intennediu —Reid. 19S6a: 124-135.

figs 43b. 44e, f, 45c, d. 4fib (jienis), 46k (parasperniatozoa)

(in part, includes L iuliiiiu-diii (Philippi. 1S4G)).

EtMTiologA-: From the Ba\ ot Bengal, of which the

known distributional range" ot tliis species spans tlie

southern part.

Types: Hok)t\pe BMNH2(1(110114 (Figure 10); 17

dn- parat\pes BMNH20010140 (Figures 2, 4, 8); 100

paratopes in ethanol BMMI 20000755; 4 chv paratopes

USNM1000887.

Type locality-: Hare Iskuul, fiulfol Nhnuiar, Tamilu;iclu.

India.

Material Examined: 32 lots; 15 penes; 7 sperm sam-

ples; 4 pallia! (niduets; 4 radulae.

Shell (Figures 1-11): .\dult size range 12.3-28.6 nun.

Shape elougate-turbiuate ( H/B = 1.49-1.86; SH =

1.72-2.16); whorls modei'ateK rounded, suture im-

pressed, periphen ol last whorl angled, olteu with a

raised rib; relativelv thiu-slielled. Mature lip sometimes
sliglitK fiared in males, \arices rarelv formed. Columella

wide, pillar straight or slightK eon\e\. e\ca\ated. Sculp-

ture of (8)9-10 primars spiral giooxt's on spire whorls,

equalK' spaced; priuiiu^x groo\cs remain as incised lines

or up to 0.2-0.3 rib width on kist wliorl, often sliglitK

deeper and wider posterioiK (where occasionallv pos-

terior groove mav be 0.5-1 rib width); iutenening ribs

remain undivid(>(l until last whorl, where 2—1 posterior

ribs (excluding rib adjacent lo sutnri') become di\ided

by a central impressed line: peiipheral rib usualK' raised.

occasionallv carinate; somelimes ;» u;uii)w liblel inter-

polated in 2-3 posterior grooves; b;isiil ribs Huer; tot;il

ribs on last whorl 21-35. Surlaee gloss\. spinil mieros-

triae faint or absent. Frotocouch 0.35 nun diameter, 3.5

whorls, with spiral ribs and sinusiger;i notch. (!olor \;u-

iable; ground color criMUi. pale \ellow or oelu'e; [):ilt(in

of dark browii daslies on ribs, on spiic whorls ilashes are

usually axialK' aligned to form obli(|ne or /ig/.ag stripi's.

but on hist whorl dashes become less discrete and break

up into diffuse blackish to red-brown motlling; often ;i

broad paler zone on middle of base; p:illcrn sonietinies

faint, so that shell appears ncHow with grcN-brown mot-
tling. Coliunella pmple brown to dark violet; ;iperture

with e.\terior pattern showing through aTid not obscmcd
b\' the thin whitish callus.

.Vniinal: Headioot. operculum, pallial oxiduct and rad-

ul;i ( Figui'es 34, 35) do not differ significantK from those

ol /,. iiileniwdia as described b\' Reid (1986a). Penis

I i'"igui('s 14-16. 20) bihu'cate; large dark brown glan-

dulai' disc carried on long branch of base; smooth bkide-

shaped filament with mucronate tip. separated from

wrinkled base bv constriction. 0.4—0.5 total length ol pe-

nis; entire vas deferens from tip ol peni;il hiament to

prostate closed as a duct. Paraspermatozo;i (Figure 21;

l\eid. iy86a: fig 46k) 14—26 |j.ni (including rod jiieces):

rod pieces eoniposetl ol a bundle of several uaiidw el-

I'uients. or I'arcK single, usually projecting from cell; cell

hlled with large rouiid granules. 0\"o\ iviparous; embn'os
brooded between gill folds in mantle c;i\it\ until M'liger

stage; development planktotrophic.

Di.stribiiti<)n: Habitat on branches ;iud foli;ige ol

mangroves (Avicennid. Rhizopliora. Somicriilid) ;ind

m;u"itime trees (Pcmplus), up to 3.5 ni above groimd.

iilwavs above water level; most frequent at seaward edge

of mangrove forests, but e.xtending far back into forest

(see Reid. 1985: figs 9, 11, for zonation; as 7. iiilcniw-

ili(i); onlv rarely found on rocks. Fomid in modenitelv

turbiti and estnarine localities as well as on nearshore

iskuids. Range (Figure 22) from hulia to western Nhilav

Peniusnki :ni<l northern Sumatra. Records: India; Chau-
pati Beach, Mumbai (USNM); \'engurla (USNM); Man-
dovi EstnaiA', Goa (BMNH); Netravata R.. Mangalore
(USNM); Ciochin Harbor (ANSP); Alkppev (B.NINH);

Tuticoriu (BMNH, USNM); Krusadai I., GulY of Mannar
(BMNH); Portonovo. Tamilnadu (BMNH); Chennai
(BMNH); Port Blair. Andaman Is (BMNH). Burma;

Thavawthadaugvi Kvun (Elphiustone I.), Mergui .\rch.

(BMNH); K;iil;m Kvun (King 1.1. Mergui Arch.

(BMNH); Lanbi Kvun (Sullivan I.), Mergui Arch.

(BMNH). Thailand: Goh Contee, Ranong (MCZ); 70 km
S R;mong (BMNH); Ao Nam Bor. Phuket I. (BMNH);
Puhiu Tang;i, Butang Is (USNM). Makivsia: Merbok Es-

tuan (BMNH); Batu Maung, Penang (BMNH): Matang
EstuaiT (BMNH). Indonesia: Belawan. Deli. Sum;ttra

(RNIIL); .Shiabaug, Simeulue I. (RNHL).

Remarks: In his discussion of L. iiilcniicdin Heid

(1986:1: 134) noted tliat specimens Irom southwestern

Thaikind. Penang and India hail thin-walled, olten large

shells with :ui irregnku eoloi' pattern. This lorm occurred

logelher v\itli tvpic;il /.. intermedia ;it Phuket Island.

4'h:nkuul. \el w;is not considered distinct, since it was

ckiimed that intermediates were present and bec;nise no

imiitomie;il differences were obsened. .Mthough the

shells can be iloselv similar and ;iiiat(nnic;il differences

are slight, new evidenci' supports recognition of this

lorm as .i distinct species. This was first suggested bv

11(1(1 (ibsci-viitions at the t\pe localitv (Hare Island, (uill

III MaiiiKii'. Ileie. three species occurred together on

slnnbs (il I'rinphis oveiluuiging a sheltered sandy lagoon

behind a fringing I'eel. There w;is a eV-AV /onation: /,.

ililcnnedirl w:is jireseiil on tiiinks :it ,i level ol oO cm
;ibove the high \\:ilc|- iiunk: L. scahni oeeiipicd ;i /one

.lO-tiO em iibovc lii''li vwiter on ti'iinks :m(! briinches.
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whereas a third speeies [L. hciiiialcusis) oeciiiicd nn
lioth ioHage and l)ranclies from a lici'^ht ol. '50-100 em.
The tliree speeies eould lie separaled li\ sliell eliaracters

(see helow > and, most siy;nifieantK. all three were cop-

ulating onK with eonspecifies. Siil)se(|ueiit anatomical
examination loimd a consistent dilleicnce in the penis

ol L. h(iiij_iil(iisi.s and /,. iiitcniii-diii. iU'cxamiiialion ol

nnisenni colk'ctions has i\'\eale(l s\nipatric occurrence
(mixed samples) ol L hcii'^alcnsis and /., hilcnncdUl at

the tollowinu; additional localities: ( l.ille. Sri l,anka

(BMNH); two islands in Mei'^ni \rcliipelaii,o, Hurma
(BMXIl); Ao Naui Hon Phuket I.. Thaihuid (l5M\lli;

Fulau Tanj^a, Bntang Is. Thailand il'SN'Mi: Sinahant^,

Simeulne I.. Indonesia (RNHL>. In <'acli casi' separation

ol shells was strait^htlonvard. with no iutermeiliates. and
males from Ao Nam Bor were iilso tlistiu<^uislicd nsin<;

the same penial characters as at the t\|)e localitx.

The ditferenees between L. hvw^alcnsis and /, iulcr-

mcclia are sununarised in Table I. The shells ol /, in-

termedia show considerable geographical and ccotxpic

variation (see Reid, 1986a, and below), so the descrip-

tions appK ouK' to specimens from within the 'jjeograph-

ical distribution ol L. hcii<ialciisis and Irom the uian-

groxe habitat. For comparison, sliells ol L. iiilciincdia

from the t\pe localit\' ol L, hcw^/iliiisis are illustrated

(T'ignri's 12. 13). The shells ol L. I)(ii<i(ilciisis are usualK

larger, up to 28.6 mm. tliose ol L. iiitcniicdifi larcK i'\-

ceeding IS nun (although the maximum si/c ot liic spe-

cies as a whole is actualK" greater. .32 mm: Hcid. 19S6a).

Thev are also of thinner texture, with more sharpK an-

gled periphen, than those of L. iiitcniicdia. Sexual di-

moi"|ihisni is evident in both species (Figures 1-1.3).

males iieing smaller and with a relativcK lower spire and

larger aperture (Reid. 1986ai; howexer. males ol /> hcii-

gf//<';i.s/.v often have a more elongateK patulous shape,

reminiscent of a Surrinca (compare Figures 5 and 12),

The overall lolor of the shell is ochraceons or vellowish,

with brown pattern, in L. hciiiialcusis: in contrast, that

of L. iuli niicdiu is grev with black to brown p.ittcrn. In

detail, the dark pattern ot dashes on the ribs is similai"

on the earlv whorls of both species, but on the final

whorl the dashes of Z^. iutcrmcdid icmam nioie discrete

and axiallv aligned, whereas in L. hcii^iilciisis the pattern

becomes more diffuse and mottled. In both species

there appeals to lie a direct effect of substrate upon

shell color, presnmablv mediateil through diet i Riid.

1986a). Shells from Rhizopluini and Vcinjiliis are ilarklx

patterned, whereas those from Aiiirniiin and Soiiinniliii

are conspicnousK paler. OnK' L. intermedia is known to

occur on rocks and these too are usualK iclati\el\ ])ale

in color.

The ouK anatomic.il difference that has been ob-

sened is the shape of the penis: that ot /.. heie^aletisis

has a more robust filament and a larger glandular disc

borne on a longer branch of die base (although the pro-

portions of the penis depend upon the degree ol relax-

ation, .see Heitl. 19S6a: fig. 46). In all animals examined

the penial glandular disc of L. />eii>:aleiisi.s was dark

brown, whereas that of L, intermedia was cream or vel-

lowish. There mav ,ilso be a dilleicnce in the parasper-

mato/.oa: in /, henfialentis the rod pieces nsuallv project

(Figure 21; Hcid, I9S6a: fig. 46k). but in L. intermedia

thev seldom pierce the oval outline ol the cell (Rtid.

lOS6a: figs 46i. j) (ba.sed on 7 and 5 samples respec-

tivclv).

There is little information on the comparative habitats

ol L hen<^aletisis and L. intermedia since the txvo have
ouK icccniK been dislintinished in the field and louTid

in svnipativ. I'lie available observations indicate that /,.

heniialcnsis is lound higher on the trees, throughout a

greati-r width ol the mangrove lorest and that it is more
tolerant of turbiil and estuarine conditions. l'"or exaTiiple,

at the nmddv bav ol \o Nam Bor, Phuket Island, Reiil

( I9S.5: fig. 9' recorded /. 'intermedia' Irom throughout

a mangrove st.uid SO m wide. tliidn<4h to the laTidward

/.one and at heights ot up to .3.3 m above the gronnil.

Both species ari' jiresent at this site (collections ol Hcid

in BMNII) and since in other ])arts ol its range L in-

termedia sensn slrirla is known to occur mainlv at the

seaward edge and at low levels on trees, it is likelv that

the high-level anil landward records applv to L heiejji-

Icnsis. M the niuddv. turbid site ol Batn Manug, Penaug,
onlv /,. hcirj^aliiisi'^ was present and here Keid (1985:

fig. II. as L. inlcimediii ' lei'orded it Irom througliout a

belt ol Avicennia 10 m wide and from up to 2.0 mabove
the ground. Likewise in the iiearbv Merbok Estnan L.

hen^alensi.'i (Kenrred alone and Irom seav\ard edge to

landward lring(> (peisonal obsenation ', The tvpc localitx'

of L. heniialensis is a sandv island with a binding reef

and clear water: here i)otii species occurred and L hen-

gr;/(7(s/.s was found above the level ol /,. intermedia aTid

on botli foliage and branches, whereas the latter was
pieseiit onlv on trunks (and has rarelv been lound on

leaves elsewhere. Reid, 1985 1. Litti>rar'ta henufdens'is has

so far been recorded almost exclusivelv on trees (one

spei inien on .i shelteied rock'X' shore near Ranong. Thai-

land: H.MMI. whereas L intrrmedia is coininonlv

found on both trunks and sheltered roekv shores (Reid,

I9S5: I9S6ai.

Rcitl iI9S6a: 57-58) discussed a distiuiiion between
Littoraria species with "oceainc' lUid 'continent;il' distri-

bution patterns, representing extremes on a gradient of

ecological tolerance. The former referred to a suite oi

iiabitat characteristics including clear water, nonn;il sa-

linitv, narrow mangrove fringes or seaward edges ol

broad mangrove belts, and offsliore islands. In contrast,

fontinental' li:ibitats were eharaeteii.sed bv turbid, es-

tuarine \\ater. eutrophic conditions, and broad forests on

continental margins. It is clear that on this continnum
/. heniSftlensis extends to more continental' habitats

than /, intermedia. For exampli'. in the .\ndaman Sea

both species have been recorded Irom the .Andaman Is-

lands. Mergui .\rchipelago. Phuket Island and Butang
Islands uk'tails given above): thes(> are all 'oceanic' sites.

However, at a muddv site on Penang and in both the

Merbok and Matang Estuaries, and in the vitinitv ol

f^anong. on or close to the mainland of the Malav Pen-

insula. /,. hennalensis occurred alone (large collections
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by D.G. Reid, E. Asliton and |.l^. Ta\Iiii- rcspcclivcK
:

;J1 BMNH). Similarly, in India /-, hcii'^alritsis has been
recorded over a lar^e extent oftlic eontinental coastline,

from Mninbai to (^liennai. From islands in Mic ( ailldl

Mannar and Irom (ialk- in Sri Lanka. In ((inli.isl. m llic

same region /.. iiitiniudiii has lu'en recorded onK from
islands in the (ailFolMannar. from (ialle and from Trin-

comalee. Sri Lanka (see below), all of which apjiear to

be 'oceanic' sites. ( )n a wider geographical scale the dis-

tribntion ol /. hiUnncdui extends aci'oss the Pacific to

the islands ol Hawaii antl PoKnesia. again icllcctin<j; the

'oceanic" character ot this species.

The northern limits of L. bcwj/ihusis in the 15a\ (if

Bengal are not clear, owing to the lew available collec-

tions h-om northeastern India <uid Bangladesh, Sd far.

onh' two lAttonirki species ha\e been recorded Imm
Bengal ant! Bangladesh, L. lUlicdIiiIti and /. nirhiiiit-

stoina (Reid. UlSfia; see below).

The man\ moiphological similarities between /, Ihii-

ffilcnsis and L. intermedia lea\e little donbt that the two
are sister species. Likel\- s\iiaponioqihies inclnde the

blade-shaped penial filament with mucronate tip and the

bmidles ot narrow roil-pieces in the paraspermatozoa.
both niiii|Me in the genus. The closed penial \'as defei'ens

is a likeK s\napomoipli\' of a clade comprising /.. hcii-

grt/(7is/v. /. iiiti-nucdia. L. suhiittata R(id, 19Sfi and L.

philippimui (Reeve. 1S57) (Reid. 19991)).

Confusion ol /> hciej^dlcnsis with other speeies is less

hkeh. In southein Iiidi.i and the sdutlieiii .\ndanian Sea

its range overlaps with that ot L. scahrti and the two can

be found svinpatricalK' in relati\el\' 'oceanic' habitats (in-

cluding the \^-pe locality in the Gulf of Mannar). IJtto-

raria sicuhra is easil\- recognised b\- its wide, white col-

umella. Ijltorarin jxillcsceiis (Philippi, 1S46) is even

more oceanic in cliaracter than L. scnhni and has been
recorded sxinpatricalK with L hcii<^alcii\is onK in the

Andaman Islands, Penang, Butang Islands and Phuket

Island: it is distinguished b\ its colorful. poKniorphic

shell, lack ol secondan sculpture .md the rounded inner

lip of the aperture. In each case pi'uial ch.uacters are

diagnostic (Reid, 19Sfia). The distribution of L. hcii'^a-

Icnsis just touches that oi L dclicatuld. single s|)e( iniens

of the latter having been seen Irom the Cull ol .NLinuar

and the Andaman Islands, altliough most are Irom the

head of the t^av of Bengaf (see fielovv ), Sfiells ol these

tvvo species can be superfitiallv similar: both ni;iv be

thin-shelled, and veliow with a faint or dilluse p.itleru.

Nevertheless, tliev can :ilvvavs be distin'j;nislied bv the

more numerous prinian grooves i

1 1-14 i and much finci'

sculpture (35-50 ribs on final whorl 1 of /.. dcliailulti: the

columella of that spi'cies is narrow and excavated in the

tvpicallv vciA delicate shells, although it mav :ipproach

that ol /,. Ixu'j.dlcilsi'i in width in occasional thickei'

slu'lls. The shape ol I, dclicdiulii is subtiv diirerent; the
spire whorls are Hatter and the spire nsuallv slightlv tall-

er. Most importantlv. the |)enis ol /.. dclicatidd is entirelv

different (fiiiures 3f, 32. sec below).

Lilhiidiid [iJtloiiiuipsis! inlcnncdid i, Philippi, I S46)

(iMtiures 12. 13. 17-19. 22)

Svnonvniv as in Keid (1986a). excluding the entries now-

listed under /,. I}(ii'j,alcusis above. New references:

Littoiarid l.iltohnojisis' inlcnncdid —Hi'id. lyStia: 124—135,

figs 43a, c-i, 44a-d. g-i. 45a. 451) (protoconch). e. 45f
iradnla*. 46a. c-li ipenisi, 46i, j (paraspern)ato/oa), 46l-<)

iovidiicti, 47 idistiihntion) liii part, includes /.. hcnudli'ii-

s/.v )]cvv species '.

Di.stribution: Records and distiibution as in R(id
(]9Sfia: 132-1.14. fig. 47>, but excluding all records from
mainland India except those listed below, and also I'.x-

clnding records from Penau'^. Merbok estuai"V and Be-
lawan i the excluded records appiv to /,. hertfialcnsis, see

above i. The doiibtlnl iccoid fioni the (Galapagos Islands

I Reid. 19Sfia: 1-34
1

is now consideicd unreliable and
should be excluded i Reid and Kaiser. 2001'. New and
I'econfiirned records: Kenva: Kilifi R. estuarv iBMXIL.
Saudi Arabi.i: jedd.ih H\l\ll Oman: Masirah 1.

(ZMA); Khor .\l-|arama. Ras Al-lladd i BMML: Banchir

Khavran (BMXII). United .\rab I'^mirates: Fujaira

(B.M'MD: Has Al-Khaim ah Khor. Dubai BMXIL: Khor
Kalbii. Shaijah iB.MNll'. India: islands in Cochin Har-

bour. Kerala (ANSP): .Manali I. and Hare I.. Cnlf of

.Mannar (BMNIL. Thailand: Krabi BMMI . .Malavsia:

Pnlan (iava. Kota Kin:ibaln. Sabali iBMMli: Kudat! Sa-

bah iB.MXIli. Melnam: l.o H Xha Traug iB.MXII).

China: Bcigang I.. Hainan IJ.MXHi. Indonesia: Knta
Beach, Lo/nbok i BMXII). Philii)pines: Mandalec, S El

Xido, X Palawan i l5MXil). Taiwan: Tan Shni (BMXII).
|,ipau: Ishigaki (BMXII): Vakoshima (S. L'o/.nmi (-'olln);

.\maniioshima (S. Uo/.umi Colin); Sliirahama, W'akavama
I BMXII): Chichijima, Ogasawara Islands (Kukuda.
1993). Australia: Wooli Wooli \{.. Xew South Wales
i.AMS'. Tou<i;a: Sopu. Xnkn'alola. Tongatapu i BMXII).

Hemarks: Kcid il9S(ia' characterised this as a tvpi-

Ficure.s 14-21. Penes and |3ai'asprriii,ilii/iia nl I .illoidrin hi'ii'^dlcnsis new species and I.illiunrid inicnncdid I4-I(i, 20. I'eiies

of L. hcnoalcnsis. 14-16. Pa)at\pes; ll.ire Isfuid. Culldf Mannar Taiiiiliiadii. India (BMXII 2()()0()7.55; shell II = 17.0 mm, 16.4

111)11. 16.6 mini. 20. .^o Nam Bcir Phiikit Island. Tliaihiiid < BMXII 2()()1()116: shell 11 = 13.0 mm). 17-19. Penes of/., intermedia.

17, 18. Hare Island. Culf of ManiKin T.iiiiilii.idn. India (B.MXII 200007.54; sh(-II H = 12.S mm. 15.3 mm). 19. .Vo Nam Bor.

Phuket Island. Tliailand (BMNH 20010119; shell II = 13.4 inni'. 21. Paraspermatozoa fro))) one panilvpe of /., I>en>i(densis: Hare

Island, Gulf of Maiiiuir Taniilnadii, liidi;i (BMXII 200007.55'. Alihreviations; pli. penial l);Lse (wrinkled); pf. penial filament (smooth):

p2;d. peniiil <'laiidul;ir disc. Stipple on peiii.il ^l.iiidiifn disc- indic-;itcs dark hrovvii coloration; sliadiiii; at hitse ol penis indicates hkick

pigment in epithclinMi.
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Tablel. Suiiinian' ol dillcrcnccs lictwccTi l.iltoraria iH'ii^dlfii.sis new species ami /. iiihTiucfliii (shell eharaeters appK to specimens
Irom inancrnne lialiitals in nortlieastern Iiulian Ocean onK ).

(IharacU'i l.illiuiiriii /;eiii'(//(;is/.s Litlonirid inleniwdid

Shell shape Larger [in 29 mm), thinner te\tiir<'. peripheral

anu;ulation with raised rili

Shell color Ochre to \ellow, with hrown pattern; on kisl

whorl the dark (lashes ar<' dillnse

Penis liolinsl lil.unent; brown gl.nnlulai (hsc home on

long hrancli of base

Paraspermatozoa Hod pieces project from cell

ll.ibitat More tolerant ol turbid and estuarine condi-

tions: occurs higher on trees and throughout

K)rest: lound on trunks, branches aud loliage,

rareK on rocks

Distribution Northe;isteni luilian Ocean. Ironi India to west-

ern Mala\ Peninsula anil nortlieru Sumatra

Smaller (to LS mm), more solid, more rounded
periphen

Ciiev. with black to brown pattern: on last whorl

the dark daslies remain discrete aud axialiv

.iligned

More slender filanicnt; cream glandular tlisc

borne on shorter branch ol ba.se

Kod pieces seldom project Irom cell

Prelerence for clear water; lound lower on trees

aud onK' common at seaward edge ol lorest:

lound on roots, tnmks and slieltered rocks

Occurs wideK throu<iliont Indo-WesI l':icilic re-

I'ion

callv oceanic species, with a wide tlistriliutioii from

South Africa to the Red Sea. tliroughout the Indo-West
Pacific tropics to Hawaii ant! Folviiesia. Within this area

he pointed out three ilistinctixe geographical tornis.

from the central Pacific, from the western Indian Ocean
(including the Red Sea) and Irom India and the Anda-
man Sea. It is demonstrated alio\e that the last ot these

is a distinct species, L. bcii^alcu.'iis. Its recognition re-

moves the anomah' of tlie occurrence of this 'form' in

tlie relatively continental conditions ol hroad mangrove
lorests in estuaries on tlie mainland shores ol the west-

ern Malay Peninsula. .\n obvious (juestinii is whellici'the

other 'forms' might also desene specific status. Accord-

ingly, much new anatomical materi;il has been examined

Figure 22. (ieographical distribution n\ Lilhiraiid hriii^iiliii\i>: wilh. loi couiparisou. llie icKinls ti\ l.iltoitiriii lulcniii'd'tii Irom

tiio same area (see text lor lists of records;.
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from tln'oiiiilidiil tlif raiiij;c (il lliis s|)ci'ics; iu naitifuiar

fifi |iciu's liavf Ix'cii drawn. I luwcs cr. iki (iIinIoiis dis-

fdntiimilic's liaxr hrcii loiiiid. I'lirllicriiiiirc. in areas

siicli as tlif Soloiiioii Islands. New (Caledonia and l'"iji,

where o\erlap in the raui^es dI a putative Indo-Malav
species (the 'tNpieal torni) and a putative c'ential I'aeitii-

species nii^ht lia\e been predicted, no e\id<'Tice has

been lound lor the svniipatric ociinience ol discrete

coiicliological or anatomical t\pes. Instead, the evidence

continues to suggest a single widespread species, tvpical

ol oceanic haiiitats, in wliiili shell cliarat-ters show small

and gradual changes (iu the color pattern, lre(|nencv ol

color morphs, and presence ol setondaiA scnlptnic

across tlie considerable geographical range, .Shell I'liar-

acters continue to siiow a strong coirelation with habitat

as wi'l! as geographv, as pointed out bv Heid i 1986a).

Thus, tlu'onghout the range, those specimens Irom rock\

shores (anil from certain mangroxc tree sjiecies such as

Alicciiiiid and Soniicnitiii) are paler in color and show

a more ilitfuse pattern, in comparison with the tv[-)icalK

dark shells tounil on Rliizoplmni trees, wliieli aic the

prevalent shell t\pe in tin- Inil<i-Mala\ and Anstialian

regions.

The new records listed abo\'e significaniK exli'iid the

known range of tliis species in .\rabia, the South ('liina

Sea. and southeastern ,'\irstralia. In |apan, the iccoid

from Shirahania confirms the (presumablv sporadic! oc-

currence of this species in the Kii Peninsula (the record

in Reid. 19Sfia. was baseil on a shell illustrated bv llabe,

1964). Additional collecting in northwestern .Australia

(M. Stucke\", personal communication! has jailed to (ind

tliis species hnther west than the (jjbnrg Peninsula, so

its absence from Western Australia appears to be real.

Litfdriiriii iLittdhnopsis) siihritidta Reid. 19S6a

Dislrihution: New record: Mast-arene Islands: Ro-

dngues iXMWM.

iJlttiidiiii \lAllttrhH>it\i\^i'hilij>j)uiii(i (Reeve. 1S57)

Dislribiilion: New lecords: New Sondi Wales: Wiioli

Wooli Rivei (A.\1S).

Littoriirid (LilloriiKijisis^ fill)-./: iSowerbv. 1S32)

(Figures 23-30)

Animal: Penis (Figures 2:3-30): in specimens Irom

Western .\nstralia the glandular limb is ol'ten longer and

more robust than previonsK reported (Reid. 19S6a: fig.

54): it mav be as long and up to 3 times as broad as the

penial filament.

Uistrihution: New records: Northern Territon: For-

svth Creek. F coast Joseph Bonaparte ( inlT i iUINI I >:

Western Australia: Berkeley River and Revvlv Island. \\

coast h'seph Bonaparte CnlF i B\IN 1 1 1.

Remarks: Beid il9SBa) noted that the geographical

form found from C.ipe l.evecine to I'Amouth (;ulf in

Western Australia dilli-red from the tvpical form on the

east and north i-oast of .Australia In more munerous but

less prominent prinian ribs and bv details ol color pat-

tern. Taxonomic recognition was not considered justified

since no anatomical differences were detected. New ma-
terial from throughout the rau'^e in Western .Australia

inclndiiiii the two listed above that fill in ;i liaji in the

known distribution! confirms the leporled shell diller-

ences. but adds some significant details. The tvpical car-

inate (eastern) shell tv])e extends to both localities in

Joseph Bonajiarle (inll listed above, whereas a large

sampli' (about 100, BMNIl) from (.'a[K' I,eve(|ue dis-

plavs characteristics intermediate between eastern and
western shells. The western forms olten, but not alvvavs,

have penes with an nnusuallv long and robust glandular

branih ol the bast', exceeding in si/e anv seen from

northern or eastern ,Australia (samjiles ol (50 western and
55 eastern penes*. In none ol the samples Irom Western

Australia or Noilhein rerritoi"v is there anv morpholog-

ical evid.ence lor a mixture of two discrete shell t\[)vs

with correlated penial dilleiences. The earlii'r taxonomic

conclusion therefore si'cms justified Irom a moipholog-

ical viewpoint, and the evidence appi'ars to show a

blending ol characters between two forms with a con-

tiimous distributioir rather than allopatn' or limited

overlaii between tvso disliuet lornis. However, this in-

tert'sting case should be investigated with genetic tech-

m(|U(>s (presentK being done bv M. Stuckev. Universitv

ol Western .Australia).

Till- a])|)arent trend towards <i longer glantlnlar branih

in the |)enis ol the weslern firm ol L. filosti might repav

Inrlhei- investigation. It could be significant that the east-

ern form (with rclativelv shorter glandular branch) is

broadlv svnpatric with /,. pliilijipidiiri. a congener vvitii

a much longei' glandular branch. In contrast tiie western

form (with rclativelv longer biancli is largelv sx'uipatric

with L. ciii'j^idatd. in which penial shape is more similar

to that of the eastern form oi' 1.. filosn (,see Reid. 19S6a:

figs 41. 58). If penial shape is a species recognition char-

acter, its variation within /.. filosd might suggest a case

of character dis]ilaceinent,

L'ltlonnid iLitloriiiopsis) aniodinidud (Ileude. 1S85)

Disliibiition: New records: Taiwan; Tan Shui. C'hiiia:

S:mva. Hainan \ielu:im: Sun Sot Cave. Ila Long Bav:

Fo River. Nha Trang. Singapore: Changi South Uill

BMNli .

Littordrid (Litl()ritioj)sis) (Iclicdiiild Nevill. 1885)

i Figures 31 -(5(5. (36. (37>

.Vniinal: Penis iFitjnres (51. (52
1 bilurc;ite; glandular

disc large, with thin m.ugiu; filament small. 0.2 total

length of base, separated from wrinkled base bv con-

striction: sperm groove open. Paraspermalo/.oa (Figure

.3(5:': 14-20 (iin. oval. 1 (rarelv 2) large rectangular rod

])iece filling cell: grannies large, lew. distinct (obsena-

tiou of single sperm sample piesened iu 8()9f ethanol.
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whicli max rausc shrinkatic nl' ahnut 20%; Hcid. 1996:

fi). N(i (lata nil Icnialc. Radula (Figures 36, 37): rclatixc

leil'^th (l.Tfi: I'achidiaii tontli: liasi- flared, wiitral I'lisp

sliield-sliaped, small cusp and one denticle on each sid<':

lateral tooth: 5 cusps, lai'j;est central iiis]i liluni: imiei-

marginal tooth: 4 cusps: ontia' marginal tooth: .") cusps.

Distribution: Habitat: loiiage ol Aiiccniiiii iilhii on

mudd\- riwr hank: water ol low salinit\' (from 2-3C{ In

wet season to 16,8% in dn season) (C. Feudred, per-

sonal coninninication). New records: Bodra Kaal. Cha\-
labogi, Sundari)ans, Bangladesh (BMMI': Krns:idai Is-

land', f:ulf of Mannar India (BMNIP.

Remarks: Beid (19S6al did not lia\e ;iccess to an\

preseni'd specimens, lint since then two males lia\e

been dissected and one radula prepared, leased on some
siniilarit\' oi shells, Reid (19'S6a) suggesteil that L, dcli-

catnla was most closeK" relateil to L (inhntiiiiund auil

that anatomical exidence w:is i'e(|\iired to confiini that

they were indeed distini't. The newK described pciiial

form is snfficientlv ditierent irom that ol L. (inhuiinknui.

in which the filament is large (up to hall total length of

penis; Reid, 1986a) to leaxe no doubt that the t^\o are

separate species. The paraspermato/.oa are similar in

bodi. The penis of L. (Iclicatiila does not clitler siguifi-

cantK from that of L, juillc.sccus and the radnlae ol these

species are also closeK similar. Radular tooth lorm is not,

however, a reliable taxonomic charatter in Lilloniiiti

(Reid and Mak, 1999). Despite the penial similarih L.

delicatiila is beliexed to be ilistinct trom L jxillrsccns.

since the shells are \en difierent (delicate, with 1 1-14

primarv grocnes, 35-50 ribs on last whoil and n.urow

columella in L. drltciiliild: solid, with 9-10 priinan

grooves, no secondaiA' sculpture and broad columella in

L. pallcsccns: see Reid, 1986a). Paraspermato/.oa also

differ, being rounded with small rod pieces in L. pdllcs-

ceiis (although onlv a single sample has been seen in L.

delicatida). These hvo ha\e not vet been collected to-

gether, but both ha\e been recordeil trom the .\ndamau

islands (Reid, 1986a), so that the conclusion that tlie\

are distinct might be tested in future. There is a super-

ficial similarih' to L. hi'iiiirdciisis i see alxne).

The new record from the Clulf of Mannar greatly in-

creases the known lange of tills species, previously re-

corded ouK' from Port ( .'anulug (Bengal) and the ,\n-

damau Islands. It is likeK, however, that the centei- ol

distribution is the northern Bav of Bengal. Only single

shells are a\ailable from the .\ndaman Islands (BMNll:
Reid, 1986a) and the (hill of Mannar The latter was

collected in 1934 1)\ R. Winck-worth; the species was not

loimd on a recent \isit to the (hilf ol Mannar (personal

obseiAation. 2000
> and is presumabK rare in this area.

IJIIonihd I l'(ihi\toiind ' inchiiioslomd iCirav 1839)

l)istril)iiti(>ii: New records: |a[)an: Mixako Island:

V.ie\aina Isl.mds lligo et af, 1999).

Heniarks: Reid i i986a! recorded the rare occurrence
ol .1 pinkisli orange moqih in this uormalK monomor-
phie spi-cies. This li.is now been seen in two sam[)les

Irom localities in Ila Pong Ba\; Nii'tnam iBMNII): the

lii'i|ueiK\ w:islow (2% and 5%. N = 21 and 14 ' and in

I'ach case the specimens were collected among saltmaish

grass (see Remarks on L. rarinifcnO.

LitliTdrid iPdliislid-iiid^ idriiiifcrd > Menke, 1S.30)

.Shell: Two cases ol color poKinorphism ha\e been re-

corded Ml this species, hitherto thought to be rather con-

stant in coloration (Reid. lOStia'. In a samiilc ol 78 shells

fiiim Pembar Poinbok B.MNIP. most had a cream to

gre\ ground color with icd brown pattern, but in sexcn

shells l9'/fl tlie ground color was orange. The sample

was collected on tnmks ol dwarl Aiicciiuid and Soniicr-

dliti trees 1 in in height on ,i mudd\ loreshore. .\ sei'ond

poKinoiphic sample was collected among saltmarsh

grass 70 km south of Raiiong. 4'liailaiid (BMNTP. Here

the shells were of the small, sniooth form (e.g. Reid.

1986a: fig. 821); the range of colors was similar and three

(6.5'7f ) of 46 shells wt're orange.

Distriliiilioii:

bok (H.MNIP.
New recortl: ludonesia: Pembar Pom-

Kcmarks: Plsewhere in the subgenus I'dlu.sloriiid

pinkish oiange shells are \<'|-\ rarcK cnc-ountered in /-.

articuUita and /. dulditostdind. although this inorph is

wideK distributed i though alwa\s at low frequent')) in

poK nioiiihic members of the subgenus Lill(>riiH>i)si\

Lillonirid cdnuifcni is normalK found on trunks at low

le\els (up to 0.5 iiii on trees in the landward Iringes ot

mangrove forests i Reid. 1986a: 192) and shells Iroin this

habitat are of overall dark brown color and not poly-

morphic or varialile. It max be significant that both (loly-

morphic samples are from foliage in open suiinv condi-

lious. in otliei' woi'ds from visnalK varied niicrohabitats

where the animals might be exposed to visual predation

(e.g. bv birds or crabs). It is under exactlv these condi-

tions tli:il the polvmorphic species ol the subgenus lAt-

Figures 23-33. Penes anil paiusperinatnzoa of IJllnrnriri fihisti and lAllonina dclicatula. 23-30. I'l-iic's ol I., jilosd. 23-26. Jiilago

Beacli. Cape Peveque. Wc-steni .Australia iB.MNll 201)11)120: shell II = 2().S mm, 20,S mm, I9,S mm, 18.7 mm). 27, 29. Lookout

Hill. Broome, Western .Australia B.MNII 20()1()I2I; slicll II = 19.7 mm. 15. S imiil. 28. Mangrove Point. Roebuck Bay. Broome.

Western .Australia (BMNll 20010122: shell II - 21.1 niiiii 30. Witliiiell Bav. Burimp Peninsula. Western .Australia iBMNII

20010141: .slu41 H = 1S..3 nmii. 31-33. Penes anil paiaspemiatozoa of/.. dclUiitulii: Bocira Kaal, ( :Iiavi;il>o<;i. Simdadians, Bang-

ladesh (BMNH 20010123; shell H = 14,4 mm, IP') mm). Dotted line indicates extent of opaciue glandular portion of penial

glandular disc.
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toriitiipsis occur and for wliicli \isiial sclccfiDu l)\ pred-

ators has hccn suggested as a possi!)ii' explanation for

llie maintenance of the poKinoqiliisni. wliicli is assumed
to have a genetic basis (Cook, 19.Sfia, 1), 1992; Held.

19S7). Tlie same process could possihK maintain these

rare, local cases of polvnioqjhisni in the noiinalK niono-

moii^hic L. carinifera: a similar explanation has lieen

proposed lor local poKnioqihism in L iiilcniicilia h\

Cook and Bridle (1995). Ho\\e\er, it should he noted

that like almost all others in the genus, this s]iecies has

planktotrophic dexelopment and therefore the potential

for wide gene How; selection on local populations would
therefore ha\e to be strong, or gene flow would luixc to

be restricted in some wa\, in order to achievf local gi'-

netic differentiation of pohnioiphic populations. .\ sim-

ilar case of local poKanoqihism has been lound m L
iiwlanostoma (see abo\e).

L'lttonihd {P(iltisti)n)ia) sinensis iFhilippi. IS47)

(Figures 3S-.52. 5fi-fi4, 6S)

Litoriim sinensis Pliilippi. 1S47: 16-17, Litorina pi. fi. fi'^. 2.3

(China; lectot\pe I Reid. 19S6a) MNHN-I- 2 paralectotx

-

pes, seen. Fissures 42, 43). Lischke, 1S7I1); 71-72. Weiii-

kauff, 1S82: .S3-84, pi. 11, figs 9, 12.

Littorina intermedia var. sinensis —\e\ill, 1S.S.5: 147.

Littorina sinensis —Pilsbuiy, 1895; 62.

Litorina strif^ata Lischke, 1871a: 148-149 (Nagasaki. Japan:

t\pes lost: not Littorina intermedia \ar slri'j,(ifii I'hilippi.

1846 = Littoraria strii:,ata). Lischke. 1S711); 7:). pi, .5. fig.

22 Uiot Philippi, 1846).

Littorina stri'^ata ( Lischke i —Pilsbr\. 1895: 62 (not I'hilippi.

L846I.

Littorina {Meliirajilie^ strif^ata iLischket —Tnon. 1887: 245. pi.

43, fig. 33 (not Philippi, 1846 1.

Littorinopsis stri<s,ata (Lischke) —Kuroda and ll.ihe. 1952: 61

(not Philippi, 1846). Ovama and Takeniura. 1961: fit;, 10

(not Philippi, 1846).

Littoraria slri<iata (Lischke) —Kojima, 1958 (cgii capsule: not

Philippi, 1846). .\zuma, I960: 10 (not Philippi, 1846).

Higo, 1973: 46 (not Philippi, 1846).

Littoraria stri<iala CDiniker') —Yoo, 1976: 56, pi. 7. fi>j;s 18, 19

(not Philippi, 1846).

Littoraria seahra stri'^ata (Lischke) —Higo and ( ioto. 199.): 71

(not Philippi, 1846).

? Littorina adonis Yokoyama, 1927: 451, pi. 51, fig. 8 (Koyasu.

southern Musashi, Japan: Upper Musashino [Pliocene:

Rosewater, 1970]: holotxpe. Geological Institute, Univer-

sit\- of Tok-\-o: not seen). Rosewater 1970: 45.3. pi. .349,

figs 8, 9.

Littoraria adonis —Okutani, 1986: 71, fig. vninumhered.

Littorina i Littorinopsis) seahra seahra —Rosewater. 1970: 4.56-

461 (in part: not Linnaeus, 1758 = Littoraria sealira).

Littorina seahra —(^ai, 1991: 51. H'i. 43 mot Linnaeus. 1758).

Littoraria yPahistorina) ariieulata—l\cid. 1986a: 21)0-209, figs

90c, e, 92h, i (penes), 93c (egg capsule) 94 (in part; not

IJttorinii intermedia var ariieiihila Philippi, 1846 = Lit-

loraria ariienlala). Clioe, 1992: 289-290, fig. 54 (not Phi-

lippi. 1S46). Reid, 1992a: 195-197, fisJ. 4g (in part; not

Philippi. 1846). Hiiro ct al.. 1999: 92.
'

Vdlislinina (sic) ariirnlata —Fnkuda el ;il.. 1992: 57, pi. 9, figs

!29ii. h (not Philippi, 1S46),

Nomenclature: The uonjenc lature ol this specii's has

snlfered numerous elianges. 'i"he name Littorina sinensis

li;is seldom been used, most recentk' b\' Filsbn (1895).

It w;is redescribed as Litorina striiifda b\ Lischke

(1871a) and this name bei'ame familiar in \arious com-
binations in the |;ip;mese literature ol tlu' mid-tx\eutieth

eeutm'x. Hosewiiter i 19701 coml)ined it with some 20

other speeiis nndei- the name Littorina seahra. The Pli-

ocene fossil Littorina (uhmls has not lieen examined, but

is probabK this species, and the name was used for Re-

cent |a])anese s]iecimens l)\ Okutani (19S6). It lias be-

come genenilK known as Littoraria artieidata following

Heid ( 19S6ai, but that taxon is lii'i-e shown to consist of

t\\() spei-ies. .-\s discussed below, tlie onK entirely diag-

nostic character is the penis. ;illhouij;li the majority ol

shells can be coufidentK identified, .\lthough tlie lecto-

t\pe is a (In shell, the form of the .i])ertui-e ;ind colu-

mell;i, anil the diliuse eoloi- pattern on die shoulder re-

'j;ion, are txpical ol the present speiies.

Material E.xamined: 'r\])es as indie:iteil: 44 lots; .35

penes: 1 sperm s;im[ile: 12 palli;il o\iducts: 5 radulae.

.Shell (Figures 42-52): Adult size nuige 6.3-20.6

unrr Shape high-turliinate to elongate (H/B = 1 .28-

1.73; SH = 1.57-2.05); whorls rounded, suture im-

pressed, periphcn of last whorl slightly or not at all an-

gled; motlerate tfiickness. .\Iatm-e lip not flared; colu-

mella pillar conca\c, excavated; inner lip of aperture

shaipK raised adj;icent to base ol colmnelia. .Sculpture

,,f (7)8-9 priman spinil giooves on spire whorls; inter-

\cning ribs usu;ilK rem;iin imdi\ided, numbering 20-23

on hist whorl; occ;ision;ilK some ribs may be divided by

nil impressed line ;iud become more numerous: ribs of

e(|nal \\idth above periphen, slightly narrower on base;

groo\es MO impressed lines on spire whorls, becoming

deeper and wider on last whorl, commonly up to hall

width of intent'uing ribs at perijilKU-N- of whori (rarely

ei|u;il to rib width); in smootliest shells grooves renuiin

;is impiessed lini's ouK. .Microsculpture of taint spiral

stii;ie over rib surface, with iLxial microstriae in grooves.

I'rotoconch 0..15 imii di;mieter. 3.5 whorls, with spiral

Figures 34-41. Railulae ol Littoraria species. 34. 35. /, hen-alensis new species: pan.txpe: Hare Island, Cull of Mannar.

Taiiiiliiadii India (BVINH 20000755: shell H = 16.3 nnii: Hal viiw and 4.5° from anterior). 36, 37. /.. deheatnia: Bodra kaal.

Chavhihoai Sundadmns, Bangladesh (BMNIl 20010123: shell II - 1 1. 1 nun: fk.t view and 4.5° ironi ;intenor>. 38-41. /-. smens,s^

.38 39 \hiu<n-ove trees Tan Shiii Taipei. Tiiwan ( BMNH20010130; shell II = 111 iniii: flat view and 45 from antenor). 40,

41. Rocks, Kaluri, .Maelnin. Citv. Kviishn fpan B\l\ll :0()10I31: sl„ll II = 15.5 iiini: Hat view and 4.5° Ironi anterior'. Scale

bars = 100 (xni.
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rihs and siniisigera notcli. Color xarialilc: cicaiii witli

pattern of orange brown to dark hrown tlaslus on lilis.

witli whitisli dashes between; degree ol axial alignment

of dashes \aries Ironi ditfnsel\ tessellated or niarbleti

pattern with alignient into short axial stripes at sntnre

and periphen- onK (Fignres 43. 44. 51 > to the lare more
complete alignient in oblique axial stripes . I''igme Kit:

pattern often emphasizes 2-3 ribs at ptM'iphen. (Jilii-

mella puqile brown or white: aperturi' tiivmi with ex-

terior pattern sliowing through.

Animal: Headfoot. operenlum, paias[U'rmato/()a. pall-

ial ONiduct and radula do not differ signifieantK Irom

those of L. aiiiculafa as described b\- Reid il9Sfiai. .As

in L. ai-tiaikita (Reitl and Mak, 1999: fig. 4(:, D^ the

radula shows likeK phenotxpic plasticitx and differs in

tooth shape on rock and xxood substrates (compare Fig-

ures 39 and 41). Penis (Figures 56-64) not bilurcate.

small glandular disc incoiporated into distal end ol w lin-

kled base: smooth narrowlx' elongate filament 0.3-0.5 to-

tal length of penis: penial \as defererrs an open grooxe

to filament tip. Pelagic egg capsule a lens-shapi'd bicon-

\ex disc without peripheral flange, 350 |xm diameter,

containing single oxiun about 70 |jLm diameter (Kojima.

195S: fig. 2a, "b; reproduced in Reid, I9S6a: fig. 93c ».

De\elopment planktotrophic.

Distribution: Habitat in littoral fringe on rock (in-

cluding granite bouklers and concrete sea walls) in both

sheltered and moderatelx- exposed situations: .ilso on

trunks at seaward edge of mangrox'e forests (publisla-d

accounts of the ecological distribution of 'Litfohnii sea-

bra' on the rock-x- shores of Hong Kong and southern

China probabk refer to a mixture of this species and L
aiiiculata, e.g. Chambers, 1980; Ohgaki. 19S5: Yi and

Li, 1988; You. 1990). Range (Figure 68) from southern

China to Yellow Sea, South Korea, Kxiishu and Seto In-

land Sea, perhaps Rxuk-xii Islands. Records: C^hina: Ma-

cao (BMNH); Hong Kong (Shek O: Deep Ba\: Tai Po;

Three Fathoms Cove; Hoi Ha, Mirs Bay; Wn Kwai Sh;i;

Aberdeen; all BMNH); Xiamen (Hai C'ang: Culayang:

both B.MNH); Spider Island, Fujian (USXM); Zhenhai.

Ningbo River (BMNH); Shawai.shan. moutii of Yangtze

Rixer (BMNH); Qingdao (Tai Phig; Huan Dao; Ilui

Quan; all B.MNH). liiiwan; Tan Shui (BMNH). Japan:

Rnikxai Islands (USNM); Kago.shinia (BMNH); .\mak-

usa '(USNM, NSMT); Matsuura, Nagasaki Pref.

(BMNH); Hirado (AMS): Maebani Cit\ (BMNH): Fh-

ime Pref. (USNM); Kasaoka, Okaxama Pref (LiSN.M):

Nagae River, Okaxama Cit>- (BMNH); Yoshino Ri\er.

'iokushima ('it\ iBMNIJi. South Korea; Sacliun Kun.

K\oni£sang \:imdo i.\NSi';.

Hi-niarks: Ri'id if986a) concluded that L. aiiiculata

was a single s])ecies extending from .Australia to India

and Japan, but with two geographical forms of more re-

stricted distrilintion. one from norlliwestern .Australia

and the other from ( :hina and |apan. The latter was

characterised b\ stronger sculpture, a more diffuse pat-

tern and it was said that the penial filament xvas 'some-

times relati\el\ longer than in specimens from South

East Asia and .Australia'. It was also noted tliat the egg

capsule ol the j.ipanese lorm di'scribed b\ Kojima

i 1958) was largei- tlian that of 7^. aiUnilata from Queens-
land and lacked the circumferential flange. Howexer,

with little inloiination on tlii' range ol intraspecific var-

iiition the significance ol the difference in capsule shape

was unclear The easteiu .\sian form was 'tentatixelv as-

signed to /,. aiUciilatti' . but it was suggested that further

work was rec|uired.

Since then, much additional material has been gath-

eri-il. It has been found that ;ill specimens from northern

China, Korea and |;ii)an shaic the longer penial filament.

.Most significant, however is the discoxen- that the t\p-

ical form of /., aiiiculata and the eastern .Asian 'form'

occur sMitopic.ilK at sc\cial localities in southern C'liina,

around Hong Kong and .Xiamen. .At these localities the

[lenial differences remain distinct (e.g. Figures 57, 58

and 65. (i6. from a localitx- in Hong Kongl and are cor-

related witli small, but consistent, differences in shell

shape, sculpture and color This leaxes no doubt that the

'forms' are separate species.

The tlifferences between /., aiiiculata sciisii stricto

;ind L s/)i((/s7s ;ne summarised in Table 2. The most

useful ami entircK diagnostic character is the shape of

the penis; in /, sinensis (F"igures 56-64) the penial fil-

.iment is 0.3 to 0.5 of the entire penial length (less than

0.2 in L aiiiculata. Figures 65-67) and the glandular

disc is nsnalK about half the size and less swollen. No
other .m;itomical differenc'es haxe been discovered, so

tluit moiphological identification of juxeniles and fe-

uKiles nnrst rel\ on leatures ol the shell.

it is possible that the differences in egg capsule siiape

mentioned ,ibo\e ma\ prove to be consistent. Capsules

in this group have been illustratetl three times. Reid

I 19S6a) showed cajisnles of L. aiiiculata s.s. from north

Oueensland with ;i circmnferenlial flange (diameter

248-268 txm, ovum about ti5 fji.m). Those illustrated bv

Mak i 19951 bom Hon<i Kong were of similar shape, but

Figures 42-55. Shells of Littoraria sinensis a.,.l Utfoiyirin aiiienlata 42-52. /., sinensis 42. 43. l,ect<.tvp<- of /.«,.,-/„« siiiciisi^

(Philip™ 1S47) Cliina iMXHX!. 44. Hoi Ha. Mirs Hav. Hon- Kon.4 > BMNHi'«)l()124). 45. Tai l^in-.; Hay. gin-.lao. (_l,ma ( li.MNH

''00101-''5) 46 Tii Po Mono Kon^ (B\I\I1 2()01O12(S' 47. Voshino Kivcr cstnan. Kaiuizavva. lokusliniia (.i(v. Sliil<()l<ii. Japan

"bMNH 20()1()127) 48. Shianzin. Shanij,,. China B.MXII 2()()1()12S.. 49. llai Cang. Xiamen. China i BMNH201)10129
. 50 Tan

Shui Taipei Taiwan (BMNH 200101.'30i. 51. .Ahc-rcken. llon..j Kong (BMNH 2001()132>. 52. Kalnri Maeharu tatx. Kvnslni JapaT,

(BMNH 20010131' 53-55. L. artunlala 53. T.i Po. lion- Kon-BMNll 200101:5Si. 54. 55. .M«-rdeen, Hong Kong (BMNH

20010137).
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Table 2. Sniiiirian of dittfreiifi-s l)ct\\c(ii IJtlnnind sido/.s/s and /, iirliiiiliil/i isiirll ciiarac-tcrs appiv to spci-iinciis from iiortli-

wfstt'ni Pacific Ocean ()nl\ I,

Cli.iradn l.illiii'diiii simiisi'. Litttimha arlii-iildid

Shell sliapc Hclati\c spire lieiij;lil can !« taller to 2.05!:

whorls sli'^htK more roniideil

Shell Miilplnre (lroo\es up to hall to one times ril) widlh; small

sliells can I le almost smooth
Columella Slioiter ,md more concaxi', ^i\inij more o\al ap-

erture: Uiirrowcr, nmer lip of :iperlure more
siKU'pK raised

Sliell color I'alcr. often indisliuilK ilouded p.ittern: align-

ment of dashes less marked
Penis Penial filament ()..3-().5 total lensith of ])i-iiis

Distribution (!liiiia, Korea, [apaii

Does not attain such tall spire irelati\e spire

heinht to 1.S9I: whods Halter

(u'oovfs up to one qnarl<'r ril) widtli: small

shells can he almost smooth
f.oiiijer. straiiihter. jii\ini; ear-shaped aperture:

iiiiiei lip III aperture less sliarjiK raised

Darker, distinct dashes, well ali<4ned into axial

stripes at suture and periphen
Peiiiai hlameut less than 0.2 total leii'^th of penis

Southern (Miina to India and Australia

larCTei" (diameter 300-340 |xni, oMim 69-71 |j.iii). The
capsule ot L. sinensis troiii Ainaknsa, KxTisliii, siiowii h\

Kojima (I95S) was a simple lens shape witlimit ;i |)e-

ripheral flange (tliameter 350 [xin, cnxim alxiiil 70 fxiu).

Mak (1995) showed that in three Nodilitti'iiud species

egii capsule diameter \aried l)\ 39 to 53% and sn<j;i.^ested

that shape and sculpture are more consistentK diai^nos-

tic of species tlian size. It is possible that the capsules

he illustrated as I. (iiiinihilii' were indi'etl ol tliat spe-

cies rather than the sMiipalrii- L. sinensis, despite their

lars^e size, so that shape mi^lit he relatist'K constant

within tills species across its <j;i'ot;raphical ran<j;e. but this

remains to be iinestigated. (Caution is necessan, how-

ever, since capsules swell and the flany;e becomes less

noticeable bet\\'een spawning; and hatching (Berr\, 19S6,

in L. strifiafa: Ho. 19S7>. The capsules sliowni by Reid

(1986a) and Kojima (195S) are veiA' similar respecti\ei\

to the early and lute (24 hours after spawnintj;) capsules

of L. stri^ala (Berrw 19Sfi: fig. 1) anil might not lepre-

sent genuine interspecific tlilferences.

The characteristic features ol the shells ol /.. sinensis

and L. aiiienlata are diffic'ult to describe or ijuantit).

owing to considerable intraspecific \ariafion. \'e\"erthe-

less. with experience sxinjiatric samples can usually be

.successfullv identified (as confirmed In penial shape ol

males) from tluir shells. The size range is similar (max-

imum 20.6 mmin L sinensis. 19.0 mmin /,. nrlienlnla'

and both attain larger si/e in niangroxc habitats than on

rocky shores. Oxerall shape is also similar i)ut cxaiuples

of L. sinensis can attain a sliglitl\- taller s|iirt' (ndatixc

spire height up to 2.05. cf. I.S9 in /.. niiienldlni and the

whorls are a little more rounded. In L. nrlienlatd the

columellar pillar is longer and straighten so that the ap-

eitnre appears more ear-shaped, in contrast the colu-

iiK'lla oi /, sinensis is sliglitK shorter and a little con-

cave and llie aperture therefore more nearK' oxal. The
ciiiiiiiirlla III /,, sinensis is usiiallv narrower, but still

deijiK extaxaled, and the inner lip ol the aperture (ad-

jaceiil to the conca\it\ ot the columella I is more sharply

raised, sometimes so nmch so that a slight umbilical

crack is present i^oth species share a similar coimt ol

priman grooMs and ol ribs on the bod\ whorl, and both

sometimes ilispki\ dw;ui lorms with smooth shells in

which grooves are present ouK as impressed lines. How-
evei'. in large)' and more strongK scnlptin-ed examples

the grooves of /. sinensis are alwavs more pronounced

(up to half of, or even eijual to. width of intei-vcning

ribs. compcUed v\ith maximnm ol one ijuarter of rib

width in L. (irlienhitiii and such shells are mmiistakable

(Figures 46. 47).

Shell C'ojor and pattern are likewise dilficult to char-

acterise, but often assist iilentification. Ijttomria sinen-

sis is nsnallv paler. txpicalK with a more finely mottled

or tessellated or inciistinct elondeil' pattern, in which

whitish lii'cks are jiresent between the darker dashes. In

liiilli speiies the dashes are more or less aligned into

olilii|ne axial series, although this is nsnallv only pro-

nounced at the suture and periiihei-\ ol each whorl, giv-

ing rise to short axial stripes at these points. This align-

ment is often more developed in /,. ailienlafn. in which.

al the pi riplieiv. the axial stripes extend across four of

the spiral ribs (Figures 53. 54): in /.. sinensis this align-

ment more often covers onK two or three peripheral ribs

( {'"ignres 50, 51 1.

These contrasting sliell charaiters are emphasized by

tlie figures of svnipatric samples of the txvo species (Fig-

Fieures 56-67 Penes of IMIordria siuensis and lAtUvariii dr1i,uldla. 56-(>4. /,. snieiMs. 56. Tan Shui. Tiipei. Taiwan i li.MMl

20llll)f,3(l shell H = fl I
' 57, 5S. .Shek (). lion;; Koriii di.MMl 20010133: .shell H = S.6 mm. 9.4 mm\ 59. Ilai Cang,

.Xiamen China (B\1NH 2(ll)IOf29- shell H = 9.0 num. 60. Ilium Dan. Oiu^cfio. China ilUIMI 20010134'. 61. Okavama Port,

Kojnna Bav lapan (B\l\ll 20010135: shell II = 7.2 nuu '
62-64. Naijac Hiver .'sluai-x. Otogo. Okavama Citv. Japan dlMNH

2()0101.36- shell II = 13S mm 13.(1 mm. 1411 mm.
6.5-67. /. artienhila 6.5, 66. Sh.'k O. Hong Kong (BMMI 20010139: shell

H = 8.7 mm, 10.2 mm). 67. Aheixken floiK.; Kong .V,\\\\\ 200f0137). Dotted line indicates extent of opaipie glandular portion

of penial glandular disc.
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Figure 68. Geoijrapl ileal dislrilmlidii (il Ijllininiii sinensis with, toi' (.ciiiiparisoii, tin- reeurds ot Lilt(n-cinii (iiiiculala Iroin the

same area (see text U)Y lists ol records ).

ures 46 and 53: Kiij;vii'es 51, 54, 55). Ncx'ertlieless, sliells

of tlie two can sometimes appear \irtuall\ identical (e.Q,.

Fisiure.s 44. 55) and onK- penial .siiape i.s reliabK dia'j;-

nostic. Cleo^rapliical localit\ can also aid identification.

since the distributions are known to overlap onl\ lie-

hveen Hong Kong and .Xianu'ii (l''iii;nre fiS). In lionij;

Kong tlie sites of recorded s\ntop\ are Sliek O, Tai Po,

Tliree F'atlionis Cow. \\u Kwai ,Slia and Aberdeen, ami

Hal Gang near Xiamen (all B.MNIU. These sites range

from mangro\es to moderately e\i)osed gi-,iiiile boulders

and both species are common, so that tlieic is no evi-

dence lor dillerent habitat preferences

Litlomria sinensis is also closeK' similar to /. s7r/gr;/f;,

distributed from the Philippines and soiilhern \ ielnain

to Indonesia, Malaysia and India. The leadncs nl slicll

shape and coloration described above also distinguish /..

sinensis from L. stri<i(iUi; the latter often has a more
strongly aligned pattern ol obli<|ue axial stripes, and
sculpture is \yeaker tlian in L. sinensis. Most importautK.

the penial filament of L. slri'^ala is long, tapering and

vermiloiiu. U.H to ().. of the total penial length iKeid.

1986a).

Uflamria (Puhtstorimi) aiiiculata ii'liilippi. 1S46)

(Figures 53-.55, 65-6S)

Svnonviiiv as in iveid i
19S6ai, excluding the entries now

listed under /,. s/dc/is/s above.

Distribution: bceords listed in Heid (19S6a) from

China and |a|iau all either a[)[)lv to L. sinensis or the

identiheation is doubtful. The following new ri'coids i.ill

BMNIJi have all been verified bv anatomical examina-

tion: ( :hin:i: llai Gang, Xiamen; Hong Kong (Tai Po: .Ab-

erdeen: Sliek O: Three Fadionis Goye; Beigang Iskuid);

Hainan. Xii'tuam: Sung Sot C'ave. Ha Long Bay: Do Son,

near Haiphong. Gambodia: Koh Pource, oil Sihanouk-

ville. The sjieeies is abundant at localities all aroimd Sin-

gapore (St |ohu's Island: Gluingi Point: Seutosa: Fast

Coast Park: Sarimbun: all B\1\1L. whereas the siiuilar
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speck's L. striij^dta is lan' (sec lirlow '. ()iil\ a siiiij;li' pir-

sened animal of tlic /,. (ii-ticiiliitd/slri^nla <j;n)iip has

been seen ironi tlie liuliaii snlicontinent; this sjiceinieTi,

from Bomha\. was a male <il I. \liiiuil(i (sci- hclow '. so

the occurrence cit /.. nrliiiilntu in the ict^ion remains In

be N-erified. A single shell has been seen Irom Banilar-

e-Khamir, west ol Bnntlar Abbas, Iran (BMNIli. with a

color pattern resemblint; L. aiUciihitd. This wonld rep-

resent a rantic extensicm ol either /, itiiiciiliilii or /.

sthoatd. but positive identiHeatioii i'e(|niri's aii.iUimical

examination.

Littoniria (Pf;///s^)r//K/'i .s/;7<,v//^/ (I'hilijipi. 1S46)

Littdi-iiri/i stri^cilii —l^ern. IVJSfi: 144-149, fii;. 1 le'w capsule i.

Distribution: additional material b'om .South Kast

.\sia supports the suggestion that this specie's predomi-
nates in localities with clearer water, wheii-as the similar

L. articulata is present in more turbid and estnarine sites

in the region. The oecurn^nce of this species in the ,\ra-

bian Sea lias been confirmed b\ a single male specimen
from Bomba\'. The species is imconunon in Singapore.

where L. iiiiiciihitn is abundant. Xew records lall

BMNH): Singapore: Sarinibnu: St lohns Island: Changi
Point. Mahi\sia: Kudat, Sabah. Thailand: K.rabi. India:

Colaba. Boiiiba\.

Remarks: Nine additional ethanol-presened sampk's
lia\c been seen, supporting the earlier conclusion that

this is indeed a species distinct from /. iii1U-id<it<i The
onl\" diagnostic moiiihological character remains the

shape of the penis, in which the filament is 0.6 to 0.7 ol

die total length.
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lier of events: the imexpected iliscoxen' of an undescri-
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sit\), C;. Pendred (Portsmouth^. M. Stnckc\ (University

of'W'estern Australia), j. H, Tavloi iBMNJi). \'. Heros
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