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Abstract I :
deutung der Entwicklungsgeschichte der Neritoidea wird durch immer wicder Shnliche Schalengestal
len

[ Theodoxus and Neritina are distinguished from each other by their ontogeny, While the Theodaxus erschwerl, die zu unterschiedlichen Zeiten i e
relation hatches from its spawn as minature adult, Neritina and relation leaves its spawn us hen konnten, Den hewtigen Neritoidea ﬂhnliﬂiml?;:l:f::;amm "‘"*N'{mdmhurﬂs gruppen cotste-
planktotrophic larva that will swim inthe sca for amore or less extended period beforeits metamorphosis und schon wihrend des Jura wurden Kistensampfe he-:ic:dcitmll_‘:'m i s?chcn [-Jmm]-dcr Trasasg
to a crawling young under the influence of fresh water. This difference in ontogeny can be recopnized erkennbar und besiedeln mit der glatten Donrastoma suwéc de ' ',.:- Mecltidas sk et der Kreide
in the shape of the protuconch and history of hath is traced to the Paleocene. Two subfamilics of the Hartsubstrate im Gezeitenbersich tropischer Kisten. Eine U rtspl |{¢I§‘¢hﬂﬁmm Hkrita yomehmlich
Nertininidae can, thus, be distinguishes, namely the Neritininae n. suhfam. and the Theodoxinae n. tungen erscheint wenig hilfreich, da Ubergéinge die R::g'l:l sind ng:;EmEdifn;:f;;; Hﬂ‘.““::' Untergat-
2 marine Yertreter, die

he Theodoxinae and, therefore, the miteine Reihe von modemen Arten vormehmiich das Seegras besiedeln und sich mit di
sich mit diesem zusammen

subfam. The Jamaican Fluvinerita has a place among t ;
eigenstindig entwicke
igenstindig ckelt haben. Thr Protoconch verknilpft sie mit den palogenen Velatinae n. subfam

paleobiogeographic range of the Theodexus relation is much enlarged. Today its species live in Europe,

Northern Africa, and the Middle East. Among living species of Theodoxus systematic differentiation die aber eine ganz eigenstindige Schalen et _ A o
is difficult and when fossil representatives are included the taxonomie separation of speeies is even vermitlell zwischen Neritinae und Ncrit]nirf:é'z:du:;Bngg‘::;'w; bm o kﬂn Dieche Fiperiia
more problematic, An explanation for this is suggested in local hybridisation, similar as is the case F!‘mlcpadidat. Die Meritiliidae erscheinen eigenstindig und a,-T" onerila xwu_;chm Neritidae und
among modem species of Neriting occuring in the Indo-Pacific Ocean. Here transition between die kretazischen Scinwardring mit den terrestrischen “}'dr‘icen';m mﬂﬂlﬁhmlﬁtz ber Formen wic
species are documented from Cebu (Philippines) and Bali (Indonesia) which include the "penera” Protoconche andeuten. Neritoidea charakterisiert durch dic Au;h‘ia R Yot hic oI Vengiatshsuder
Clithan as well as Neritina and its "subgenera”. Interpretation of the evolution of the Neritoidea is not Larvalschale wie des Teleoconches zeigen in ihren artenreich éung Ry R e
easy because of repeated convergence of shell shapes occurning at different times in different groups. weilgehende Tendenzen zur Hybridbildung und ,.ihnli&ms m:ﬁ-[:ﬁ:?cnlﬁ::u:‘:?ﬁmg i
er Gattung Nering

und S ' ist di
aragdia auf. Dadurch ist dic Artabgrenzung besonders erschwert und die spezielle Auspri-

Similar species as found among recent Neritoidea have been living in the tropical littoral zones in the
gung der Arten gographisch sowie historisch mithestimmt. Letzteres kann aber bei besserem Ve
& [=

Triassic, and during the Jurassic species adopted to the environment af coastal swamps. The Neritidae

became quite recogniseable during the Crelaceous when smooth Dantostoma as well aspirally ribbed standnis der moglichen Hybridbildungen auch ;

Nerita d?wlled in tropical rocky littoral environments. A cubdivision of the genus Nerita in subgenera genutzt werden, wie die Unterschi edg: der h‘e?ﬁffam:g:inaﬁ;ﬂla'ubﬁ cographischer Zusammenhiinge

is problematic since transitional species arc the rule. Smaragdiidae have cvolved mainly on and alang erweisen. in Bali, Cebu und Natal/ Madagaskar

with the marine sea grass. Their protoconch resembles that of the Paleogene Velatinae n. subfam.

which evalved to quite characteristic shell shape and large shell dimensions. The Caribbean Puperita

intermediates between Neritinae and Meritininae. Calypironerita from the Eocene could represent an 1 Ynitndiat

intermediate between Neritidac and Phenacalcpadidae. Meritiliidae are an independant group that may : uction

be related o the Cretaccous Schwardlting and the terrestric Hydrocenidae, as is indicated when Theod .

toconchs are compared. Neritvidea characterised by dissolution of their inner shell walls in the Re an:l'ea ?m‘ s gf,m'ffﬂli'ﬂd of fresh water and belongs to the subclass Neritimorpha

garding shell shape it is very similar to Neritina, and has commonly been cnnﬁ:mdraiti‘;

larval shell as well as in the adult shell demonstrate within their genera Theadaxus and Neritina wilh

: : : " : it. Neritina in tum is ¢l ;
many species commonly the occurences of hybrids, and similar tendencies may be discovered among ATA4 is clearly related to Nerita, and h : : T
members of the genera Nerita and Smaragdia s soon as they become more closely inspected. The SF:EE!E‘S occur, But while Nerira lives under normal m;:: o S?I-ne confusingly similar
distinction of species is rather difficult due to this process of hybridisation. Due to this proces a local within the intertidal regime in tropical and subtropical "Em“d“'ﬁfl‘_ﬁ on hard substrates
geographic expresssion s produced and rapid historical changes in faunal composition arc possible. A near the coast in the same climatic region wh :hp cal regions, Neriting dwells within or
petter understanding of this process can help in the interpretation of paleobiogeography as is All of these produce egg capsules of low : ere the influence oii fresh water is very strong.
du-;u;ncnmd;? the ;:ilailrffercnnes seen in the faunal composition of Nevitina varieties from Bali, Cebu eges. In case of Nerira and Neriting all ;mb':;"::::uzl?zi COIII'HI.IE‘IS tens to several hundred
{ and Natal/Madagaskar. . ; evelop into veli
;Ezrr: :gn:? extended planktotrophic larval life (RoserTson 1571 1 gqﬁl gsﬂ;:?:ﬂ:il E;l‘;?fc;r
. Ric & Thotsow 1975, B, 1982, BAvoe ol 1997).In case ofthe Neritinidae that
1 TACK] -
Theodoxus und Neritina erweisen sich als durch ihre Ontogenese voneinander getrennt. Wihrend development is usually retained, even thuu:ﬁ::v:m;:vm 125 o Vet this mode of
in ersterer eine fertige kleine Schnecke das Gelege verlaft, schlopfl bei zweiterer cine planktotrophe to survive (Hourins, 1995 Bam;m & Rieper 19 e have to be washed into the sea in order
Larve, die erst nach Hngerem Aufenthalt im_ Meer unter Einflub von Sufiwasser mmwhisi:m is formed and the young dn.:velup \l-:ithin thee 93]._]'11' e :}I’ m‘?ﬂf‘r‘“‘“ no free living larva
Diese Entwicklungsunterschiede sind in der Gestalt des Protoconches erkennbar und bis ins P_alMl adult (BanpeL 1982, P1.21, Fig.6). Food 22 capsule until hatching as crawling mimiature
hinein 72 rickverfolgher Es ‘,'"“".’bm <ich daher Anhaltspunkte zur Trennung zweier Unterfamilien der it % dmured?b -u nI' &IE. ). Food for such a_dwelnpmem stems from nurse eggs
Nertinidae. namlich der Neritininae n. subfam. und Theodoxinae n. subfam. In letzteres Taxon kbnnte y only those few embryos, which develop. This evolution of pun:I;r

fresh water neritinids may have occurred in the coastal swamps of the Tethys Ocean during

auch Flivinerita einen Platz bekommen und damit den geographischen Bereich erweitern, der einmal the Pal
eogene (CossMANN 1925). The adoption to living in fresh water throughout life by aid

von der Theodaxus Verwandtschaft besiedelr war. Denn Theodoxus lebt heote in Europa, Nordafrika

und dem Nahen Osten, wihrend Fluvinerita von Jamaika kommt. Unter heutigen Arten von Theodaxus of nurse egg feeding in case of the penus :
ist die systematische Abtrennung schwierig, und wenn fossile Verteter miteinbezogen werden, wird the early ontogenetic shell {anzfc;l Qslmﬁfﬁiﬁ;;fmﬁi in a change of morphology of
cine taxonomische Trennung von Arten noch problematischer. Als Grund hierzu wird lokal unter- been described in detail by BLochmany {’I BE2 E 3). The ontogeny of Theodoxus has
schiedliche Hybridbildung angenommen und mit den Vorgtingen verglichen, wie sie bei Neritina-Arien Banper (1982). ) and was compared to that of Neritina by
im Rereich des heutigen Indo-Pazifischen Ozean aufireten. Hicr erweisen Ubcrgiinge besonders belegt b e W s

is paper it will be shown that Theodoxus has been living in Europe since the

von Cebu (Philippinen) und Bali (Indonesien). daB cine Vermischung von Arten auffritt, die teils

verschiedenen Gattungen {Clithon), bzw Untergaliungen von Neritina rugeordnete wurden. Die Aus- Paleocene as had originally been suggested by Cossmann (1925). The very earliest

= Copler WA
cpresentative is very similar in shape of the early ontogenetic shell as well as that of the
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; iy
how it may actud
i : therefore, be asked. hyas at least
Theodoxus. The question can, e N i penus that hasat
[clmﬂ[ﬂllfh o I:'I::.Ud‘-'":uﬁh S'Iﬂics h}r ‘Ihﬂii Shl':‘" Shﬂp"l i cask Iaf“:;'f;;;;u“ 1 keep ‘pmiﬁﬂf
be possibleto ¢ Iﬁl“‘;‘?ﬂﬁluw in Europe. Apparently itis e_ﬁdlrﬁmﬂ: ;4 1o aecossihe Near Easl
X X 1 - : :
Y tuml fiom cach othier that nowadays live from 1 ; Volga River whe Sea ol
Thfl'?iﬁ;x " ﬁ?ﬁm and from here east o the Caspian ,:::i n:; 1o the Baltic Sia, west 1O
to Turkey & - south to Htaly and NOT j ds.
the Dranube sout : oy Lsland:
Avoy, &G milp . : i:itr:scuu across the Apenning Peninsula to the (‘Jrkﬂ_t:l wid fiving along
- 34 ; : .
s “‘_L m!f“ difficult to distinguish Theodoxus from Nur;rrm.;-ﬁ‘;l‘;;;ﬁc Central America
peo mﬂ_r,: of Baha California, and in the coastal swamps©
{hie gaslerm oc 3

d Ansort &
. AgporT (1974) 40
;. commonly called Theodoxus lateofaciatus for example b’-"; ation to Neritina (5¢¢ chapler

. iealsilsT _ « Their
1o the survey of its Frmoonnl:h TEved i3 i1y gach othet.
LIACE “93‘1}]. w?i::;h:n:j Neritina have been commonly "“xﬂl-r Evﬂm (see chapter 12)
Tlﬂ'l}"n ulﬁ' : -.::::nci’:lt those of Smaragdia (see 11.6) andn?lﬁ ﬁ;f!"“ ) olepadidac or he fossil
shellsalsor ; - lar to members of the Phensc ¢ riting regArding
; nilatives may be simlar : Jated to Neriffna e
L?mpt.'{_ukﬂ n?r':ml-.r 13). The terrestrial Hvdrocenidae mﬂbe.nfﬂ the ;umucnvinmrn ent
i {mbfltﬂlﬁtare probably to the Neritiliidac, that may live!
the ontogety

rifina l e!l' ma .:I'E'! Let f 1 Ly | LEx hnptﬂf l :I
/ i 1 5" 3 l:'lat 1 i} T.hﬂ 0551-1 SL'-”'H- I.F'd“ e { <
as verni "

. %
2. What specifies the «uhclass Neritimorpha'

ithi & ]3;%‘3.
:  Gastropoda Wi o
The most primitive of the living groups (subelasses) o eritimorpha GOLKOY -

: . renresented by the N v Neritaced
abell i acelan - ﬂnEmN"::ii;;;iﬁa Cﬁﬂmﬂlﬂ 1960: = supfl':zmbf""; radula 0f
Sraapoaarov 1973 {z:;ldh?y Racr et 8l 1960). Neritimorpha are ur;-md o arihis
FATINESAE ol ::‘Eulild among the Rhipidoglossa Manot Iﬂ:}{? fh;r Hefi!ﬂ‘l"“r""“ﬂ‘ with &
similar shapc ?\izuT inclusion of the Docoglossa TROSCHEL 456 an which may also be
gastropods Withotl FIE L T o those of the Docoglossa. THESE A0 Do i qubclass
shell structure and £ e considered toepresent the most |1T1‘I'ﬂ|g
Lo Mﬁllﬂﬂpﬁws of their anatomy (HASZFRUNAR 'I:JE; :
A_.-;;hawgast;ﬂp‘ 1998), Regarding the mode of '_*"'nwgm.' }{'u: maost pnmhiw: subclass
perg 1997, SASAKI Rhinidoglossa and Docoglossa alike) arcti  are more advance
Amham%;astr_upodai de;mﬂmt ed by Barpel “gaz}ﬂmhmwwﬂhm heir oNtOEeaT:
ofthe i}mgmﬂwu ;?-; larya of an equivalent intracapsular 14 {der branch of the
by havinga plankiotrop oal recocd is consulted it appears that ?E\; L This et

When the palm;ﬂzknlglmnmwuphic tarva with openly mileg Tu " 1097) and became
n-ﬁiummph'hm:fi?w:thu Mic-Devonian (Baxos. 1997, FRIAE BREE g o mid-
lived in l'hF h"::_ A of the Paleozoic. Normally ml'li_ng‘_ arboniferous time fhe most
:.-.w.tm-::t_ wm} S 'm. d (BavpeL & HemELBERGER 2001}, E”"':F ‘! ded a larval stage b :
Devonian A6 ."“'Wd among Meritimorpha has apparently melt nd the ol
u5u1:'.! et AR :rm:;.ﬂ was secreted in tight convolute “h'f"’:lfr‘ ;mu . i
".*hmh dbe 1ar:uI;92 1988), During the Triassic the Meritoi a djgsu'lﬂ'fl“h': ;.;:.I.-.'na
(Bawnes 1982, ]E:EM Cassmann 1925) which are charucteri 5 1884, B 20080
ﬂﬁlf;;»‘ﬂl‘f::lil! -ﬁ:;?s inclu:hni' {hose of the larval shell [Ftstiﬂ:‘ 13-:_1;1‘: eeg capsule eritidag
walls o 1 thin the shelter O the I

During their em b“v“:‘:l:“;;f;:ﬁ:;:t‘:mu. This shell d"‘z;’;f::;ﬂm dlcium’
T,;?u::ﬂﬂ;ru::: tohulta sphereand is mineralised 741677

cells
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carbonate biocrystallites, The soft body connects to the shell only locally at spots on the
inside of the shell to which later during the embryonic development the retractor muscle 1s
fixed. Further shell growth is by aceretion of shell increments formed by a free mantle edue.
When the larva is ready ro hatch. the embryonic shell resembles an cop with its slender
upper part cut off obliquely (BawoeL 1982), During the following stage as planktonic Jarvaa
convolutedly coiled shell is secreted The protoconch has commonly much of ils carly
whorls hidden below the last one, The inner walls of the larval shell are resorbed (BanoeL

1992) with the result that the shell interior does not change much in shape but grows in size
steadily.

Anatomically Neritimorpha represent an independent branch of the Gastropoda as had
been recognized by Troscr, (1856), Bourse (1909), Tieis (19353 and Frermss & Granam
(1962). They abserved that modem living forms have one, lefl kidney, a single left feather-
like ctemicium (exeept in lung bearing forms), a heart with one or two auricles, internal
fertilization, paired retractor muscles, and a rhipidoglossate raduly. The ctenidium with
filaments on both sides is attached only on its base and resembles the gill of Acmaea. This
later docoglossate archaeogastropod is considered to represent the most primitive type
found mmong modemn gastropods (Haszrrumar 1985), The nerves connecting the ctenidia
with each other and also the ctenidia themselves are different from those found in other
gastropods groups and are therefore considered to have evolved not homologous to them
(e 1935).

The pallial complex of Merita and Neritina consists of a left gill connected to a hypo-
hranchial gland and a right hypobranchial gland connected to a vestigial gill. This right
zland 1s connected to a duct that allowed for internal fertilization and the production ol (A
cupsules. Only the left duct serves as kidney. In most Archaeogastropuda, in contrast, the
wirtad discharges through the duct of the right kidney and external fertilization is practized.

Bounne (1909} stressed that the Neritimorpha have come from primitive gastropod
stock which is supported by paleontological evidence due 1o which pre-mid-Devonian
Nentimorpha and their stem group representatives with uncoiled embryonic shell and openly
cotled larval shell (Frypa & Banorr 1996, Banva. 1997, Banoes & Fripa 1999) range back

L the early Ordovician amd have thus developed independently from the rest of the
Unstropoda since about 500 Million years. Based on cleavage patterns (BisaeLaes &
Hasrpuman 1997) and on computer based cladograms (Posoer & Livosere 1997) arrived to

sitilur conclusions as had Bourwe (1909) based on anatomical analysis and Basizes (1982)
hezod on the pattern of formation of the early ontogenetic shell,

3. Definition of the genus Theodoxus and the subfamily Theodoxinae

Superfamily Neritoides Raanesoue (815

Ihe superfamily Meritoidea of the Neritimorpha, order Cycloneritinmorpha Banos &

Fryn 1999 is characterized by the dissolution of the inner shell walls in the teleoconch as
well ac in the protoconch (Fiscimk 1884, Wenz 1938, Banm 1992},

Most Neritoidea have solid shells with outer calcite and inner aragonite layer. The flat

Callus covered innerlip of the aperture is provided with a collumellar edge that commonly
beurs 1ecd), folds or pimples. The operculum is calcareous and has usually a peg like projection
Tiar serty into the muscle of the snail, The protoconch of all species with planktotrophic
Jarva s sphierical and has the inner walls resorbed. The inner walls of mast teleaconchs are

6y




eoCon Theod msti herefore, be asked, how it may actually
odern oxus. The question can, (he . l
Lﬂ i;:::t?on;istin guish species by their shell shape in case nl‘th!s genus that has mi]::.f
il ofhistory in Europe. Apparently it is extremelydl[?iault to keep spec ot
Wwﬂ““mm ywls-amd from each other that nowadays live from the Nile au‘?ssihc legén:f
ETurkey mrm and from here cast to the C aspiandS:Ia ;;ldt\fc:‘:.lg: ;ﬁ t;- ;ﬂ ewcs! o
th to Italy an o k
Azov, and to the west up the Danube south to I s
ne Peninsula to the Orkney

England, and from Morocco across the Apenni " ey lslancs.

" It is also difficult to distinguish Theodoxus from Neritina. The neritinid living along

: =
the eastern coast ofBaha California, and in the coastal swamps ofthe Pacific Central Ameri

Theodoxus i 4) and AsroTT &
i uciatus for example by ABsoTT {197 ;

is mmmf; El;ﬁiﬁgthnmey f;;-r;i';mmm revealsits rFiatim to Neritina [s;e ;h;g:i;
gﬁfxs‘ Thr.:adoxus and Neritina have been commanly mme:q up with ea_ch :::1 s {ur 1
slfills also resemble those of Smaragdia (see 1l.e) ani}i;; f?fﬂ l@!ﬁ;ﬁﬁg " 51 s

. o i
i - resentatives may be similar to mmnb:m‘ e : :
but more probably to the Neritiliidac, thatT
;I;B;::;%::.yThq H'IE)I'F;JG related to the fossil Sehwardtina (see chapter 14).

2. What specifies the subclass Neritimorpha?

aA55es ith a larval
The most primitive of the living groups (subcl ) of the Gais:c_rmopodah :né mzmv Y
shell in addition to the embryonic one is represented by the Nin i orﬁ[::m Aol
St ov 1975 (=suborder Neritopsina Cox & KniGHT 1960; sup?ed e
R:’::;GM 1815 as used by Knicar et al. 1960). Neritimorpha are um:Mdbyf;r 0
similar shape as found among the Rhipidoglossa Morc 1865 (here archa

stropods without inclusion of the Docoglossa Troscuer 1856 and Neritopsina), with a
g4

i ay also be
shell structure and gill similar to those of the Docoglossa. These th:rﬁelrc:fﬂ :; B
called Patellogastropoda, are considered to represent the most primitive

acogastropod 5 of their anatomy (Haszrrunak 1985, 193_8. Powner & Livo-
sl 1997 Sp.sm: ?;;megarding the mode of ontogeny of their _eafl_y Shtfil:ulﬂla];i
yos ‘ opoda (Rhipidoglossa and Docoglossa alike) are t!n: most primitive ;d -
:tf:l ﬂlﬁéﬁﬂﬁpuﬂaaﬂdﬁnmmmdhmeL{Wﬂ ; Nn:rinmu-ph_n :rc Enfem t?;my‘
by h:ﬁng a planktotrophic larya or an equivalent intracapsular stage within ;u -
When the paleontological record is consulted it appears th::i ?eﬂ::ciireura;;is ks
neritimorph lincage had a planktotrophic larva with npen];,r m;zl-' B;;; IWT};m:ibecamE
lived in the time before the Mid-Devonian (BANDEL 1'9??‘ FryDA : EL iy
extinct with the end of the Paleozoic. Normally mﬂmgj:-rmlmonc s_le-u.' heirkiens
san time onward (BanpeL & HEIDELBERGER 2001). Emu_eCarbcmr r.:musl exo
g you v ufcmnd among Neritimorpha has apparently included a larval stage i ﬁ
us#ﬂhotr;:u?;lv};l shell was secreted in tight convolute whorls around the embryon m:ll: :h:ir
poon 1932 1992, 1988). During the Triassic the Neritoidea among tth mad |
e (Kirmy 1894, Cosswats 1925) which are characterized by dimlvmgth;&t&tﬁna
P all whorls including those of the larval shell (Fisciiex 1875, 1884, Bawoe. 0).

i ithi fthe ege capsule Neritidae
i ir em ic development within the she!tcr o
mﬂzu;lgl%a:]::: ;unbc?:;nand smooth primary shell. _T‘hns shell detaches ﬁ.‘ﬂ;‘:li ;};IEE?:
cells before it has grown to halfa sphere and is mineralised by a layer ofaragon
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carbonate biocrystallites. The soft body connects to the shell only locally at spots on the
inside of the shell to which later during the embryonic development the retractor muscle is
fixed. Further shell growth is by accretion of shell inecrements formed by a free mantle edge.
When the larva is ready to hatch, the embryonic shell resembles an egg with its slender
upper part cut off obliquely (BaxpeL 1982). During the following stage as planktonic larvaa
convolutedly coiled shell is seereted. The protoconch has commonly much of its early
whorls hidden below the last one. The inner walls of the larval shell are resorbed (BanpeL

1992) with the result that the shell interior does not change much in shape but grows in size
steadily.

Anatomically Neritimorpha represent an independent branch of the Gastropoda as had
been recognized by Troscui (1856), Bourne (1909), Taece (1935) and FRerrer & GRAHAM
(1962). They observed that modem living forms have one, left kidney, a single left feather-
like ctenidium (except in lung bearing forms), a heart with one or two auricles, internal
fertilization, paired retractor muscles, and a rhipidoglossate radula. The ctenidium with
filaments on both sides is attached only on its base and resembles the gill of Acmaea. This
later docoglossate archacogastropod is considered to represent the most primitive type
found among modern gastropods (Haszrrunak 1985). The nerves connecting the clenidia
with each other and also the ctenidia themselves are different from those found in other

gastropods groups and are therefore considered to have evolved not homologous to them
(TimeELE 1935).

The pallial complex of Nerita and Neritina consists of a left gill connected to a hypo-
branchial gland and a right hypobranchial gland connected to a vestigial gill. This right
gland is connected to a duet that allowed for internal fertilization and the production of egg
capsules. Only the left duct serves as kidney. In most Archaeogastropoda, in contrast, the
gonad discharges through the duct of the right kidney and external fertilization is practized.

Bourne (1909) stressed that the Neritimorpha have come from primitive gastropod
stock which is supported by paleontological evidence due to which pre-mid-Devonian
Neritimorpha and their stem group representatives with uncoiled embryonic shell and openly
coiled larval shell (FRYDA & BanpeL 1996, BANDEL 1997, BanpeL & Frvna 1999) range back
to the early Ordovician and have thus developed independently from the rest of the
Gastropoda since about 500 Million years. Based on cleavage patterns (BioGeLaer &
Haszerunan 1997) and on computer based cladograms (Poxper & Linnrera 1997) arrived to
similar conclusions as had Bouswe (1909) based on anatomical analysis and Bavoee (1982)
based on the pattern of formation of the early ontogenetic shell.

3. Definition of the genus Theodoxus and the subfamily Theodoxinae

Superfamily Neritoidea Rarmesoue 1815

The superfamily Neritoidea of the Neritimorpha, order Cycloneritimorpha Banpe. &
Frioa 1999 is characterized by the dissolution of the inner shell walls in the teleoconch as
well as in the protoconch (Fiscier 1884, Wenz 1938, Banoes 1992).

Most Neritoidea have solid shells with outer calcite and inner aragonite layer. The flat
callus covered innerlip of the aperture is provided with a collumellar edge that commonly
bears teeth, folds or pimples. The operculum is calcareous and has usually a peg like projection
that inserts into the muscle of the snail. The protoconch of all species with planktotrophic
larva is spherical and has the inner walls resorbed. The inner walls of most teleoconchs are
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also dissolved. Species rich genera are Nerita and Neritina. The history of the Neritoidea is
well established back into the late Triassic (K 1894, CossMANN 1925, Zaroiv 1978, 1985,

Banper. 1997).

Gorrina (1974) suggested that within the Neritoidea there are about 200 species living
nowadays, while AssoTT & DANCE (1982) suggested that there are anly about S0 species.
Wenz (1938) included in the family Neritidae all neritimorphs with dissolved inner whorls.
This taxon is here considered as superfamily ranging in time at least back to the Triassic.
Within this family Wenz united species with rounded shell with such having limpet shape
and such living in the sea and others living in the coastal swamps and in fresh water. But
Neritoidea also include outside of species with limpet-like shell, rarely also such with elongate,
planispirally coiled or button-like shell (Banper 2000).

Family Neritinidae n. fam.

Diagnosis: The family Ne ritinidae encompasses tropical coastal swamp species of
the relation of Neritina with planktotrophic larvae and fresh water species of the
relation of Theodoxus with nurse egg feeding and crawling young hatching from the
egg case. The protoconch of species with free larva is convolutedly coiled and smooth
or provided with fine collabral lines. The shell is usually smooth, has a very thin outer
caleite layer and thick inner aragonite crossed lamellar layer composing its walls. The
inner lip of the aperture forms a callus covered, flattened shelf and a columellar edge
that commonly bears one larger denticle on its apical half and accompanying small
denticles below and above, but may also be smoothly straight or concave. The
operculum has a hinge on its inner columellar side consisting of a ridge that may or
may not be accompanied by a peg or knob. Environmental requirement to the species
of this family are brackish and fresh water conditions.

Remarks: As suggested by BanpeL (2000) this family unites those Meritoidea that
are related to Neritina. It can be traced back into Jurassic time (Cossmann 1925, BaniEL
1991, GroNDEL et al, 2000) (see chapter 9). Those species of the Neritinidac retaining
the fully marine planktotrophic larva belong to the Nertininae, while those that have
entered the fresh water with the larval stage aholished due to nurse egg feeding are
united in the Theodoxinae.

Subfamily Theodoxinae n. subfam.

Diagnosis: This subfamily unites fresh water Neritinidae related to Theodoxus, which
live without having a planklotrophic larva and by developing with the aid of nurse eggs
exclusively. The protoconch consists of only the first whorl, which commonly has folded or
wrinkled surface (figs.219-222), The embryonic shell is much larger than that of the Nertininae.
The subfamily is based on the genus Theodoxus that has been living in Europe since at least
Paleocene times.

Remarks: Most members of the Theodoxinae appear 1o have Europe as their centre
of distribution, and perhaps location of origin. Species have been especially abundant
within and at the margins of the Paratethys basin. Exceptional are those that have
entered Northern Africa via the Nile and may have reached Ethiopia (Brown 1980). The
Jamaican Fluvinerita may have evolved parallel to Theodoxus a strictly fluviatile life,
but is here interpreted to represent a relict species of a former wider distribution of

Theodoxus (see chapter 5.¢).
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Genus Theodoxus Moxtrort 1810

The lowly coiled shell is usually smaller than | cm and consi
ists of less

;h:::l:. aI:sr:pnrculwn is D:shsfped B.nd1|'|&s an internal ridge that may be a—::::nmp::il:cllt;ez
e mvidprcsﬂm' a projection that is almost vertical to the opercular ridge. Ridge and
E‘E”M|:The o{:o_x an arnn:::llon of ﬂlF apercu:llum with shell muscle and columellar lip, The
i 1300 umu_:n canh Ichnraclcnzed by its ontogeny with the aid of nurse eggs, which is
o urp]r?(; ogy of the e.arly_ shell. The type-species of the genus is Nerita
e w:s "E {ﬁgts.I-T] u:hn::h probably had originally been defined from
- A— J::?w Mlﬂg m the Main River in s_nulhr:m Germany. According to features
et d? subgenera Theodoxus with no knob on the opercular hinge and
Jeripew are jsungum_hc:d (Baxer 1923, Tineie 1929, Jexevis 1944, Parr 1953)

e knob is usually not present in case of T, fluviatilis, . ‘

coﬁ&ﬂﬁgh:ﬁ:jiﬁtﬁf??ﬂiﬂ fwmnm (Loawus 1758) 15 omamented ouly by fine
: r owth lines on its small semispherical shell (figs. 1-7). The shell
f;::un_nng d:lrk in colour with & pattern of yellow-white streaks, but cﬂIﬂﬁsr.pali:::}n r:;}r ;2
e s, Joanh, 12e0) Tomenkmliar plaiewity by Wikt or yollow il somy
o - u; ong the inner lip. The operculum is equipped with a ridge on the inner
whorl that WEE odis ,:dhn-m[-ll of the columellar muscle. The protoconch consists of one
Ml PrOCkiced wlﬂ1_1q the egg capsule while nurse egg feeding and carried by the
Aﬁ-icga o ing :iu.; cs.-gi]w;ng lr:mmtr;u; adult. 7. fluviatilis lives in Europe and also in Northern
- (BROWN . But these -African representati .
species by Kristensen (1986) (see chapter 6.b). we e

Theodoxus is a characteristic
o . gastropod of the fresh water that on first sight i
;I:n}arltu :t!n‘:_ coastal Neritina and its relation. On second sight it differs from ;llihl:a]ssiciel?r
th;;:a] i ;“grl;:mhnmh genus Neriting and its closer relation by living in fresh water during i{z
e, by having a distribution mainly within temperate climati
: . tic zones and
Eilzz:nif;}r; :Ldt'uf I:m:e egg consumption. Theadaxus spends its entire ]iﬁ:T ﬁilr‘&;ilr::ltﬁz
| which is commonly fresh water of rivers, creeks and lak i
- ¢ EE‘
:::k:‘ sh water as for example large portions of the coastal Baltic Sea and the cfr.':nﬁ
w_u‘chaprter 6.b). Usually Theodaxus lives on hard substrates, scraping food from itf surfa
ith the aid of the radula. Food consists of algae, but other crust forming organisms are alz

utilized since there are some lati i
environment (ScroTT 1963). RIRRHEONS TS, Jeve hosn tacosatorad Jn e dack caye

4. Definition of the genus Neritina and the subfamily Neritininae

Subfamily Neritininae n. subfam.

Diagnosis: The neritinine shells are usu i

: ! ally glossy, hemispheri i

E::::?w spire ;:d the last whorl forms most of the sheIITThe apgm.lr:?;ls giﬂ;’:ﬁ:ﬁi

ip expands on the former whorl with a more or less extensi L
g : nsive callus pad. Th i

: :gilt:i}f:q:;:.?hurcd and may dmspl:_iy a wide variety of pattemns. Ontogeny uF:.la"}' :;:1:;1 TI:

h-!nmi-::psﬁail : _ﬂ: the free swim_mmg larvae live in the open ocean, after metamorphosis the
ives under brackish or fresh water conditions. Eggs develop in fresh water as

well as j immi
as in salty water and release swimming veligers. Some species have retardation in fresh
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water in their development compared to such that have been deposited in areas with
salinity change (estuaries) or brackish water conditions. They usually hatch as soon as
they have reached the developmental stage of the planktotrophic veliger (figs.227,229,230).
All embryos hatch as veligers and swim in the sea, but occasionally they develop within
fresh water environment (Haynes pers.com., BANDEL & RioepeL1998),

The Neritininae are based on the genus Neritina in which the members including the
type to the genus have a planktotrophic marine larva while the adults prefer to live in fresh
water of creeks and rivers, within the zone of fresh water issuing from the ground in brackish
or marine litoral environments and in the brackish intertidal zones. The shell is usually ovate
in shape in case of Neritina, may have spines in its “Clithon™ varieties, and is more or less
limpet-like in case of Sepfaria. Usually ornament consists of variable coloration of dots, and
lines and rarely fine spiral ribs. The outer calcite layer of the shell is thin and its bulk is
composed of aragonitic shell with crossed lamellar structure.

Remarks: Wenz (1938) did not distinguish an own taxon for such Neritoidea (=
Neritacea) - such as the Neritininae that had entered the coastal swamp region and the fresh
water. A similar ecologic adaptation has been carried out within the Neritiliidae (Neritilia),
which are not included within the Neritidac mainly due to differences in their radula (see
chapters 8 and 14), and had been interpreted to represent a subfamily of the Neritidae by
Wenz (1938).

Genus Neritina Lamarcr. 1816

Description: The shell is ovate and similar to that of Nerita, but its outer calcite layer is thinner
and smooth. The inner lip of the aperture has a smooth or weakly denticulate columellar edge and
forms a simple callus pad on the outside of the former whorl, The operculum has a ridge-like curving
rib and a more or less well developed peg that issues near the attachment end of this ridge. The
genotype varies according lo the author. Mostly it is considered 10 be represented by Nerita pulligera
Linneus 1767 (figs.197-198) from no specific lacality somewhere in the Indo Pacific (Tiere 1929,
Wiz 1938), but Cossmanns (1925) suggested as genotype Neritina zigzag Lamarck which probably is
identical with N. communis Quoy & GAMARD 1832 from the same Ocean (illustrated by Assotr &
Daxce 1982) (figs-90-93).

Differences: Neritina is here inlerpreted to include Clithon from which it can usually be
separated by the lack of spines on the shell (Cossmarn 1925). A distinction of Clithon as indepen-
dent genus cannot be held up (see chapter 7. f, g. h). The outer lip of Neriting is not serrate or
woothed as it is in some species of Nerita. The rounded shell and opereulum sealing the aperture
distinguishes from Septaria that has a limpet like shell, which is no longer, sealed by the reduced
operculum, On the inner, columellar side of the operculum a rib and an additional peg are usually
well developed.

The one type species to the genus Neriting, N, pulligera lives attached to hard sub-strate usually
in running fresh water, for example in Matutinao River of Cebu (Banpen & Rigpe 1 998). It has
an ovate to semi spherical shell with rounded upper side and flattened lower side. Only one
whorl covers earlier ones with the body whorl extending over the spirc and covering it completely
or almost so. The aperture is wide and ear-shaped. Its inner lip has a wide and {lattened callus
cover and a columellar edge with denticles among which one of the more apical ones is usually

larger than the others, The ornament of the shell consists of fine colour pattern of zigzag or
zehra lines, and the periostracum may have a more or less well developed spiral liration forming
a reticulate patiern with regular growth increments. The shell measures up to about 2 cm in
width and 1,5 cm in height. The operculum has the nucleus on the left handed base and from it
issue radiating growth striae. A curving rib connected to a peg on its narrow end of the inside of
the operculum serve as hinge and attachment 1o the columellar muscle.
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Remarks: The anatomy has been described by §
. A s v Stansuiser (1969), The radulu b
illustrated by Baxer (1923), Ricci (1937), Branor (1974) and Stansomwem (1983), i
dmﬁ\ﬁﬁ:ndu?t; typclurs'ppt_:!ea o Nerfr,fna :fulggcsmd by Cossmary (1925) is taken as the model, the
\,.r{_-[m-f ion lﬂtff' ] e';rmu eommurnis as il is found on the intertidal mud flats and pebble bem:lu:s of
. stuary at Porto Novo in Tamil Nadu (southern India) lives within brackish envi
:S;I:IIT;!:.;:S l:l:::l_:lgdﬁd cutline and about 8 x 8 mm in size when fully grown with ab;uﬁﬁ:&:ﬁgﬂﬁf
onch. The protoconch, like that of N. pulligera, is of round shape consisti ‘
whorls. Transition to the teleoconch is marked b I ERen, i
_ y colour change and also change from purel i
composition to construction of a thin calcite la i bt
s yer below the periosiracum underlain by i
aragonile crossed lamellar layer. The well rounded spi e
; ; ‘ pire exposes all whorls even though th
strongly onto each other. The callus of the inner lip is smooth and the columellar odg:ﬁas r;};]:\;ﬂfmlﬂp

E:::Iq:l;:. :11:.-: apical pr_:rt:'_nn, accompanied by more or less developed smauller denticles below and
, which may be missing, The ornament consists of a highly variable colour pattern on polished

x::m hn;k%nund n'rnslly of gromjsh grey, fine, zigzag or zebra lines and spiral ribbons on light

background, The vperculum has a solid hinge consisting of'a thickened curving ridge and a stout I

its attachment end. The later it oriented at right angle to the former. P
Remarks: A more colourful variety of N. communi

, : 1 ’ munis is documented by Darice & Assorr (1982

Ihis Indo-Pacific species closely resembles for example N. luteafasciata from the Pacific lsi-in: cr:;'

Central America and N, virginea in the Cari i
: a & : bbean region regardin ivi
environment within changing salinities (sce chapter '?_j}E. ERRESNERC e

5. Comparison of the early ontogeny of Neritina with that of Theodoxus

5.a Embryonic development of Neritinag

Neritoidea in general fertilize their eggs intemally and egg capsules surrou

hefore thn::y are depos&ted on hard substrates. The cupola-like epp :::.pﬁulcs are re;ﬁ‘;:ccg
by a;glutumtcd material and usually hold many eggs (Quoy & Gamarp 1835). 1 f
r"-fen:ma puncticulata (= N. reclivara) from Columbia 90 to 150 eggs are mntail:;edn“?tijnua
i“mi :m;hape; cg8 capa_;ulc ofabout 1,3 mm length (fig.224). In the other species living
ot an Neritina virginea the egg capsule is about 1 mm large and holds about 30-

eges. In both cases veligers hatch after about 20 days of development under tropical
conditions (BawpeL 1982). A similar number of eggs ranging between 50 and 300 i . h
capsule wam.uhserved in species of Neritina and Septaria from Indopacific locati e
as South Africa, West Africa and SE-Asia. - S

Amang representatives of the Neritininae egg capsules are made i
fnalcnal into \:vhich sand grains, faeces etc are ﬂgggl%ﬂ.ingmd. The upper h:j-\:: l;{;’ﬂt;: Z';iiﬂu:i
is aﬂache:i with a transparent organic ring to the lower halve which dissolves when the
?_:nung are ready to hatch. During early cleavage in the 8 cell stage, the four posterior cell
fu!d rnpst of the yolk present within each embryo and are arrested in development Thmug;
fgll_:::mﬁl stages of cleavage the yolk deficient anterior cells grow around these .fnur cells
o e;n % e a;t;dermm ;gd most ofthe mtode:rm. Four yolk- rich cells remain well visible until
cwmg:: . esI,I m its egg capsule in Neritina. As soon as ectodermal cells have
overee volk cells mm?lcmly and the embryo has acquired a spherical shape the velum

¢s ifs appearance as apical prototroch with longer cilia on each side in a position of th
velar lobes that form later during embryonic development. i i

o l;n the time of l’urmu?iun of the shell gland and rudiment of the mantle neither anus nor
wre: is present, I:-utr a slight trochospiral twist of the visceral mass indicates the presence
y torsion at this stage. At the veliger stage of the embryonic development a shallow
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concave and smooth primary shell is secreted. As soon ds mantle margin and shell detach
fram each other the shell is mineralised; It is now attached with the tissue of the soft body
at the same place where later the retractor muscle connects to the interior of the shell, as
spon as It is differentiated. Further growth of mantle cells around the visceral mass 15
connected with the secretion afshell growing in inerenients (this differs with growth afl the
embryonic shell in case of most Caenogastropoda and Heterostropha, see BanpeL 1975,
1982). Growth of the periostracal shell is connected to a mineralisation with aragonite
crystallites on the inside of the shell, Between the edue of the mantle and the head- foot a
proave forms, slowly increasing in size to dovelop Into the pallial cavity. The muscle cells of
the retractor muscle begin to function even before the shell has grown large enough 10
cover the whole body in case of Neritina virginea (BANDEL 1982). Before hatching the
animul can withdraw into its shell and seal the aperture with an operculum. In general shape
the emhbryonic shell resembles that of an egg with the upper part cut off obliquely (fig.227).

Ifi the case of Neririna virginea the hatching veliger has a deep pallial cavity through
which water s driven by a hand of cilia entering the cavity along the neck leaving it along
thé roof of the cavity, In the case of Neritina and Septaria fram Bali the pallial cavity has not
developed far and is only represented by a narrow groove hetween mantle edge and the
head-fool. The velum is equipped with a food groove ready Lo start the transport of planktonic
food particles collected by the long ¢ilia. Eyes are present within the velar lobes, Growth of
shell stops when the visceral mass 15 covered and it is continued only after hatching from
the egg capsule. When this hatching occurs in fresh water veligers survive more than two
days in the freshwater as has been checked in Cebu (Baxnor, & Rimet 1998), While the
heart with functional two chambers is present in Neritina virginea and seen pulsating at the
end of the pallial cavity, it has not yet developed In Neriting turrifa and N. ¢f variegata
from Bali when it hatched from its egg capsule.

The hatched larva remains in the plankton for weeks and feeds on algal cells. During
this time larval shell is added to the embryonic chell. Tt is globular to egg-shuped and in most
species has a maximum diameter of about 0.4 to 0.6 mm, however, some protoconchs measure
almost 0.% mm across (figs.225:226), The initial gmbryonic whorl measures (interspecifically)
0.1 to 0.25 mm across, Externally, the suture of the embryonic and early larval whorl(s) is
characteristically covered by iater whorls, creating a convolute protoconch. Therefore the
number of whorls Is difficult to estimate, but formation of up to 2.5 larval whorls has been
pbserved. The aperture is crescent-shaped, with the base comparatively broader. The outer
apertural fip is thin and regularly rounded while the inner lip is thickened. In fully grown
farvae the arganic operculum seals the uperture of the protoconch. The size of the operculum

Figs. 1-7 | Theadocus Shiviverifin (Liesecs 1758) 1: froan Cder Haver in apertural view with |lmm wide
shell), 7 seen from the side. 3: with ovate shell and dark colour 4 with change in colouration along u
wiowth line. 5. with mattked colour &: will change in omurental patlem 7 with change from binck o
montled colouration an & mm wide shell.

Figs. 811! Fluvineriiz alficala Pusery 1932, §; from a muuntain river of Jamaica in apical view wilh
9 qum wide shell, 9: seen from fhe side. I in apical view, 11 In apertoral view with § mm wide shell
Fipe. 12-20; Theadoxus {Neritaea) jordani (Soweesy 1832), 12 with dlongate conical shell of 9 mm In
height from the Ghor Canal hear Abu Hahil in Jordan, 13: with conical shell and concave sides 14:with
angular shell and concave sides. 15 with comical ghell and (latened sides. 67 with ulmost anguli shall
and weakly rommded sides. 17 10 apertural view. 18 with darker coloyration. 19 with #zhr pattern and
futcral grocve on the whorl sides. 20 in apical view

Figs. 21-24: Theodorus doricus (MEmare 18697, 21 (rom the Kos Formation (Flioseoe) on the lsland
of Kos wilh @ mm high shell, 22: seen from behind. 23. with angular shell closely resembles living T.
Jorsfant (sex 13, 193, 24 scen frem hehind
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increases in a spiral, featured by axial growth increments, which, however, are confined to
the external side, Internally, a tooth-like proj ection reinforces the nucleus. Larvae and their
shells have been described by RoserTson (1971), Scuerrema (1971), Lavmsin (1981), BanDEL
(1982, 1991b, 1992), Banpe. etal. (1997).

Larvae swim with the aid of a quadrilobated velum. The lobes are comparatively short,
approximately matching the length of the canch. In it the retractor muscle is attached apically
at the left side. It may withdraw the animal rapidly into its shell. All internal whorls are
dissolved. The digestive gland shows dextral coiling in the apical portion reflecting the
original dextral shell that has been transformed into a simple hollow sphere. The position of
the heart is at the apical end of the pallial cavity. The heart has two chambers, 2 frontal one
that sucks blood from the tissue of the mantle that surrounds the pallial cavity and a
posterior one that pushes blood into the visceral mass and the head. The frontal digestive
system is straight from the velum to the stomach and is only coiled up when the animal
withdraws its head into its shell. The posterior portion of the digestive system is attached to
the stomach on its apical portion and runs to the umnbilical side of the aperture where the

anus lies on the pallial side of the foot. Within the pallial cavity a current of water is kept
going by a ribbon of cilia from the neck into the end of the cavity and from here on the roof

to the shell margin.

In fully grown pediveligers a gill is present attached with its base at the end of the
pallial cavity and projecting into it without being attached to its sides. Its attachment lies
next to the heart. The velum of the pe diveliger has four narrow lobes and during
metamorphosis is resorbed. The foot is ciliated at its anterior end and broad in the pediveliger.
The short tentacles are also ciliated and have eyes at their outer base with black pigment
cups. A glandular ribbon runs from the apical portion of the visceral mass to the neck
possibly representing a larval kidney.

During metamorphosis planktotrophic feeding with the ciliary action of the velum ends

and benthic feeding with the radula supported snout begins. This transition is connected to
a change in the construction of the shell morphology and structure. While the protoconch
is mineralized by aragonitic biominerals, the teleoconch has an outer layer of caleitic
construction succeeding the periostracum and only helow that an aragonitic shell layer. The
adult organization of the heart evolves jointly with the growth of the gill. The beat of the
heart is reflected in pulsations running through the gill as well as along the tissues of the
viscera. The position of the retractor muscle after metamorphosis has not changed. The
anus lies within the pallial cavity and is connected to 3 ribbon of cilia leading to the mantle
edge and transporting faccal pellets to the margin of the mantle. Here they fall off from the
shell near the margin of the outer lip at the suture. This is part of the ribbon of cilia in the
pallial cavity that can be noted in the veliger and is still present in the juvenile. It enters the
cavity at the umbilical neck and runs through the whole cavity to the gill and from it up the
pallial roof ending in a generally ciliated area at the sutural side of outer lip, In the active
animal water enters the pallial cavity over the head and leaves it at the lower side. The head
carries the short snout with mouth and radula as well at the two long tentacles with bundles
of sensing cilia distributed over them. The well developed eyes lie at their base. The stomach
is found in the apical end of the shell near to the heart.

5.h Embryonic nurse egg feeding in Theodoxus

In case of Theodoxus pelagic larvae are cradicated from the ontogeny, as is the larval
shell. Here life far from the sea and without access from the sea has become possible. The
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?é,g wcﬂa::u:l;;gﬂ}f IThIa;ludnm consist of two halves, as is the case in Neriring and relation
i i r_:ne“ e case ot: Theodoxus larval development has totally been restricted to
il e ?S] ?npsuh. by means of nurse egg feeding. 7' fluviarilis from Northern
i oo a Fu: Sea as well as T jordani from Jordan hatch as crawling young
Sy II, fl_? ig.2,6). 'l'h_e prmm.mjch 15 quite large (0,5-0,9 mm) and consist of a little
e e e
, :m of radial wri imi
be seen in the embryonic shell of Hydrocena and relation (sce cle;;;:ﬁ ;I::r;lii{?;g:] ;lrhlng? ;r

ILI]E Emh unic [} 5 m

mﬁg&?mlﬁ b{m‘ntmmag of the !ndopa.ziﬁe tropics that usually enter the fresh water
i ur|:li ns::, grgagyhgve sometimes an ontogeny without marine planktotrophic larvae
e Shﬂzlenmt. ). But in this case there is no nurse egg feeding involved and most
DSy gle larvae ent?ng]ed or surrounded by algal or bacterial growths on hard
[pc“m:lscm the river survive and continue to develop through the larval stage, Havnes
g “::njzmﬂu:;ang} observed some kind of nest building of young after ha.tr:hing in
o {Pilipph;es] {S;L : Riepes (1998) suppm_'red this observation in Matutinao River of
o, e € apch:r '?g] But they did not find such a nest and did not obse
me of the larvae hatching from the egg capsules managed to remain in the river $

develop here into a benthic juvenil : g :
b ks e juvenile, while the vast majority of their co-hatchlings were

- 5.¢ What about Fluvinerita from Jamaica?

Mmﬁma::l E l:::e ;:;::uw;;r I.? ﬂl.:mfmu history among Neritinidae with lecithotrophic
RS s ”e Eu{upcan-Near East region is presented by Fluvinerita
s eams of Jamaica and apparently has direct development without
osie 5:1 l."arv“:niel.l:lhc ?m_bn{or_l{c shell is quite large, consists of only one whorl and is
i ms :?c yI ed in its mupai shell cup (fig.290). It is, therefore, a product of an
o 3|_||Be ve npr::rJ its sh_e]l while devouring much yolk. The young hatched from the
shcitcrpofth:i cmc\: mgl sna1|_. The Efnba-}rnnic shell indicates a development within the
SR g2 capsule I:lnll| crawling young hatch with the protoconch having a littl

one whorl and wrinkled surface, as is the case within the genus T.-‘reado:us ¢

- ﬁ.h{:emri.-ﬂi?; :':};’;vinfﬂm} a{rﬁcar‘n Pusary 1932 (= Neritina tenebricosa C.B, Apams 1852) has th
4 il ﬂwm;;g ::; .Ihn.rm“i n: midxﬁommﬁ Ill_ i::;lt f {Pj-],f,fis& 1,2) Fluvinerita differs fmn:
! ] : e id not com i
J;qardamr:z:lr other S;,‘m:les of T.&cad‘m_mﬂ and it has the same type of operculum mp‘fl::rf:gl.g‘ hmnmlf
Ak inner columellar side. In different mountain rivers of Jamaica Fluvinerita li tvaly1
water and in up to 1000 m height TR

- ;:::;ETEL; ::’:ttr.;;fn ha.samunmsh dark coloured shell that consists of about 2.5 whorls of the
isigaushrdnde: ;sm ;.:pmad on the rou ndgd apex (figs.8-11), succeeding on a protoconch
straposodiog oo a :rlmn-plmklulmph:: xhcll_ (fig. 290}, It is a cup-like initial pnnior;
L B cs an n‘mnnﬂcﬂgu_a: the twist to the aperture of the embryonic shell
i o nch is va.n_ahl-: consisting of spiral streaks and rudial zigzag pattems. Th .
psules are ol neritinid type without calcareous inclusions in the cupola portion ul?l.h: lid Th:

inner tl ‘:ﬂl]“ m |¢. eve » and not b":lad | L] cﬂlml!ﬂ 15 stran L 21m ‘u’ll“] n
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Antillean iskand is peculiar and needs explanation. Thendoxus and relation has apparently
never been recognized from North America, but may have oceurred in South America
NurraLL (1990, Figs.9-25) described from the Pebasian strata Neriting artoni Cosgan 1871
that lived in or marginal of the large Amazon Lake that existed In the Late Miocene. lis shell
may be # little angular and consists of about 2.5 whorls succeeding the protocanch that 1s
unkniown. Ormament is quite vatiable, and it differs from modem Caribbean species of Neritinu
mainly by the operculum which is lacking a peg, as is the case in Fluvinerita; and the
members of the Theodoxus fuviatilis group. Neritina ortoni alsooveurs in the Cuenta area
in Ecuador where that large Amazonian lake may have had a connection to the Pacific
Oicean, before the Andes began o rise in the late Miocene. I this fossil species can be
shown to Tepresent @ member of the genus Theadorus, the Theodoxinae may have had a
much wider distribution at Miocene times than they have nowadays (see chapter 0.0},

6. Theodoxus from the Paleocene to the recent

6.3 The oldest known Theodocus, T Sfabulus

Theodaxus fubulis (Briakr & Corxey {£87) has a shell of rounded outline with the aperiure
almost circular and isalmost as high as the total sheil. Sutures are quite distinet and sccampunied by
a flattening of the shoulder that grades in the rounded flanks. This slight depression next to the suiure
is present only on the hody whorl and is not developed the early teleoconch, The actual shell
upening is semicircular; and the cillus of the inner Lip is not very wide and bearsa shallow groove in
its centre. The columellar lip has slightly concave shape with a wide low thickening In its upper part.
which I juveniles consists of a broad and low denticle. In a fully-grown individual with 10 mm wide
und  mem high shell the spire is low and has 1 rapid increase in whotl diameter. The teleoconch cansists
af 2.5 10 3 whorls, Omament is by hrown zigzag lines thul show some deformution along spirul bands
The protoconch cousists of only & lirtle more than | whorl with 0.55 mm in width und a pattern of
spirally arranged rows of grooves crossed by collabral lines. The transition info the teleosonch is yuite
indistinet and the inilial shell portion measures almost U.2 mm across {figs.222-223).

The specimens are from the Manticn {Calgaire de Mons) of Mons in Bel it (BRIART &b LORNET
1887, Gumert 1973). It had originally been described as Neritina fabula, was suggested to be placed
with Theodaxus by Cossmans (1923) due Lo it< similar shiell shape with modern T, Tuviariifs. Glmest

Figs. 25-26. Theodoxus dorfcus (NEUMAYR k69, 25 from (he Kos Farmahon of the Pliocene of
Greece with extremely clongate shell shape, 26 with 9 mm high thell in apertural view

Figs. 37-31: Theoduxus dunublalls (Preween 1528), 27; from the Danube near Fomuroni (Hungary)
with checkered colour pattern snd 6 mm high shell, 28 with zigzg colour patern and 10 mm high shell.
29: apical view, 30 wilh upertoral view syl axial empes, 31, seen from. behind

Figs. 32-35: Theadonus (Méritaca) Jarduni (Sowsrey 1832), 32 from ihe spring and creck af Pellain
the norhem Jordan Valley has o durk raunded shell of 6 mm in widih, 33 apical view, M. apertural view,
35 with totally black shell

Figs. 36-40; Theodoxus «f jordani, 36; from the Pliocene of Ghor Canal newr Abu Hahil in Jordan with
striped colour poitern and 7 mm in height, 37 smme shell in aperiura! view, 3§: apical view, same a8 39
in spertural view, 40: with checkerboard colpur pattern

Figs. 41-48: The & mm high shell of Theodaxis from the Pontian of asampit neat Papkesi at the
exstern Lake Balston in Hungary is a white colour murph of & number of varleties shown in 42-57: 41:
with light spiral ribbong, 43; with regulsr spirnl ribbong, 44: dotled variery thal could be deterrmned us
Theodumms socent Jimsuvs 1944 sinee il hes @ rounded shell that is omamented with hrown trisngles or

dots pointing forvards and présent on light background, 45 with ¢olouration reflecting & mixture ol

spiral stripes and zigzag-pullern, § mm high shell, 46 white buckground and fine, somewhar rrepulu
wpiral stripes, 5 mm high shell, 47: with. fine. hraching spiral omament, & mm high shell, 48; specimen
that could be determined a8 Theodowus prozlararics Juxuns 1944 with small (6 mm hgh), round shell
with colouration of 2 medin white spiral ribbon on hrown background

T8

’ Segas " wHigan il e r 79

Hae 'h:l'.i__ -=.'j




{1973, 1.2, Fig.10} called it Theodoxus { Vittoclithon ?) fabulus relating it to the group around Neriting
meleagris Lasarck supposedly living in Sumatra (Wenz 1938, Fig. 1033). Actually N. meleagris isa
species of the Neritina virginea group and lives in the Caribbean Sea (Russes 1941) (see chapter 7).
This recent species represents a form with the typical planktotrophic larval phase within its ontogeny
and may be similar or the same as what is called here Neritina communis (see chapter 4). Bul the early
ontogenetic shell of Theodaxus fabulus clearly indicates a development connected tn nurie €25 feeding
{hat is reflected by the morphology of the protoconch. The shape of the telecconch as well as its size
is very close o that of modern Theodosxus fluvialilis as had been noted by Cosssans (1913, PL3,
Figs.54-56, 1925). Actually it s closer in shape to modemn Theodoxus jordani (see below). But T
fubulus from the Paleocene of Belgium could just as well be included within the genus Fluvinerita as

it ocours in Jamaica

6.b Living Theodoxus

Theodaxus fluviatilis from the Baltic Sea and from fresh water lakes in northern Europe is an
inhabitant of the fresh water without intermitient marine larval stage present. NeEmsann (1960)
demonstrated experimentally that T fluviatilis toleratcs large salinity changes and reproduces
successfully from normal fresh water Lo salinities reaching 15 gram of sea-sall in one litre of water.
Theodoxus fTuviatilis usually has only a ridge on the inner side of the operculum to which the
columellar muscle attaches. It lives in W- Eurape and in western Morth Africa (Brows 1980), while
Theadoxus jordant has a slender peg pointing toward the columellar lip in addition to the ridge of the
operculum and occurs in SW Asia.

Haxer (1923) confirmed these Lwo species or groups of species of Theodoxus as had originally
heen suggested by Romit (1855). One of these is centred on Theodoxus fuviaritis (Livevus 1758); and
the other around Theadaxus jordani (SOWERBY 1£32). The first was placed by Baxen (1923) into the
subgenus Theodoxus (Theodoxus) suggesting to differ from the second belonging o the subgenus
Theodaxus (Neritaea) Romi 1855 by features of the teeth of the radula as well as by having anly aridge
(T: (Theodexus)) or ridge and apophysis (= peg) (T, (Neritaea)) added to it on the columellar side of
the operculum. TriELe (1929) and Wenz (1938) also adopted this classification of Rom (1855).

Theodoxus fluviatilis (Loneus 1758)

The shell succeeding the protoconch consists of only up to 1,5 whorlsora little less. T fluviarilis
demonstrates a broad spectrum of colour morphs (Neusass 1959a.b, 19607,

T fluviatilis from a pond near the mouth of river Neretwa into the Adriatic Sea in Croatia hes a
light brownish colouration of the shell while the members of the population studied from the Oder
river in eastern Germany is almost black commonty with white dots. In both the shell has maximally
1.5 whorls of the telenconch and a rather delicate internal ridge on the operculum hinge without a peg
{figs.1-7). While the Croatian individuals are only about 6 mm in size those from the Oder measure
around & mm in maximal width.

T, fluviatilis lives in rivers, hiding under stonies or wood by day, foraging at night on plants and
detritus. It also occurs in canals and the littoral region of lakes. The animals are limited to hard water,
and they tolerate a moderatc 10 high salinity, up to 17 ppm in the Loch of Stenness, Orkney
{Gramam 1988) and in the Baltic Sea. As Bowneses (1940) had noted T fluviatilis also lives in water
of almost North Sea quality and is found in the Baltic Seain up to 16 ppm. In brackish water 5010
70 epgs are present within each capsule while in fresh water up lo 150 epgs are found (BospEsEN

1940, Gratiam 1988, own ohservations in the Baltic Sca). Breeding begins in late spring with
Spawning in summer. Females lay capsules on wood and stones or the shells of other animals. ltwas
assumed by Roxpesen (1940) that under more marine conditions Theadoxus fMuviarilis may develop
in a similar way as is found in Neritina. Butown experiments that were carried out in the field (Baltic
Sea) and the aguarium (Hamburg) revealed no differences. Animals living under almost marine
conditions developed as those in fresh water, only by nurse epg feeding and young never hatched as
frec-swimming veliger.
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Theodoxus danubialis (Prerrrer 1828)

Omament of the shell in T danebialis i
- e B commaonly consists of coarser axial zigmy
s :ﬁ:ﬂ; H.Er..:t]'l'l ;"‘ Muviarifis and triangular dots as found among the latter is usuac!::\{r;lu;pancmi
e Dra _nmuzz:;;' patiems may a]sin be similar. The overall impression in case of T daf::;;l:s
ol e ianboey panan as seen in T fluveatilic (Bomon & Grovassertr 1995, Pls.| and 2)
il cm:ﬂﬂft;m;;ﬁ; ; Tn;eh t_wtlltﬁape of the shell in case of T ﬁw!an:ﬁs ar.ad a morcﬁ

. s, 15 dhilerence was alsa doc

i : umented b

;cm Chcck::i ;;;tl; the specimen cnllcctwlad from the Oder and the I)anugcfl'r:;:!r;:;‘lzﬂ'
“ﬂ-ﬂlﬂms + WhmMELLIS mdin;ti?pm ::SEI':TS& 1n}‘1haht1?' fluviatilis never has a teleoconch that
o ! Aing ; C er), while in 7. danubialis prowst /]
{Danube). This later species lived from Kehlheim to the delta, but according to anﬂib?lu;:d‘;?: :II:

longer living in Germany since 1963 i Austr
¢ and will be i i i
lies around 12-14 mm in width and 10-12 mm in :::::l [:I;c:;;l;l?:om e

—— i
.. EETE?E;:;.T,EHMS 1::1 operculum morphology Bopon & Giovaneeur (1995, Figs.1-22)
less spoon shaped, as i 1ﬁc on the inner side of the operculum in case of 1. danubialis is Beswidesnd
GiovanneLLi (1995) 1; at of T. fluviatilis. Both have only a ridge without additional peg. Bonow &
. i /5) an ysed 7. danubialis in detail mainly based on populations from N . M
ere it locally lived together with T. fluviarilis. m Northern Italy
Scurrrr (1 i : .
oS it e ;uﬁ{:ﬁﬁ ::f::m“: ::?hiau‘: in Crmﬂr ia : form of T danubialis with engled whorl
. axus danubialis carinatus (ScrvMnT i
ﬁmﬂx at that locality showed only & weakly developed keel similar th R
According to Scwurr (1986) Central E
P ; urope has three species of Theod, i beine T
nviend, . & * th
.gm nf;:j;nmd spi?if;n'd 1. transversalis (C. Prewvex. 1828), and mn&:sﬁz”m: ] 935;;:;:;5 *’i
patten. This includ iving in Central Europe, which can be distinguished by shell shape and cal i
sl T s A et T e ae e naaat Ay & Tk Sy acw tviag in
o diipneired i the mm:';ﬂ- ny and Romania. According to Fraxx (1984) T. transversalis
et by g e o e o oo 10, eSSt AL T el T Wi st 3
Figs.23,24) T transversalis 15{ exactly u:‘{Tj':Tm}. ﬁiﬁ:‘ﬂ:ﬁg e sy Qe P ELLG
; ? ;s sume shell shape as T fluviatilis, : el
T oY i Tl s e ouadan lee lase il e variaies notd by Mot
it s e RN IR Non SEE ol ms i Hvad 8 fin tiver Mo, Neorooud
ifferent colour patterns by culturing and selecting races. Thus, selective breed I:: T:E::ﬂ

separate individuals with spiral ribbo i i i : .
each other. P ibbons, with axial stripes and with drop-like colour patterns from

A small sized variety of T, danubialis lives in Zmeica Lake of ia i i
measures up to & mm maximum diameter. It ha:; o s e v
I'Bci.llar m]dl'?l‘]-,:”:ﬁ :.!n while or y.l:liuwiah hnck;:::é ?ﬂ;?ﬂ:ﬂe;ﬂgﬁﬁ;:r o
- cmnmum;md?nlﬁh Zu;nm:;apﬂy of . ck.:m-r.bi‘ah'.\'in size and shape is very close 1o T, pmmrls:::
b crufm“sﬁl = in lh:crccli in Bad Vislau next to the thermal spring and connected
o daqubja.;.'_g i .:d is b!lxlmillu;. consists of two whorls of the teleoconch and has an operculum
Ol e T o b %:: 2 it e tw:r-?ai up, contrasting to this feature in 7 ffuviarifis from the
e i FME:"T;#:::‘::?;::; nm.hvisled up. The shell is only about 5 mm in
studied from material supplied by B. Marmescu, ﬁ;ﬂfmﬂgﬁ:ﬁl:ﬁm::ﬂ:@gm it:ry"m:';?]

expressed spire. 1L has the z=ame peneral
oot oo Budﬂpﬁf shape and number of whorls but is smaller than T danudialis
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from Piispdkfiirdo (=Bischofibad, = Petea near Oraden) and noted that several varicties described by
Brusia (1902) of T prevogiranis may petially represent independent species. This opinion is nii
followed here. The small eollection provided by B. Masrsescu indicates thut o 1itle more oval individuals,
fittle smutler individuals, and such with a fittle bit more elevuted spire are present as well as some
colour varieties, Kowsos (1905) actually suggested thal T adelae {Pnmica 1902) of the ancient Oraden
springs und pssociated lakes gave rise in T prevostianus, while T gicelad (Brusia, 1902) from the
same locality evolved into T, fluviatiliy. This represents & inost unlikely scenario, and more likely is
that the warm springs of Oradea ut different times and localitics gave rise to different morphological
expressions of the same species 1. danubizliy.

SeurTT & Sesoe (19RY) suggested thar three species of Theadaxus (Theodoxus) live ot different
localities in Anatolia, these being 7' doriae lsser 1865, T heldreichi Marmens 1879 and 1 syriaca
Bougcuiosar 1852, Ofthese 7) heldreichi is charcterized s being clasc i shape to 17 fluviatilis and
T caulevi (Bouscuiarar 1852), and T (Neritae) amatolicus (RecLuz 1841) differs from these only in
regard 10 the operculum that hasa ridge and a peg (Seucrrr & Sesex 1992). According 10 IamckeLetal
{1958} there ure also Theadomuy pallasi (1mnHoLM 1924) from beackish water of the Black Sea. T
varms (Morke 1888) living in Albania, and T exoxine{ L 1885) from Hulparia and the Dabrudscha
{Romania) fiving in SE Furope.

Theodoxus maridionalis (Prises 1836)

According to Bopow & GiovaneLu (1995) i Taly aside from T fluviatilis and T.
danubialis also a third species is living in Sicily. This T meridionalis also lives in Tunisia
(KrisTensen 1986) and has a large knob al the base of the opercular ridge. Such a feature is
also found in T anatoticns and 7. varis (Rossmissier 1835) that live in Greecs, Turkey and
the Near East (Scuorr 1986, Dacan 1971), According to Bopon & Guovanewul (1995) the
connection thal may exist between these three is not fully elucidated. Krisvensen (1986)
analysed North African representatives of Theodoxus and found differences between these
and T fluviatilis. He suggested thata T. numidicus (Réctuz | 841) differs from T Tuviatilis
by the lack of a distinct spire (more rounded apex) and Jess rectangular aperture, A 1, marexi
(Bourauianar 1864 ) was also interpreted to be distinet in sometimes having a peg nexto the
apercular ridge. Such a peg was utilized to distinguish a third specics T. meridionalts that

Fips. 49-87. Theodorus from (he Pontian of Papkesi near Like Balslon (Hungary) with different
spirally striped colour morphs (49-57), the shell is 6 mm high, 50: & morph that could be determined as
Theodmos sugenll JereLivs 1944 with round shell and 4 dark und 4 white ribbons, 81 with mare puplish
pattern, 52 morpll that could be determined a5 Theodexus verranict (Brusina 1902} with round shell
amzmented by dark spiral lines on light hackground, 53 with omament of few regular spiral ribbans on
while backpround, 54: wilh more pronounced spire and spliiting spiral siripes, 35: with evenly munded
spire and splilting of spiral siripes conmected 1o an lerrmuption in growih, 56! with splitting spiral
stripes similar as in fig-33 but in coarser paterm, 57 with well rounded spire and very regular spiral
armament, & mm high.

Figs, S8-60: Puperite pupa (Lissg 1757) from the Caribbean Sea (Curscso from tidal pools) S8: with
smooth, 9 mm high shell emamented with hlack siripes on white background, 59° aperiurel view, 60!
apioal viow

Figs. 61-63: Paperite. iristts (A'ORmiGNy (&) represenung w variety of B pupe (hat Has 2 patiem ol
hlack background with small whitc dots, 61° shell from Curacao, & mm high, 62 scen from the side. 63
apcal view,

Figs. Gd-600 Minnla gelions Mantescy Hom the fae Miocone of Romania (Jaszoits Valley) with 15 mm
in width, in side view (64, 65), and w apertiral view (66)

Fig. 67; Opercalum of Nerifim gugatas Lavarcy 1222 seen [rom (he inner side and with |5 mat in
maximal diameter, Umezamba estuary, South Afiica

Flgs. 68-T1: Neriting gagates Lamarcy (822 68 from the estuary of the South African Umzambe River
seen m apertural view wiilly 20 mim high shell, 69, with light shining throogh the shell ihe fine pattern
of dark zigzag bands below the dark perriostracum appears, 70: in side view with light shining through il
and 23 mm height, 712 in side view with light shining throught It and 20 mm height
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hree
lives in Tunisia as well as in Sicily. KristeNsEn (1986) concluded that only these thre

ies live in Northwestern Africa and no T, fluviatilis. .
g JexeLivs (1944) and Pare (1933, PL.1) studied the npcm.l.n!a! of‘ mq.::wdulzlr:: ;'I; s;ym;ll;ﬁ:vcdiu“.:

lations living in Europe. According 1o Papp (1953) T -'r{"“mfﬂ’, is charac L e
T kel d a more or less reduced peg. Ofall T fluviatilis studied from 11 ':1 .
sy ndgc;nﬂ ;stum Germany and from Croatia the operculum never had a peg an u?
iakcsl = nor{hen_zm aridge. But it was noted by JexeLius (1944) and E"m: (1953) that the sﬁ::‘e[‘am;
provided on 3;‘1:] e and T. {Theodoxus) withoul peg based on this character are ﬂmR e
wﬂmﬂ?} . l o the al;s:nmliuns of Kstenses (1986) in cese :_:f T maresi. Also ur $44)
E?Eﬁﬁx:axm in detail and found transitions from mbﬁﬂitvfaﬂi l;;ign::d l;.;anl
161 th{: e :gﬁzfﬁ:ﬂ:mﬁ ::?“T ;;ﬁ;tﬁo?:ll’:ﬁu bemnen_ﬂanul:_nc and I‘T]:;
gf%;gm;ﬁngg variability among the living representatives of Theodoxus jordani regarding
si:: and form of the projections of the opercular hinge.

Theodoxus (Neritaea) jordani {Sowersy 1832)

. : 8
] - (Neritaea) as illustrated by Wenz (1938,
to Theodoxus jordani and the sl.lhgcn,ug T A
Fi Ig:;]%i i the river Jordan, and nowadays also in the northern Ghor Cu]:m m;ln Qe
s mouih and Zerqa river mouth. From dredging in f.ht_:am] near Abu l;am o
;vj:ml hundred individuals of all sizes was recovered (spring 2001) (figs.12- .

i i the Ghor Canal the embryonic shell composes the tl'lrst

e T? ap;:gﬂmﬂﬂ“: z?ﬁfmpﬁ:l::rm:h by its usually uniform, commaonly whl_te mlz:hmu{:;

?::imzh m:sists of about 2,5 wharls; as is the case in Theodoxus ﬁ-::-m:e!ltI:. mﬁi thl:rmmt

below) but colouration and shape differ considerably. With the onsel u:;ni O woet falk

pattern of colouration seen is that of somewhat irregular, com y iy

Fibbons light hackground. About 4 to 7 such broad ribbons commonly feature i :hm:lmmctnrisﬁc

::?rlmﬂulrt t;'-:re are also totally black as well as totally Wht::m :n;::; mm'phshm m; *::::a r;'r: gt
L appearance of a di "

fatiue :f “ﬂﬁﬂmﬂm‘:ﬁ:ﬁm or less well developed comer. The Sh:f:cl?l: Y xf:]:l:m
ﬂaucl:'l{;o:g:i:h whorl is hemispherical with rounded apex ?ml flattened base. Thﬂ'lh:minﬁ.;lcg_

:;:h The inner lip is smooth; callus covered and has a straight columellar edge wi

i - oht of the whorl increases and whorl sides
horl of the teleoconch the relative height o o8 1 r
fl h::::?:ﬁ:l: many individuals the shoulder comer develops u:lm ﬂ-.:,- r?:;ﬁ u'n:%: ::11 ﬁ:;
d:p“gsiun i found below it. In other individuals no such ridge is presentan si

flattened. With the second whorl of the teleoconch completing the shell, itis higher than wide (up to

i i lip ch to more rounded bulging
10 mm high and 9 mm wide). The callus morphology of the inner 1ppmia:§|ﬁ:f e s

pears evenly concave. The colour : .
A edggif's:l‘.:}r to form a pattern of white dots or fuse totally 1o wminto uniform

but ribs may also fuse mar, . 3 shell growth, one-patiem changes
black. There are also mixtures of such colourations or, after rencw BT e and T

iti individuals that have been named 7. :
i A total transition in shapes between indivi : ik 3
?:d:ln? g;rlm‘s::mrr (1987 P12, Figs.1.2) is dq:v:ln?:ld.ﬂw fi:::1 r;;rfcnm :ld::.g W:;‘Tm 1.:;11 a; h .;.I:.mm
i i th somew ened

on the whorl side, and the second the variety wi : : : e

The operculum is provided with a ridge and a peg representing a solid st:::_c:u:lc n:;-;nl :in: ;n;-;:&ﬂw
next to the columellar margin as illustrated by Dacax (1971, P1.2, Figs.1,2). It1s g

i d low varicty of Theodoxus from Pella. .

mmd::nj:rks. Theodoxus groyana from the Pliocene of ltaly as described by Gmarnm &G'lis; g :::I]
has a little more rounded whorls, but otherwise closely rcwr!hles ﬂ;gcndm;: g:;;] ﬁ:m ishionart
The Pliocene Theodoxus orontis Buranckeniory 1897 as described by SciimT

@ 5 - 1
the Orontis valley canmot be considered as ancestral to 7. J'ﬂrtf!!nl as assumed by SCHUTT Sili.::iﬁ y
ch individuals are commen within the population now living ln_l.‘m: Ghor Mod o1 h:dor fuﬂsmm
:::ilh strongly developed comer and depression below it look very similar to Theodaxus doricus
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the Kos Formation on the Island of Kos (material collected by E. Voior and here compared), This
species has been described and interpreted in detail by Wisann (1991) (see chapter 6.c).

Theodoxus jordani (= T macrii REcLuz 1341) from Pella resembles those individuals that can be
found in springs and clean creeks in Jordan (figs.32-35). It is a black roundish Theodoxws that has been
collected with several hundred individoals from the spring at Pella in the region of the northern Jordan
Rift near the town Mashara in Jordan. According to Branciesuons (1897) this form of T jerdani
could be placed with T anatolica (Riéciuz 1854), and a very similar form from Pliocene deposits in
Syria was called T orontis Buavckennory 1887, According to Romu (1984) it also received the name
Theodaxus macrii. The spring, pool, and creek of Pella have since (2000) been destroyed, but
populations of other springs in the region of northern Jordan are similar in character. The number of
clean springs in Jordan still containing population of Theadaxus is unfortunately decreasing. The shell
consists of 2,5 whorls of the teleoconch added to the embryonic shell. Shell height is up to 5 mm and
its width is slightly larger. The callus formed by the inner lip is smooth as is its eolumellar margin that
is slightly concave in its apical portion. Shell colouration is uniformly black, and in juvenile shells a
fine spiral liration is seen when the light Is shining through the shell. Whorls are smooth and well
rounded. The operculum was studied from more than 200 individuals of different sizes and was found
to be rather wniform regarding the ridge and peg forming the hinge on its inner side. The grown
individuals produced numerous egg capsules attached to stones and the shells of other gastropods.

The species prefers water of good quality and is very sensitive to pollution (Banver & Savamen
1981).

Theodnxus jordani develops no larvae but has the same type of ontogeny, as is the case in T.
JTuviatilis (figs.220-221). The embryonic development is totally concluded within the shelter of the
egp capsule. The young hatch as crawling miniature adults having developed from nurse egps. This

species occurs originally in all clean springs and creeks in Jordan south to the Dead Sea arew, and
according to the analysis camried out by Dagaw (1972) also in similar settings in [sragl.

The differences between T, jordani (= T, macri) as those found in Pella and T, Tuviatilis as noted
from the river Oder is quite distinct, even though both appear similar on first sight due to their
basically black colouration. The peg on the operculum distinguishes clearly as does the number of
whorls found added to the embryonic shell. While there is no peg in addition to the ridge in case of T

Sluviatiliz, there is always one in the hinge of T. jerdani. While there are never more than 1,5 whorls of
the teleoconch in I7 Tuviatilis, there are about 2,5 whorls in case of T. jordani.

Remarks: According to Tewersov (1973, PLI, fig. 1) and Horowrrz (1979) T fordani occurred
unchanged from the base of the Pleistocene to recent times in different fresh water localities in the
Jordan Rift. According to Scuirrr (1983) T jordani is the same species in the Orontes and Jordan area,
This species can according to Scuurt (1983) be differentiated from the species T, aratolica RecLuz
1841, T nilorica, and T. mesopatamica Mousson 1874, while Tesernov (1975) considered all these to
represent the same species, bul ecophenotypes of them, which has been supported by Rorw (19584),
She had noted that two types of radula morphologies appear to be present in this species as if two
distinet populations had mixed. Teserwoy (1975) thought thet Theodoxus fordani had been living in
fresh water as early as the Oligocene and had come to Istael, Palestine, Jordan and the Lake of Galilee
(Lake Tiberias) from Europe (Sarmatian Provinee). An carlier theory had been phrased by Kosewr
{1904} who suggested that Theadoxus (Neriraea) came from tropical Africa, while Theodoxus
{Theodoxus) arose in Europe even as far back in time as Jurassic. But this idea is not supported by the
observation that Theodoxus species with shape of the shell and typical features of the opercular hinge
lived in Germany and France during mid-Tertiary times,

For example Theodoxus subangularis (Savooercer) (collected and provided for study by D
Kanovsey) from the "Cerithium Schichten” of Florsheim in Hessen (late Oligocenc) had heen placed
within the Neritina relation. But it represents of Theodurus rather similar to T, fordani with protoconch
consisting of one large, more than 0,4 mm wide first whorl. The operculum has the characteristic cow-
horn like shape of a hinge provided with ridge and peg, The first whorl of the teleoconch has a Nattened
shoulder and well-rounded sides. There are 2,5 whorls of the teleoconch until the shell is fully-grown.
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The bate whorls are rounded ansl colourntion consists of wiite Jdots in browmish backurownd bist alse
stripes. The callus of the inmer lip is simple and the columellar edpe is smooth or delicately danted.

Another rather similar species Theodovus matharani (Weng) (determined by Do RaboLsey)
trom Venelles near Aix-en-Provence in southemn France und here the "l'ormation du Gypse d'Alx” has
u similar protoconch. Here (he early teleoconch whorls are rounded. There are more than two whorls
afthe teleocunch before the individuals of this species were fully-grown Colour patterns also consist
of white dots on hrown background. The operculum resembles that fuund in the ¢ ilithon poup of
Neriting and of the T jondani relation. These two quitc simibin species of Theodome from central
Germuny and southern France indicate that species similar o modemn T fordini existed in the mid-
Tertiary times wide spread in Europe.

Tesernoy (1975) had found colourless morphs in sublerraneous surrounding of T fordani,
4 was also observed by Romii (1982) in Lake Tiberias and by Scutry (1963) in case of Theodoris
cibterreliciuy from Dalmatia. White morphs also occurred among the population encountered
to live In the Ghor Canal in spring 2001, Heweer (1979) observed that colovration might acl as
protection from molfuscivore fish or crubs in Israel Even though many varietics of shell colonrs
aie found in the individuals from Lake Tiberius and the vicinity Daaax (1971) interpreted that
they all belong to the same species in [sracl, According to Touerxov (1975) 1 fordant represents
the same species of & vary cluse relative to Theodoxus meosopatamice, T. enphratica Moussox

1874, T elnctilla MarTENs 1874 and lives everywhere in the region from Turkey, Mesopotamia
to the Nile (but see balow). lizcolour in lsrael iz very variable and there s o lunsparent varicty
living in a cave of Ein Nur near the Seaof Galilee in warm water of a spring. Scwury (1984) also
noted 14 synonym taxa to Theodoxus jordant {Sowerwy 1932}, He foumd the species to he
common n the Ororntes. the Jordan and the constal rivers of Pulesting, Israel and Lebanon. Bul
he considered that in the central Euphrates lives another species, wid that the Nile is ulso inhabited

by enother species,

Figs. 72-73: Neritina “Clithon " cornonota (Leaci 1813) with globular shell tiat has & small spire and
body whot! coating former whorls and in this mdividigal without spines. the shell from Mnysmen
estuary is about 12 oo high: 73 apical view.

Fig. 74: Operculum of Neriting “Clithen ™ ¢oronata sten from the inner side and with 0 masimum
duumeter of 6 mm from the Umzamba iver, Soulh Africe It helongs 10 Individual of T6-77

Figs. 7577 Nerltna "Clithun" coronata from Usizamha estuary with 17 mm high shell (75), 76 with
15 mm high shell, 77: with light shuung through and displaying @ colour pattern of irinngles.

Fig. 78; Neeiting auriculats LAMARCE 1816 from Umzambe River estuary with shell of semi-spheneal
shape with fManened base und rapid increase in shell dinmeter so that u grown specimen s only - little
are than one teleoconch whorl, Maximum dismeter 23 mm.

Fig. 79; Operculimn of the specimen in 78 seen fram the mner side with maximum Jiameter of 12 mm.
Figs. 80-81° Nariting pulligera (Liowe 175E) Irom the Moyameni Raver with oval, semi-spherical shell
with rounded upper s1de and flanened lower side, The juvenile shell mewsures 6 mm in width, 1. with
tight stuming through the shell and displaying the omamental pottern

Fign 82-83: Separia parcellang (Lo 1738) with symmetrical, cap-like shell from Mnyamen| extuary
(Gouth Africad with about 9 mm Tong shell, The light shining through {he shell brings out colour pallem
&3; seen from the apical side.

Fig. 84 Operculum of Sepiaria borbonica (Bory nE 51, VincesT 180%) wath 11 mm m meaximum diameter
and seén fram the inner side coming from an individual with 31 mm large shell from Llmzambe estuury,
Figs. 85-87; Sepiarw borbanica (Bory v 31 ViscesT 1803} with view on the outer side and light shining
through the shell and (Muminating the ormamental patteri. Maoximum diameter 20 num of this limpe
from Umzamba estuary, South Africa

Figs. 88-8%: Septrma porcellans (Lie | 758) with symmerrical, cup-like shell belonging (o o Juvanile
fromr Umzamba estunry (South Africe) with about 10 mm loig shell, 9 from the speal side and with
tight shining through it, 50 the ormamental patiem 1y better visihle.

Figs. 90-93: Nerifina communis (Quoy & Gamar 1832) from the Velur estuary In Tamil Nadu. southemn
Indii The shell measures shout § x & mm In figs 91-93 colour morphs of this specics with similar shell
size are shown, 91 with uniform zigzag paitern. 92: with zigzag and arrow-head paiém and colour
ribbons. and 93 with spiral rikbons of zebo panom
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Theodoxus niloticus (Reeve 1856)

According to Brows (1980) aclose relative or variety of T, jordani is represented by Theodaxus
nilotiens from the river Nile. Aceording to Brown ( 1980) the shell is hardly distinguishable from that
of T fluviatilis, but the operculum supposedly is different by having a peg and a rib (T Tuviatilis has
only the rib and no peg Brows 1980, Figs.15a.b, 16b,c). The shell is variably coloured with almost
white forms as well as almost black ones and fincly striped ones in zigzag patterns. Its hubitat is from
Luxor to the delta of the Nile and abundant in the extinet fauna of the Faiyum depression and it may
oceur further up the Nile in Ethiopia. Specimen collected from the Nile near Cairo were analysed
regarding operculum and radula. The operculum of these individuals had only the ridge and no peg, us
is the case in 7. fluviatilis. Theodoxus from the Nile huving about 1,5 whorls of the teleoconch, and 3
little more than 2 whorls when fully grown to 7 mm in width, therefore, does not belong in the relation
of T jordan but is a T fluviarilis or very similar to it.

Theodoxus liturata (EicawaLD 1841) (=astrachanicus STaroBoGATOV 1994)

AntsTRATENKO et al. {1999) deseribed 7 species of Theodoxus that are interpreted to oceur in the
area of the Black Sea and the Sea of Asov. To do so they studied again the types of Nerita fluviatilis
and chose a leciotype that is of low shape with dark background colouration and bears rows of light
dots (about 10). This lectotype was utilized to distinguish the other species presented in that publication,
since their shell shape is generally very similar to each other. Theodoxus danasteri (Lraotoum 1B08),
for example, is illustrated with irregular collabral lines as omament and a shell that is a little more oval
(lower apex) than the T. fluviatilis lectotype. Theodaxus exximus (CLEsSD 1885) has a slightly shorter
shell but more irregular lines as omament. Theodreeus sarmaticus (Lrsnuoum 1901) also has while dots
on dark ground and the shell appears to be of lower shape. Theodoxus subthermalis lsseL 1865
appears 1o he just like T sarmaticus in shape and omament but may have a little lower shell.
Theodaxus velox AvsTratenko 1999, presented only as drawing, is apparently without colour marks,
and a Theodoxus dniestroviensis is also documented that looks like 7. fluviatilis but has spiral light
ribbons as ormament.

Theodexus astrachanicus can be evaluated from material colleeted in summer 2000 from Astrachan
down the Volga River into the northern portion of the Caspian Sea. Here shells are around 5 mm wide
and 4 mm high and consist of only one whorl that succeeds the protoconch. They have thus 0.5 whorls
of the teleoconch less than is normal in T, fuviatilis. Otherwise the shell is of similar shape and size.
Ornament consists of zebra pattern of brown or black stripes on light background. These lines may be
almost straight, they may have zigzag patiern ot they may be interrupted into dots. Also uniform
white to yellowish specimen are common in the northern Caspian Sea, while in the Volga delta region
below Astrachan individuals are usually striped. Commaonly the xial colour pattern shows a recess on
the side of the whorl, which appears as if there was a rib, while actually the flank is evenly convex.

T astrachanicus has as only constant difference to . fluviatilis in fully grown specimen one
whorl instcad of 1,5 whorls of the teleoconch. According to Dvsowski (1888, PL2. Fig.10);
Gravn (1876) had described T /iturata in detail. T liturata = astrachanicus lives on rocks and
woad in the Volga River. The colouration of all individuals is here quite similar with dense
pattern of brown axial stripes which usually have an irregularity at the periphery which creates
the impression of a ridge, while the shell here actually forms an even bend. The animals attach
well to the substrate by their low somewhat oval shell. Here their egg capsules are common and
attached to the rocks on which they dwell. This species also lives within the northern Caspian
Sea and was encountered in large numbers among the shell debris found on the share of
Chemchusny Island that lies next to the border hetween Russian and Kazakhstan. In this
shallow part of the sea changes of salinity between 5 and 10 ppm occur. From Vallisneria piled
up on the beach shells remain after the plants have been devourcd mainly by amphipods.
Theodoxus here is represented by the same species as found in the Yolga Delta but they are
smaller in size and lighter in colouration. Here forms with dots and totally white individuals are

COTIMOn.
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6.b. Some Theodoxus in the Pliocene

th?:ﬂﬁ:: Ell‘zc;tmvu:;: Pliocens of the Glmr1 Canal near Abu Habil on the Jordanian side of the
i iy alley c;.ngc compared with other fossils found in deposits of more or less the
SfT oot it T e o the S occorene o0 BT e B S i
wi}i‘ch contains water from river Yarmouk and nacasionzl:;l 332 frufn th':: mel wul']in o Fanai
Lﬂl;ﬁ;l ﬁ-:: |;ng?|m on the Jordanian side af}g?rdmn River. 'I:fhc shell a:unsisl.s':?t:: ::(‘r}nu#]un?::h:l:‘u]i
am:n:n wi u:; I:r ofthe lclmgnch {t_‘:ngﬁ-m}. Itis ornamented with brown axial stripes or c?ﬁmm:i
20}‘ Th:uinn ;':;'n :nc: white, quite similar to many individuals of . jordani from the canal (figs.12-
itieeh E! ! ;Irs a strong callus forming a convex cussion with a concave and smoath
c. Until the begin of the last whorl the shell is hemispherical. In the last whorl of the

teleoconch shell height increases reachi i in wi i
L e e ing 8 mm with & mm in width. The side of the last wharl js

= ﬁiic;iﬁln‘;jiffmnc: can, thct:fom., be noted between 1. jordani from the Ghor Canal and the
: - [19?; L :n E: ﬁk:aﬂTG:?Ed‘ln _:Ihc ;amc geographical position during the lute Pliocene
CHERN ), PLI, fig. | a similar Theodnxus that lived in a luke at the locality w ;
ﬁ:wf:umnd r,hi:; :;:::‘ cn:s;es into the I;rdan Riverand in which Erg al-Ahmar Formation was dgr:;f::
represent the same that has been described as Neriti :
IS?.-# (Brascrestiors 1897) and Neriting arontis BLanckensorn 1897 ﬂ‘nn‘f;: ;]-"_MT“{“W MHUSW‘N
i) ¢ Pliocene of the Orontis
mmh;::mﬂ::lﬁ t:; the description of BLanckennows (1897) both species differ from each other as
oy andcm:s g:::;éﬁz.lr?; ﬁnl:;;v?:?}rs If; téigsprings of Jordan on one side (7, karasuna)
: . : ; 1g5.12-20) on the other side. A specics wi i
P}:%hmﬁll\:;:ﬂ l:,Irbd dﬂpm-ss1 ion on tl'u: side was also determined as T omw:a‘spscm::::s:;n i!I;;E
il 4 D&’:', Fig.9) ﬂ-nm Pliocene deposits in the Orontes valley. They also are close 1o
in modern populations of T. fardani from the Sea of Galilee, illustrared by HeLves (1993)

The species nume for this variety of a slightly hi ;
h ot i
s was suggested by Tcuexnov (1973), iy highee shell with conitiction, sherufors, s ot nosded

] Also specimen of Theodosus doricus (Nemvave 1 F i
?ft_; (;r;c]ac.; :ad shells with similar omament and mﬂ?gﬁgl:;h Emﬁﬂs_‘lalﬂﬁ::;ﬂmﬂzﬂlzﬂ‘:‘rﬂfﬂﬂ
m:;gﬂ;ﬂgﬂ :;:;rdi‘n g 1}_:: ‘lnl:-’n.r.nmn {I':‘-PE 1) Theodoxus hellenicus represents an in;punflﬁ
st I‘J:_: oj I;:m?cnc d¢p05|t§ of Kos and Rhodes. WiLLmann (1981) supgested that
e e axus doricus by furmu!g depressions on the sides of its whorls. According to
i aln v:_rpli'_ﬂlatt_nn also S:l.leFlﬁ':ll.‘S evolved here as isolated morphotypes, which later
i : mgrmn orming IE}'bndx hese subspecies of Theodorus doricus were interpreted
E“wmmbecmn“ e nmh:: intcf d:ﬂ'crem morphologies, which later mixed their characters again,
st Rhods:un::: . Imt::smmn. Btrxqttrsulj (1893, P'L.7) described from the Plivcene lacustrine
(NEvmayr 1879), and T M.E:m:i::?::;r:;p::; sl Bj;;;,m :ﬁf;:ﬂ‘:;ﬂ;{l?wﬂml v
:r?:d 1;:;:::: h iggh spire with rounded to convex sides. Bukowsia ﬁgﬂﬁﬁrmﬁﬂﬁﬂz
o p Sh::;):u[:g a!su rnmarked_ﬂl:‘n m?mpm:d with Theadoxus of similar age bur different
Greek mainland and T, dwfczu;:;ﬂus: K Ay M mam G ] 570 e
ity m p mmefmcm Kos, Acluull:,_r most of the shapes and colourations noted
s imiipih ok e in m_udcrn r ja{n’ma as il oceurs in the catchment of the Jordan
bl of species names available for this gastropod that can be called 7. fordani and has
-Irh : : mg:,:nEthc last 3 Million years, thus, confuses matters more than it can eniigh‘::-n.
bt f}?:-::l n “:?cﬁ I.';:{f Ehusr{w??} as Theodoxus trilophosensis Rust 1997 differs by having
s s b shell shape. _Llnfnrt_unately Rust gave no differential diagnosis, so that it
o mmmmﬁ: characterizes this i.-ws.'l species and distinguishes it from 70 floviarilis or from
N e L;: of Theodoxus as still live in Greece (Scuurr 1986). T irilophosensiz from the
i e -Aegeanan area demonstrutes variation of omamental pattern, and Rust suggested,
ped morphs were more common in brackish environment, while dark morphs had been living
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i fresh water. Rust ( 1997) suppurted his dati by relving an the experiments thul hud been carried oul
by Miumasy (1959ab) with T fluviatitis. Bur Rusy (1997) also compured his data with those of
Cirlsnen { 1976) on Clithon (Pictoneriting) oualaniensis, it did niot take into consideration that this
ater species is only very distantly related to Theodosas, has u planktotrophic marine larval siage, and
different living environment (see chapter 7.2)

I ompured with Theadazus from the Pliocene of the Cihor Canal near Abu Habil in Jordan the
Greek Pliocene Theadaxus trilophosensis appears 1o heu little more rounded and consist of one wharl
less when fully grown, Most interesting 1s here the shape af the apophysis am the inner side of the
aperculum. Rust (1997, Fig 10 documented that within # single populition of this lale Meogene
species from Greece near Thessalonici the operculum projection groded fram mdividuals withoul
second peg as in modern T, fluviarifis o individuals with peg as in modemn T fordani. He comneeled his
observation with chunges in the intensity of crah predation. Here the individuals belonging fo ome
species would have changed from the aubgenus Theodaxuy with only the ridge into the subgenus
Nertiaea with tidge and peg within the same tocality through nme. But it may be o change that
occurred mot so much in reaction 10 increased predation by erabs but due to hybridisation of fommns
with Neriteova operculum with such of Theadaxus operculum. Jekerws (1932) has already noticed
such variation in operoulum construction in case of Theodorus smiplicatus, and Rumi (1984) abserved
similzr variation and a broad morphological spectrim in case of Theodaxus fardani

Esu & Coeorn (1974) diseussed (he validity of generic names such as Neritira, Theodoxus,
Clithon, Smaragdia, Cabvertia, ind Puperita and came to the concltusion that the genus Nerifina is best
used for this "species” of Villefranciun Theodoxus. This species from luly appears to fall in the same
range of shupes a< can be noled for the furdanion Theodazus. In difference to modem Nerifing
(Theodoyus) fluviatilis, Esu & Grorn noted the presence of a small peg on the tnner side of the
operculum. whith they considered to be shsent in the living form. Esu & Gmorn (1974) did not utilize
lI the early ontogenetic shell in their discussion, which actually represents the best character of the shell
1o distinguish Neritina and Theodoxus, These authors had still regarded Theodoxus as subgenus to
Veriting, the other subgenys being N, (Neritaea) Rom 1855, Esv & Gimorn (1974) comsidered the
modemn Theodaas fordani and species from (ireece L0 represent members of the subgenis N, (Nevitaea),
and Thitodor danubialisflaviailis to represent the subgenus N. (Theadens). The tansition ebserved
‘ {6 sceur between the characteristic differences of these taxa noted in detail by Bust (1997) indicates
that there can only one taxon Theodoxus and that thiis cam ot be seen @S sibgenus Ly Neriting and thal
I it should be considered the same as Nerrfaed.
l

Wintsass (1980) noted thut two species of Theodoxus must have Hved side by side in alale
Neogene lake at Crete (Greece), Of these Theodorus sprafir (Jexkies 1664) has & shell shape rather
similar 10 thal found In T jordani living in the Chor Canal of Jordian, Witmass noled many colour
morphs that had hy ather authors been considered to represent independent species. Anarans | 1976}
recopnized Theodoxus erenudarus, I, semiplicats and T mariae, specizs that had been described from

Figs. 94-5%: Neritina communiz (Quoy & Gamann L33} from the Velar estuary in Turul Madu, southern
Indin. The shell is aboul % x & mm and oramented by regular spital ribbony, 950 has 2 chungs In
omament from dark ribboos and mgzug pattern o finely striped radial petiern

Figs. 96-99: Neriiing afra Sowersy 1741 from the estuary near Limbe (Cameroon) with & mm high
shell. 96 showing delicate colour patiern, 97 with dotied golour amament, 98 apertural view und
coarse teeth on the columellar plae, %9 with drap-like pattems

Figs.100-103; Nervitma rubricats MoriUey 1R5E from the underside of wet logs in the beach drift of the
uppermost fidal zone al Douals (Camercon), 104 with 7 mm high shell, seen in gpertural view, 101, af
thie same shell displaying a pavern of orpamented ribbons, 102: apertural view with shell that hes a
mare dull coloration, 103: scen from behind with spual color ribbons.

Figs. 104007 Neriting luteqfosciorus (MiLLes {&79) from the Guif of Califormm, Bahia Concepeion
with about 10 mm hugh shel] with inchimed wxtal stripey us ornament (104), 105: same ghell seen from
hehind, 106; with finely reticulnte putierms in hrown and grey In apicel view, 107: scen from hehind,
Figs. 108013 A specics from the estoary of the Matninao River (Cebu) that appests 1o he a mixiure
of Neritina contmunis and Neriting “Clithon™ with colour varieties in 108-115 (type 4). The shell is
ahout 12 mm high
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the late Miocene Lake Pannonian by Jexeuis (1944) and Pare (1953). The DEE ;—;e;:;e;, ;3131 ?Ii :z
WiLLsay (1980), is Theodoxus abnormis (Jekns, 1864) that tms Iwo Spll Sheehaiink o
by the concave side of the last whorl of the adult. While the kee ﬂ?h civs
vl he edpe to the base may he rather strong and even develop spines {‘_F-’Lummi :
“Fﬂk ot D:. Ill-u' reE d T- ahmormis resembles to some extend the shouldered varnchics of ﬂ:eadvmj
— :-J'E] :-dis:::w:::.d h;' Scworr (1988) in Croatia, but the later being related to T, a’an:f;‘_m‘fs m¢
dﬂr;bf:,:;.; as the former. Theodoxus spratti and ?Tweod:ﬂ_us abnormis hJ_we cn;hnrccun w':; ﬁs“::} ]
time i the 1k clearly distingished, andthus did it :flmi? and {..m}::::nf, ! Esiears (1990
! i jes. But this isa \ ;
‘:’!;Drj::: [::mﬁ:f‘.;:: E&ﬁﬂm varieties with m::h v:h:mgat.ed 1.Ivi'_mri and even a groove on the side
(HeLees 1993), but also low rounded forms sometimes without mmm.g. R—
From the Andalusian Pliocene of Arenas del Rey nnd_Ffumsanm in ll‘l.; u(:ran s I:m oty
al (2000) described shells belonging to Theadoxus ﬁwa‘lunhs. The shell :.;h rmm driponinls
large lake consists of 2,5 whorls (first whorl representing the pmlwc::l ui N
maximum diameter with 5 mm in width and 4 mm m_hc:gl_u when plac shrty el
consists of light triangles with their pmnl_ed portion to e aes w
o pagnm ist of an ahout 0,3 mm wide whorl that consists of a semi glnbuJ?: cup with a narro
ﬂ:upral:inﬁ;lddnd toit. It res;:mbles the protoconch Qf. Theodoxus jordani as illustrated by RiepeL
(1993} but is a little smaller and has u relatively larger apical cup. _ N
g e e el ke
iatili " jordani were present in t incene o pe- i Re
?;QJTTL:JT::: ?I::n;:;:;in that could be placed in 'huﬂ':t subgenera lnu:rbmdlmm ﬂm;?;? n:[::;
assembled the deposits, studied by him. The resulting species had an operculum in Irrnrl: b
to the other subgenus. This would support the assumption of WiLtsas HQEI}L 1at chars %
E::mim"asfnr example the keeled 7. helenicus interbred with more simply shaped "specics” coming
in from other sources and thus lost their peculiarities of shell form.

6.d An inflation of Theodoxus species in the late Miocene
From Sarmatian, Pannonian and Pontian beds (Late Miocene) of the Lake Fartnhzg,
hich lay in the Central Paratethys Basin, many species of Theadaxus h::e b;;n iﬂ:‘s;; m
g - . & - m p
i ’ logical Survey in Budapest a
In the collection of the Hungarian Geo : e
i i been considered as represent indepe
catalogued from this region that haw:_ : 18 ,
Buus?ngn (1874, 1884, 1897, 1902) described many species and :mbspecm:; ﬁr:; zt;e SBTLIktT:z
mainly Croatia. Others have been described by Fucus (1 ETT',I, Papp (1953, 195 : ) STR =
(1966), LorenTHay (1902, 1906, 1911) and others. Parr &1 mus(l?ﬂ{}mted spacl;as ;
Thsad;:xm to co-occur within the beach deposits of 1_111: Pannonian L._ake in the “mﬁ:;. mazﬂ
near Vsendorf. According to Pare (1985) 13 species and subspecies are !:Ilm:;smmj :
Vienna Basin of which only 7 have also been r?fnogtuzed from the Pannonian
Romania, where 12 species have been differentiated by JekeLs (1944). 1 ‘
In his review on the Pannonian fauna of the Vienna Basin Fup{i?ﬂi]_n mentioned only
4 species, Theodoxus postcrenulatus, T. intracarpaticus, T faebersda.-;l's:;\-, ::.thld :i: ;ﬁfgﬁé
w5 y the 5i
Their i ions document that it is mainly the colour pattern, secondarily
s}ril;rt:;:ﬁsled to distinguish species. When the descriptions mu;‘:llmum‘;otns zf .: :E::::;
it i hell that has been used to dis
944) are consulted it is also the shape of the s , : :
E[i:iecie.]s Parr (1953) based his species mainly on colour pat:nﬁ‘ !ﬂ.rluu:]l;lq I.H ;;;n:;;m;r; :;:T.he
speci i i i ied out by Neuma x
cent ies and in the light of experiments carr 1
insid:pr:; to be highly variable within a species. All F]}ese species cun} Trhm !airs:n:_ ul.::
regarded to represent variants of one or a few species. Since the number of whorls o
teleoconch of adult individuals is usually not mentioned in descriptions, comparison
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recent species is difficult. But some colour varieties are characteristic to populations, Here

that of Tihany and Papkesi near Lake Balaton (Hungary) was analysed in more detail (figs.41-
57,

Csaro (1993) suggested that the history of a lake in the Pannonian Basin began with the Tortoni-
an about 10 Million years ago and ended in the Messinian crisis about 5 Million years ago. Lake
Pannon at late Miocene time was a brackish sea that was usually closed to the world oceans (Marvas
elal. 1996). During the Pontian period about 7 to 5 Million years ugo this brackish Lake Pannon and
its surrounding rivers, lakes and swamps occupied the area around the modern Lake Balaton, Marvas
etal (1996) analysed the shells of bivalves belonging to the Congeria and the Limnocardia relation,
both restricted to the lake proper and not found in its fresh water intercalations. These data suggest a
salinity of the Pannon Lake of about 5 ppm. Theodoxuy from Tihany can be dated since here lake
deposits containing it have become covered by a hasalt that has an age of about 7 Million years
(MuLLEr 1985). This species could be placed close to T engenii Jexevws 1844 and was ealled Theodor
radmanesti (Fucis) by Mowcer (1985, PL1, Figs.1,2) and T vetranici by Bartia (1958). From
Tihany and Papkesi many individuals (more than 1000) were extracted from the sediment and colour
inorphs were separated from each other (figs.4 1-57). Most individuals have black spiral ribbons on
white background. The number of such ribbons is variahle ranging from about 4 to 10, At growth
intermuptions a sudden chanpe may occur regarding ribbon number, for example by doubling it. There
are also numerous individuals in which the background is dark grey and ribhons are white. Also shells
may have brown ribbons on white background or white ribbons on brown background. Sometimes a
zigzag pattern is still recognizable when ribbons consist of elongate dots (fig.44). Dolted varieties
were named T, soceni by Barmia (1955) when collected at Varpalota (Hungary) and 77 crenlatus

varpalotensis Barria, 1956. In addition some shells have a uniform colouration of grey, brown or
white,

Amaong all these colour varieties the shell shape is the same. About 2.5 whorls of the teleoconch
succeed the white embryonic whorl. Increase of whorl diameter is regular, and the spire is low, with
some variation regarding the size of the spire. More irregular growth lines in the last quarter whorl
characterize the fully-grown shell. Shell size is usually around 5 mm in width and 4 mm in height. The
columellar lip of the aperture has a fine crenulation of dentition of up to 10 denticles of which the
apical ones are a little larger. The callus pad is simple with rounded margin. The operculum resembles
that of T. jordani with ridge and peg.

According to Parr (1954) Sarmatian deposits from the Vienna Basin contain the most ancient
species of Theodaxus of the western part of Lake Pannon region, living together with Neriting. Thiz
is Theodoxus postorenulatus Pape 1953 (Pare 1985, P1.30, Figs.1-3) that is supposcd to have evolved
from the Tortonian Theodorus crenularus. Papp (1953, 1985) suggested that T cremulatus might
represent an ancestral species to the richly diverse Theodoxus assemblages noted in the deposits of
the Pannonian sea or its coastal regions. Its columellar lip is weakly dented to crenulated and the shell
has a maximum size of 13 mm. The type of this species is from Wilnttemberg. According to Barmia
(1956) T crenulatus closely resembles modem T, danubialis and also the fossil Theodurus semiplicatus
with zigzag pattern and this species was reported from the Pannonian of Tab and Varpalota near Lake

Balaton as well as earlier Miocene deposits from other localities in Europe. But these speculations are
problematic since very similar Theodoxus has been living in Europe for example at Oligocene time as
proven in case of " matheroni and T subangulatus (zee chapter 6.b).

During the Sarmatian about 11,5 million years ago the salinity of the sea dropped and the marine
fauna disappeared to a large extent (Parr 1963). Pare (1954) suggested that the brackish Sarmatian seq
in its marginal portions of estuaries and coastal swamps was settled by a fauna consisting of two
species of Melanopsis with varicties, one species of Neritina, one of Theadoxus and one of the bivalve
Congeria. When the sea changed its salinity toward fresh water the dreissenids with Congeria, the
neritids with Theodorus, the melanopsids with Melanapsis and some cardiids supposedly managed 10
adapt to the environment, while all the other molluscan groups disappeared and became extinet. But
this seenario needs not o be realistic since all these groups, perhaps with exception of some cardiids
had representatives living in fresh water before the existence of 1ake Pannon and connected rivers and
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ponds in ihe region of the Puratethys hasin. In case of Melanopsis this has been documented by
Branel (20000,

From Suceni in Romania Jekewns (1944) described the species of Theodaxus from the Summation
1o the Pontian deposits. He discussed possible differences itt shell shape, cspecully those of the
columellar edge of the inner lip of the aperiure and the shape of the inner side of the aoperculum
JERELILS Clne o the conclusion, that regarding shell feanures all recognized EFI?C‘lt'-G sheald be considered
10 belong 1o the same gentis and subgenus Theodaxis with the characters of the shell nar very aseful
1o differentiate them well. But even though recognizing this JexeLiws distinguished 10 different
Theodaxus taxa only in the Sarmauan deposits, of which 9 were considered W0 represent species. In
the Pannonian he recopmized 12 species with anly little overlap to the species from the Sarmatian.

The Theodexus species of Soceni according 10 JeeLs {1944} are armnged secording {0 their
general shape in a list below. The 19 species from Soveni, of which severul can be variants of each
other, appears to be a round globular group, o small ovoid or elongate group and the lonely limpet
Ninnia. (see chapter 7.1.)

Theodaxus crenulatus (Kign 1853 ): Round shell, dark background, and light imegulir
of triangular dots (Jrxewius 1944, PLS, Figs.1-3; Pare 1954, P15, Figs.4, 3),

Theodovus soceni JexeLus 1944; Rounded shel, Tight background, brown triangles
with points forwards, dark dots point backwards (JexeLns 1944, PI.5, Figs.7-26 (Sarmatian),
P42, Figs. 27-33 (Pontian), P15, Figs.27-28 (Pannonian), Pasw 1954, P15, Figs.6-10 (Sarmatian).

Theaduxus prozlatarici JexeLius 1944: Small, round sheil, median white spiral, brown
background (Jexeais 1944, PLS, Fig.38, Sarmatian)

Theodoxus vetranici (BrusA 1902): Round shell, spiral dark lines, and light
background (JexeLius 1944, P142, Figs.1-3, Ponfian).

Theodoxus eugenii JexiLws 1944: Round shell, zigzag pattern in dark 4 ribbons, and 4

| white ribboms (Jexziws 1944, PL42, Figs 6. 7).

Theodaxus turislavicus Jexeius 1944: Small round shell, fine spiral, zigzag lines

{Jexerus 1944, PL42, Figs.| 7-21, Pontian).
| Theodoxus banaticus Jexeuus 1944: Oval shell, irregular to triamgular dots. brown
! hackground, median ribbon (JexeLs 1944, PL3, Figs 29-37, Sarmatian).

Theodaxuy carasiensis JexeLus 1944: Small oval shell, large brown dots, light
background or opposite (Jexeuns 1944, PLG, Figs. j-15)

Theodoxus tortuosus JexeLius 1944: Small oval shell, dense brown zigzag-lines, light
backpround (Jexeiivs 1944, PL6, Figs.16-21 (Sarmatian), P1.42, Figs. 14-16 (Pontian); Pave
(1954, P1.5, Fig. 1| (Sarmatian and Pannonian)).

Figs. 114-115: A species from the ssluary af the Matutimio River {Cebu) thal uppears 10 he a mix of
Neritimg communis and Nerffma Clithen™ (bype 4) with eolour varieties in 199-115. The shell 1 ibout
12 i high

Figs. 116-121 Nerting communis from the mangrove af Arcao {(Cehi, Philippines) with about B mm
tgh end wide shell, seen from the cide (116}, 117: gpicsl view, 11B: with more uniform coloralivn in
apical view, 119 scen from the side. 120: wiih different colour morph, 121 apertural view

Figa. 122-125: Neritina piratica Russer. 1940 from the mungrove flats of Toly mn Colunbia (Caribbean
Sca) with regilar zig-zag pattern mid 23 mm high shell.

Figs. 136-129: Neritina of, variogata (Lessox 1§37 from suprmidal mud fats in the mangrove aear
Loving, Baii, Indounesia with zigzag patiern of different type wml about 3 mm high shell

Figs. 130:131: Nortina turriba (G | 790) from supratidal Mats near Kutw, Bali, Indonesia with 30
i bigh shell and choructoristic 2ehra-siriped patiem

Figs. 132-133; Neriting turrita (GMEL 1790} from supratidal futs near Lovioe Beacl, Bali, Indinesia
with 25 mm high shell and chermeteristic zeha triped pattem
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Theodaxus politioanei JEKELIUS | 944} Oval shell, brown spiral lines, light background
JexELius 1944, PL6, Figs.22-32, Sarmatian). .
{ Theodoxus intracarpaticus JEKELIUS 1944:, 0;'}al shell, rounded light dots, brown
TexeLus 1944, PL41, Figs. 1-24 (Ponfian)).
h"““kg;:::j;m perlongus JexeLs 1944: <mall oval shell, indistinctly spiral (JexeLus 1944,
42, Figs.4, 5, Pontian). el
: ﬁfjdarus dacius Jexeuus 1944: Small oval shell, zigzag—patt.em in sl?;m;n;s
(JexELius 1944, P1.42, Figs.8-11, Pontian), resembling that of T pm:{ararufrfﬁum =
Theodoxus =latarici (Brusmia 1902): Small oval shell, z_spu-al ribbons of large white
dots, dark background (JExELIUS 1944, P1.42, Figs.12, 13, Pnntmn}.. _
Theodoxus mariae (HaNDMANN 1887): Small oval #mll,zigzagtmes of dark dots (JEKELIUS
(1944, P1.42, Figs.22-24, Pannonian, Pare 1953, PL3, Figs.9-12). -
Theadoxus politus JEKELIUS 1944: Elongated shell, light brown to grey (JexELius 1944,
igs.1-15, Sarmatian). .
. I-Ir";i‘;:]d‘uxus perml'haissis JexELs 1944: Sn!all elongate a'hn?ll, fine wavy lines, similar to
T zografi Brusma 1902 (JexeLius 1944, P1.42, Figs.25, 26, Pontian). ‘ , )
Theodoxus timisensis JexeLius 1944: Elongate shell, very dense zigzag-lines or dots
TexrLus 1944, PLS, Figs.4-6).
[ Ninnia soceni JEreLus 1944; Flattened semi-limpet shell, granular surface, omament
like T soceni, shape like Ninnia martensi (BRUSINA 1897) (see figs.64-66). 1 f
From the Pannonian of the Vienna Basin Pare (1953) described quite ;l:nuniiml:u
Theodoxus species and subspecies many oi‘whict:u closely res?mblc T r:rer:du gc;u; s
shape. But apparently the ornament consists dominantly of spirally arrang e
triangles, which merge into zigzag patterns. Ofthe 18 different taxa that were o u%:m .
by Paep (1953 P11, Figs.1-32, P1.2, Figs.1-16) elmf-:nwf.'.rc regmﬂe:asmm st
subspecies. In regard to general shell shape there is a difference o :_ri:!«]r.?1 e
present in Theodaxus postcrenulatus and T hrenneri, rmur: ovoid s hs;p:t T
intracarpaticus, T. soceni, 1. turizlavicus, T. ng:emi_ T :nng:;a;g ph El:ibef,j el
lnebersdorfensis Hanpmann 1887 (Pare IESE“ Ti;?ﬁ;z;ﬁwfn m;cd o]
no @ is ;
g?;}a:miﬁfmmulumﬂt?ihﬁ disﬁnﬁl‘:st?:s 3 subspecies of this form, one of which could
be T pitari Brusia (Papp 1953, P12, Figs. 16-20).

7. Examples of the modern Neritininac

Neritininae are found in the coastal swamps of all tropical reg_.iuns., The axist:'!ﬁ- ;z::;;
of Neritina have been divided into subgenera by BAker (1923) basically baliset::l; i -
in shell shape and in shape of the teeth of the ‘mdu!a. Baker suggeste : :w:: bgr:nm
Neritina, Neripteron, Vitta, and Vittina. According o TH]E.I..E (1929) tt{ere amwﬁm (g]; 20
of the genus Neritina, Neritina s.5., Vitta, Neripteron, Vittina and Negron:;ﬂ m‘vmmm'
in addition, splitted Neripteron into Neripteron s.s. a.ml ‘Ctypen.‘:fr;::-. UM o vl
(1989) considered the following 11 subgenera of Neritina: Neritina w‘f‘f’ N, e
(Clypeolum) REcLuz 1842, Neriting (Nereina) Cmsmf)m & Jm_ 18.32, Nermm: ; Her h!:;-m'm
Lisson 1830, Neritina (Neritona) MaRTENS 1 869, Neritina (Provittoida) BAxEr E
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( Virtoida) Baxer 1923, Neritina (Vittina) Baker 1923, Neriting ( Vitta) Morci 1923, Neritina
(Pseudonerita) Baker 1923, and Neriting (Dostia) Gray 1847. While Clithon was suggested
to represent a subgenus to Theodoxus by Trere (1929) which is still utilised by AnnorT &
Dance (1982), Wenz (1938) considered it an independent genus with the subgenera Clithan
(Clithon), C. (Vittaclithon) Baxer 1923, C. (Pictoneritina) Inenaie 1936, C, (Alinoclithon)
Baxer 1923 and C. (Neritioclithon) Baker 1923,

The resulting system is quite confusing and does not reflect true relations among the
different species in existence today, as was documented by Havnes (2001), HAyNes based
her opinion on the analysis of one of the richest nertininid fauna in existence living around
the Fiji Islands. It will be shown in the following chapters, that species belonging to diffe-
rent subgenera most probably form hybrids with each other, which indicates their close
relation to each other. They can, therefore, be placed in differcnt species only with reser-
vations, certainly not into different subgenera or even independent genera such as Clithon.

7.a Generalities about modern Neritininae

Neritina, the related Clithon as well as its limpet-like relatives Sepraria usually settle
in the coastal environment, arriving here after a planktotrophic larval stage. Larvae
metamorphose either where water is brackish, or w' ere the influenced of fresh water is
present. From here many species enter the fresh water by crawling upstream. In all species
that have been studied in this regard early ontogeny after hatching from the egg capsule is
connected to a larval phase during which the individual is a planktotrophic veliger that
swims in the sea feeding on phytoplankton. The only exception to this life in the open sea
is still mysterious, as described below (chapter 7.g, figs.254-256). Only when this stage of
life ends with metamorphosis to the benthic young, the individual may enter fresh water and
spend all its further life within this environment

The characteristic species of Clithon are distinguished from Neritina by the presence
of spines on the shell (Cossmann 1925) and, sometimes, by the morphology of the ridge and
peg on the inner side of the operculum. But, apparently, there are hybrids connecting
members of both genera, which, therefore, are no natural units, Sepraria differs by having
limpet-like shell connected to the reduction of the function of the operculum. Theodoxus is
very similar to Neritina regarding the shape of the teleoconch but differs in the dimension
and shape of its protoconch that reflects the early ontogeny, which has no planktotrophic
veliger and, therefore, no larval shell. Theodoxus also differs by living in fresh water or
weakly brackish water for all its life.

Brown (1990) suggested, that the subgroups of Neritina are not soundly based. A
similar opinion has been expressed by Haynes (1990, pers. comm.). She had noted that the
subgeneric differentiation as found in literature confuses matters more than it helps in
clarifying the evolutionary history of the Neritina relation. Haynes also suggested that
there might only be 10 to 11 species of Neritina, which are found in the huge area of the
tropical Pacific between Java - New Guinea - Solomon Islands - Fiji region and fewer species
in the North and East Pacific, the Indian Ocean and the Caribbean Region. But also according
to Haywes (2001) there are 24 species of neritinines (including Septaria and Clithon) in
Fijian streams, 16 in Samoa and 8 in French Polynesia (Pommicr & Marquer 1990). Also 8
(with Neritilia 9) were encountered in a river in Cebu (Philippines) (BanpeL & RIEDEL 1998)

(but see chapter 7.g). From Australia Scort & Kenwy (1998) report the occurence of only 4
species.
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SrarmuiLReR { 1993) noted the occurrence of 13 species in the Tonga-Samoa region of
the SW Pacific including one species that was described as Puperila and one as Neririlia.
On the Island Ovalau situated 17 km ofT the larger island Viti Levy, Fiji there are |7 species
if neritinines found in the two streams that were analysed by Havwes {1988). A high numbiy
of species (about 25) was encounlered in streams of New Caledonia (POLLARAUTR 1980)
Apparently the region of the Fiji Islands and ol New Caledonia represents the centre of
diversity in modern Neritininae. Talwan and Japan have 15 species (Komarsu 1986), which
probably are mostly the same as those species encountered to the east of these vccurrences
in the Pilippines (see chapter 7.2), and larpely resemble species as found In Indonesia (see
chapter 7.h).

According to Haynss (2001) splitting of the genus Neritina into many subgenera
is not very useful in understanding biogeography and evolution of the nertinimds
She suggested different lineages of Neritina, for example one representing the relation
of Neritina auriculata, thal connect to the Hawaiian specics especially those with
extended outer lip and to Neritina latissima from the Pacific Central America (but see
chapter 7.m). Another group would be formed by Neritina lurrita and N. variegala
from the Indopacific, which appear to be distantly related to the Neriting virginea
group of the Caribbean region (see chapter 7.j). Clithon s.s. and Sepraria are found
only in the Indo-Pacific region and are absent from the Caribbean, Central American,
and West African regions.

Here some of these lineages are traced. In the chapters 7.b, 7.¢, 7.¢, and 7.f special
attention is given o the neritine fauna of the estuaries of the Umzamba and Mnyameni
Rivers at the border between the Northern Cape Province and southern Malal at the
coast of the Indian Ocean. These river mouths are strongly influenced by the daily
tides which is responsible for about 1,5 m of change in water level, During low tide
much of the estuarine water leaves the pond into the sea through a deep canal in the
sand bar. Al the end of low tide the estuarine area is mostly taken by fresh water. At
high tide water enters the estuary and a large pool forms that is about 3 km long in case
of the Umzamba estuary, At its upstream end the intertidal rezime clearly ends with the
begin of normal fluviatile fresh water conditions. This is indicated by the first appearance
of basommatophoran gastropods of lymnaeid and planorbid species. Phragmites reeds
are found here and further downwards Scirpus reeds are common with Brugulera
bushes with knobbly elbow-like projections forming small mangrove forest patches.
Three species of Nerttina, (N. gagares. N. pulligera, N. auriculata) are present here,
besides ane species of Clithon and two species of Seplaria and one species of Nerivilia
which are described further below (chapters 7.b; 7.¢: 7.e;: 7.1, 7.1 14.2).

Figs. 134-135. Neritima rrifa (Ghckm (790} from sapratidal fats near Loving Beach. Rali, Indonesia
with 25 mm high shell and characteristic zebra-siriped pattern.

Figs. 136-137; Neritima (“Clithan ") cl. mucleoluy (MoreLrr 1856) from the estusrine interiidel rogion
near Lovims Beach, Ball, Indonesia with side and apertural view and 12 mm in height.

Fips. 138-149 Neritina of corana {(Linsg 1738) from the estnanne infeidal region near Luving
Deach, Bali, Indonesin, 38 with spine besrmg L2 mm wide shell, 139 sean in apical view, 140 with
tunded vasiety, 141° with dotied variely, 142 with less spinous shell of 15 mm in width, 143 apical
view, 144- with fow spines, 145 in apertural view, 146: with rounded shell wnd uniform colnuration, 147
with ernament of arrows and one sping, 188: wpical view, 149 with regulimly danted and mounded ahietl
Figs, 150-153 Nartting “Clithon " corom (Lot 1758) from near Port Morcsby, New Coinea with
convelutely coiled shell of 20 mm in height and spineless marphs (150-181) wpl spine hearing shells
(152-153)
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7.b The group of the genotype of Neritina, N. pulligera,
with rapid whorl growth

According to Wenz (1938) the genus Neritina is based on Nerita puiligera from the
Indo-Pacific. It has an ovate shell with thin outer calcitic layer and smooth surface. Growth
of the teleoconch is with rapid increase in shell diameter and ends with less than two whorls.
The inner lip of the aperture is smooth or weakly denticulate. The operculum has a long
ridge connecting the rib and peg. Among the characteristic species of the N. pulligera
group the shell consist of only about 1,5 whaorls of the teleoconch, is lower than wide, plane
along the aperture and the shelf of the inner lip. The snails are, thus, quite well adapted to
hold onto hard substrates.

Neritina pulligera {Lonagus 1758) from the Umzamba River is found on rocks in the estuary
next to ils upstream end. The oval, semi-spherical shell with rounded upper side and flattened lower
side has only the last whorl of the teleoconch visible covering the protoconch and about one half
juvenile teleoconch whorl. The upper edge of the outer lip of the aperture extends over the spire,
coating it. But there is usually a pit here where the protoconch and shell near to it has become
dissolved. The aperture is wide and ear-shaped. Its inner lip forms a wide shiny shelf that may be
tinted with bluish-black, while vellowish orange may form a semicirele around the aperture. There are
610 15 fine denticles present in u central concavity of the columellar lip. The arnament of the shell
consists of a fine pattern of zigzag or zebra lines of brown and black on greenish or brownish
background, better visible on younger specimens than on older ones. The periostracum is black and
the pattem comes out with light shining through the shell. The omament may also be a pattern of
triangular patches and it varies from individual to individual and even within different stages of shell
growth. The fully-grown shell measures 12 mm in width and & mm in height. The operculum has the
nucleus on the left-handed base and from it issue brown blackish radiating growth striae. The outside

is yellow-brownish and the outer margin in reddish brown and of homy consistency. The riband a peg
on the inner side of the operculum are strongly developed.

Nerting pulligera is found at the end of estuarics in Umzamba and neighbouring rivers. Within its
group N. pulligera lives most widely distributed in the Indo-Pacific from the African Coast to the
Philippines and the tropical Pacific Islands. Browe: (1980, Fig. 16 d-f) noted the African occurrence of
N, pulligera from South Affica to Kenya, and its presence from Madagascar was documented by
STARMUHLNER (1969, Figs.73-77; 1976, PL11, Figs.104-110). Here shells may grow to about 22 mm in
width and 15 mm in height.

Individuals were collected from a spring forming a lake in the limestone al the coast near Toliara
{5W Madagascar] in the year 2000. Here N. pulligera lives together with N. auriculaia and it is very
difficult to distinguish the two specics, which appear to merge with each other. So there is a total
transition between these (sce chapter 7.¢).

A specimen from the Kawasan River in Cebu collected by Banne & Rueoes (1998) reached a
maximum width of almost 30 mm and a height of about 24 mm. Here the operculum has a very distinct
ridge and peg. According to Havxes (2001) Neritina pulligera is separated from the rest of the non-
winged species of Neritina by presenting only the last whorl of the teleoconch in addition to several
characters of the male genital system. Its long penis resembles most that found in the N. auriculata
group. With its long spermatophore it differs from all others.

N. pulligera resembles other Indo-Pacific species such as Neritina canalis Sowersy 1825 and
Neritina petiti RécLuz 1841 regarding shell shape and penis and sperm morphology. These later two
species live from Mew Guinea to the Polyncsian Islands (BesTHEM-JUTTING 1963, STARMOHLNER 1976,
PI.11, Figs.94-95; 1993, Fig.47). In addition to these two, SyapsUinER (1969, 1983) considered Lo be
closely related to N. pulligera and to belong in the same evolutionary group also Neritina asperulata
Réciuz 1855 living from the Philippines everywhere in the tropical Pacific all the way to Samoa,
Neritina porcata Goun 1847 and Neritina squamipicla {Reciuz 1843) with the same distribution (see
chapter 7.h). Including Neritina pulligera these species also occur in New Caledonia, where according
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10 PoLLanaver ( 1986) Neriting macgilliveayi (Reeve 1855) can be included in this

e g : & proup even thou
its shell I'u:s quite a I.m flatter shape (Riecy 1937, STARMUHLNER 1976). STARMUHLNER {Iﬁgh sugguslgug
!ha;lﬁ'gr{::i::r (Neritina) canalis, N. (N.) petiti and perhaps also N, (M) parcata from Samoa and Tonga
in the acific belang to the relation of what has been determined as N, pulligera i i

of the Indo-Pacific by other authors, e

T.c The group of Neritina auriculata, with lips of the aperture expanding

The characteristic shell feature of the N. auriculata group is the ear-like extensions of
the outer lip, which join the plate-like inner lip callus to form a D-shaped basal plate (fig.78)
Thelsub genotype fs N. taitensis Lesson 1830 from Tahiti, which is perhaps the same as N
auriculata according to Pommer & Marouet (1990) and Starmuniner (1993), but not
according to Hayes (2001) (as N. fahitiensiz). According to TuieLe (1929) the sh:alI of the
sl{hgenua Neritina (Neripteron) Lesson 1830 has a flattened apertural side and more or less
widened outer lips. This subgenus, thus, resembles that of Neritina s.5. in general shell
S!Iﬂ.pi.‘ but has become even more limpet-like by extending both ends of the outer apertural
lip. According to Haynes (2001) N, auriculata belongs to the winged branch of the neritinid
evolutianmyt[ee and has a very similar specics in the Hawaiian N, vespiting Sowerny 1855.
Both have a thin operculum, which separates from the Hawaiian N, cariosa (sce below in 7.

my). All three together differ from V. difarara Brooere 1832 only regardi
e only regarding the spermatophore

In case of Neriting auriculata Lavarcy 1816 from Umzamba River estuary (fi -

is of semi-spherical shape with flattened base and rapid increase in shell d?:-llait:: I:::-at::tl;ht grs::l::

specimen }Easun[y little more than one whorl succeeding the usually corroded protoconch. The suture
is furrow-like. The outer lip of the aperfure ends in two wings, the apical of which is the largest,
Among prowth siages a:ru:l also among individuals these wings of the outer lip are quite variable in
s_hape, Omament consists of greenish-brown spiral lines and delicate spiral granular grooves and
ridges crossed by collabral growth lines. The later form hemi-circles in the rounded whorl, which is
enlarged only on the front and the sides while the end of the inner lip plate is etched into the shell
Thus, nh:!cr ir_idividuals have a corroded and flattened early whorl where it contacts the inner lip. T'h¢
aperture is wide, half-moon-shaped with wide inner lip to which the wings of the outer lip arc added
marginall}r,_'l'he shell is thin on the outer lip, which has a sharp margin. The callus of the inner lip has
an orange tinge and some grooves near the central columellar margin, This margin of the inner lip is
;I.:;LWIH concave and has 7 to 20 minute denticles. The shell is up to 24 mm in length and 10 mm in

t.
Very similar specimen, also reaching this height and width were encountered in the spri

the carst cave Sarodrano south of Toliara in Madagascar, But while some of the Ful]y-gmmgi::dk::f
here have the charscteristic wing-like lip (figs. 196, 202), others do not form jt and resemble N
pulligera forming a total ransition between both species. In contrast to the suggestion by Ilawer:
m&l ) o place i, :nui‘h;gzra closer to the members of the V. rurrita group, the transitional forms found
in this carstic spring in Madagascar indicate that it may actually form hybrids with M. auriculara
(figs.196-202). Thus, both specics are closely related. When the about 150 specimen collected from
that spring lake in the limestone at about high tide level are compared with each other transitional
morphs bridge relatively typical N. pulligera of shell sized up to 19 mm in width and 14 mm in height
'-\'11:!1 winged N. auriculaie with shell width up to 20 mm and height only reaching 9 mm. Within the
typical N. auriculata individuals with fully developed wing-like outer lip occur in sizes between less
lhmt: !D mm !.I!-'hile others reach this shape only afler having grown to more than 15 mm in width, In
Bali similar sizes were encountered, but growth in N. auricwlata is more regular than muw in
Madagascar (figs.203-206). In the Matutinao River of Cebu N, putligera grows to much larger size of
30X22 mm (BanpeL & Riepe 1998). The early teleoconch of N: awriculata as well as N, pulligera
from Smd:m spring is commonly covered by a fine spiral omament, which later disappears.
Juveniles may have a felt like periostracum (Stanmitisen 1969), These Neriting morphs from Sarodrano
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spring lake in (it extremes represent fypleal Nerifing urienelata with wing-like outer ip anid typieal
N, pulligera with high shell, Apparently they represcol the resull of interbreeding of members of buth
specics.

In Cebu and Bali both N. pulligera gnd N, aurfenlun were 1ot observed in wansitions. In Buli
both species migrate from the uppermost estiaring environment into fresh water springs. They live in
pools, crecks or rivers which usually are not be reached by the seq. not even at spring tides. The
operculum is of semilunuiar shape with vuter median ridge in its centre. lis colomellur side s sinuous,
the yellonw nueleus hes ol the right land basc, and jts colour 15 greyish black with a reddish-yellow
ouiside edige: The peg on the inner <ide hus 4 rounded top, the rib is sickle shaped and there i5a madian
furmow.

Ageording to Rugci (1957) the shell of N, auriculatg is quite variable. N, auriculata has been
described from guite diffcrent placesin the Inde-Pucific region (Butor 1935 STARMUKLNER 19649, 1970,
1976, L9, Figs.64.65, LI, Figs.76-79, 82-83; Prsee & Marguer 1990, PLI, Fips.6,7, Banne. &
Rienes 1998, Fig.7,k). The lust whorl en closes the earlier whorls as in N. pulligera, bt the aperture
murgin is distinctly expunded in N. auriculata, and increase in whorl width is more rapid. Ths
extended upper columeliar arca a% well iss the teleoconch that consist of only one wliorls and 2 wide
columellar mrean ascording Lo Haynes (1988, 2001} charcterize the species which closely resembkles
N vespitina from Hawai (see T.m)

Aceording to PorLasavin (1986) N auriculata differs from N, leconted (RecLuz 1853) unly in
regard to the operculum. N dilateata differs from N, leconfei mainly in regard to the number of denuicles
on the columellar lip (PoLLAnavEr 1986), with 3 instead of | large denticles besides smaller ones. N
fuitensis in New Caledonia lives in the brackish estuary near its mouth and differs extremely little fram
the others. Tt is thus quite evident that the four species of the N, auriculata relation of Mew Caledonia
are very close to each other (POLLARAUTR 1986).

1n the centre of diversity of the indopacific Neriring thal includes places like Fidji Islands anid
New Caledonia, both species arc further differentiated into morphs or closely related species that
appear o be largely not iriterbreeding with each other. 50 apperently in the cenire uf diversity the
different units of the species group N, auriculata i N, pulligera behave like *aood” species while on the
periphery of their occurrence they hyhridize and thus merge with each other. Apparently N, pulligera
does not oceur in French Polynesia (PopaEr & Masourr 1990) while it is represeuted in fi= typical
shape in Tonga and Sumoa (Starsoiiime 1993, PLY, Fig.44)

In case of Pseudonerity Baxer 1923 and Neritodryar Marens 1869 fine spirul ribs ormament
| the shell (Wosz 1938, Fig 1044, Haves 2001, p.530), which distinguishes it from the more uswal case

| Fig. 154 Mersiing ei. caren {Lpet 1758) from the estuarme interridal region newr Lovina Beach, Pall,
|I Indonesia with spine bearing 14 mmn wide shell

Fig. 155 Apical view of Neriimna selithar® corona (Liswe 1758) from ncar Pont Moresby, MNew Guinea
with convolutely coiled shell of 20 mm in width with spine bearing shell as in figs152-153.

Figs. 156-158: Neriting “lithen"” with dark background anil white urrow-shaped dots from ht estuary
of Mututinan River on Cebu, Philippincs witly 14 oum high shell, 156 and 157 of the same shell, and 158
with smaller dots.

Figs. 159-162: Nerifing imClithon ™) € bicolor (REELUE 1443) (morph 7) [rom 2 tidal creek of the
mangrove at Arcas, Ceby, Prulippines with 13 mm high chell. 159 and 162 wnd 160-F61 represent the
sqme shell seen from different sides with differenilly sized while dote

Fige. 163-165 Nerieina ("Clithen™) of morph 2 from the estuarine portion of Matutman River on Cebu
with 7 mni wide wnd high shell (163-164) and 11 mm bigh shell (165)

Figs. 166-168: Neriting = Clithen™) of the cnarsely pitibed rype of marph 3 with 15 mm high shell and
spines lrom the estuurine portion of Matulinmg Fiver, Cebu

Figs, 169-172: Neritina ("Chithon™) af manph 3 from (he purely lreshwaer middle pary of Manninas
River of spine bearing shells with & Black subsutural ribbon and 12 mm high shell.

Fig. 173175 Nertiipa ("Clithon™} of morph 3 from Matulinas Rivet ahove the estuary with 16 min
high shell

Figs. 176-177. Neritina ("Clithan™) ol morph 1 from the upper Matutings River and {5 mm high' shell
{mmilay o 1TE-180)
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A s where the shell is smooth. But juveniles of N. pulligera mmrpnnly 1I|i!\r¢ also fine !.'plr:u]
:Imh;;::lTP\::::f:rﬂ:rm holoserica Garnerr 1872 from Viti Island has u:rmr.l “Fﬂ’_n'd‘ shape with rapid
increase in shell diameter and 1,5 teleoconch whorls. 1ts ormament is of spiral striae in llght:mang-]:mngt.
actually representing rounded spiral ribs separated by narmow dccp ﬁlm:!ws, Thfc |t|:1n.:lr ip n::;;i s 131'
concave and delicately serrated with 7 to 9 to 12 equal low dclntlc{us continuous in the inte g
the edge as ridges. The outer lip has no denticles within and is thick ?uLId ,v_.nmuth, The h'_u:u:r ip cal LI::
is thick and smooth. Psendonerita obtusa (Reeve | 856) from the thprpu}as Thay represent a s:::in
species, and BavpeL & ReEpel (1998, Fig.4) noted a Neritina 5p. of similar shape from Matulinao
River in Cebu, but smooth shell surface (Figs. 248, 253). .
The penus Nerifodryas Marrens 1863 according to TrmeLe (1929) is also -:un-.-‘.tdmw:d sclE:.mEtﬁ
from the genus Neriting. Besides Neritodryas cornea (Linsg 1758) thercare a few specics TE ; s
ahove water in coastal forests of the Indo-Pacific. In case of Neritodryas subs_t.r.’cal:a ﬁum P
the semi-spherical shell is a bit wider than high and has an ucmlamcnt ufrsplrul ::;jkgzs sEp sopra
narrow spiral grooves crossed by fine growth lincs. Cu_lourminn is da:rk ulur¢l tod : n;u:-tm::rm Nﬂ;
The inclined aperture has a while columellar callus with finely denticulate inncr hp. {S'r o
1976, P1. 9, Figs. 62,63, Havves 2001, The radula of Neritodras subsulcata as shown by TA_F.MI.‘IH].N
{1976) resembles that of N. cornea described by Baker (1923) and Riecy {l"}.“i'?}. Tirn: spe{::fds Oﬂl:él[:
from the Nicobares across the Indonesian and Philippine Islands to the tﬂpmﬂl Fam_ﬂi: Is ? and is
characterized as fresh water specics. PouLanaues ( 1986) reported ome species of mﬂmdﬂ?rg siminol
{Reeve 1856) from New Caledonia living about to up 500 m upstream in rivers and -:m:ks sp::t;ej
of both these ornamented genera Preudonerita and Neritodryas need to be studied in more
before their relation with Neritina can be interpreted.

7.d The group of the genotype to Neritina suggested by
Cossmann (1925), N. zigzag.

In pure populations of many individuals Neritina comim unis (Quoy & GAMARD 1 ES?Ehls
found in the Velar estuary in Tamil Nadu, southern India (figs.90-93). [-115!12 th? spire of the
shell is rounded and coiling is quite convolute but with the whorls remaining visible. There
are about 3 whorls of the teleoconch, and the shell is about 8 x 8 mm when fully grown. Very
similar individuals are found in the mangrove environment of Cebu (see chapter 7.g). In 111_-:
last half whor! relative shell height increases, but it remains more of rounded shape than is
seen in NV. oualaniensis with more elevated spire. B S

niensis (Lessow 1831) on Rarotonga Island (Cook 15 ands, Po vnesio) 185~
189) lj;fcr::;amu:;:lfmidal pibh'l:bc:ﬂx:h in such places where fresh water springs form pmul:i imd llll!:
creeks. During low tide they move within the fresh water puddles, and they also place their spar
here to the underside of rocks. During high tide the normal seawater covers them. The shell cunmt;
of the typical protoconch with several strongly convolute whorls and more than 2,5 but less m&:
whaorls of the teleoconch. The size reached is about 10 mm in h:nght and nlrnns'fﬁl mum in width, andr e
apex appears pointed with all whorls well vigible. Colouration is dark with zigzag pattems a.nd light
triangles. The inner lip is similar as seen in a population mILuFled at the m::-ul!} of Matutinao ;_{wc;;l:
Cebu (Bannes & Rieor 1998, Fig.7,LN M), Here the shell is ahout 5 i “:’Iﬁﬁ and 5 mm high o
consists of 3 whorls of the teleoconch succeeding the protoconch. A very similar species, perhaps the
same, was determined as Neritina canalis SOWERBY 1825 by Pmr: &. Mmqm:r (1990, PL1, FI:E,Sj‘
5) from French Polynesia. But in difference it is characterized as living in the upper part of rivers,
which does not agree with the ecology of N. oualaniansis from Rarotonga. HD?B like the speeies from
Rarotonga is Clithon faba (Sowerpy 1836) as it occurs in Taiwan and lives in the estuanine region
(Komarsu 1986, Fig.3).
The spire is much lower and the columellar margin usually more dented than in a linle Nerfiina
from Bali that is here called N. ef roissyana (Wesz 1938, Fig.1 l}_‘rl}?. In s_nml] freshwater Fuddhts
within the gravel beach of northern Bali {Indonesia) N, cf reissyana with pointed spire and Littorina-
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like shape is found together with forms just like N. onalaniensis as found in Cebu. But while the later
population consists of individuals with the same shell shape and, thus, is pure, in Bali a 1o1al
transition between these twao species is developed,

N. oualaniensis has been placed in the genus Clithan Mostrort IR10(Wenz 1938), and here the
subgenus Clithon (Pictoneriting) Baker 1923, Neriting roisspana in contrast was placed within the
penus Neriting, and here the subpenus N, (Mirtfng) Baxer 1923 If both species form hybrids, as
appears to be the case in Bali (see chapter 7.h), than they cannot be placed very far from each other
taxonomically as was suggested by Baxer (1923), but they have to be at least members of the same
subgenus. Apeott & Dance (1982) even preferred the penus Theadaxus in describing Neritina
oualaniensis, which makes confusion complete. Neriting roissyana os illustrated by StarmOHLNER
(1993, P1.9, Fig.46) is not the same species as that determined as N, of. rofsspana from Bali, but

probably the same that has been determined as V. twrrifa here (see chapter 7.¢), following the good
illustration of M. furrita as presented by Annorr & Dance (1982),

Neriting communis from the Indian Velar estuary closely resembles in shape Neriting lnteafasciatus

{(MiLer 1879) from the Gulf of California, which is here considered to be related to the Neriting
virginea group (see chapter 7.j).

7.e The group of Neritina gagates, with rounded to long oval shell
and several whorls

Neriting gagares Lavarcy 1822 is a common gastropod in the transition from seawater
to fresh water in the South African Umzamba River Region (figs.67-71) as well as on the
northwestern coast of Madagascar. The about 3 cm high and 2.6 mm wide shell is of dark
appearance with blackish-brown periostracum that overlies a fine pattern of dark zigzag
bands on a yellowish brown ground colour. The solid shell with globular spire shows 2.5
whorls succeeding the larval shell and whorls are rapidly increasing in diameter. The last
whorl makes up four fifth of the total height and is slightly shouldered. The aperture is
vellowish green to white bluish on the inner side of the outer lip and at the border to the
columellar area the callus is yellow to orange with an orange spot near the base. The
columellar lip bears few to about 15 denticles. The operculum is semilunular with polished
external surface and fine fan-like growth striae. The nucleus has a yellow spot and the
remaining outside is dark brownish, black with a reddish brown outer homy edge. The inner
surface of the operculum is shiny callus and has a broad short double peg with rounded
thickened top. The median rib is a slightly curved ridge (fig.67).

N. gagates has been described by Reeve (1855), Masiens (1879), Tevos (1888), Stanmimaiser
(1969,1983), and Brows: (1980), and its radula by Baxer (1923) and Starsuner (1983, Fig 10). Its
shell is much higher and has moere whorls of the teleoconch as are present in N, pulligera and N.
auriculata that live together with N. gagares in the Mnyameni and Umzamba estuaries of South
Affica,

In Neriting turriea (Gmerm 1790) the early whorls remain well visible when the shell
grows due to its more elongate shape. The fully grown shell consists of about 4 whorls in
addition to the protoconch (figs.130-135). The last whorls occupy two thirds of shell height.
Colouration consists of inclined black lines that lie on yellow greenish background creating a
zebra pattern (ABroTT & Dance 1982). Specimen from Lovina Beach on the northern shore of
Bali and from the estuary in the mangroves of southern Bali may reach a size of 3 cm in height
and 2,5 cm in width. Animals transferred into the aguarium in Hamburg lived here for several
vears in bruckish water and continued to produce epg capsules. The operculum of N, turrita is
equipped with a strong ridge with the peg projecting to form another ridge or a strong knob.

Among different individuals this peg forms a knob or a ridge, demonstrating the variability
present here.
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N rurrita lives from India to New Caledonia and throughout the tropical Pacific 1slands, and
according 10 Starmimsag { 1976, PL3, Fips.66-70) varicties in omument and shell shape resulted ina
splitting intn severul species. Acconding to P anates ( 1986) N, furrita closely resembles N rolssyana
(Reciuz 1841) with epg-shuped shell that shows an omamental pattern of zigzag lines and has all jts
whorls well exposed (if not corroded). N. rotssyard according 10 STansinme (1993, Fig46) lives
fram ihe cousts of Australia to the south Pacific Islunds 1o New Caledonie (see chapter Th). ILis
simllaz to Nerfting turtoni [Reciuz 1843) (Stapmoimaer 1976, P9, Figs. 71,72} from Fiji. According
1oy Mavwes (20011 N, turrita is also very close 1o Nerdtina vartegata { |.essox 1830) differing from (he
later by having a slight spire. But N, furrita can be distinguishes from N variegata by its much higher
shell with more pointed spire (figs.130-135), and the V. turrita from Fijl illustrated by Fanves (2001,
p:39) 15 here considered to represent N, cf. variegat.

From French Polynesia Pormer & Margoer (1990, Pi.1, Figs.1.2) drescribed such a short form
of Nariting furrita, It is quite the sune species that 1s here called V. variegato (figs. | 26-129), and itis
living in the high tide region of the extuary a5 is also similar to thit seen in Bali (see chapter 7.h)

While N, variegata supposedly represents the subgenus N, ( Virtofdea) Baner 1923 its apparcnl
relutive N, fuevita is close in shape to N, rofssyana. The later according to Wenz (1938) represents the
type to the subgenus N (Fireing) Baxe 1923. But this subgeneric distnction is misleading as is
supporied by the transitions ubserved to oceur between N furrita and N. variegate in Bali (see
chapter 7.h), Reeck (1937) noted transilions fom N furrita o N, communis (Quoy & Gaisaro) (=N
waigiensiy (Lessox)) and N, =fezor {Sowenay) (= N, coremandaliana Soweeev), But in this case it
needs to be confirmed whether N communis of the determination offered by Rarcu 1s the V. communis
that has been recognized from the Velar estuary in India

STArMUMLKER (1976, P19, Figs3-73; 1993, Figs.43, 63) chareterized Nevitinz variegafd 08
having fine spirul micro-sculpture on the smooth shell that has very variable colour patierns. These
meay commonly be zigzag-like and in general the colour is dark brown (o black. About three whorls
(2.5 according to PoLLasaver 1986)are visible on the fully-grown shell. N. variegaia vecurs from the

eastemn Gulf of Benpales (Nivulbures) 1o the Philippimes. Mew Caledonia, o the Pacific Islands as fiu
as Tahit (STarmmixes 992, 1593)

N. variexata from Dali rcaches & size 0f 2,2 cm in width and height whea fully grown with more
thun Three whorls succesding the pratoconch (figs.226-228). The colouration is from course zebra
pattern to fine zebra or zigzag-lines 10 dotted black or total black, grading in that regard into forms
resembling M. gapates on one side (dark) {figs.68-71) and N. rurrita (zebra pamern) (figs.| 30.1335),
Regarding the living environment on Buli V. variegara and ¥, furrita prefer the uppetines tidal zone
and here move much above water (see chapter 7.h). Havwes (pers. com. ) suggested to connect the
species of the N, turrita, N vartegata group from the Indopacific 1o the similar Caribbean group
around the species Nerinina virginea and Neritina punctulat She found that the last two have &
simple penis, while that of the other three (N, varfegara. N, turrila and N gergates) muy be folded. N
wrrita and N. variegata joinly are said to differ from N, gagates by buving a differently shaped
spermatophare.

7.8 Spiny shells of Clithon and difference to Neritina

Comsaany (1925) distinmushed species of the penus Clithon Movereorr 1810 frome Neririna,
Neripteron and Theodoxus by having spines. He suggesied thar Nerdtina brevisping LAMARCE. = N,

Figs. 178-180 Neriting ("Clithon") of morph | from the upper Matutinao River with 15 mm high shell,
Fips. 181-184: Nerfrna ("Clithan”) of morph 2 from the upper Matutinuo Kiver with eoarsely nbbed
greenish variely and 18 mm high shell.

Figs. 185189 Neriring of. outlariensts with @ mm high shell from fresh water puddles in the beach of
Rarononga, Cook lsland

Figs. 190-193: Nertfina of. porcara from Mualutinen River swith 12 mm high zhell.

Figs. 194-195: Necttlna vespiting Soqiuny 1849 with 13 mmi witle shell from Hawsii

Fipe. 196: Nerfitng anriculam from the carsiic spring Sarodrans south of Toliam (Madagasear) with 20
mm wide shell in aperural view with widely expanded wings of the fnes lip

106

107




aracteristic species of the genus, It has been noted that actually a
:;::r:;:[li?::nl Iriiisr;:iti-;:a:l:: Clithon 10 s;erfnlh Neritina can be tccognimd {ﬂm‘:hapl-:rsl?.g:
7.h). Within this taxon there arc species, which have individuals with spines and sxfr:h wimu:jtl _spmr::f
TineLe (1929} considered Clithon to represent a subgenus of Theodaxus fullowing suggestions
Baxer (1923). o ,

The type species of the genus is Nerifa corona Livnagus 1758 from Asian nvcrs,m: hr:unrlel
characteristic species of Clithen form spines, which in the ::w:_ul‘ C. corona are pm:il ik e
individuals of the transition zone from marine lo fresh water un}vuronnwnt wl_nll: mu:lnr! nals hm Puks
fresh water may produce no spines (BanpeL & RieneL I'EI‘JB}: Clithan corona lives only in suc f?:m
that can be reached from the sea (STARMUHLNER 1984), hul_Ih:s :q::cm_hashc.en interpreted 1o nnbe ®
the Indian Ocean and being found only in its eastern porlion. Amardmglu Bmw_:w (1]-::;]} me {[511 4
the genus Clithon have not, until now, been reported from Africa, but only in afa.:ar e
observation is changed here by specimen found in the eatuary of the Umzamba River and Mnyu
River in the south of the coast of Natal in South Adrica.

Neritina "Clithon" cornonata (Leaca 1813)

Description: The shell is globular, solid and hasa smatll spire wit!: 2,5 whorls &mtsuccTt::d |u":
pratoconch (figs. 72-77). The largest individual encountered 15 1% mm high and 19 mm jl.'-gdn. Cm;?e
whaorl is slightly to strongly shouldered and may, or may not, have two Lo four hollow apl:es. s
growth lines may form sinuous grooves sccn as wrinkles on the upper whorl flank ar:l .ae: mm‘l?h e
straight growth striae and the lower whorl and base. They are crossed by very fine spiral stnae. Th _
omament has an olive preen background with tig‘hl green and m-:sula} bands on it. Thf ap-::;-nn-c ;;
abligue, broad semilunular. The callus is white w:th_a bluish or WISII tinge. The co hu:;c ar a.rm
carries one broad prominent denticle on the upper third and Wlmes am:-thcl: ane in bc:ﬁw u]:e
and 3-6 smaller denticles in a concavity belween them and sometimes some dcrmclc:f {(-5) above l:‘m
too in a lesser concavity. The operculum has a sl-m.tl?w groove over the exterior su:fact: :cnh a
comresponding low ridge on the backside ending in the Im_:gc u:.-eth (fig. '."ﬁ‘_i‘.‘['h: gmnujr:as: ;:1;_ lb s
a dark brown nucleus and yellowish pink colour. The interior surface is yellow with rown
margin. . ,

Neritina coranata differs from the other neritinids from South M'm.u by having a comer nnd:ﬁar
spines on the upper flank of ils whorls. N. coronata lives only in the Madagasuan_ sub r-:'.E;;m
(SraxmonLNER 1983) with Clithon longisping (RecLuz, lE#_I'_i representinga synorwmI: {I;E;‘-Tmf-t! mlyn
impossible to distinguish N. coronaia from some of the varieties formed by Nerfrina “Clithon—in
Indosnesian and Philippinian regions (scc below).

7.g Transitions observed among species of Neritina
and N. "Clithon” in Cebu

the mangroves near Arcao and in Matutinao River at Cebu (Philippines) seven
Spucig; could be%ir:tcnnined, All these have transitional furms between encp oﬂwr, but 1;;;3«
also occur in pure or almost pure populations which consists of numerous tn{{lvlduals. e
fauna of Matutinao River from the begin of the estuary to 1ts springs from limestone was
deseribed by BaxpeL & Riepet (1998). Neritimorph gastrnpoc!s occur from the muufh of th;::
rivers estuary in the beach to about 1,5 km upstream. Here dx!‘[‘eren? morph:v, of Clithon cf.
corona in addition to four species of Neritina (N. oualaniensis in the river muulh: N.
pulligera in the fresh water portion of the river, the uncommon N, ef. porcata upriver
(figs.248, 253), and N. dilatata as cf. auriculata from the estuary), three species of glepgﬂ?
and one species of Neritilia were encountered by BANDEL & Ruene. (1998). Of the C. ulzl.
corona group two additional morphs are found in mangroves on the Island of Cebu, especially
noted near the town of Arcao.
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In a reevaluation within the Clithan cf corona group quite different morphs of roundish shape
can be distinguished which could be placed into different species of Neritinag “Clithen ™ but within the
river merge into each other. Going downriver an area of boulders, which composc the substrate of the
river below the effluence of a power plant has many individuals of two varfeties (figs.176-184), They
live on the rocks for about 400 meters downstream. Here boulders ereale a series of short waterfalls,
cascades and pools and thus a diverse pattern of currents. One morph of N. "Clithon ™ has reddish
colouration, the other is usually greenish-olive. Both have shells reaching a size of 22 mm in height and
width and they consist of more than 4 whorls. In the reddish variety many individuals have obviously
earried out their whole ontegeny in these river surroundings by some still a little mysterious larval
development within a thicket of algal or bacterial growth on rocks (figs.254-256). This has bcen
observed by Havnes (written communication) and confirmed by Banoer & Rieper (1998). In their
living environment several hundred egg capsules found in this uppermaost occurrence of Neriting and
Septaria in the river were opened by Basney & Rieoes (1998), and they encountered only developments
towards small veliger larvae of which 100 to 300 leave one capsule when hatching,

Amaong the specimen ofthe reddish morph (N, "Clithon™ sp. 1) of which about 50 were collected
and analysed some were juveniles and had grown to the size of only 2 to 2,5 whorls of the teleoconch.
These whorls are angular and from the early ones to the last whorl they continue to construct with this
shape until they are fully grown which is with ahout 4 whorls of the teleacanch, Growth pattem is
usually connected to strong growth increments and the surface is usually granulated, with the colour
pattern reflected in granulation (fips. 182, 184). This pantern commonly consists of fine axial lines
which zigzag and form small triangles with their point toward the aperture. Triangles are commonly
raised above the surface. Consulting the study of PoLtasauer (1986) that deals with species from
Mew Caledonia, the deseription of Clithon pritchardi (Downx 1861) would fit here. Especially the
triangular dots raised from the surface of the whorls to form pustules appear chamcteristic. Such
murphs are very rarely found in the lower portions of theMatutinao river and in its estuarine region

(fips.166-167).

The olive-green modification (&, “Clithon " sp. 2) of this upper river fauna has a similar colour
pattern consisting of fine triangles, mostly raised to form pustules. But in this morph no juvenile
shells have been encountered and 3 individuals were found to have a dark subsutural ribbon, as is
characteristic for those individuals that have migrated upriver (see below). Most shells carry somewhat
irregular spines on their more or less prominent shoulder (figs. 176-181).

In the Matutinao River the upper population of ¥, "Clithon™ is separated from an about 500 m
long lower course of the river above the estuary by a sandy bend with few individuals. This represents
a dividing zonc and the fauna below it consists mainly of more or less fully-grown individuals. Here
about 120 specimen collected and analysed fall into two morphs. Most arc spinous, and they have
coarse growth increments commonly forming iregular axial ridges. The olive-grey varieties amoeng
them do not differ much from the same colour form (N, "Clithan " sp. 2) further upriver. But the other
morph (N, "Clithon™ sp. 3) is characterized by white and black broad spiral colour ribbons (figs. 1 68-
175). Their size range is from 10 to 22 mm in width and height and all have rather rugged growth
increments. According to the descriptions of PoLtasaues (1986) they could be placed with Clithon
rwclens (Moreser 1856). Porvner & Marguer (1990, PL2, Fig.4) placed similarly coloured individuals
from Tahiti with Clithon spinosus (Sowzeey 1845),

In the estuaring portion of the Matutinao River that extends about 500 m upriver from the
seashore the greatest variety within this species is observed in addition o all growth stages. Very
young individuals can best be found on rocks in the uppermaost estuary, They settle with an almost
globular larval shell that surrounds the embryonic shell to @ large extend. It measures 0,4 to 0,45 mm
in dimmeter and has about 30 very delicate axial ridpes on the final half of the last whorl, The
protoconch consists of at Teast 2,5 convolute wherls (figs.246, 250, 259). In most cases the ontogeny
ol the teleoconch is characterized by three changes in growth (allometry). The first whorl succeeding
the larval shell is rounded and increases the shell to about 1,5 mum in width and height. At beginning
there s a small umbilicus, which becomes closed as the callus of the flanened inner lip forms fig. 244).
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Coalouration is of fine axial lines. At the second whorl of the teleoconch the evenly rounded whorl side
changes into onc with & rounded comer and a less well rounded apical side. All individuals of aboul 4
mm size have that comer of the whorl, After about 1.3 whatls hive formed, the first spine may be
formed (fig.243). 1z a rounded guiter open to the front whien it lies i the aperture, When it moves
back it becomes @ closed hollow spine with frontal sutare. 18 buse is evenly coated bver by shell
deposits so there remains no trace of it scen from the inside of the shell. The seeand leleoconch whorl
sy have no sping of up to 6 of {hem and the comer is prominenily developed, With formation afthe
third whotl in most cases of the more than 300 individuals studied the shoulder is eliniinated and
whorls are rounded again. The shell size is about 5 mm i width and height. The columellar lip of the
aperture is characterd stically dented with one larger denticle in thi apical portion and 4-3 smaller ones
below that

There ure two mormphs in the estuarine portion bath of which are very commin und usually quite
distinil from each other by colouration. Both grow to aboul 15 mm in width and height and conzist of
4 little mare than 4 wharls of the teleoconch. Usunlly thete are no spines and all former spines have
been dissolved by the successive wharls, which overiap the shoulder of farmer whorls. One vanety
(N. “Clithon" sp.4) has a subsutural dark rihbon of variable thickness and consistence of more ur less
denscly arrmges axial stripes (figs. 108-113). Below it a light colour band 15 prescat, which may he
almust uniformly yelluwish or may be covered by finc or coarse Zipzag or wmyw patterns. Below it
there is usually another dark spiral band. and a hght band oceupies the base. The callus of the inner lip
has fiot chanped much, but its columellur edge may have small denticles also nbove the larger denticle,
Variahility is high, and colour ranges from vellow to yellowish-brown (o grey and reddizh., The colour
ribbans Jo not appear before the third whorl of the teleaconch

The other morph (N “Clithor ™ 5p.5) with similar shell shape is umifurmly olive-grey to brosnish-
Wlick with fine mottled pattern below, usuaily consisting of arrows in wxial lines (A= 163-165), While
the first morph with the subsutural ribbon appears io be not found in Mew Caledonia. the second
could be placed with lithon ofivecews (Reciue 1842) s deseribed by Pottanam | 1986),

In addition o these two dominant morphs the estuarine portion of Mututineo River has colour
minrphs that are black with while, or vellow dots of triangular shape (figs. 136-158), Other morphs
have not carried put the change from spine bearing 10 non-spine bearing whotls and still have the

Figs. 197-198: Neritina pulligera wilh 20 mm wide shell Trom the earstic spring Sarodranc soulh of
Toliara (Madagescar) with 20 mm wide shell, zeen from the side (197) and with expanded buse (198)
Flgs. 199-20%: Neriting auriculen from the corstic spring Sarodring south of Teliara {Madagascar)
with 17 mm widc shell seen from the side (199) and lrom the hase (20}, and the same in the second
individual (201-202)

Flgs. 203-206: Neriing anricelaid from gpring luke of northern Bali with 26 mm wide shell, the
lelepconch 14 anly one whorl (203}, with bwo wpegual wings (204, 206), and concaye callus of the inner
lip (206),

Fig. 207. Nerita fulgurans Gyess 1791 with 18 mm high shell from the shore of Santa Murts, Colombia,
Caribbean Sea

Fig. 108: Neririna yiodaoea {(GuEns [ 791) with 20 mm wide shell from the mungrove of the Velur
estuary in Temnil Mad, southen India

Fig. 109: Nerita squamulata wilh 23 mn tugh shell from the shore of Cehu, Philippines.

Figs. 2107 Nerita vermoolor Gy 1791 wilh 25 mm high shell from the shore of Curacao, Caribbean
Sea

Fig. 211. Nyrita undata Loee 1758 with 24 mm high shell fram ihe shore of Port Sudan, Red Sea
Fig. 212: Narita ressellata e 1791 witly 70 mom high shell fom Curscao, Canbbean Sen

Fig. 213: Nerria peloranta Livwi 1738 with 22 rium high shedl from the shore of Curacan, (Carihbean Sea
Fig. 214: Nerita plicata LINNE 1758 with 22 mm high shell from the shor at Hali, Indonesin

Fig: 215 Nerita albicilin Limee 1758 (< gexailis) with 20 mm wide shell from the shore of Cebu,
Philippines.

¥ig. 216 Nerita arramentosa Reeve 1858 with 20 mm high shell fram mungrove foats al the edge of the
Cses a1 Sydney, Eusi Awvstralia

Fig. 247, Merita planospira Asros 1839 with 18 mm bigh shell from the shore of Agaha, Red Sea.
Fig. 218 Neriea undata with 26 mm high sheil from the shore of Port Sudan, Red Sca
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corner and spines in the fourth whorl of their teleoconch, These are rare, h?wq:vler, ».lzrl‘ th; m!;.::;

varicties dark-olive and reddish mottled, but usually with smaooth shell. Thns.;:;l_h slight :.1'_ ‘md -:c; s
growth ri imilar as is described in case of indiv

; d stro hndg:salsnow:r{ﬁgs,iﬁ-&ulﬁ?'},mm1 , _

;lt:rl!}t %nga m:ﬁ Samon by STarMiALNER (1993, figs.40,41) and determined as Clithon corona.

The Matutinao morph with subsutural dark colour band clearly grmln; into a spectes (N Ef;:;ﬁc;gﬂ
sp.6) that lives in the mangrove flats of Cebu and was collected in lurgc_ r number (morc_" a3
m‘liivid'l.la!s} near Arcao (figs. 1 16-121). It enuld be placed in the species N;rm:a Emj;ﬁw il ;:th

ABROTT ists of 3 whorls of its teleoconch when 7 mm high and wide.
by & Daxce (19582) and consists o T
ici i d proceeds from the proto o 5 g
shell growth has no allometric inleruptions and proc ¢ i
growt i imilar colour pattern of fine axial lincs

h and evenly rounded whorls as well as with variable but 5 ern of
and puimﬁ; :rrn{# and sometimes spiral ribbons. The operculum is formed just Tke that of the
Matutinao river N, "Clithon™ varieties (V. “Clithen™ sp. 1-3). .

The colour morph with white dots on black surlace resembles a species thal uuu;dr: n;na;dm
bicolor (RécLuz 1843) according to the description given by POLLABAUER 111: l_?ﬂd?],l 3n:l {_.nl‘;l ::cd ot

2001) from Fiji. A very similar individual t
e Pl { 1990, P12, Fig.6) from Tahiti. This form (N
Clith 'mu.rwmillustmludby?mm&mmm{_ 0, P12, g
”L:':a'.r::;:;"‘"sp.‘.l'} lives in large numbers and almost all mdmdu_alﬁ (about 100 were collected and
analysed) of similar shape and colouration in tidal creeks connecting the sea with asmall ll'nan\gmi're at
Arcao (figs.169-162). After the first whorl of the teleaconch all df:k colour paterns fuse ﬂ;;n‘n ng ;
black background colour in which white or yellow triangular dotsarc included. On the sfcond 'm:i mﬂ.‘m
spi horl. These are very long an
whorl spines appear, and there may be up to § spines on onc wh : o
i Ily 16 mm wide and 14 mm high
d they continue to be present up to the last whorl of the maxima : .
xclls :ﬁth about 3 whorls of the teleoconch (fi 5.136-141). Their f;-:nlm::_pmtm ﬁqﬁm Ilk_: that 5;@:n
in some morphs of a non-spinous form in the estuary of the Matutinao River, but coiling differs. nis
-cies usually grows in such a way that spines of the former whorls are nnlr:mrbed._Tl'u!s, the spire
?E:nnrc exposed, and all spinous whorls are preserved. While most indmdua.l_s Imrnﬂus spinous form,
a smooth ﬂ:—rfar.:a and black colour with light arrow dots, there arc & few individuals with lower Hpa::
and spines of the early whorls resorbed and others with colour pattem of fine grey Z1gzug lines

i Id be placed intw different species and oceur in rather
i forms, that coul P in
large ::lu:‘::lzfu::::: s?ﬁa:?;jrphx. the upm:wlum is I:usic?l!:!r the same, even though ti‘:rfi r?;;e '::;
sume variation in the cow hom like internal ridge. These vanations are not r:u_nnecwd to the di
chell forms, but to growth stages and regard the thickness of the two projections.
If species should be distinguished, these could be characterized as:
1. Reddish mottled with trianpular granulation and teleoconch cornered throughout (upper
Matutinao River) (figs. 178-180). 1
2. Greenish and greyish mottled, teleoconch comered throughout, smooth shell and spiny
{upper to lower Matutinao River) (figs. 181-184). .
3. Spiny angular shell with coarse growth increments and spiral dark and white colour ribbons
(lower river Matutinao above estuary) (figs.1649-1735). _ ,
4. Shell with subsutural dark ribbon and comer in the carly teleoconch and here also spines while
later teleoconch is smooth and rounded (estuarine Matutinao River) figs. 108-113).
5. Shell like 6 but olive dark coloration. (estuarine Matutinao River) (figs.163-163).
6. Shell rounded and evenly curving without spines (mangrove flats Arcao) (figs.116-121).
7. Spiny angular shell with black with light armows as coloration and all spiny whorls preserved
(from intertidal creck in Arcao) (figs.159-162). -
From & similar environment of short rivers in New Caledonia Poruanave (1986) distinguished

i { i i C. nucleolus Morerer 1856, C.
& different forms, 5 of these as belonging to the species C. corona,

pritchardi (Dowrs 1861), C. bicolor (Recuuz 1843), and C. oficacens (Recuuz 1342}._.&{11::115111;]1{:
Clithon species of the Pacific Islands from New Guinea to Tahiti STarmonLyer (1976) described the
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different species, C. corona, C. diadema (Réciuz 1841), C alfvaceus, C squarrosa (Rtciuz 1842), C.
rarispire, (Moussox 1848), C. spinosus (Sowerpy 1845), C chlorosiomus Broperre 1832, Four
species of Clithon were recognized by Starsmominer (1993) from the Tonga and Samea Islands, while
according to Pommier & Marouer (1990) only Clithon spinosus oceurs in French Polynesia.

In the eastern portion of the Indo-Pacific Ocean from Indonesia increasingly so towards the
Orceanic Islands like Fiji und Mew Caledonia Neritinag "Clithan ™ appears to become more confilsing
and split into many species with very similar shell, which are difficult to distinguish. These specics of
Neriting "Clithon " appear to be rather close to each other and they are difficult to differentiate by
conchological means. They also have rather similar radulae and are similarly constructed regarding
male and female genital systems and spermatophore shape (Haywes 2001). When the general shell
shape is taken into consideration among the spiny Clithons C. corona, . coronara have about 4
whaorls of the teleoconch. A . spinasus from Museum material in London has only 1.5 teleoconch
whorls and therefore belongs to different group. Here observations on the fauna of Bali may be

included, where transition to species with more rapid shell increase and thus a wider shell occurs (sec
below).

T.h Neritina “Clithon” and N. turrita transitions in Balinese estuaries

When little rivers and crecks in Bali are entering the sea they demonstrate a neritininid fauna in
which quite a number of different species or races of Neritina-Clithon are encountered that appear to
merge wilh cach other locally. In front of a small river just 1o the west of the village Sangsit near
Singaraja a population is encountered consisting of a small sized littoriniform species that could be
called Neriting cf. rofssyana (NVeriting 1) (fig. 229) (This species does not represent the N, roivgpana
of StarmuHLNEr (1993) that resembles N. furrita as described here). N off roissyana lives where fresh
water seeps through gravel beds of the beach forming puddles within the intertidal zone. The increase
in whorl diameter is very regular and remains constant to the fully-grown specimen. The shell is about
7 mm high and 5 mm wide. The inner lip ends in a columellar edge that has one larger denticle in its
more apical portion and may be smooth below and above or have small tubercules or undulations here.
The rather large protoconch is succeeded by 4 whorls of the teleoconch. Ornament is grey with very
finc dark axial stripes that may zigzag and form narrow elongate triangles, which are pointing towards
the aperture,

The aperculum carries on the inner side next to the columellar corner a ridge that bifurcates into
a rounded ridge point and a solid peg. This is quite the same in another species with small shell size,
but low spire that could be placed near Clithon =Neriting of. ovalaniensis (Lessox 183 1) (Neriting 2).
Here the shell is about 5 mm wide and 5 mm high and consists of 3 whorls of the teleoconch succeeding
the rounded and projecting protoconch. Increase in whorl diameter is regular throughout growth of the
televconch. Small triangles and fine dark lines on grey background dominate the arnamental patterns.
Apertural features closely resemble those of N. of. rotssyana into which itappears to grade. Populations
in which one or the other of these two species appear to dominate are very close 1o each other in the
seaward position of the river mouth where the fresh water puddle present at low tide are washed with
sea water at high tides. N, cf, oualaniensis resembles Clithon faba (Soweroy 1836) as described by
Komarsu (1986, Fig.3) from Taiwan. It could also be identical with a specics from the estuary of Tonga
and Samoa that was determined as Puperita (Heminerita) amoena (Gourn 1847) by Starmoniser
(1993, PL6, Fig. 26, P19, Fig.39). It closely resembles Clithon oualaniensis as described and illustrated
by Haveees (2001) from Fiji.

There is also a total gradation observable towards a lower and more ovoid shaped form or
species that could be called Neriring cf porcara (Gouro 1847) (Neriting 3). This rather small form
measures about 5 mm in width and 3 mm in height and resembles a young of the ovoid variety of the
spiny Clithon or a wide form of . off oualanicnsis. A similar species found in the Matutinao river
from Cebu (figs.248, 253) was not involved in the interbreeding of species (see above) ohserved here
among other species. In Bali both N. cf porcara and V. of. owalaniensis co-occur, the later more
toward the beach the former more within the estuary. Omamental pattern of & of. porcata consists of
small triangles rather similar to N of owalaniensis but there are also uniformly dark, greenish or

113




hrownish individuals as well as such with broad spiral ribbons, Colonrs n peneril are more bruwnish
and greenish thay grey. The teleoconch consists only of 1.5 whaorls with rather rapid and regular
increase in shell widih, Even in sl individials the profoconch is usually dissolved and there is
deep pit in the apex. There appears to be & transition to the low Clithon ¢f acteolus (Neriting 4).
Species with a larger shell but also wider than high shape from Samoa and athur Pacific islands have
heen determined as Neritlng [ Neritira) canalis Sowerey 1 &35 and N (N Jpetiti Becrum 1R41.

Wilhin the intertidal estuarine regions Clithan cf, mucleolus {More er 1R56) tias a rather vanable
shell (figs.136-137) that in shape is similar to the small elongute oval N. cf. porcata, and in colomtion
totally grades into the spherical C cf. corona with shiny und commanly greenish shetl, €, of aucleolux
has the first teleoconeh whorl without spines (figs.232, 234) and from the sceond whorl anwards
there may be | to & sphnes un cach wharl and there appear to be about 2.5 teleoconch whatls until the
individusls are grown with about $ mm wide shell. Spines are usually Jong and commonly open gutler-
fikie amd appear well below the suture on a mote OF ess well-developed shuulder. The shell is variahly
colourcd between dark vellowish to greenish and violet, and patterns commaonly consist of fine arrow
points, which arc orignted towards the aperture, But there are slso individuals of uniform coloration
o fine axial stripes ar spiral bands

As in the more spherical form (hat could be placed with C ¢f. corena (Lisng 1 75R) (Meriting 5}
(figs, 138-149) the first teleoconch wharl usually forms a dark subsutursl ribbon and 1 low depression
next to it. The aperture shows a thick columellar area, that is wiinkled and demonstrates 56
denticles at ils inner lip of which the upper (apical) is represented by mn rounded larger tooth, The
cemi lunar pperculum is smooth on the otitside with & shallow groove crossing the surface that

Fig. 2191 The embryenic wharl ol Theodoas fuvaiilis from the mouth of the Metetwn tver in Croatia
is about 0.8 mm wide

Figa. 220-221, The embryonio wharl of Theodaxus fordan from Jorden measures 0.5 mm jn e firsl
wharl auil has typicl initial growth line paftern. The juvenile hatchcs with about vne whork ac indicated
by growth intermission (221), (Adult shells see figs.12-20).

Figs. 222-223%: Theodosus fabuins (Ruiart & Coener |BET) from the Palcocene of Mems in Belgium has
A 0,7 mm wide embryomio shefl (222) that 1% oroamenied by wrinkles und folds and the juvenile shell as
in Theoduvus (123) is 2 tom high

Fig. 224: An opened and upturmed egp eapsule (less (han 2 mm wide) of Neritima holds the embryos with
shell of wbout 0,15 mm in diameter and about ready 1o hatch (fram Cebu),

Figs. 125-226: Veliger shells of neritoidesns from the Plankton of the southern Red Sea that belong (v
larvee ghout ready 10 metamorphose, They messuie abaut 0.6 mm in dizmeter.

Fig. 227 The embryonic shell of hatching Nerifina pirarica from Celombin (Caribbean Beu) with the
cup like st shell and is growth line pattem The shell is 0,15 mm wide.

Fig. 218; The prowconch af Nerita undata (Losgis 1 758) from the Red Sea (Port Sudanj s about 0,3
mm in diameler

Fig. 219, The protoconsh of Neviina of. rovssyana frum Lovina Beach {Ball, Indonesa) is 0,6 mm
wide with strongly vverlapping, convolule larval whaorls,

Figs. 330-231: The 0.5 mm wide prateconch (230) and 1,5 mm high juvemile teleacanch (231) of
Neriting turrita of N. ¢l variegata from the Lovina Beach estuary in Half {Indonesia).

Fig. 232: Juvenile shell of Nertting “Clithon™ from Lovina feach (Hali, [ndonesia) of 1.5 mm fn height
Fig. 23% Juvenile shell with L3 mum high shell of Nerita fricarinata (see 280) from the Focene of the
Pariz Basin with the end of the pratocanch und first teleocanch

Fig. 234, Neritina ‘e hithen” from Bali with 0.3 mm wide protoconch

Figs. 235-236: Neritina pulligera from Lovina Beach, Rali with operculum seuling the shell that
displays the tarval opereulum (235), 236 wilh juvenile shell of 2.2 mm width,

Figs. 237-238: Neritinag aurculata scen from the side (237) and in apertural view (238) with 3 mm wide
sholl from Lovine Beach, Bali.

Fig. 139: Smaragdia from Pod Sudan (Red Sew) with 0.7 nm lnrge protocongh

Fig, 240: The detail o 242 with the almost 0,7 mm wide protoconch ol Smaregdia from the Wil iterranc-
an Pliccene with 2.5 whorls and murginal ridge of pediveliper shell,

Vig. 241, Smaragdia from Bali (528 grass beds i MW lagoans) with much of the larval shell coversd by
the tefeacanch, 0,6 mm of it are visible

Fig. 242: Smaragdia From the Pliogene of Le Puyet, Nice [Meditermunean Sea), same shell az in 240,
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corresponds with a lower ridge on the back surfuce. A ridge with two hom-like projections forms the
hinge. While the ovoid C. ¢f. nucleolus appears to remain within the intertidal regime and has small
shells, the €. cf. corona is more variable and extends with some varieties far upstream growing to 15
mmx 15 mm large individuals. These large individuals have four or even a little more than 4 whorls of
the teleoconch and usually strongly correded apex. Individuals found upstream of the intertidal regime
in the crecks of Bali may have a shell that is omamented with axial wrinkles as would be the casc in
Clithon ¢f. pritchardi (Doims 1861) observed in about 15 mm wide and 12 mm high and fully grown
individuals from the estuary of Lovina more commonly than in the Sangsit estuary, Extremes may
move far upstream and reach a size of 25 mm in height and 20 mm in width.

Even though Neritina cf. porcata and spine-less Clithon cf. mucleolus sometimes resemble
individuals of Neritina pulligera with similar semi-spherical shell, a patiern of fine spiral liration was
present only in the latter. The aperculum of the three different specics is rather similar and has rib and
peg strongly developed. In Bali also no transition is noted between N. pulligera on one side and N,
auriculata (figs.203-206) on the other which both occur together, for example, in a fresh water spring
well above the seain a temple castof Singaraja (unlike a similar cnvironment Madagaskar (see chapters
7.h, 7.c) where bath mix).

In the estuarine area there may be many individuals without spines that are difficult to distinguish
from Neritina cf. communis (Neritina 6) with ornament of the shell consisting of yellow spiral ribbons
and ribbons ormamented with axial dark lines. All whorls are visible in the low and rounded apex and
there is usually a shallow depression below the suture, as is found in the spine bearing C. cf. corona.
Whotl increase is very regular. Even though there are many individuals of this smoath form it is not in
separate population to the spine bearing forms (figs.138-149). The later have individuals with rounded
apex and spines of former whorls resorbed, and others with the spire more exposed and with spines
of the former whorls preserved. A whorl may have 0-10 spines. The original subsutural depression of
the early teleoconch may remain indistinet or be transformed into a ridped shoulder bearing spines and
could be determined as Clithan ef. diadema (RécLuz, 1841) consisting of more than 4 whorls which a

weakly shouldered below the suture. This shoulder hears the spines, which are especially well
developed in juvenile individuals. But here in Bali no population was observed in which a spiny V.
“Clithon" with spines of former whorls dissolved could be scparated from a population were these
spines remained exposed and undissolved, as is the case in Cebu,

On muddy surfaces between vegetation and below mangrove bushes in the supratidal and
extreme high tidal estuary with more or less regular influence of sea water Lhe lorge and conspicuous
shiny smooth Neritina turrita (GmELN 1790) (Neriting 7) may be found with elongate conical shell
that consists of 4 whorls of the teleoconch which including the protoconch are all visible and of which
the last makes up two thirds of shell height {figs.130-135). The shell isup to more than 3 cm high and
more than 2 cm wide. As ornamental pattern inclined Hilack lines lie on yellow greenish smooth and
shiny background. The columellar lip of the aperture is concave and below and above amedian larger
denticle smaller denticles are developed. N. furrita was colleeted from hard muddy surfaces in the
region of extreme high tide in the mangrove environment along small rivers in Sangsit and Lovina
{northern Bali) and near Petitengel Temple west of Kuta in southern Bali. Ansorr & Dance (1982)
dlustrated a N. turrita as found in Bali, while a N. furrita from Tahiti illustrated by Powner &
Manrguer { 1990) is quite like N, of, variegata from Bali. SrarmomLner (1993, P9, fig.46) described and
illustrated a Neritina of similar shape, ornament and size of N. turrita in Bali and determined it as N,
(Vittina) roissyana living in estuarine regions from the coast of’ Australia to the Fiji Islands and Samoa.

Neritina of. variegata (Neritina 8) is also quite large and has a more slow increase in shell height
(figs.126-129) and is more commonly encountered in Bali, but in the same environment as N. furrita.
N. of variegata (Lesson 1832) has the shell as wide as high (up to 2,5 cm) and whorl width increases
regularly during growth (figs.230-231). There are about 4 whorls of the teleoconch, which arc
ornamented in a similar manner as found in N, furrita. Usually dense black lines are found on vellowish
background. These lines may be simple, widely spaced, and zigzag, or they fuse to form a pattern of
drop like dots between them. Lines may also be so close to cach other to almost fuse and form a bluck
shell. Just below the suture the whorl is slightly concave and further on the sides it is well rounded.
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The colour of the operculum varies between light vellowish oran, ery i
dense spiral liration features the shell surface. ﬁc:.- irp:rculum of g\f?r.::r:}:::;ati; ;}Hﬁgg T
rcs:n:nb]cs that of "Clithon™ h}r having rwo horn-like pegs at each end of the ridge. 0h+x-::nu;]‘3l,rag:f:::
TI.;:n:'!:na as vm?ll as near Sang_su the low N. cf. variegata and the high V. turrita grade into ;:m.:h uiher.
oth have similar colouration pantern. Their mode of live commonly outside of the water and :hc
Isnm?l.h appearance of I!hq': shell dlfitinguinhes from Neriting "Clithen " in the field. Komarsu (1986
rlg.‘i. -_l{!:! d_rsnnlgmshad_mtcnmdlale shell types as seen in Bali among Taiwanese Neritina ﬂfthtsl;
N, turrita is just like that in Bali. What is called N, ef. variegata in Bali was further Eubdi"r'idl.;d into th
three q:_vccrcs N, variegata, N, parallela (Ropwa 1798) and N. plumtbea Soweney 1855, The uuivn ; a.lz
determined as N, variegara by Komarsu closely resemble those described with the sarru.: i. o
by STARMUILNER “99.3] from Samoa. The Neritina turrita and N. turtoni RecLus 1843 :Tai:ﬁb:dmsn
Havwes (2001) from Fiji living in similar enviroment would be included with N, ef variegata ofBai?r

it ﬁi;:r}' similar shn:‘!l shape is rﬂlll.'ld in Meritina cf. squamipicta (Récuuz 1832) (Neriting 9), which
iffers from N. cf. variegata by having the suture covering the whorls of the spire and by a
uniform dentition of the columellar edge. Coloration may be extremely similar and a transiti i
wcu pctsgib!:. Such a transitional individual was noted at Lovina estuary and appears to m::::[ﬂ}‘l:;
N. F‘.‘.‘n’hm . The shell f‘f N ef. squamipicta is hemispherical seen from the side with last u;; 1
zz?tu::[r\r? a.rbdd:husd h'lr?-i:S all former ones. The inner lip callus is simple and smooth and IJ'::
lumellar lip is dented. The shiny smooth shell of fully-grown indivi
width, is slightly higher and consists of more than thr}eregtrclmnd;; ﬁﬂ;ﬁ;ﬁ:ﬁﬁi m;:m
from first whorl to the last succeeding the proteconch. The colour pattern is shiny dark hmunul";:
lurge drop-like to triangular dots. A totally brawn but atherwise very similar shell was called (‘f.‘:hl
afivaceus {R;cms 1843) by Havwes (2001) from Fiji streams. Transition in shape and oulc‘vmtix
Enﬁ:u ﬁ:;t] :tlau tu ;;F varfegatd, even tl_mugh fully developed individuals of N. cf. squamipicta
el :rm fnu;:g_ul b_y the covered spire and the uniformly dented edge of the inner lip. This
ies W in Sangsit, Lovina and near Kuta, but more rarcly than others. A very similar
species with the apex covered up by sueceeding whorls and individuals with and without spines were

named Clithan carona ARMUHLNE & . :
155).. by St fLvER coming from Port Moresby in New Guinea (figs.150-153,

In Bali transitions were noted to ocour from;

Neritina 1 : with littorini o . .
iertidal beach, 1o form small shells and living place in freshwater puddles in the

Neritina 2: with imi i imilar livi
e ma ith rounded small shells of similar coloration and similar living mode, and

Neritina 3: with small ovoid shells further up into the estuary, to
w]:ﬂ’ermna 4: with ovoid shell and spines and remaining in the estuary (figs.13-137),
Meritina 5: with spherical shell with or without spines moves upst i
water (fi Fs.] 38-140). Compared with Cebu the N. "Ch'.-:emn " with mi;“;:ﬁ:&“;h;ﬁ'ﬁi
gmpu!am_m and teleoconch cornered throughout is rarely present among the M. "Cfi.t‘ﬁun"
varieties in the creeks above the estuary. The same can be stated regarding the g‘n-.::nish and
greyish mottled V. "Clithon™ with teleoconch comered throughout, smooth shell and spi
that appears o represent the large specimen that have moves upstream furthest in EaT{
TI'!::su varieties also include the spiny angular form with coarse growth increments and
spiral dark and while colour ribbons. But all these N, "Clithon” morphs (1-3 in Cehu}a.rearfnt
found in larger and almost pure populations, as is the case in Matutinao River in Cebu

Neritina 6: represent a smooth varie iti iving i
ty of Neririnag 5 living in the est =
that closely resembles Nr. 6 of Cebu. - AR )
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Neritima 7: is the high spived large N fwerrifa that lives on muddy supratidal ground
( figs. 130-135). clearly merging with

Neritina 8. with low spired axially striped Forms of the same environment (figs.126-
129), which again appears to grade into

Neritina 9; with similar shape but former whorls of the spire covered by succeeding
whaorls,

Not represented in Bali were the varieties 4 with strong allometric growth of the estuarine
Matutinao River and the spiny angular shell with black with light arrows as coloration and
all spiny whorls preserved (No. 7 from intertidal creek in Arcao, Cebua).

Thus the Neritina races of Bali to some degree resemble those of Cebu, but they have
a rather distinct own character by including transitions to the small forms of the beach (1
and 2) and the oval forms such as N, ef porcara (3), There is also a good chance that the ¥
turrita—N. of. variegata is involved in the hybridisation hiere as well, which was not observed
in Cebu. Among the Balinese species or morphs of the Clithon ¢f corona group, C. el
corona can be distinguished from C, cb. pritchard! by its smooth shell surface, In Cebu
there is apparently a mix with the dotted and spiny C, el bicoluy, which was not encountered
in Bali,

Al shells with excephion of 249 (lusmated on this ploie are from Muotutinso Fiver, Cebo, Flulippines.

Fig. 243; Juvenile shell with 2 mm in dimneter of Neritine “Clithon™ with the first spine

Fig. 244; Juvenile shall with first whorl of the teleocoach and abowt 1.5 mm high shell from Newitome
“Clithan™

Fig: 245; Juvenile shell wilh 4 mm in height ol Nerfting owalanfensis Irom the enirance of (he estuary
with protoconch in 247

Fig. 246: The rounded protoconch measuring about 0,45 mm in width and consigting af 2.5 whorls of
Nerfrina "Clithen™ |5 setiled by boring orgunisms which tvpicaily destroy this orgenic end arzgomitic
porhion of the shell donng further growth of the snml,

Fig. 247; Protogonch of N dsalesiensis is alimost 0.5 mm wide, has a ridged maigin of the pedivelige
ghell and stranply convolute whaorls. '

Fig. 248: Apertural view of the shell of Neririea sp. (N, of. porcara i Bavper & Fepee [1998) shown
Fig. 253 with thé operculum in place.

Fig. 249 Side view of the juvenile Smaragdio from the sea grass enviranment of nomh Ball with | mm
high shell and about 0,5 mm high roundish protaconch,

Fig. 150; The protoconch of Nerifima "Clithon™ 15 aboul 045 mm wide and consists of 2,5 whorls:. of
which the last Iz ormanwnted by fine axial lines.

Figs. 251-252; The protocanch of Neriting puffigera measures abowr 0.4 mm across and consises of
migre than 2 whorls (251) wnd the yuvemile shell i shown with 2.4 mm in maxmmum dimmeter (252),
Fig. 253 die view of Neriing sp. of the same species 05 fn 248 with 3.3 own in maximael shell widih,
Figs. I54-256; Neriting "Clithon™ with protocanch indicating development of the larva in the river
Muotutimse (254), with 3 mm wide shell, that m 255 shows & cormoded protoconch of about 0,32 mm in
diameter (smaller than that of macioe lorvee, see 246, 250, 259), 256, will juvenile shell with 3 mm m
diameter.

Figs, 257-258. Side view of the juvenile Nertfing aurtculats with 1,2 mm in basal widih and the
protoaatich with 035 mo in width and aboul 2 whorls (257), and proteconch. thel consiats of a Hitle
more than 2.5 whorle and measures sbout 0.4 mm in digmeter,

Fig., 25% The protoconch of Nertiing “Clithen™ measures about 0,45 mm

Fig. 260: luvenile shell of Mertting auriculaie with 1.2 mm wide base (detil in 263).

Fig. 261: Apertural view of & young Sepfaria with about 3 min fong shell,

Fig. 262 Apical view of 3 2.2 mm long fuvenile Septiria

Flg. 263 The protoconch of Meriting auriculata (detzil o 260) 1 about 0,4 mm wide.

Fig. 264 The protoconch of Seprerir with about 0.4 mm in width is directly succeeded by the limpet
like telecconch

Flgs. 265-266: The juvenile Sepigria is almost 3 mm in maximal widib (265), and its protoconch is
well roumded, convolute and abour 0.4 mm wide (I66)
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7.i Sandal shells of Septaria Firussac 1807

Sepraria holds limpet-like neritininids that have a narrow scpium scparaiing the body portion
with the fool from the visceral mass. The genotype is Patella borborica Bory oE St Vincen 1803
from Reunion Island, From the estuary of the Umzamba River Sepraria porcellana comes far up into
the actual river above the estuary. In the intertidal area where the river runs rapidly at low tide, both
& porcellana and Sepraria borbonica are characteristic, They were more common in the headwater at
the Umzamba than in that of the Mnyameni and were absent in the Umitwmvuna River, just north of

the Umeamba River.

Septaria borbonica (Bory DE ST, VivcenT 1803)

Description: The symmetrical, cap-like shell has an apex that overlies the posterior edge of the
shell and point=s backwards to the right. It is corroded at is basal portion, even though the outer lip is
raised above it from juveniles of & mm shell diameter enward to the fully grown 32 mm long ones. The
posterior margin is almost straight, the anterior rounded. The inner shelf is narrow and has an almosi
straight and smooth columellar edge. A network of triangles and rounded dots along with wavy dark
lines aornaments the shell on yellowish or greenish background. This omament is quite variable but
rather characteristic (figs.85-87).

The operculum is kept in a pocket between shell and foot and is of quadrate shape with nucleus
in marginal position. It lies hidden and enclosed between the upper side of the foot and the lower side
of the visceral mass (fig.84). It function is no longer to close the aperture, but it serves as shelf
separating foot and visceral mass and connects to the reduced inner lip.

Remarks: The shape of the aperture is more rounded than that of & porcellana and the inner lip
is straighter than in the later, which is more rounded convex. The operculum differs by having much
more substance than that of 5. porcellana. The shell is more solid in composition than in 8 porcellana
and it pattern of omament consists of shorter triangles.

Sepraria porcellana (Livweus 1758)

Description: The symmetrical, cap-like shell has an apex that reaches aver the posterior edge
of the shell and is correded on its base. The shell is quite thin and lenticular oval reaching a length of
22 mm and width of 15 mm. The posterior and anterior margin of the outer apertural lip is rounded as
well as the columellar edge of the inner lip. The ornament of the shell is seen also on the inner shell
surface since shell is thin and translucent. Omament consists of a pattern of collabral lines and radially
arranged lenticular elonpated triangles crossing up to ten of these lines. Omament is quite variable but
keeps this general pattern (figs.88-39). The operculum has lost its function and is thin and brittle. It
lies hidden and enclosed hetween the upper side of the foot and the lower side of the visceral mass.

Remarks: These two very similar species Sepataria borbonica and 8 porcellana can be
differentiated from each other by the ornamental pantern of the shell, the shape of the aperture,
curvature of the inner lip and composition of the operculum. The shell of 8. borbonica is usually wider
than that of 5. porcelfana, but this cannot be noted in all individuals. The shell is usually thinner in 5.
porceflana, but this is also only observable among individuals of one locality since it depends on the
chemistry ofthe water. The pattern of omament in 8. porcellana has longitudinal spindle-like triangles,
while thuse in 5. borbanica are short and not crossed by collabral lines. The inner lip in 5. porcellana
iz more concave than that in 8 berbonica, but this feature is variable among individuals. The same
holds true in regard to the rounded outline of the posterior outer lip, which is always present in S,
porcellana and found in unusual or juvenile individuals of S, borbonica, The operculum in S, borborica
is much more solid than that in 8. parcellana, but both are hidden below the shell, According to Havwes
(1994} 5 barbonica and S, porcellana can also be distinguished by their reproductive systems.

Septaria has several rather similar species, which can be distinguished by the shape and the
position of the early teleoconch, the shape and size of the inner lip and the shape of the aperture as a
whole. 8. borbonica has oval shape and a rounded or almaost straight inner lip, while the inner lip of §
porcellata is of more rounded outline and the shell is more slender. Both have the early whorls in apical

120

position in front of the posterior lip of the aperture and
sl . eroded at the base. Mo
extending is the early coiled partion in 8. sanguisuga Reeve 1856 (Havres "Gﬂﬁ SRR

Havxes (1994) noted that at least 44 speci f i

: ‘ ' . pecies of Septaria (Navicella) have been deserib

Eﬂi‘ﬁ ;;[t}h:!r typvnmgci:mn in London, Geneva and Paris. But shell shape is mzhermfa:::a:;
isco that with the morphology of one shell type th ith &
porcellana there were four different genital systems, indicati o it sptei
ore ; : : ting that different ics h
similar shells. The genital system in 5 suffrani {Sowg 1BaTy e
- i wErsy 1841) from Fiji was [
to that of Meriring whilc in 5 bougainvillei (Ricwuz 1 erone ot drennr e
: . 2 184 1) from Fiji it has bec i
thus, altered in regard to the conditions found in Neriti : Y Dl
tina. Thus, Havwes (1994) ini

that shell shape, colour, pattern of omament and b 4 sty oo

. ; A sh i i i
for placing Sepraria specimen into a certain #a:cies.m el s o
. m’;ﬁ rluq:;mﬁ (1983) &, barbanica is characteristic (o the Madagusean Provinee and

ey e northern margin of the Indian Ocean 1o the I
between New Guinea and Tahiti in 5 i O s ey ndheee
porcellana. According to Haynes ( 1994} the genital

. - & Slc

Eﬁ?&; ::rm'n h"{n:;tl;:;??dpﬁu:ag[:mrl resembles that of S percellana. Hi:n:g'f:;man'»:ﬂsz'r t 1:.t qﬂuﬂi
t AF.M'I.'JI ] 13, Figs.132-138), Powanauce (1986) found in N

species of Septaria, S. porcelfuna, 5. bougainvillel (Reciuz 1841), 5, :anguisu:gna {Eliﬂfggg;a;

Janelli (Recuuz 1841) and 8. s ' ; s e
i b ) uffreni (Reciuz 1841) which can best distinguished from each other by

Havxes (1991) suggested an evolution to haye occurred within the genus Sepraria leading from

species in which males and females are of the same size so such where males are smaller and f nally to

1.j The Central American and Caribbean group on both sides
of the Isthmus of Panama

Ne.-.—':i;mdg vfrgl?f :: masls;ﬂjgnun adopﬁedt:y THELE (1929) the common Caribbean species
girie represents the type species to the subgenus Neriti,
Morci 1852. It is characterized b i : 1 e
Y & smooth shell with rounded or pointed apex and
amwmm :;1';2];; of’ ﬂ!:e teleoconch succeeding the protoconch. The suzﬂgenus w;“sx hmmm:};f
ENZ to hold species like N. virginea from the Caribbean S
_ : _ . e as well
Nerifm;;ls;_:ecl::s from West Africa. According to Russer (194 1) there is a whole gruasptg:‘
Ei?ﬁ |:?§E in ﬂl;ifdm:ihzlean Sben that resemble N. virginea. He distinguished 7 species of
p i the subgenus N. (Nereina) Cristorom & Jan 1832
and only N,
Punctulata LAMARCK 1816 was scen as member of the subgenus M. (Neriting) Lm};zcx

1816. Wenz (1938) in contrast placed th i i
sl g p e later into the subgenus A, (Nereina), and N,

Neritina virginea shows a wide varicty of degrec
Wer i _ ornaments on jts shell, which to a certain
fg:i I:}al;mz:cf kﬁ:m?ig :nwmnm:m, The saltier the environment of growth the more cnlnurﬁ.LIni::I ;1'::
. In sh and fresh water shells are greenish- while in salinitics rai
purplish and red colour are common (BarvpeL & W it R e
i EoLER 1987). N virginea was kept i i
in Bonn for more than 5 years. The animals ive i b s aqmwamm
5, can stay alive in fresh water as well as in brackish
?:dzz mpmd{‘m;?&l:e[;c.ﬁ;ih;: ;;I;}m;cl,ﬂgfﬁ{ ;ﬁnz;nd the very similar Neritinag puncticulate Lamarcx
(A = Neritina clenchi ELL 1940 (Assorr 1974, Fig. 5301k leoconch
consisting of more than three whorls of which all in visible i ik roniiipy
. ; re ; remain visible in the apical shell ion. N i
1smore pointed in its spire than N elenchi and remains sm Il PP e
g g smaller (around 1 cm in height and widih) while
: s prefer environments with brackish
members of this species will survive well under marine itions i vkt i
! conditions in very protected environm
Large populations are found on muddy and sandy bottoms as well as on mangrove roots and ai:nws
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within the tdal zone in estuarine areas in the Caribhean Sen at Columbiz. While N, virgined lives
among the roots of the mangrove within the tdal zone in ¢stuaries, N elénehd lives within the
mangrove foresl an decaying leaves md muddy bottom and on the heach of mungrove ponds in
Columbia (Basmey, & Weniex 1987},

Ryszeee, (194 1) noted that regayding the cusps on the teeth of the rdula Nerfring virginea prades
it N, reclivata (Say 1822) and thiat into N elenchi (=N, puncticulats), N, reclivata or N, elenchi
Russere 1940 by Assorr {1974) was observed to live In a fresh-water spring an the Gulfol Mexico in
Florida that issues into the beach. Russer, { 1941 ) also noted that these three species prefer increesingly
fresher water for their living environment, with N. virginea in the brackish estuary and N. elenchi
moviie upstream into in the vers; The species described by Russewe {1941, 113, Figs.5,0) as Neritina
piratica Russeus 1940 from the Caribbean Sca at Micurgus was encountered in the mangrove of Toly
in Cotumbin (figs. 122-125). The rounded shells ofthis species consist of four wharls of the teleoconch
succesding the protoconch andd is about 2,5 cm high ancd a litde less wide, 1 differs from N virgines
that lives in the same arcid bul sl more exposed position by its larger size and finer armamental pattern
The uther species recognized by Russett (1941) are N, meleagris Lavarer 1822 from Sante Domingo
and A =efra (Booumas 1792) from French Guines All ol these are sinllar to each other and it 15 only
N, punetufate Lastarcr 1816 that has o subpateliiform shape and only 1.5 whorls of the teleoconch,

What has bean named Thaodoxus (teafasciomy Micces 1879 by Awpory (1974, PL3, 531,
Anporrd Darce 1982, p.55) (= Neriting picta Sowrasy 1832) representing a Neritfia from the Gulf

Figs. 267-270 Seminosiling mommarid (Lavasce 1804) from the mid Eocene of the Pars Besin
(5affrde). The juvenile shell iz 2.5 mm high (267), 268:; apical view ol the protoconch with 0.8 mm
widih and almost 3 whorls, 269, protoconch seen from the side with undulating end of the larval ghell
and 0.9 mum in height, 270; with juvenilé, 1.5 mm high shell

Fig. 271: The same a8 In 278 seen from the side with proloconch of N, iricarinata contined m ibe
early telecoconch and sbout 0,7 mm high

Fig. 272 Prowconch of Sememeriling: mammeatia 0 the juvenile shell measuring 08 mm across. Same
logality snd age as i 267

Fig. 273: The protocanch of Felarey schmedeliana Chuemmnz 1586 from the mid-Eocene of Dudar in
Hunzary measures 4.6 mm in dimmeter and is faler covered tooa lurge extent (274.275)

Fig- 274; Velater sehmivdeliomus in detall of Gg.275 with the protoconch as it lies in the apex of the
tefeoconch and consists of abour 2.5 shell whorls.

Fig. 275- As 274 in apenwral view of the Neriting-like juvenile shell of Feleres of 1,2 mm in hieight
Fig. 276: Protovonch with onsel of teleoconch of Felofes sp. from the Encéne of Saflree In the Paris
Basin, The protoconch is 0.4 mm high and omamented by axial lincs

Fig. 277 Cf. MNarttoplica from Saffrée(Middle Eocene of the Faris Basin).

Fig. 278: Apical view of juvenile shell of N, fricarinasa (smne shell as in 271 and see 280) with the large
protocynch of 0.8 mm in diameter and more than three wharls,

Fig. 279: Shell of a juvenile neritinid (same a8 i 277).

Fip. 280; Juvenile Nerire iricarinaty Lasarcy, from the Eocene ol the Paris Basin ot Saffiée in France
with 3.7 mm lugh shell. Same as spocimen in figs.271, 278

Fig. 281 Juvenile shell of Neritoplica montessie Huiawt & Conwer 1887 (n speriural view measures 3,7
mm in height; Itgs.283-283 represent the same specics from the Paleogene of Mund in Belgium.

Fig. 282: Protogonch of the same species &s in 277 and 279

Fig. 283; As in 281 the protoconch measures 0,5 mm across. Collection of the Matural History Museum
in Brossels, Mr 168444,

Fig, 284: Ihe protoconch of N, monfenssy measures L5 oom ocross and consists of about 2.5 whorls
from the Calcaire de Mons, Belgium

Fip. 285 Apical view of N, montencis with 3 mm wide juvenile shell (sco 280, 283, 284),

Figs. 286-287. Limpet shell of smooth "phemecolepadid” from the Oligocene (Chattion) of Glimmer-
ode near Kassel The telsoconch measores about 2 mm in dismeter (286) and the protoconch s 0,25
mm wide (287)

Figs. 288- 289, Same genus i in Tge2¥6, 287 bul from the Recent lagoonal sediment of Lizand fsland,
WE-Australia, with 2,5 mm wide shell (289) holding the somewhat inclingd pratoconch with 0.4 mm
widih in {is vigible portion.

Fig. 290, Protoconch ol Fluvimerita afficeda from Jomaes consisting of atmost one wrinkled whorl
with ahout 0,6 mm in diametor (adiult sholls in Hige8-10),
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of California has a very similar shell to that of N. virginea. ]ndiv]iduals rxl:ucﬂ:d S;clﬁa;}:c:is:;:]i
¢ i - TOu
in fre tcr near the beach the shell is about 10 mm large, glossy-sm _
1? Ir;:lsrhpﬁ:n“zf oblique stripes of grey black, yellow and white. ‘Lnl::-u_r patterns u'falsp:.-m;nw;
:'.glh:cwd on sandy bottom in Bahia Coneepeion (by ﬂtaﬂifn Kacy) are quite v.nnahlr.-l \-.1:1 a:; 1 e : 1[:; .
redominaling but forming more spacious to finely reticulate patterns usually in the ( c}ra na
phrmwn and grey (figs. 104-107). The number of whorls is like that of the Caribbean N. virg rm o
more than three succeeding the protoconch, which 15 clearly that of a planktotrophic larva. .
luteafasciata had been placed in the subgenus N. ( Fittoclithon) Baxer 1923, .
According to Wesz (1939) Neritina {Neripieron) is split into Ar’ [Nn_:‘ﬂ'jl':ll'a'mn} s.li.. h;su?ﬁucnsg d:
Indopacific N. tahitiensis from Tahiti and N. {C.f_].pm!a:-g] hased :?;l}h. j'au.r;;ﬁ j‘;glw ; J ::,ﬁ i
i N latissima Brooere 1833 from the Paci ::_:m:sm anamal | : Har
Tﬁ'mg::iﬁhmm type of spermatophore a5 found within the N, virginea relation, a thin u;;egr;;;ur
;nd Iuﬂnmb-'isc similar features and also smooth shell. ﬁm:‘dm_g o A::ﬁa:r :i. Dﬁ':q:an{d itsc.arlf
i h water domi Stuar
icima ocours from Mexico to Ecuador in the fres ( nated : :
i::fls;m several whorls of the teleaconch before the outer lip of !hf_. teleoconch gn.-.m.ﬂ “:i ;:dm n:':
size forming a wing-like extension. Itis here inmma{ﬂ Lﬂa::rnaiffm;ﬁwm 4 Carmihbeun
- vireinea relation. The Pacific side of Cen/ erica :
gir:uﬁ:lfr;: million years ago and there has been extensive exchange of fauna before that time

(Kewows 1978).

7k West African Nerifina

i i it West Africa that live within the coastal
own recognized 8 species of Neriting from
swan?pz and mnglrine regions of rivers from Senegal 10 P:; pola. ;mﬂng|;h;55;¢h7 “1:::
e et : :
ies Neritina oweniana (Woop 1828) and Neriting tiass Icm:s INDER 1955 ar¢ ;
ﬁllj?lg almost 3 cm in maximum diameter. Ofthese N. oweniana hase;;l’;eﬂli ;ﬂ:l ;v:f}ﬁz
outer i ivesi ter (Brown , Fi
lip when ful gmwn,hlwesmnaaﬂynummlﬁeshm ;
was fofnd ‘ZET miIE; upstream the mouth of Congo River. The fairly large shell i(u;:- to 28 m1|1n
width) has two wing-like projections of the outer lip when is fuﬂ?r grown. It lweslm nehg i
normal fresh water in rivers from Liberia to Angola (western Africa). The opercuium
ood-sized peg. .
’ The rather similar species Nerifina tigssalensis with large ;h:;; {;npmanlf ;;:1 ;—,:: :m :::
imi i iles of N, oweniana but lacks the ext : ms i
:::?ar;r'm :lﬂc'ig;vi?'l:n:; li:'t rapids of the Bandama River of the Ivory CTEL In ;‘;ﬂtl‘;;t;:;:?;:
1 d a ridge on the w
i M miﬂﬂhasastmllwhhamdnlycxp?ndadgpcﬂur:an . surfs
‘l;?;i::rhnﬁimrdingm Browns (1980, Fig.17g) this sp;:cu:i; should 1:.-nm--.::.:..nl.a“r: ?[mw“o:'; :. ;:;m
sonsidered neither N, oweniana nor N. tiassalensis or a i : of b :
:ﬁ;lhc:z ;gnnf;:y of the Sanaga River near its confluence with TwaTwa R_nrcr. The spg:::ﬁ h:.::?;l
taken 10 Hamburg alive and is still living in the Mug.lr]ilmn a;ltctthrc;rh ye::s. :?'::n uti; T]]::::mrll:f nc::mu .
s wasged i Irael ot mad Tkl {han the last whorl is visible. The
hmerandalsumvcrcﬂcholhnrmmalmtmuchwnm an . bl
]:'lr::jr:hn:;l: shape is that of a low hemisphere with about 2 cm in maximurm width ami 1emin h':lgh:
Neritina afra Sowespy 184 (figs.96-99) was reported as abundant in tn'rrmt,mi TST:S :l:r: ::i:i
200-300 m above sea water in Ile du Prince (African West Coast) i;EIl.mlm IBE:I], Fig. H’i;m} o
& Kowawxe (1999) noted Neriting gfra in the brackish l:;tu;}' ;t“ rv;rs mnf;r ﬁﬁmmr. i
i 3 wide shell and low though distingt : .
g!:::nlﬁain :;aril: Bhﬁ c;‘::i;mﬂh-hmw colour sometimes with large vellowish patches ::—:::cm;f::
i : i iduals of this species werc en
outside while the columellar plate has an orange tinge. Individ pimiog St
i in estuarine pools of small rivers below Mount Cameroan.
m;ﬁ;mv:u:; :ﬂafsu;;ﬁn greal numbers in the transition from the csm‘nm‘:e_lu th fresh
mwncr environment and near springs in the gravel bed of the beach. Dull coloured individuals ocour
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commonly in the upper tidal flats in and outside the mangrove swamps wherever fresh water sceps
out of the ground.

Juvenile individuals of N. affa are more colourful than older ones and thus resemble V. glabrata
from the Sanaga Delta of Cameroon. But members of both species can well be distinguished by small
differences in the shape of the teeth of the radulae (Basper & Kowarxe 1999, Fig 2). Eventhough both
N. afra and N, glabrata have the same number of teleoconch wharls (2,5) N. affa is three times larger,
due to a more rapid increase in whorl dizmeter during growth. The shell of N. afra, therefore, appears
to be relatively less globular and more flantened at its apermural side

Another species of this group from Cameroon was noted by Neritina rubricata Morerer 1858
{similar or the same as Neriting adansoniang (Recuuz 1841)) that is described to measure upio 13 mm
in height and 12 mm in width (Brows 1980, Fig. 17d-0). Near Douala in (he mangroves it was found 1o
live on the underside of wet logs in the beach drift of the uppermost tidal zone (figs. 100-103). Here
individuals were never larger than 6 mm and about as high as wide. The dull coloured shell has a
prominent spire in contrast to N, afra and N, glabrata and a toothed columellar margin. The first whorl
of the teleoconch totally cover-over the protoconch and there are 2,5 whorls of teleoconch when in the
last whaorl the suture iz inclined revealing more of the spire. Thus, there is a clear allometric growth at
first of extreme convelution coating the globular protoconch and later a more spacious growth with
higher last whorl. N. rubricata can also be distinguished by rdula characteristics (Banoe, & Kowalke
1999, Fig.2). According o Maxoaus-Barrn (1973) and Browe: (1980, Fig. 17d-0) N. rubricata occurs
from Gambia to Cameroon. This species lives and is active in moist environment far up the beach and
rests when covered by water.,

The individuals of Neriting glabrata Sowersy 1849 from Cameroon have an up to 7.5 mm high
and %.5 mm wide smooth shell with low spire and evenly rounded last whorl. Most fully-grown
individuals remain below 5 mm in size. The teleoconch whorls coil convolutedly so that they cover
each other and part of the protoconch. But usually the protoconch is corroded so that there is a pit in
the apex, and of the 2,5 whorls of the teleoconch only the last one is visible, While shells with two
teleoconch whorls are of evenly rounded shape, the last half whorl creates a more oval appearance by
heing higher than the others, Omament is highly varied (Prssry & Beouaert 1927, Brown 1980,
Figs.18b,c). Individuals from the Sanaga Delta may be bright yellow, jet black or reddish brown and
there are also a rather large varicty of ormaments consisting of stripes and dots in several colours
(Banpel & Kowake 1999), N glabrata is very common on the beach in the coastal lagoon at the
Sanaga River delta of Cameroon. It oceurs from Gambia to Angola (Brows 1980) and is more colourful
and has a Jess cxpanded spire as well as a narrower aperture than {s the case in V. afra. Also the place
in the coastal environment of Neriting glabrara differs from that of the other species, being more beach
sand and beach rubble with water seeping through in contrast to sandy muddy mangrove flais in the
uppermost tidal regime as in N. afra. Bright coloration and place in the estuary near to the sea
resembles the Indo-Pacific Clithon eualaniesis as described by Banoel & Riepet (1998},

When these West African species of Neriting are secn as a group they can be distinguished
from other biogeographic groups by the coiling mode and composition of the whorls of the
teleoconch. Whorls overlap usually to cover most or all of the protoconch and carlier shell
portions, and there are 2,5 whorls of the teleoconch, In these African coastal environments
there is usually a lack of dissolved carbonate in the water and shell erosion is, therefore, guite
strong and rapid. The interior of the African ContiOnent next to the western African coast
usually consists of crystalline and eruptive rocks and very little limestone and marls, The
results can be seen very well when the shells of the gastropods living in profusion in the coastal
swamps and rivers are viewed. Of the shells collected by us (BanpeL & Kowarke 1999} most
have the early whorls corroded, and in case of the nerites the aragonite proteconch is dissolved
and that remaining pit in the apex has become deeper and larger during life when open to the
influence of the environment. Thus it is certainly of convenience and a positive selective factor

when during shell growth earlier shell portions become covered, as is the casc in all West
African Nerring species to a large extent.
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While Beows [ 1980) distinguished § species from Lhe West Alrican coast. Basoss & Kowarke
(1999) found only fouran Cameroon berween Mount Cameroon and Sanaga river mouth that could
clearly be distmpuished, While V. plabraia und N. rubricata represent only one type and are probably
“pure” species, N owenignag appears fo show a mix with N tassalessis, and N afre conld also
represent amix of two “species”, one of them of a fittle more rounded shape and the other with a little
more flattened shell (see also Apewoce et al. | 1969

7.l Convergence of Theodoxus (Ninmia) with Neriring vivlacea
The limpet-like Ninnia Brusiva 1902 is based on the living Ninaia schulzed (Grivm
1877} in the Caspian Sea could well be the offshoot of limpet-like species from the Pliocens
of Abchasia. Here the subgenern of Theodoxus according to Wenz (1938) Neritonux
Arnrussov 1912, Brusinaella Anowssoyv 1912, Ninmopsts Tomlin 1230 appear to be related
or could even be members of the one rather variable species (figs.64-66). Apparently they
are related 1o the Pannonian species Nimma socem Jeceniss 1944 which according to Jexetins

Fljr. 221: Phenacolepas hamillel (Fiscimn 1857) from the Caribbean Sea near Santa Mara Colombia,
with uboul 3.5 mum wide shell, proloconch m 293,

Fig. 292; Limpet-like neritimorph that is close to Sepfaris but also o Pleracolepas, the same as in
296 and 299, The shell s 4-mm wide at ite bage, Port Essington, Australla, Australian Musenm MrC 162447

Fig. 293: Phenacolepay hamilfed from the Canbbean Sez with aboul 0.5 mm high protoconch (detail o
291).

Fig., 294-295: Phemgoalepas arabica Rueer from the Encaoes callection (58000) Maturhistorisches
Muscum, Wien. Maxamal width 15 2,4 mm, 2%5: with protoconch of 0,3 mm in gize and congisting of
seversl convolule whorls,

Fig. 296; As in Fig. 292 with 4 mm wide bose.

Fig. 297: Protoconch with 0.9 mm in diameter of Calyptronarig from Villers in the Parls Basin
representing the detail (o Fig-300.

Fig. 298: Detail 10 301 with 0,5 mum wide protoconch helf covered by ibe televcunch

Fig. 299: Detnil 1o fig 282 and 296 with 0,45 mm wide protaconch

Fig. 300: Calyprranerita with 3 mm wide Juvenile shell from the Eocene af the Paris Dagin (detail in
Fig. 297).

Fig. 301 Phemrcolepas arabica of the collection Eovavus (57996) willi 1,8 mm wide shell,

Fig. 302; Neriulio rubida from Samoa (Coll Namrhistorisches Museum, Wien) with 2.2 mm wide shell

Fig. 303: Neririfia from the Pliocene of Le Puver near Mice (Mediterrancan Sea) in apical view as is
shown in fig. 308,

Fig. 304: The detall to 307 of Nerttilla eubida with ihe protoconch that 5 about 035 oun wide and
dizplays radial and spiral ormament on s larval shell,

Fig. 305; The same shell win 303 in wperum! view with the juvemile shell off AMeritfie holding the 0,35
mm wide protoconch with ormament of spiral striation

Fig. 306 Operculum of Neririffa rubida from Ball (362) with excenine nucleus and peg projecting from
ity columeiiar side. It 45 1,2 mm wide inouter view.

Fig. 307. A |2 mm wide juvenile shell of Neriitlia eubide from the sstuary of Matutinay River on Cebu,
Philippines

Fig. 308: The protoconch of Mydrecens (Georissa) williamsi Goowrs Austix 1BE9 from the mouniain
forrest of Bali is about 0,4 mm wide,

Fig. 30% Flwdrocena (Creovissa) sgritta Tess: from the Coll Eocaver of the Matueal History Muoseum o
Wicn, Nr3394 with sbout 2 mm high shell Proweonch in 314

Figs. 310-311: Hydrocena (Georfsza) rubescens with sbout 2 mm high shell from eoll. Kusmm of the
Naturhistorisches Museum, Wien, 30611, 311 shows 1he protoconch with about 0,3 mm o height,
detml see 315

Fig. 312, Hydrocena (Georisza- chryseeme from the Coll m the NHM Wien with 0,35 mm wide
pratoconch,

Fig. 313. Hydrocenid from Victnam with a 0.4 mm wide protoconch on the amamented. teleoconch
wharl

Fig. 314: Provoconch of K saeitta (309) 05 0,9 mm wide.

Fig. 315; The protosonch of Mydrocena (Genrissa) rebescons measurs 0,3 mm across in the same shell
A% in 310,
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(1944, PL42, Figs.34-37) has a flattened shell with broad aperture and a splral_r!dge. This
omament resembles that of Theodoxus soceni and JEKELIUS suggestec! transitions ﬁ'l:'.lm
Ninnia to this species in the fauna of Soceni. The surface of the shell is wrinkled wlnn_h.
differs from that of Ninnia martensi (Brusiia,1897) from Markusevec where the surface 15

smooth.

o i schulzii living in the Caspian Sea is larger than Theodoxus liturafa that also lives here, Its
aperl:::“;:: an expanded Eul.er lip uniting with the callus of Ih: mner lipina m-m_ghl_hne, The_ re:erll:l
species appears to have a higher spire {Dysowski 1888, PL2, Fig.9) than the fuslsﬂ Ninnia peficus i'_ad
Marmescu) from the Maeotian (Late Miocene) of Romania from Juzofea "nl.fallv:}f, I'he later was If“:id' :
on material provided by Bogdan Manrmescu (Bucharest). The shell consists of at least I.? whorls 10
the teleoconch and has an aperture that measures 1,5 cm in width and about 1 cm almg&u:q.mngax 5:
which is almost parallel to the plane formed by the aperturc. The shell has irmegular growth lines as
omament and coloration by axial black stripes on while background.

Ninnia geticus representing a close relative 1o Theodoxus has alshvl:ll that is guile sin[:ilar mf llmt
of Neritina auriculata, which has a relatively lower shell but very similar apertural outline. Ninnia
differs from Neritina by having the lecithotrophic ontogeny of Theodoxus.

The modern Neritina violacea (GueLm 1791) from SE-Asian mangrove environment _{ﬁg.zli'lﬁ}
differs fram Ninnia by having a pelagic larva. It was collected in smflhcaﬂcm Indiftaswcll as in eastern
Java. N, violacea (= N. crepidularia Lamarck 1822) lives along tidal chm_'mx:!s n uu; mangrove “ﬁ
Porto Novo in Tamil Nadu (south-castern India). The about 2 cm large limpet has its apex d.;cct
sideways in posterior position. The teleoconch consists qf only a little more tl-n_an one whorl wi: evI;n
increase in diameter. The outer lip surrounds the inner lip that forms an inierior shelf well below : e
surface of the aperture. This inner lip is covered by thick r:allus. tz-rcnl}' m:lmnd_md smmcg ts
concave columellar edge is finely denticulate in its central portion bearing 10-14 dmnct&dr.. The mnﬁ

outer shell layer is thin as is generally the case in Neriting md.'i'ﬂp:'i?rfa. The oparculum is smooth an
has two internal denticles, but of intermediate shape between Neriting and Hfm'.!'n. Like Nerita a tissue
attachment scar takes the area between the projecting ridge and the roundish peg. Also the edge is

Individuals from Goa housed at the Natural History Museum at London are very sumlarl-::

Neritina (Dostia) violacea (Gmrix 1791) from Thailand and could very well I‘Epresgl;'; I.E: saEu.
species. This could also be the same with Neritina (Dostia) melanastoma TP.BS.L‘HELI, 1 om the
Indo-Malaysian region and the Philippines. In Java V. violacea wes mmqntcmd in the mangmv;
formed in the swamps of the Brantas River to the east of Surabaya. The a:ur_:m]s are very tough mkx
survived several vears of living in a small aquarium in Hamhur_g. with brackish wah:r and wet m;
feeding only on algal crusts growing there and occasional by grain flakes. The species is also found in
Fiji (Havnes 2001). .

Wiz (1938) distinguished the subgenus Neritina (Dostia) Gmw IMTL from Ncnp&;;c;-n ﬁ::d
characterized it by a strongly widened outer lip and selected Nerita :_:repndu!c;-rm Lasarce | mr:
SE Asia as type. Cuskmg Woons & Saut. (1986) described a species of Neritina (Dulsruz_] from
Campanian of California as Neritina (Dastia) cuneata Ganb !564. Th:y “,D“"? that it differs from
Velates in the mode of coiling and in the configuration of the mner _llp, which is finely toothed a.n_d
broadly suleate like N. {Dastia) vielacea, While there is much ca‘!Iu? in Ve{a_m perverlm the callus is
deposited thinly across the deck and is thick around the labral rim in Neritina (Dostia). .

Tamastoma Desitaves, 1823 is based on Tomostoma nen‘rqq‘des mmu.-m; 132_3} ﬁ-nmihe mid-
Eocene at Chaussy in the Paris Basin (Cossmany 1925, PL7, Figs.10-12). Itis a thin hmpet_-shuplfd
shell that carries the apex on the posterior half and has a large seprum. The aperture has an inner I1pf
with @ central sinus bordered by two rounded denticles on both s!dx:s. The omament consists o
growth lines and shell surface is smooth. The outer lip forms a continuous rim around the aperiure,
and the inner lip that is slightly concave septum. Sravsz (1966, PL4, FIg.SJ,S.'l":_id:‘.!;.cnbo_d ashr.llmle:;
than 4 mm large with apex near the shell margin as Pileolus (Tomostoma) dudanrerf.us. This small
based on a single individual from the Nummulitic sandstone of Lutetian age (Eocene) from Dudar
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could well represent a young specimen of Tomostoma neritoides from the rocks of similar age and
facies found in the Paris Basin, The inner lip profile of T neritoides is sulcate and resembles that of
Neriting (Dostia). The shell is a limpet and could be interpreted to present an early representative of
the Septaria lineage. But the inner lip profile of T meritoides is strongly crenulated and lies well below
the shell margin resembling that of Neritina (Destia). The concave shape of the inner lip, the tight
aperiure and the dented columellar margin resemble conditions as seen in case of Pileolus, while the
smooth shell resembles that of Neritina. Even though Tomostoma neritoides resembles Sepraria, it

does not appear to come from a Neriting pulligera of N. auriculata relation with wider apertures and

not from the Cretaceous Pilealus with radial omament (Baxper & Kiew in press). It may therefore

very well represent an independent lineage of limpet-like neritids.

This indicated that limpet-like shapes have formed repeatedly and cap-like neritoids have arisen
convergently among different lincages. This has been demonstrated in case of the Triassic

Freudorthonychia resembling Paleozoic Orthonychia and of Jurassic to Cretaceous Pileofus (BaspeL
& Frypa 1999, Banper 2000).

7.m The winged Neritina, results of convergent evolution
in different lineages

The Hawaiian Neriting granosum Sowersy 1825, N. vespitina Sowsrny 1825 (fips.194-195) and
N. cariosa (Woop 1928) have the aperture of the adult individuals expanded much like the west
African N. oweninana, the Central American Pacific Neritina latissima, and the Indo-Pacific Neriting
anriculata (figs.196, 199-202). Amsorr & Daxce (1982) placed all these geographically widely sepa-
rate species according 1o the characteristic shape of their adult aperture in the genus Clypeolum Recuuz
1842, Baxer (1923), in contrast, had interpreted N. carivsa to represent the type to the subgenus N
(Alinoclithon), accordingly Wenz (1938) placed it as subgenus with the genus Clithon. All Neritina
speeies with wing-like outer lips such as N, fatissima, N. taitensis (= N, auriculata) and N oweninana
had been placed in the subgenus N. (Neripteron) Lesson 1830 by Tigeee (1929), Wene (1938) placed
winged species from Central America (N. Jatissima) and West Africa (N. oweninan) in the subgenus N,
{Clypeolum), and only those from the Indo-Pacific (V. raitensis and N. auriculata) in the subgenus N,
(Meripreron). Havwes (2001) related N, fatissima to the Hawaiian N, granosa and N. neglecta Pease

1860, and all these to the Indopacific N. auriculata, N. dilatata Brooerie 1832, N, tahitiensis (=
raitensis), including the Hawalian N, vespitina,

When studied in the context of the other species of Nerifina that live within the same biogeographic
province a different picture emerges, It than appears that these species can be related to different
groups of Newitina some of which are best distinguished from cach other by the number of whorls that

are produced before the aperture cxpands. But also other features noted in comparison to the specics
living near them are of help.

The group around N, auriculaca clearly includes N, raitensis, and N. difatata. The last of these,
N. dilatata, from the syntype housed in the Natural History Museum ;t London, like ¥, auriculata
demonstrates a teleoconch consisting only of one whorl. But it is also closely connected to other Indo-
Pacific species around N. pulligera with only about onc whorl of the telenconch (see chapter 7.¢), M.
oweniand is best seen in context with the other West African members of the genus Neritina. Within
this group much or all of the early whorls of the telenconch are eovered with the succeeding whorls,
In addition, the wing like apertural widening develops only in adult individuals, while juveniles have
no apermaral wings.

There are 4 endemic species of Neriting in Hawaii of which V. neglecta Pease 1860 has no wings
and consists of about 1,5 whorls succeeding the protoconch, Havwes connected it to the very
chamcteristic N. granasa Sowerny 1825 that lives in fresh water of the mouth of streams, This species
has not only wings but alse a very granulated shell (Havxes 2000), Like N. negleeta it has no peg on
the inner side of the operculum. N. cariosa (Woop 1928) differs in regard to its mode of life in brackish
water and it has, like N, vespitina a peg and a ridge on its operculum. Especially N. vespiting from
Hawaii resembles N, quriculata from the Indo-Pacific (compare figs.194 and 196).

129




?_

According to the illustration of AspotT & Daxce (1982) Neritina -‘un'ssrr‘ma {?mmr.n.m IBZS;
widens its shell only al the end of an ontogeny similar to that of the West Aﬁ-ma;:h.':.-. t:l'll-'t.l'n::ﬂ:n a'fit
contrasting to N. auriculata (figs.257-258, 260). The operculum rrﬁcmhleds that Dﬁ : v:;g.ué ﬁ-i’ghwn
is quite likely that N. latissima has evolved from that group including N. w.vgf.;:lmmnm r; gttt
Sea and N. futeofosciata from the Gulf of Califomia, Specimen s!_udlcd from the 1;115::muE Altnanke
History in London demonstrated that the post larval shell consists of about 1,5 E Es‘gb;un ol
coiling made before the lips of the aperture expand widely forming lobed margins. [n |¢1 aanS . $
mnother species, Neriting punciulata LAMARCK IE]!IS,has reduced the nuu1b¢r§ of’ t_vhi:nrl.-: o1, umwnh
1941, P14, Figs.3,4) to acquire a more limpet like shape, 'm!t without -.-uii:nm%} the apﬁu:-:“ i
extended wing like lips, as is the case in N, larissima, Thu?. _|l appears as ff l:.hc ;:em;a ufau i
evolved independently winged species with related species living in the Carib r.ani 31; ::)3 houof
the two faunal provinces has occurred with the closure of the Panama Seaway only abou
years ago. .

tly Neritina species with expanded lips ha'luc :."m]\_fud from nunacxparfd[ng species
:'mln:p;.I!?';|l::1-.;1r“.r:;;Ir i: the Central American region, the Wm African region, and the Indnsdml;ﬁc. Fl'::: Il'r;
later the Hawaiian branch could have evolved, and in that case N. neglecta has returned 10 non-winge
shape from N, awricufata like ancestors.

B. A short review of radula features

Troscies (1856, P1.16, Figs.1-12, PL18, Figs. 1-8) l.'.ham’.‘lﬁ:imdtl‘le rows mthenenhr;?mh
radula as having a single central tooth succeeded on each side h?r one large im;:m 1132;
tooth and two tiny second and third intermediary teeth. The next in each row w;h e p;lr ;
solid lateral teeth. The lamellar marginal teeth form an arced lm:}"ftl brush on the ::{ t;:s ﬂl:
each row, It is especially these marginal teeth that relate the neritimorph rniuln e ;:
rhipidoglossan radula of the archaeogastropod Vetigastropoda. FRETTER (IEli? ) ;{;nIargud
in the neritids the rhipidoglossan radula has the lateral teeth nearesttu!lm margina e
and most powerful, while the marginals have great freedom for their rotary movemen ;
they sweep up loosened particles on the backstroke n{‘ the radula. When Nerita is about g
feed the snout is extended. As the mouth opens the tip aftt!e odontophore advances an )
the broad radula ribbon is stretched out. The odontophore begins to recede from a‘h?z::;m?h
it is fully protruded the scraping and brushing of the radula teeth are synchron wi

closing the mouth, - |
TwieLE (1929) characterized the radulae of the 6 families of the Neritoidea as follows:

Neritopsidae: In the long radula ribbon there are no ceniral teeth; three gmmd{an{ teeth a:;‘
similar shape are small and slender and bear cusps on their frontal que. The lateral tc nn:s :ﬁe i
of rounded triangular shape with a hroad rounded and smooth cutting ?dgu. The ;}dm[;lu s u?ia o
teeth have long stalks and one part is dented and th_r. other not on their cutting _Fh:. aﬁ:. S
Neritapsis was described by Fiscuer (1875) and again Wm&}lnm_:um{]ﬂ!}.m m:n s
central tooth and also the three laterals reduced to thin membranes. It is thus probably not close
ariginal neritimorph condition. N

) Meritidae: The ceniral tooth is small and of the intermediary teeth the inner pair is br_uad and
elongated and there are two much smaller further intermediary teeth. The lul.:ra}l muﬁllsm;
mineralised and solid with cutting and scraping edpe. As Baker (1923) noted it |:ju }Ir-.: i
considerable wear, The marginal teeth are simple and have aslv:nr:t:'.r stalk and an upturn puDLni.l lﬂ
fan out during biting and sweep in material scraped by the rn!'mmhsed fourth lateral pair. a':: ‘mng‘; ?
Hicxsan (1984, Fig 10) the fourth tooth in each row (counting from the D,m,:m in lateral :;mm b-
the dominant tooth in the neritoid condition. Numerous radulac of Neritidae have heen mg_uf}a;: h::r
Kosarsu (1986). Own observations on the radulae of Nerita fulgurans, N. peloronta, N. albicilla, N.
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undata. N. tessellata, and N, versicolor revealed that the morphology of the teeth is very similar 1o
each other. Usually the broad cutting edge of the lateral tooth is smooth and there are between 30 and
35 marginal teeth present, There exist considerable variability within the testh present in the radulae
ofone species, especially when different ontogenetic stages are taken into consideration,

According to Bakes (1924), Frerren (1965, 1984), Hicxmamn (1984), and Waren & Bovcier
(2001} the Phenacolepadidae have a multiangular top quadrate small central tooth with rounded
comers and simple frontal cutting edge. The first intermediary tooth is twice as wide as lon g and bears
a dented cutting edge on its anterior portion. There are three intermediary teeth of smaller size and
each having a dented cutting edge. The lateral tooth has several larger denticles and a large cutting edge.
It appears to be smaller than is the case in Nerita. The marginal teeth are numerous and have dented
cutting edges and long stalks. These lateral teeth have aspoon-like cutling cdge and lateral flange.

The radula of the Neritiliidae has heen described by Baser (1 923) and SvarmOniner (1976, 1983,
1993). In Neritilia rubida (Pease 1865) u central tooth is missing. There iz only one intermediate tooth
with lenticular form, inclined anterior edge and a short outer lappet. The lateral tooth has an inclined
culting edge with 12 to 14 denticles and a rounded outer basal projection. The marginal teeth are
widened at their anterior end a carry 4-5 denticles here. There are slight differences in the numbers of
cusps on the teeth that distinguish the species (Ranper & Kowawxe 1999, Fig.2).

In the nuked Titiscaniidae the central teeth oralso missing. The intermediate teeth form only two
pairs of rows with the inner tooth wide at the base and narrow at the top having e puinted cutting edge
here and the outer intermediate tooth a bit larger but without culling edge. The laeral tooth has a
simple rounded cutting edge a widened median part and a pointed posterior portion. The marginal
teeth count more than 100 in each row and are long stalked and undented,

In the land-living Hydrocenidae and Helicinidac the central and intermediary teeth are reduced
(Bourse 1908, Scorr & Kewwy 1998, Fig.15, 76d). In the Hydrocenidae also the lateral teeth are

strongly reduced in sizc and the marginal teeth are numerous. In Helicinidae central teeth are still
present (Scorr & Kenwy 1998, Fig. 15.77C,0)

Neritina was divided into subgenera by Baxer (1 923}, according to differences he noted in the
radula. This differentiation is suggested to be unnatural by Havwes (2001 ). She suggested that radula
shape is not a very reliable character, since being quite variable even within a single species. Own
radula studies carried out on different Neritina species support Havses, and differences among species
are very difficult to state, Bvoer (1957) demonstrated variations also to aceur in the radulac of West
African species,

When the radula of Nerita is compared with that of Puperita as was carried out in case of’ P pupa
from Curacao, Caribbean Sea, it is revealed that in the later the central tooth is a litile more broadly
square but otherwise teeth are very similar and closely resemble those especially of Nerita undara.
Neritina piratica from Columbia, Neritina gagates from South Africa, Neritina communis from SE
India, and diverse members of the Neritina "Clithon™ group from Cebu and Bali have been compared
with each other. When single radulae are studied small differences can be noted among species.
Regarding comparison with Nerita differences are more obvious since the lateral tooth is usually
dented in case of Neririna, while it is smooth in case of Nerita, Also small differences were noted in
comparison with two species of Septaria from Natal, But a closer inspection of the variety within one
species, Neritina communis from the Velar estary in SE India, revealed that these small differences
noted between species might have litle meaning. Here 25 radulae were analysed with the aid of the
scanning ¢lectron microscope. The result showed a large variety to be present regarding central tooth
width-length relation as well as a variable number of cusps present on the cutting edge of the lateral
teeth, Also the relative length-width relation of the innermost pair of the intermediate teeth varies, But
these differences are exactly those that could be utilized- and have been applicd in literature- 1o
distinguish different species among of Neritina and Sepraria.

The conclusion can be drawn that within the Neritimarpha the radula can be utilized well us
character in the description of larger taxonomic units, while it usually is not very useful in defining
species or even groups of related species. This preliminary analysis of the radulae of about 25 species
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ol neritids with the aid of the scanning electron microscopy indicates th;.t the finc diflferences m:'rm:.l .h:"
Baken (1923) 1o distinguish subgenera among the Neritininae are difficult to support. Yariability
noted among individuals within a single species in contrast indicates that many of the radula data

found in literature and used to distinguish species of Neritina may be misleading,

9. Paleontological evidence for the history of Neritina

Triassic nertinids may look rather similar to modern Nerita and Nﬂfifina. To all present

knowledge they have lived in the shallow tropical sea. D:{ﬁng I urassic time lhuj..f -:n:gred the
coastal swamps. For example in the estuarine environment n_1wl_'u-:.:]1 the late Jurassic Guimarota
beds in Portugal were deposited (Oxfordian or Klmm?rld_glan accnrdmgrm_ BRAUCKMANN
1978) was also the living place for a small neritinid snail with characters sm:ular to those of
modern Neritina. The largest difference lies in the shape and extends of the mner_llp call_us.
This feature appears Lo represente the only difference from modern Neritina and its n:lat_lon
(Banmet & Kim. in prep.). The small (about 4 mm midmum diama’t_l:r] smooth and mmphznlr:al
nertitid shell consists of about 3 whorls of the teleoconch that is omamented by two spiral
colour ribbons consisting of pointed triangles that point t-::-wnrds‘ the apert ure. The
protoconch is spherical and the inner walls of the shell are totally dissolved. T!'us small
neritoid lived in an estuarine environment together with Pz}rchasl}a!_m guimarotensis Bmm:f.
1991 and Melampoides jurassicus BanneL 1991, the latter of which represejnts an ellobiid
archacopulmonate (Baxper 1991). In possibly asi ilar environment Neriting liassica Dulu_xm
occurred that has been found in the sandstones of the Lias near Ha‘lberstadt, Its Nermnfp
like ovate and smooth shell with variable colour patterns preserved is also not dented on is
columellar edge. CossMaxy (1925) has suggested the presence of Neritina-like species to
occur since Bathonian time and their shell features resembling that of Neritodomus.

From the Paleocene the species Neriting montensis Briant & Corner 1887 is known (Cumert
1973)(figs. 282, 283-285). _ 1 .

Description: The rounded little shell from the Paleocene of the Calcaire de Mups in Belgium

{Mons) has a short almost flattened spire and a large last whorl that is smooth and shiny. Omament
consists of brown lines that form a widely spaced zigzag patiern on the smooth buc_kgmmd of ::hc
shell surface. The aperture takes up most of the flattened base and consists ':ff a semi-lunar opening
and a large flattened callus of the inner lip, surrounded by the outer lip ip a similar manner, as i.s the
casc in Neritina pulligera. The columellar lip has two upper larger denticles, and a number of an:ua!i
indistinet denticles on the lower portion. The protoconch measures about 0,5 mm across and consists
of at least 2.5 whorls of which only the last one remains visible on an uncorroded shell. The last ?.I‘.l'mr!
overlaps onto the former whorls, hiding them. The globular protoconch is smooth and has a simple
hemicircular aperture (figs.283-284).

Differences: Neritina montensis according to Gmerr (1973) may be hciudeid within the genus
Neritaplica OrrpiEnd 1892, But it differs from Neritoplica up:‘ph‘mra representing the type to the
genus Neritaplica by its more triangular shape, while the later 15 of gl-:!hu_lar 5hap¢ (Cossmann 1913,
PL3, Figs.59-62). From Theadoxus fabulus coming from the same Ioctatlnr it differs by havmgaﬂmted
columellar lip and a protoconch that was produced by a planctotrophic larva and, thus, consists uf:‘?:,ﬁ
whorls. Theodoxus, in contrast has a protoconch of only one whorl {f_ig.?i?] p!odwced during
lecithotrophic ontogeny within the shelter of the egg capsule. N. montensis is distinguished from most
members of the genus Neritina by the protoconch in which the last Whﬂl:l CWTaps all former ones
{figs.283-284). In most cases of modem Neritina allmost a}l '-:u'hurls are visible, even though whorls
overlap considerably. The larval shell of Smaragdia has a similar overlap.

Neritina montersis was described also by Cossmasa (1913, P13, Figs.59-62) anfi Gulf-ERr{l??l
P12, Fig.9) from the Paleccene. It resembles Neritoplica that encompasses species with smonth
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neritinid shell with an obligue, semicireular aperture. It has has a strong fold on the posterior columellar
cdge of the inner lip that continues into the interior of the shell. Some weak denticles may be present
below, The genotype by subsequent designation is Neritoplica uniplicara (Sowerny) (=Neritoplica
globulus (Desuayes) from the upper Palcocene of the Paris Basin (Wenz 1938, Fig. 103 1), Orpenifeim
(1892) noted that Recent neritinids never show a strong columellar fold like Neritoplica. He regarded
this feature as primitive and considered Neritaplica as a link between Recent Nerita, the Neritininae
and Cretuceous Deianira, But when compared with modern neritinids it becomes evident that spine-
less Nevitina "Clithon" of the C. corona group such as found in rivers of SE Asia is extremely similar
to the Paleocene N. mortensis regarding all features seen on the shell (see chapter 7.5 g, h). Neritaplica
appears to have lived along the shore during the Late Cretaceous (Kowarxe & Baxpe 1996, PI1L

Fig.1) (Baxper & Kt in prep.), and it may have entered the coastal swamps at that time,

During the Eocene several species of Neritina were living in coastal swarnps along the Tethys
Ocean, such as Neriting lutea Zirres 1862 found in the Bakony mountains at Dudar in Hungary. Here
the spire consists of 2-3 whorls of the teleoconch and there is a slight concavity on the upper side of
the whorls below the sulure. The inner lip consists of @ hemispherical callus pad and a finely dented
columellar edge. The posterior margin has a stronger denticle apically and 5-6 weuker ones below, The
omament of the smooth shell consists of broad spiral stripes and numerous i ght brown dots arranged
spirally all over the shell surface along with fine collabral stripes.

The studied specimen come from the brackish waler elay of the Dudar coal mine. Their shell is
ahout | cm high and wide. The material from Dudar indicates, that the inner lip in the adult differs from
that of the juvenile. While the callus forms a wide thickened pad in the adult and the columellar edge
is almost smooth, the inner lip of the juvenile is flat and the columellar edge dented, The protoconch
is formed by a rounded shell, quite as is the case in a planktotrophic larva.

It seems that Neritina lutea is the same as Neritina passayana Desuaves 1866 with the colouration
sometimes dominated by spiral stripes, and in other individuals by dots (Deskaves 1866, Figs.11-13,
Cossmann 1925, FL7, Fips.20, 24). According to Szots (1953) V. lutea occurs at Gant with ils
sedimentary transition from shallow marine deposits to such of the coastal swamp. Also from the
Eocene of Hungary a species very close or the same as Neritina passayana from the Paris Basin was
described as N, dudariensis StRavsz 1966 (Kescskemen-Korvenpy 1972, PL4, Fi £s.13-18; Barmiia &
Kecskemen-Koruenoy 1963, PL21, Figs.7.8). This species from the Dorog Basin to the north of
Budapest was also figured by Oreesueng (1892, P1L31, Fig.13) and Steausz (1966, PL4. Figs.6-8).
Kecskemen-Kormenny (1972) noted that the typical N. dudariensis is higher and the apex more raised
and the denticles of the inner lip are less developed. Strausz (1966, P14, Figs.6-8) considered N,
dudariensis a different species from Neriting dutemplei (Desaves) as illustrated by Cossmans &
Prssarro (1210-1913, P15, Figs. 39-40) because of unidentified differences on the columellar lip. From
Neriting consobrina Ferussac us illustrated by Desuaves (1824-1837, PL19, Figs.5, 6) it differs by
having the concave upper shell Aank in the penultimate whorl. But all of these "species” may belong
1o the same species having lived in different parts of the coastal swamps of the Tethys Ocean during
Mid Eocene times,

Accarding to Cosssans (1925) there were quite a number of rather similar species of Nertiting
that lived during the Eocene of Europe, and similar ones also occurred in different species in the
Oligocene and Miocene here, before temperatures dropped below their requirements. Most of the
illustrations provided show species resembling Neritina communis and relation among the living
species with rounded shell and columellar lip bearing one larger denticle in its more apical part.

9.a A Neritina or Theodoxus from the Oligocene of New Zealand

The species Neritina pomahakaensis (Frauay 1924) according to Beu & Maxwerr (1990) has a
8-10 mm high globosely shell that has a depressed spire which is corroded in most specimens. The
protoconch is smooth and cup-shaped and teleaconch consists of 2-2.5 whorls that are slightly
flattened or weakly concave adapical, convex below with the last whorl capacious, There 15 no
sculpture apart from growth lines and weak spiral strize. Shell colour pattern consists of narrow
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brown to grey zigzag stripes on paler background. The aperture is Jarge apd ov:flu with the Iinm'r Iip
oblique and almost straight produced laterally to form a moderately wide thin septum (inner !!p
callus), bearing a single low fold near the adapical end, otherwise smooth. The op?mimn is ovale ws_th
smooth outer face, paucispiral with subterminal nucleus and a curved apophysis emerging opposite
the nucleus on the inner side.

This late Oligocene species from New Zealand was described as belonging to Neritoplica because
of the single columellar denticle present. It is therefore not considered to belong to Neritina or
Theodorzus. But such o denticle is characteristic to many living species of these genera, so that this
argument is of little value, Beu & MaxweLe (1990) consider the species to be close to Nen'-‘op.!l’c.a
subornata (Ormaxy 1850) from the Paleocene of French fresh water deposits. N. pmaﬁaﬁaemu‘l is
the only representatives of Neritina or the like in the New Zealand Tertiary. It appears together with
Melanapsis in New Zealand in the Oligocene within estuarine swamp fauna,

It would be highly interesting to know its protoconch since its occurrence together with
Melanapsis suggests relation to other fresh water species that lived along the shores of the Tethys

Ocean (Baxnen 2000},

10. Comparison with older neritoids

In the Late Triassic St, Cassian Formation of the Dolomites the genus Trachynerita
KrrrL 1894 with the species Trachynerita quadrata (Storeaxt 1858-60) belongs to the
Neritoidea since it has the inner wall of its shell dissolved. Here the family Protoneritidae
KiTTL 1899 would be available to place Platychilina Koxex 1892, Protonerita Kirm. 1894
and Trachynerita KTt 1894 from the late Triassic in a higher taxon. But Cossmany (1925)
correctly observed, that it would be quite difficult to distinguish this taxon from taxa used to
place later members of the Neritoidea with similar shell shape.

T. quadrata has a 0,4 mm wide protoconch with simple apertural margin and clearly including a
planktrotrophic larval shell. It is succeeded by 2,5 whorls of the tetwmn:ih with anpular whorls and
step-like shape of the dull spire. Its only ornament consisis of growth lines und colour pattern of
zigzag marks. The aperture is egg-shaped with narrow inner lip and simple, thin outer llp'wﬂh a
central callus thickening. The similar Trachynerita nodifera Krrm. 1895 has nodular anterior and
posterior edges, is otherwise similar. It protoconch is smaller (about 0,3 mm in diameter), and the shell

is also only a litile more than 2 mm high when fully grown and having 2.5 whorls. T, guadraia has been
illustrated by Zarona (1985, PL3, Fig.9a) as Naticopsis zitteli (pers. comm. Annefte SCHWARDT).

The genus Neritaria Koxex 1892 with N. mandelslohi (Kupsten: 1843 ) also from the St. Cassian
Formation has a large protoconch measuring about 0,6 mm in diameter and consisting of almost th_:cr.-
whorls with a fincly reticulate omament and a row of nodes near the suture. The teleoconch consists
of 1,7 whorls and is globular in shape when the shell measures 2,6 mm in heightand 2,7 mm in W‘ldlh
Sutures are indistinet and ornament s that of collabral elements that may be indistinct or quite distinct

axial ribs. In addition there may be zigzag and spiral colour patterns. The aperture is semicircular a:nd
ohlique with a callus pad at the umbilical portion of the inner lip and a denticle on the apical portion
within the outer lip. The operculum is paucispiral and thin and has a smooth surface. Neritaria
neriting (MonsTer 1841) from the same Triassic strata differs regarding the denticle on the outer lip of
the aperture and a smoother protoconch having only axial ribs and a larger size of almost 1 mm in
diameter with more than 3 whorls, In the globular teleoconch the inner lip has a thick callus that forms
a hump in the umbilical region. The columeliar edge has a central denticle and a sccond broad anterior
denticle. Scrwakor (in prep.) also noted a species of the penus Neritaria from the St. Cassian Forma-

tion that is of more lenticular shape with more tightly coiled whorls and also two denticles on the
columellar edge of the callus covered inner lip.

Neritininae resemble in general shell shape species of the Jurassic genera Neritoma and Neridomus
(=Neritodomus as renamed by Fisciim 1885) according to Cossmars (1925) and Wi (1938). Neritoma
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Mongus 1849 has a spherical smaragdiforn thick shell of globose shape and obliquely oval in outline
und about as high as wide, The sutures between whorls are shallow. The inner lip of the aperture is
thick diminishing the aperture, and the columellar according to Wizvz (1938, fig. 1009) carres o median
denticle and the genus is based on Neritoma sinuosa (Sowerny 1818} from the Upper Jurassic of
Boulogne sur Mer.

Neridomus Morgis & Lvcerr 1851 represents a genus of fully marine species growing to a size
of 1-2 em. The type is Nerita hemisphaerica Mormis & Lycert from the Bathonian {(mid-Jurassic)
mrd_hngw Cosssany (1925). In difference to the latter Meridomus (=Neritoma) has a smooth callus
of the inner lip. Kase (1984) described Neritoma (Neridomus) from the Early Crelaceous as plohose
shells with whorls embracing each other almost entirely. The aperture is auriform in outline, and the
wner lip thickened and simple as had also been suggested by Avson (1955). Wenz( I'S!ER}cn;'Lsidmd
i_:uth the?c smooth Jurassic neritoids to belong to the same genus and to represent subgenera with the
indentation of the lip charucterizing Neritoma (Neritoma) and distinguishes it from Neritomea
g;;sfmus) Mormis & Lycerr 1851 with otherwise similar spherical shell shape (according to Wenz

Huoveston (1884, PL9, Figs.4-6; 1894, PL. 28, Figs.11-12) considered Jurassic species lo represent
a subgenus 10 Nerita (Neridomus) and described Neridamus tumidula (PriLvirs 1829), which may be
the same species as that considered as type (Nerita hemisphasrica Ropser according to Morris &
Lycerr (1851) from the Middle Jurassic of England {Wewz 1938, Fig.1008). This species is the same
or very simila_r to Neridomus anglica Cox & ArkriL 1950, CossMany (1885} described several Mid-
Jurassic species from France, all of which are quite similar and fil in the diagnosis of Neritoma
(Neridomus) with smooth columellar edge of the callus pad of the inner lip of the aperiure. Cosssars
(1925) considered Neritoma nuda (PieTTe) as neo-genotype since it displays the undented columellar
edge, which is usually not preserved in the type species and the other species belonging to this genus.

Jurassic nerites therefore appear to represent two differing types of columellar edges, one
smooth and the other provided with & denticle. Lissochilus Pemio 1832 represents a genus with
cancellate omament of the shell (Cosssaxn 1925). They could represent relatives of the Triassic
genera of which Trachymerita has a simple smooth columellar edge while that of Neritarig has a
denticle in its posterior portion.

Species like Neritoma (Neridomus) dolichostoma (Cossmasn 1907) oceur in the Mid-Cretaceous
of Japan (Kasc 1984, P10, Figs. 9, 10) as well as in the Urgon facies of the early Cretaceous of France
(Cossmann 1907, P16, Figs.18, 20; 1916, Fig 22: 1925, P16, Figs.22, 23). This species has an about 2
em wide and high shell and a wide bulging callus of the inner lip and & smooth columellar edge.
Omament of the rounded and smooth whorls consists of zigzag colour bands. It is also similar to
Neritoma woodfordi Avtsos 1955 from the Albian of Baja California (Kase 1984, Avuson 1955).

The genus Lyosoma Warre 1880, based on Lyosoma powelli Whrte 1876 from the Middle
Jurassic of Wyoming (Wewz, 1938, Fig.1019) has the inner Hip not preserved (Kngut et al. 1960).
Here tl‘_l: last whorl of the teleoconch has oblique lamellar axial folds as ornament. The Eenotype
according to SowL (1965) has a smooth inner lip, which distinguishes from (Mastama with cmn;tl_v
dented inner lip. In the description of Lyosoma by Wenz (1938, Fig. 1019) the inner lip has a
denticulate columellar edge while in his illustration this edge appears to be smooth and not dented. I
SoH (1965) is correct, and the inner lip is smooth, Nerita costifera Prrre illustrated by Cossma
(1885, P127, Figz.59, 60) could also be placed here from the French Mid Jurassic, marine beds.
Huniestor (1894, PL9, Figs.7-9; 1894, P1.28, Figs.6-9) described three very similar species, as Nerira
preudocostata Ormony 1849, N, costulata Drsnayes 1838 and N subrugosa Huoueston 1894 from the
Mid-Jurassic of England, which could be considered to belong to Lyoasoma, Here the up to 1 em large
mhglnbulm'mnlfsiw omamented by regular axial ribs, and the aperture is simple, like that of Neridomus.
The smooth and simply straight columellar lip and thin outer lip distinguish clearly from genera like

Nerita, Dontostaoma, Otostoma and Neritaplica.

In the late Cretaceous (rostoma Arciuac 1859 that includes such taxa as Corsania VioaL 1918
and Dexmieria Bavie 1904 is u common neritinoid (Bavore & Kiew in press) that has a characteristic
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pattern of ornament, which appears to he restricted to Cretaccous times, in contrast to the observations
of Cossmanm (1925),

11. Comparison with the Neritidae

11.a Recent Neritinae of the genus Nerita

Spiral ribs usually ornament the roundish shell of spu.nir:s of the n:critinr:s, more rnn:Ii,i-
they are smooth or axially ribbed. The shell has a low spire, enveloping body x}rhorl, aJ;
inner walls are resorbed. The protoconch is smooth and consists of several aragonite v:rhor 5,
is globose and involute (BaxoeL 1982, PL21, Fig.3) {ﬁg.ﬂﬁ?. The :f,perture is uf&emlcml;:ug
outline with denticulate or smooth columellar edge l:.lf the inner lip and _ofben a crenula %
interior of the outer lip but, sometimes also a smooth inner side c:-l'mflur lip. Thc lc!mnf:
is composed of a relatively thick outer calcite layer, whicl_'t is underlain by an u:mel; aragl;:r:;lte
layer with crossed lamellar structure. A planktotrophic larva has USII?“}" en a;ge E
protoconch with smooth whorls in strongly convolute arrangement. As in the te oconc .
inner walls are resorbed in the protoconch as well {Bms;. 1992). Hen:e the shell consists o
very thin organic periostracum underlain by aragonite mineral deposits. , ,

The modemn genus Nerita Livwt 1758 with ovate to hemispherical solid shell with low s]-nml ﬂ
enveloping body whorl has the aperture usually with denticulate culumclh_u' septum and cmnum
interior of the outer lip. The inner walls are resorbed. The flat callus of the inner lip mmmnzly -
tecth, folds or pimples and extends over much of the base. '['hl: upcl:l:ullrlm is uu]mw:;us an !u:r;e:h i
carrics a projeclion on its inner side next to the oulumellar_ lip in “d'utfh inserts into the nr:;;;c e REe
snail. This hinge consists of a flattened projection :xt_cnc_llng to the side that is suppo : ¥ & et
thickening and connected to a lateral ridge. B:Iqw this ridge a Emtenwd_muﬁcm :1 prtiasen ,ﬂm
Nerita species as well as Dontosroma have a similar t_::percular hinge. It differs of Pupe
and Neritina that have more knob-like pegs at their hinge. |

The globose protoconch is smooth and consists of several whorls, which are u!“mrungg m-.r;rlmc
coiling (figs.223-226). The genotype is Nerita peloronta Liase 1758 from the Caribbean Sea (Wenz
1938) (fig.213). .
}énli* species that have a spiral ornament of ribs are here included in the genus Nerita, Auﬁ.ﬁriu:g
to Cossmanw (1925) the genotype of Nerda is N. senegalensis Guzum 1791 that lives on the x
African coast. It is similar in shape to the Pacific & atramentosa Resve | 8.55 from Auﬂlallu 1::
Zealand (Assorr & Dance 1982), which differs by reaching about double size. Thr.l re]m;cn ymmg:ﬁi r
peloronta (about 4 cm high) and the relatively sma!'l N smaga.'em.‘f {nh::-m 1 cm hi 1:3-,11]213 ',‘2 : 5:. I
represent quite well the range of shapes present within the genus Nerita in total (figs.213, ¥
The genus Nerita has been split into several subgenera. _{)nly those subgenera Pm?ﬂdﬁj I::
TreLe (1929), Wexz (1938) and Vermen (1984) _lhat have a spiral ornament are here mlllISI »
belong the genus Nerita, When outside of the d-'.‘-ﬁli;l‘!ll}&d ype spmitsl to thic mbgmmn:anu: er xme
of the genus are included in the comparison h-nnsmuns. from one subgenus lo o l:IH o
obvious. These regard the presence or absence of callus ridges and 1_ubm:ulcs faf the |@u P 1 :
aperture, the number and size of the columellar denticles, the crenulation Drl'rd.l:l'll.lclﬁ present or absen
in the vuter lip, the covering of the spire due to a more m."lcssl convolute cmlmg, made, EE; the Ercacnu:
or absence of pustules on the operculum. Thus, the distinction of subgencra is u{ doubtful |.u.::l.IIIr among
the living species and may be just as misleading as is shown to 'Eule the cascw%tl'ug the g:::s e_nmta
(sec chapter 7.). When fossil species from the Tertiary were to be included, this picture becomes even
more confused and more subgenera would have W be created. .
The subpenera sugpgested by Wenz (1938) amounted to four, while Versen (1984) n:cugi'uxcd
nine. Ofthese later only those with a spiral omament are considered here to compose the genus Nerita,
So there are § subgenera that can be characterized as follows:
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1.) Nerita (Nerita) has a low spire, a smooth inner lip callus, and characteristically is the
columellar edge with two large denticles. On the outer i p alarge posterior and & small anterior denticle
are present with small denticles hetween them {fig.213). The operculum is tuberculated.

Remarks: Nerita (Nerita) is based on the rather large (4x4 cm) N, (N.) peloronta with more than
three whorls of the teleoconch and a concave inner lip callus and smooth columellar margin that js
slightly concave bearing two larger denticles of which the posterior one is the larger, and there is a
posterior proove, The large denticles of the outer lip lic in front of the operculum ifit is withdrawn,
The subgenus Nerita (Nerita) is represented by only one species from the Caribbean Sea (AssoTT
1974, P1.3, Fig.519, Banner & WepLer 1987) (fig.213).

2.) Nerita (Theliosivia) Moren 1852 has low spire, and characteristically isa granulated inner lip
callus. The columellar edge bears 4 small teeth, and on the outer lip a larger posterior denticle and row
of small denticles are present. The operculum is granulated.

Remarks: Nerita (Theliostvla) with the lype species N. albicilla Lomiacus 1758 from the Indo-
Pucific has a low semi-cgg-shaped shell with almost flat apex and a little more than two teleocanch
whorls (fig.215). The inner lip callus is granulated and the outer lip dented within sométimes a larger
denticle in posterior position,

A species from the Gulf of Aqaba that closely resembles N, planospira, helonging o the
subgenus N. (Hlnerita), has the callus smooth and the columellar edge ulmost so, while shell shape and
ornament is like that of N, albicilla, The columellar lip is centrally slightly concave and, in case of N.
albicifla has 4 small teeth in this depression. At the apical end of the columellar edge there is a gutter-
like depression connected to a smooth callus ribbon, Omament usually consists of well-developed
spiral ribs. The operculum is granulated on the outside. It differs from N, (Merita) by not having the
two posterior strong denticles on the columellar inner lip and small teeth on this lip. The callus of the
inner lip is covered with granules as is the case in A fesselata (fig.212)

N AT} senegalensis Guerms 1791 from the Cameroonian coast forms anly about two wharls of
the teleoconch. Here the aperture closely resembles that of . albiciila, while spiral ribs are less
distinct, and the shell is smaller (about 12 mm instead of 24 mm). But the West African N. senegalensis
closely resembles Nerita atramentosa Reeve 1855 from Western Australia (Arsorr & Dasce | 982}
Specimens of this later species, that represents the type of the subgenus V. (Melanerira), were
vollected in a mangrove near Sydney are double as large, but otherwise closely resemble N senegalensis,

From the middle Miocene of Hungary Strausz (1966, P1.53, Figs.17-19) described Nerifina
piutonis Basteror 1825 that very closcly resembles the V. ¢f. planospira living on pebbles and rock
surface in the intertidal region of the Gulfl of Agaha, but may have a few more spiral ribs. (15-20)
instead of 9-12 found in the living one. In both, the living and the fossil from the Paratethys, the ribon
the peripheral edge is the largest, as is the case in N Planospira from the edge of the mangrove on
Cebu,

N. (Theliostyla) resembles N, (Melanerita) in shape, ornament and lip features, but the inner lip
callus is more concave in N, (Melanerita). According 1o Wenz (1938, Fig.1024) the subgenus N.
{Theliostyla) holds several species and accordin g 1o Custino-Woons & Sauw (1986, F ig.6; 13,16, 17
it occurs in the Palacocene of California. This fossil species looks quite similar to V. planaspira living
in the mangrove of Cebu. The protoconch is of characteristic shape 1o the genus (Sasaxi 1998,
Fig.78a,b). It measures more than 0,5 mm in width and height,

3.) Nerita (Heminerita) has a visible spire, and characteristically a smooth inner lip callus, the
columeliar edge with low denticles, and a smooth outer lip. The operculum is granulated with smooth
TTHATEIN.

Remarks: Nerita (Heminerita) Marrens 1887 (3) based on N. pica Gouto 1850 = N. japonica
Dunker 1859 from Japan has a indistinctly to distinctly spirally corded shell with visible spire, but
roundish to egg shaped shell outline in size t 1-1,5 em. Whotls are 2,5 after the typically rounded
protoconch, and they are all well visible, A (Heminerita) guamensis Quoy & Ganaann 1834 belonging
here is a relatively high spired shell with almost 3 whorls of the teleoconch, about | cm height and
omament of spiral ribs. But here the operculum is smooth and flat. The columellar edge of the inner lip
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is slightly concave, and there are no or simple rounded denticles, variable with different individuals of
the same specics. The apical canal on the inner lip is well developed and there is a thick callus ribbon
near the suture conneeled to it. A similar species with about 2,5 teleoconch whorls lives next to the
mangrove in Rarotonga (Cook Islands) of the Pacific. It has an operculum with smooth exterior
surface.

N. (Heminerita) forms a group of relatively small species of Nerita, which resemble N,
(Cymaostyla) save for the smooth callus and greatly reduced lip dentition. N. (Heminerita) insenlpta
Reciuz 1841 from the Marshall Islands as well developed spiral ormament, bul also a pustulous
operculum and low rounded denticles on the inner lip callus. Thus there appears to be transition 10
ather Nerita. This is also the case with all black Nerita (Heminerita) mario Sowerby 1833 from the
Easter Islands, which closcly resembles the Cameroonian Nerita senegalensis in shape, size and
arnament, but has smooth inner and outer lip.

4.} Nerita (Cymostyla) has short, pointed upright spire, and characteristically the inner lip callus
with branching folds. The columellar edge bears two or three teeth, and the outer lip is denticulated
with the most the apical denticle being the largest. The operculum is granulated.

Remarks: Nerita (Cymostyla) Martens 1887 is based on N, undata Loweos 1758 from the
tropical Indo-Pacific with about three whorls of the teleoconch and well developed pointed spire
(figs.211, 218). Apically to the large denticle of the aperture and near the suture there is a low apical
canal with narrow callus ribbon that is deposited on the inner lip callus. This later feature resembles
N. (Linneriay= Dontostoma. Wenz {1938) suggested to unite N. (Cymogtyla) with Nerita { Ritena)
Grav 1858 in the same subgenus. Apparently N, (C.) undata is present in Mombasa, Port Sudan, Bali,
and the Philippines representing a comman and large species of the intertidal rocky shore. The number
of large denticles on the apical portion of the outer lip is somewhat variable ranging from 1-3. N
{Cymostyla) is differentiated from N. (Rifena) by the columellar cdge. Its protoconch is illustrated in
fig. 228,

From the mid-Miocene of the Paratethys Strausz (1966, P1.54, Fig.1) described Nerita undaia
preudoplicata STravsz, 1960 that closely resembles the living N, undata. The fossil species differs in
having fewer spiral ribs of the ornament (18 instead of 30), otherwise resembles madern N. undata,
but not N. plicata which has different apertural features. It also shows similarities with Nerrta
fulgurans GueLrs 1791 from the Caribhean Sea (fig.207).

5.) Nerita (Rifena) has rounded and projecting spire, a ridge covered inner lip callus.
Characteristically the columellar edge bears 3-4 strong teeth, and the outer lip is strongly dented, with
large denticle apically, second large one anteriorly and 3-4 folds between them. The operculum is
smoath and concave when young and tuberculated later.

Remarks: Nerita (Ritena) is based on N. plicata Loaarus 1758 from Central America (Wenz
1838, Fig.1023) with a little more than three whorls of the teleoconch. It occurs widely in the Pacific
and specimen from Bali and Cebu are just like it. The shell has strong spiral cords and a strongly
toothed aperture, Cossmam | 1925) suggested here the subgenus N, (Pifa) Kue 1758 for this strongly
ornamented species from the Indo-Pacific. The inner lip callus has a pattem of folds that is similar to
that found in N. (Cymostyla) undata but also to N. versicolor (fig.210). But in contrast to the former
the columellar edge is convexly rounded and carries 3-4 strong teeth (fig.214). Fully-grown specimens
appear to have a fully tuberculuted operculum. Individuals from Bali, Rarotonga and Mombusa
appear lo belong to the same species.

6.) Nerita (Melanerita) has low and rounded top, and characteristically a concave and granulated
inner lip. The columellar edge bears 2-3 denticles, and the outer lip is serrated and has two large
denticles apically. The operculum is pustulated.

Remarks: Nerita (Melanerita) Martens 1887 (6) has the type speeies N, migra MarTens 1889 (=
N atramentosa Reeve, 1855) from southern Australia (fig. 216). N, (Melanerita) melanoiragus ocours
from New Zealand to Tahiti, from Bali to Hawaii and South Australia. It is a rock clinger with flat
apertural area and concave inner lip deep down. Whorl dimension increases rapidly so that very little
of former whorls remain visible, or they arc totally concealed by the last whorl. The large shell like that
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i
n{ N. tessellata C_IMELL'\’ 1791 from the Carihbean Sea is usually dark (fig.212). The inner lip is conca
with ia-.n :fpica_l ridge 'rhsft forms a groove before meeting the outer lip. The columellar li;; has l:uc
mﬁu ar ridges on huth sides of the 1_'-:1 median denticles. The outer lip has two large denticles apicall
and a serration besides that on the inner side. Here the spire remains well visible and is L‘xp-DEI:d ”

N. (Melanerita) shares many features common wi i q
. . 3 n with N, (Theliostyla), and may in re n
E f::rﬂ :;trlf ;u:la\: a;z:; ip:;c:a nl‘N‘.i[{I;_'.‘:egm!}d'a] in which the external sculpture, ua!};“ E‘I[ptuﬂcm?m:
: e reduced (fig. 212}, In the Canibbean Nerita rescelfata GaeLm e li
- - T 3 . ?
g?;:f::; |: n‘:1 reduced, as is also the case in the type species. It is also similar :: N [C‘_rmlmg:rf:: |::lpl
aving a concave inner lip callus and an etched marg; Thi nru1 re
di ha ne gin next to the callus. This large fi
;:: the most r.lhanI:Il:rf:;t: %:;ln u{;hc :Iuhg,r.nus N (Melanerita). The species N. {Ma!amr.:;?aciﬂam
GuiLLoy i. Here er i i o
el ie inner lip callus and the columellar edge are a little smoother

7.) Nerita (Hynerita) hos a churactenistically flattened apex with a peripheral angulation. The

inner lip is strongly pustulose with the col i i E i
iy gly p ¢ columellar lip bearing three large denticles. The operculum is

Remarks: Nerita (Hynerita) Martens 1887 (7) is ch i

. - Homorks g aracterized by a flattened a
riplLil-fl-. ZI::HI rib dmlup!ng into a crenulated ridge that may or may not l’ar}r; anangulatium I::i;ﬁ
ufth o 1:.: s:amnglspua;‘l::lrds un the vuter surface of the shell. It has a strongly pustulose callus

e irregular tubercules on it and on the inner lip @ deep apical sulural canal.

- " v ¥ I.h
Llp is more straight than that of ¥, (Melanerita), but otherwise very similar with three :“Tﬂ:u:::}::lr
P:gt:;:é:{sﬁ;}épr;fe‘:rs and:: ;‘J;;}; ;pe-cies ofthe subgenus is N. planaspira Axron 1839 from the Indo-

: BOTT considered the subgenus to be the same as V. (Theli
subpenus occurs all around the Indo-Paci i i iy
oy fic from India to New Caledonia, the Philippines, Indonesia,
B.} Nerita (Amphinerita) is low and rounded, and has characteristically the inner lip weakly

tuberculated and the columellar i y
AR ellar edge with low tubercules. The operculum is partly granulated and has

Remarks: The subgenus Nerita (Amphinerita) Martens 1887 (8) with the i
H"-a'l':!ﬂﬂl‘iﬂ.l"lﬂ Kia.a‘umi .]343 from South Aﬁ:ica{ﬂam 1923, Wenz 1938, Fig. 1025) uwft;?l: zpwislm{-l
::’}v.: ;:::ﬂm ﬁ:ﬁfﬁlgr‘a L;Gmt.hw 1841 with two granulated regions scparated by a Inngitudh'::?i:m on
; urface. Seen from the side the spire is not visible, the ornament consists of very fine spiral
I::-:z ?Im:l :ucusll":c] Lmt:iriapmmth on the type species, The callus and the columellar edge g the
e p are only ; y tube ulated. The operculum differs in N, (Amphinerita) articulata Gonn

m ndochina, with fine spiral ornament and uniformly granulated opereulum. This large i
that lives from indt.'mhinnm Australia has a simple inner lip callus, a well—dﬂclup:;:l subsutural pebare
on that callus, a slightly concave columellar lip with four denticles on its central portion R

Resume: All these species have a very ¢ isti i
s!lmw:s. Their usual Imhitntl:i: hard subﬁnmf!;’n mﬁlﬁiﬁﬁﬁiﬁhﬁfﬂ ﬂgﬂ]"nipliﬁl
lm? together with Dentastoma. Onto the hard substarte they usually also d;:pmfl thi:i_:' : 1::
:;Ilmh are of cupola-like shape (Baxoew 1982). Their lid-like convex upper part is r:?r?l’-:?anfc? b
Hgﬁrmus @:Iml::i which have been produw? by the female. In Columbia it was observed lh:;
ita versicolor has between 50 and 100 epps in each egg capsule, and all of them develop into a

veliger within more than two weeks and hatch. The same
T foe ; can also be stated for Nerita tessellata, Nevita

sugg:;dkﬁl{;?ml:'maf on the rcl_uhﬂnshlps umong the subgenera of the penus Nerita, He
i L _ fnnerita) (in part Donrostoma) is closely allied to N, (Amphinerita)
2 ﬂlrﬂ'-cﬁl removied ﬁumN (Ritera). Itwas assumed that the clade including Linserita and Amphinerit

is of relatively recent arigin, since these are confined in the modern fauna to the Indo-West-Pacifi :
h:'m no known fossil species outside that region (contrary observations sec Banper & Kie e

N. [C}"mt.}.ﬂ:'.’ulra}z N. (Ritena), and N. ( Theliostyla), on the other hand, are interpreted 1o ha L']';l‘clzhmpl
{e.f. Pacific) distributions, which is interpreted to imply a more ancient origin for m:s; usu:rlalL;
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i .0 i ; tures commaon with N (Thefiostyla), and
munfcl ; “2:?: :‘:;:;T;;n;f::fﬂﬂs?ﬁ:: ::?;:‘}I{:f:ﬂc, in which the -I:xtnrnat sculplure, -:EL_I]IL:;
ﬂﬁpl‘upr:smd lip dentition have become rcducrad. ;’. {Hem;;erﬂ::] rcg:sq;ngﬁ l:-c ﬁ:fd ulfillsu;n:li‘: :11 L—.n

i 2 maostyla) save for the smooth callus y red:
:ﬁl?m\;h::hmmm :;‘trc{pcrtgcn?lic dcﬁva,ti_ws of the &, () ym}:-siyra} stn::.k,Twhmm:: ;Thl::ﬂli
chiefly on islands in the Indo-West-Pacific region. Wm (1938),in EUHlTﬂSLi:_ll'lcier ot i ot
subgenus to Puperita. VERMED {1984) found the rl.‘.l:.nlmn.s uf‘thuls monospec ,}]ai iin ) v
{ Nerita) confined respectively 1o the Indo-West- Paeific and Caribbcan n:.gmns re : [ : -

Actually all these assumptions expressed by Versen (1984) are quite unéiafe in thr: I:fhé 0 lI e
more ancient species that have been found in th:.-. Luh: l:‘reufrgnus (BanpeL & ; ;.L u; E mﬁilii;np:cm
resembling Doniostoma and Nerita have been i!vmg in the h:i!lys (:loeap murc. : Enm“ g
apo and they settled a continuous coast stretching from Ammca_tq ft_"mm ;nmr?'a; ey ;
also present in the Southern Hemisphere as is evidenced by speeics [rom =
The ecology of Nerita and Dmfu:mmfl is q‘:ite thr:_ gun:ﬁcmalﬁi ;I:; :::-Ilf::; mm rnwp:] e
mulf:-]' Sh?:j :15:}1:::}};1: 1:: ﬁige::gﬁz?t::::: %:;o:vh:rrj:mﬁmﬂ connected to the pl:l.mimil;y of tidal
izsudltscn\\'uu {1978) noted in the Admiralty Gulf of NW Australia lf.mhl ::;:.‘da rﬂ“:;“:;&f ;::::
(= Nerita signata Lamarck 1822) is highest up to the :-:hur: witl over
:I::ii:i u::j j‘:&anmf::ma polita mixed in “:::id mﬂgnml;chr;&wslﬁf:rﬁ i:;:n sch;::s ;: ::: aﬂfzdk::
in mi i d N. undaia above " :
?&:hﬁn?hﬁiz:z::ﬁd IE: ti;nn: :Tllxb?mn region Nerita tessellata lives in the lower inlcrmdal _i."i;:'rlc. :;.“t‘
overlapping rage with N. fulgurans. The splaa!'L zone is prcfcmf:d by “J‘u'r’ pe.‘wr;:ﬂ!‘;.:r? ]and N. versicolor
which only the very large individuals move highest up {BanpeL & WEDLER ;

1 1.b Some Neritinae from the Eocene

of Nerita species from the Eocene of Europe several have a !uw sh:ll.wuh
lhmclll:)::iiu:tfnng spiral i‘n':‘.:'rhe juvenile shell of wha_t appears to be a Nerita rricarlr;;;a
LaMarck was studied coming from the locality Saffrée in the Paris Basin (Cmssmm o
P16, Figs.18,41,42). The protoconch has an embryonic shell that measures about | k g
diameter and is surrounded and partly concealed by Tnoreﬂum one whorl of tar;_?ss ; Ll'ght
whole protoconch measures about 0,7-0.% mm in width and height [ﬁgsl.?], 1]. As :ms
collabral growth line ornament is developed, and the apcrmral_ margin is weak y;;:;uomé
The teleoconch features three strong spiral keels belwef:n which nmmmhas;;\%h o
appear with later whorls (fig.280). There are four whorls in the fully—gm 5 wj L'[h -
lip is flattened, and its callus cover granulations, T}nr columellar e:dga._: is %ranula v;::j :
upper and the lower denticle larger and the ones in between on a slightly conca ge.
According to Szots (1953, PL2, Figs.1,2) a similar species occurs in Gan; {i;run?ar}'} ’;:r:ix
also illustrated by Orpeema (1896, P15, Fig 8) and Dmu.l{i?ﬂﬂ,l?l. 1, Figs.12,1 }1.I bz‘;zﬂp:thc o
Diestaves 1866 differs by having more spiral ribs. It has an cssmhn]:lly smooth zll'::m it
spiral keels, as is the case in N, fricarinala, while these are filled with fine ? !::n?:rm mmia'
Nerita pentastoma according to Cossmany | 1925, PLG, F1_gs. 18, 41,42) hos aclose n:K oy
which he called Nerita dainellii Cossmara 1923, A specics ﬁgured_ h}: Kpmmmr_n- Dm::‘:hrrn'ﬁm;
P13, Figs.10-12, PL4, figs. 1-3) from the Eocene ofthe Dorog lin:sm is a!so ﬁ'h 1: %rmp e e
heberti Szoms 1953 the protoconch is smooth and round::d, und wn‘.!:! begin ofthe te a-::mm B
bears four keels and becomes more and more flattened apically. In this apmnllirhf:alarltten m‘.;';nmﬁm“
three or four finely granular spiral riblets, of which also some appear duﬂpg. Em s T‘m;,
With four whorls the shell is ﬁ;llyvgmmlm m:::;:s :l:l::l::‘d rnmrl; ;mg;:“ “t?:l: =:I'II;1 ‘; e m.m
i edpe is u wi u dthe
iﬁiﬁfﬂiﬂﬂaﬁgﬁwmll Figs.3-5) this species is close to N. w?;:ﬁo;-m ap':;m'lem
from Dorog are about 6 mm high and 8 mm wide (Kecskemen-KORMENDY 1 972, PL4, Figs.4.8).
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1L Semineriting and Dontostoma,

The genus Semineriting CossMany, 1925 based on 5. mammaria (Lamarck 1804) from
the Middle Eacene of the Paris Basin (Cossmamy 1925, PLS, Figs.37, 38) differs from most
other Neritinae by shell shape and convex columellar lip. The shell is of rounded shape and
ornamented by fine axial ribs. The inner lip of the aperture bears subequal rounded denticles
(fig.267). The protoconch consists of several convolute whorls, which overlap only so
much, that all remain well visible (figs.268-269). The genus was called Seminerita (not
Semineritina) by Wenz (1938, Fig.1026). The even denticulation on the columellar lip and
the relatively wide open coiling of the globular protoconch distinguish this species from
Neririna which has uneven denticulation on the columellar lip and the whorls of the
protoconch more strongly convolute and disguising each other. Semineriting mammaria
with semispherical shell has fine collabral growth increments and a thickened inner lip callus
that plugs the umbilicus, Its aperture is of semilunular shape with numerous rounded denticles
on the inner lip. The protoconch measures 0.8 mm across and consists of almost 3 whaorls,

which strongly overlap but are all visible. The studied shells (figs.267-270. 272) were collected
near Saffree.

Semineritina resembles with Mesoneriting Yex 1946 that is based on the early Cretaceous M.
nebrascensis (Meexk & Havoen 1862) and represents also a genus with smooth shell and narrow callus
of the inner lip, but with smooth columellar edge. A new species of Mesoneriting is described by
Banper. & Kiet (in prep.) from the Santonian of Hungary with small globular neritinid shell thar has
a smouth surface and an omament of zigzap pattern and dots. The aperture has a comparatively
narrow callus ribbon of the inner lip with smooth columellar edge, and simple outer lip. In the low
spire the protoconch is that formed by a planktotrophic larva. Mesoneriting differs from Semineriting
hy having a smooth shell and a smooth columellar edge of the inner lip of the aperture. In addition
Mesanertina has lived in estuarine brackish environment, while Semineriting lived in the shallow open
sea. Neritina has a broader callus of the inner lip and the columellar edge has denticles, while that of
Meagoneriring is smooth.

The genus Dentosioma Kiew 1753 is characterized by a Nerita-like shell with ormament of
collabral wrinkles or ribs and no spiral sculpture. The outer lip is weakly dented within or smooth, and
the columellar lip bears 3 to 5 teeth in its central part, which is slightly concave. The callus of the inner
lip is smooth or weakly transversely wrinkled. The outside of the operculum is smoath and has a
raised ridged or granulated rim. The hinge on the inner columellar side of the operculum closely
resembles that found among Nerita with wedge-like projecting ridge and marginal lamella with serration
on the raised edge. The muscle attachment is seen as terraced spot between wedge and ridge.

The type of Dentastoma is Nerita polita Lwarus 1758 from the tropical Indo-Pacific, that
according to Cossmann (1925) was placed in the subgenus N, (Ritena) Gray 1858, Dontostoma
compared with Puperita reveals that the later has no axial omament, and compared with Nerita by
having no spiral omament. If thc ormament is considered a generically distinctive character, Dontosi-
omer= N. (Linnerita) can be interpreted to represent an independent genus by its own. It could be
connected to the Tertiary Semineriting, Puperita comes close and is also living on the rocky shore in
tidal pools. But while the opercular hinge in Dontostoma is quite similar to that of Nerita, this hinge
in case of Puperita more resembles that of Neriting. Sauw. & Soumes (1997} deseribed two Cretaceous
species from California to belong here, or rather a smooth "Amphinerita”. But their Nerita { Amphinerita)

2os SAUL & Souires 1997 from the Early Cretaceous has a smooth columellar edge of the inner lip, thus,
represents a similar shell as is found among Jurassic Neritidae, for example the Neritoma relation.

The taxon Nerita (Linnerita) Vermey 1984 had already been distinguished from the taxon Nerita
{Nerita) as Dontostoma Kiep 1753, in Herrmassisen 1845. 1t was characterized has having a low spire
and. in contrast to Nerita s.str, no spiral sculpture but rather collabral sculpture that consists of
closely spaced wrinkle-like ribs which are almost collabral in their arrangement, The subgenus was
based on Nerita polita Losiaeus 1758, Related specics such as N, antiquata Récuuz 1853 from the
Philippines, N. doreyana Quov & Ganarn 1834 also known from the intertidal zone of the Indian
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Occan and N, orbignyana Reciuz 1841 (Red Seca) all live in the Indecst-PaEiiE)i :iggn:;; ;;1;1
may represent varietics of the same species, Dontostoma p-_a.f.‘.m (see ApnoTT bt .j;;-.rgh;.pcd.l
According to Vermey (1984) the col!ahr;]: ;.-'r{ n}clc; of L -T:r":::. -gf:;?::g:;?m S oyainped
i iguata. A mid-Miocene species belonging here is Ner 4 B HEL

;“Efi}lﬂn:n:f:t:d by Stravsz (1966, P1.50, Figs.1,2) from the P‘am_tclhya. Tl':is :fol::;:t:n1rz1::ﬁ
shell is smooth and closely resembles the living Donfml:un::a _uuh.-a: Even the i Ewn =
on the inner side of the outer lip occur in modern varietics of this specics as w 3

Anport & Dance (1982).

1 1.d Comparison with Puperita

Among the modern members of the subfamily N-;:ritifmc lh-:rr.f are three geﬂera
with a smooth rounded shell that have rather special eculug!cal requirements, Of 1ﬁu:§
subgenus Nerita (Puperita) Gray 1857 with the type ;u;;;mu p:t{.}ﬁ (L [am:inl::;} 51:; :

i in ti i re. a5
the Caribbean Sea lives in tidal pools in the rocky sho
orﬁamlnted with zebra-like stripes on white background (fi gs.SI IE-[IISU}._TIIM ap;l:il]lll'ﬂ; :1:;
i i llar edge has small denticles whi

a smooth inner lip callus and the colume . P T

i i indisti denticle and a number of small on

terior of the centre with an mdlstmcE larger 1 :

F:i:a ut 5) succeeding from a smooth portion near the posterior edga?. The apercuiug_n -:II:
smooth on the outside and has a rib on the inside that is accompanied by a peg, whi

may be reduced (RusseL 1941). o N
lives in tidal pools within
i m MNassau (Bahamas) and from Curacao were fuund to po
th Spma!nn:i:;:':slaﬁ.;?: Zone. Th: fractured shell demonstrates a relatively thick outer calcite Ia;.ra:r‘::1 u:;d
lh: muf the shell is farmed by the aragonite inner crossed lamellar qu:z. Th: apcr;-ulri ﬂ.ﬂm t]t‘
smaooth aperculum are light vellow. The opercular hinge is here @w-hnl:ﬂ like with aknq ike - ::o
the ridge and a similar knob-like peg. The epg capsules of Puperita are |1.jiu: Ihqinsc -:plfﬁe:u:’anaﬂ <45
the rock within the living environment and from them hatch plank‘totrnﬁn: ;Ilﬁc; amr;: mﬁﬂ.:ammﬂ
in ti i y in w ive submerged even though the
in tidal pools in the rocky shore, in \ahIch!hc:fiwc subr St A Sonsetiie
Wi water after extended sunshine or after rains quite diluted sea :
and n;nafngﬂtilmcly resembles that of some Neriting, Puperira was cr.:lnmdm?dtn_rcpmmlumﬁnbl:‘
f the genus Neriting by Cossmans (1925) while Wenz (1938) considered it as independent genu
;mi‘c{"-: 941) stated that Puperita does not entirely exhibit the characters of either the genus Neriting
or those of Nerita.
In the Caribbean Sea there is also a Puperiia fristis (Ormcny 1842} {ﬁgs.ﬁl-ﬁ?}'lhmhlas tﬂsl.: s::;:
hape as P. pupa, but differs regarding its coloration that is in a pattern of black 1mllrIIJ'l. small white
S{ABBMT 1.!?74 F.ig. 526 a). According o Russecs (1941) Puperita pupa and P rristis al places appear
to mix. This cun be confirmed by rare occurrences of 2 tristis within the population of F ,m;pﬂ
collected at Curacan. Puperita fapanica according to (Hase ﬁgﬂ;hﬂs 28104 n}r; large ciggs-c;p;:ma:l
i i i found among, erita species (Basoew :
holding calcarcous granules in their cover as _ pvindbag S
igers. The protoconch of Puperita bensoni (| 1
these capsules all young haich as veligers . sont (kbouss W) s
1 i i hular and about (0,4 mm in diameter
deseribed by Sasaxi (1998, Figs.78 c-d). Itis gl_o : mm in di ot
nitrast :. Such fine spiral liration was u y
to the early teleoconch that has fine spiral lirae Su-\:.' _ . .
ﬁ?ﬁﬁ] ingr:i:r lud?sﬁ:lguish the smooth subgenera P. (Puperita) and the spirally delicately omamented
P. (Heminerita) (Mantens 1BRT), o
Puperita differs from Nerita by having a smooth shell and a cow hom-like hmgf on the upcn:ul::ll
without muscle scar. This later character also distinguishes from Daniml.'n;ma,Th: I:!v:ng T:mmc e
ithout | i hicker calcite outer layer
is splash pool without influence of fresh water, and ﬂm 1
::isis::!:lguis}‘:cs fram Neritina. Larger size and living environment separates from the sea gmﬁ Ilf_«;i_ng
Smaragdia. Regarding the shape of the tecth of the radula Puperita is closer to Nerdta than to Neritina
(see chapter R),
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I 1.e Comparison with the Smaragdiinae

The subfamily Smaragdiinae Baxer 1923 with the characteristic genus Smaragdia
IsseL 1869 has a small glossy shell that is smooth and obliquely ovate in shape. It is usually
coloured in green with red flecks or stripes. The type is S. viridis (Liwe 1758) from the
Mediterranean Sca. Smaragdia is considered to represent its own subfamily due to slight
differences in radula morphology with Nerita and others. The genera Smaragdia and
Tanzaniella are included. Smaragdia viridis has a small glossy smooth shell that is ovate
oblique in shape, The inner lip callus is rounded, thick and convex, sometimes with a
depression near the umbilical region, and there is a dented columellar edge. This edge is
quite variable, and there may be hardly any denticle visible, or there may be up to & of them.
Sometimes these denticles are well developed especially the basal and most apical one is
expressed. A Pliocene representative of possibly the same species comes from SE-France
(figs.240,242),

Smaragdia from the Caribbean Sea consists of a 6 mm wide and 4 mm high shell of ovoid outline
that consists of about 1,5 whorls of the teleoconch that succeed the rounded protoconch. Colouration
is pea-green often with chalk-white zigzug bars and sometimes brown lines, It lives on turtle grass
(AmsorT 1974, Banper & Wepisr 1987). In Bali sea grass is sertled by two different species of
Smaragdia that can be distinguished casily by the size of their protoconch. The ane with larger
protoconch is a bit more roundish in shape and both have not quite two whorls of the teleoconch
suceeeding the protoconch (figs.241, 249). Regarding the teleoconch colouration is extremely variable
and shell shape may be very similar to Smaragdia from the Caribbean Sca. According to Scorr &
Koy (1998) four species of Smaragdia are known from Australia

Tanzaniella Lury 1979 also has a small shell of up to 2 mm height and 2.5 mm width with oblique
aperture and simple columellar lip. The operculum is thick and has fine radial striations, It bears a
single tooth on its inner side by which it cluiches at the leg muscle. The type is Neriting souverbigng
Moxwtrozier 1883 from the Tanzanian shore. Tanzaniella is said to differ from Smaragdia viridis in
regard to the number of the central tecth of the radula, which also differs from that of Theodoxus and

Nerita. The shell closely resembles that of Smaragdia and it may prove very difficult to distinguish
from Smaragdia,

In Smaragdia the cupola-shaped egg capsules have transparent walls, the greenish egps almost
malching the colour of the sea grass on which they are anached. Nerita secretes very similar cpp
capsules, however, aragonite or calcite spheres reinforce the capsule membrane and mask the eggs

(Banoer 1982). The egg capsule of Smaragedia viridis was found to contain about 100 eggs, which
develop into hatching veligers within 16 days.

Cossmany (1925) included Smaragdia as subgenus with the genus Neriting and suggested its
presence from the late Cretaceous onwards, but the only species that looks like a modemn Smaragdia
appeard to be N expansa Revss 1856 (= Horwes | 856) from the Mid Miocene of the Paratethys
(Cossmann 1925, PL6, F igs.26-27). This Neriting cxparea was redescribed by Strausz (1966, Fig.35e.0),
and it carries the characteristic tuberculation of the columellar edge with the larpest denticle near the
hase. Specimens collected from mid-Miocene deposits at Varpalota in Hungary have an about 6 mm
wide shell consisting of a little more than 2,5 whorls of the teleoconch and a rounded and rather large
protoconch that projects from the apex. The denticles on the columcllar edge are very variable and
omament consists of delicate lincs forming trigngles, very similar as is the case in the modern Balinese

specics. But the shell of 5 expansa from the Miocene is of more roundish shape, has a little larger
telenconch with more whorls,

Fuperita and Smaragdia represent neritid species that resemble Nerira regurding their living
environment, but in regard to shell shape they are closer to Neritina, As is the case in the later in
Smaragdia egg capsules are purely organic. Felates could have arisen from smooth ancestral forms
that also gave rise to Smaragdia, since it also lived in the normal marine environment, The nsemblance
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of the protoconch of Velates with that ::-I’Smumgd-‘q uf:uld thus be :xpiamm'l {ﬁﬁ;si.?:j,i?s compared
with 249). Tertiary species belonging to Nendesmieria and Semineriting may , ap. s
The genus Neodesmieria MachE & VERGNEAU-SAuBADE 1974 ishﬁiﬂ_d on al ;m-;u g{:t;uiarﬂ :“: ui::
about & mm height and a little more width is smooth and has three visible “Nu;‘; smeﬂm ! hmuﬂ
abligue hasa thick inner lip callus and the -:ulumelI‘ar‘l:p I:i‘SmEID-ﬂ'I. The gin;;i ;f;;;eph{m[[: el
on a single individual from the Oligocene of the Aquitaine with the type Neri OEEMAN
1917.
& vagzmgdm appears to be represent a group of le-ﬁcridm cu—c?uI:-'ir.lg w1$ s grass h:r:::u nr;tnll;:
occurs in all warmer seas on the globe. In contrast Lo Nerita, Smaragdia lives 1::1 :;ia;:gwuﬁ;mviding
grass, in depths from the low waler line down to more than 10 m, the green -:io“] ;d oty b
perfect camouflage. Sca grass evolved during the Cretaceous and was presen \ relaced

e,
12. The Velatinae n. sufam.

Diagnosis: The shell in general outline is !jmpct shaped with a nearly ﬂ;t;emm‘ﬁc h:;a:!i :n:l:
evenly rounded top. The callus plate of the inner lip bulges strongly pr_u]ef.:ul:f i sk s
and extends across the basal corner forming a crescent shaped callus rim on the nI’. oEnp:.a el
puter lip of the aperture. The aperture is narmow u?th a .ruunda:l anterior |:|-n:n|I :;Ll g
channelled apical portion. The columellar edge of the 1!m|:rhp ismmuq;iess “I.::I Iy 5 micw s
i a narrow furrow next to the inner side of the ouler lip on both en-:lis. £ ou ;;1 T i
smooth. The apex lies posteriorly and sideways. The protoconch is egg Shap-cd‘t ighorm » e
with the last whorl covering most of the former xhcilt{ﬁgs.lﬁ?ii-zﬂ}. I n;;;m;ld th:ﬁaum:.d o
collabral lineation. Only the very juvenile "‘Imf’“‘f" is Neritina-like {ﬁgslr.r R"} st
appears soon after metamorphosis. The subfamily is based on the genus Felates
inderived. - .
Differences: In contrast to limpets of the Neritinae and Nmmmflfltm ?uiren: Il:p of the
Velatinac does not farm the base of the shell but the base is formed by callus |:_- nner lip. =

The genus Velares Moxtrort 1810 according to CossMans (1925) is based ;n Ner ni;:
schmiedeliana Cyexosrz 1786 which probably the same specics asN. ::“f;:.gr; me ks thmmds ik
to Wiz (1938) this is also the same as Nerita perversa GueLn from

. : — like
h of Felates may grow to Jarge size (12 cm dmmt}er} :m_d wequires lll'lnpﬂ
qhap:g:':::;zm, Pl4,F igs.l,-i,E;].Zl Figs.6-9, Fi.24;, Figs.1-3). While the _11:1\:=mll;' Shﬁll: ;i ::::;
: ired naticid shape it changes during growth into patelliform adults by lhcdaddmun ofca et
?f rounded above and flatiened below, but the base is not that of a limpet, since the thc:ll:;i; bevikege
lip forms a pad that bulges from the hasal plane. Thlzi callus pad almmcxtends_l?f:ir::;] i “15;5 -
the sides where the foot of the active animal lay. This contrasts to o mt-lner:i i o
wuter lip of the aperture forms most or all of the contacl bcrwnen_sflc an 5;3 .cmms el
Thus, Felates can be placed neither in the Neritinac nor in the Neritininae or e T8, 116)
ralation {Baxpes & KIEL in prep). Its protocench is that of a planktrotrophic bt 1::.;“1;0':”':
similar o that of the small sized Smaragdiinae, thus, they M“II'HMMMTmlvﬁm s
development are also no altemative. Thercfore they arc placed in a subfamily byt
the penus Fefares. . _
g‘;’?'he genus Velates holds some very characteristic large sized species found wm:::‘;ﬂ ::;
Eocene shallow sea deposits. Cusuivg-Woons & Saul {I?!Iﬁ]l fm!j growth staisd f.:-.;a Pf.;ﬂ el
include the change from tightly coiled juvenile ﬁhm‘ls with nmimfc!nn s!w.ﬁff b
columellar edge of the inner lip to the reduced-coiled adult whorls with E!':at: i ?rnnﬁum T]P:; i
sive callus. According to Cussing-Woons & Saur (1986, Figs.6, I-S.E]_ cErp-c s oty
of Vigny in France. Cosssarn’s (1923, PLT7. F!gs.?.?, 23} Velates schmiedeliams 15 q
the individuals here studicd from Eocene of Dudar in Hungary.
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Velates sehmidedeliarns from Dudar was analysed in detail. Here the juvenile shell with protoconch
and one whorl of the teleoconch has all shell interior including that of the embryonic and larval shell
united to form a uniform cavity with all internal walls dissolved. The last whorl of the protoconch is
large and covers most of the former shell. The pediveliger shell (fully-grown protoconch) is egg-
shaped, about 0,4 mm wide and 0,5 mm high. The narrow aperture is in front enlarged into a collar like
pediveliger-lip (figs.273, 276). There is very fine collabral step-like ormament on the last whorl as can
be found among some protoconchs of modern Neriting and relatives (Baxper & Ruener 1998).

In juveniles with low-spired naticid shell shape the columellar teeth on the edge of the inner lip
are well developed (fig.275), Later on they may be more variable in shape. Transformation into
patelliform adults oceurs within juvenile growth stages after formation of about 1,5 teleoconch
whorls by the addition of callus. Adult shells reach a size of 10 to 12 cm in width. In this large
shell the spire is largely concealed by succeeding whorls and glazed over. In fully-grown
individuals there are more than three whorls of the teleoconch. The base is plane or more
commonly convex and covered by a thick callus, which results in a non-limpet typed apertural
surface. The outer lip is not surrounding the whole hase here, as would be the case in other
typical neritoidean limpets such as Pileolus or Septaria. In addition the bulge of the callus
projects over the shell margin creating a convex basal plane.

The uncertainty regarding the type to Fefates is not very important in regard to the systematic
placement, since all mentioned species are very similar to each other. Thus, Felates has at least three
different species that can be distinguished clearly by shell shape, size, apex position, and probably
also the shape and dentition of the columellar inner lip. According to Cushima-Wooos & Sau ( 1986)
typical Felares with expanded thick callus covering the apertural face is known only from the Paleogene,
They named the rather similar species Felates noetlingi Cossmann & Pisanro 1909, ¥ halkanicus
Bowrscreer 1897, F vizeainoensis Cusumva-Woons & Saun 1986, and ¥ califormicus Vokes 1935,

CusHing-Woons & Saul (1986) and Savazzi (1992) suggested that Felates lived on firm 1o
moderately sofl bottom in slightly deeper water than most modern neritids. Only one exception
should be noted among the modern Neritidae and that is Smaragdia (but see chapter 15).
Regarding behavior great differences must be stated 1o exist between these genera. Smaragdia
lives on the blades of the seagrass in shallow water to about 15 m of depth. Velates is usually
found together with large foraminifera of the Nummulites type and has thus also lived in well-
illuminated shallow scawater of arcas with sandy bottom, perhaps also covered by sea grass,
But it certainly did not live on the blades but may have been feeding from them as well. Shells
of Velates schiedelianus grown to a size of about 12 ¢m in width resemble closely those
illustrated by Cusmnc-Woops & Saul (1986, Fig.5.16 and 5.18) with the name Felares
californicus from the Early Eocene of California. This later species as well as Velates noetlingi
from the Eocene of the Paris Basin is very close to F sehmiedelianus from Dudar and may even
represent the same species. ¥ vizeainoensis is of more rounded shape and also has a convex
inner lip margin (Custung-Wooos & Sauw (1986, Figs.5,8-5,14). According to these authors
Velates perversus from the Paleocene has the apex higher up on the shell and also a rounded
shape in front, while that of Felates schmiedleinanus is angular here and thin,

The protoconch of Felares is more egg-shaped than that of Neriting, bul both show parts
of the early whorls still uncovered by later whorls, as is also the case in Smaragdia. In Tomastoma
the shell remains of smaller size, is thin walled, limpet-shaped and carries the apex acentrically
on the posterior half, which differs from Velates that carries the apex at the side (Stravsz 1966,
I'l.4, Figs.3,5.9). Also the patelliform shell of Tomostomea and has @ broadly oval basis which is
entirely formed by the outer lip that has grown around the margin, while the inner lip of Felares
is formed by a thick callus pad that bulges and extends over the basal corner. Cusning-Wooos &
Sauw (1986) cited Vores (1935) in stating that Nerita umzambiensis and N, kaffraria from Late

Cretaceous Umzamba Formation of South Africa differ from Felartes, which is confirmed by
Banpel & KieL (in prep.).

145




|3. The limpet family Phenacolepadidae

13.a Modern Phenacolepadidae

The genus Phenacolepas Pisery 1891 has been the name giving taxon on which this
group of neritimorph limpets is based. The Phenacolepadidae Pusery 1895 represent a
modern family of neritimorph limpets present with a number of species several of which live
on the blades of sea grass (BanpeL & WenLer 1987), or in cryptic environments within reefs
(Waren & Boucier 2001). Nothing has remained of the inner lip or its derivates in the cap-
like shell that is usually low and small (figs.294, 295, 298,299, 301). The history of this group
appears to range back to the Eocene (Wenz 1938). The shape of the radula clearly places this
group of limpets with the Nerita-relation (TimELe 1929). Hickman (1984, Fig. 10) illustrated
the radula of Nerita undata jointly with that of Phenacolepas osculans and noted great
similarity.

In case of specimen that could be studied at the collection of the Smithsonian Museum in
Washington, it was noted that a species determined s Phenacolepas cyiherae Lesson 1831 from near
Ceylon consists of a very regular cup-like shell of 1-2 cm in dizmeter with oval, almost round aperture
and central a little backward placed apex. Another onc determined as Phenacolepas mivabilis is rather
similar but even larger. In the genus Hyalopatina with Hyalapatina rushii (DaLs 1889} the shell forms
arather flat cap that is almost smooth with an tuberculate periostracum and small globular protoconch
of the Nerita type. It is seen from the inside of the shell that the inner walls of the protoconch are
totally dissulved and this cavity is continuous into the general shell cavity. This genus is more shallow
cup-like than the other Phenacolepadidae, and its orament is smooth. Phenacolepas pulchellus

Liscuxe is rather low and carries the apex near the back, the aperture is oval and there are radial ribs
that form granules with the growth lamellae. The same species has been studied under the nume
Cinnalepeta pulchella (Liscuke 1871) and Sasaxs (1998, Fig.86) found a radula very similar to that of
Phenacolepas. Sasaxi (1998, Fig. 86) and Baxoe. { 1991a) noted the globular multispiral protocanch
in undetermined species of the later genus from the Pacific. Phenacolepas cancellatus Pagse from near
Hawaii is similar and also Phenacolepas hamilei from Florida and the Caribbean Sea. Of this later
species the larval shell has been analysed and illustrated (Bavnes 1982) (figs.291, 293).

In regard the incorporation of the protoconch into the conical telenconch Phenacolepadidac
differ from the patellids. Here the larval shell is integrated into the limpet by having all internal walls
dissolved away, while in patellomorphs the embryonic shell is closed off, as soon as there is a small
limpet-teleoconch, and usually it is lost afierwards. In phenacolepadids the protoconch becomes a
used portion of the teleoconch. The metamorphosed pediveliger first forms a Pileolus-like first
juvenile shell with wide aperture before there is growth all around the limpet margin. In the
Patellogastropoda the shell cup with continuous lower margin suceeeds the protoconch consisting of
the archasogastropod-typical wherl of the embryomic shell right away.

Smooth neritimorph limpets resembling Sepraria on one side (figs.292, 296, 299) and a flat
Phenacolepas on the other side (figs. 288, 289) live in Australian tropical shallow waters, and have
been present during the Oligocene in Europe in similar environment as well (figs. 286-287).

13.b The potentially ancestral phenacolepadid Calyptronerita

From the Eocene of Villers in the Paris Basin a small shell of what couild be determined
as Calyptronerita Le Renaro 1980 demonstrates transitional features from Nerita-like shells
to such of Phenacolepas. The documented shell (P1.14 Figs.297, 300)) consists of a little
more than one teleoconch whorl added to the smooth and well rounded protoconch. This
protoconch is quite large measuring about 0,9 mm in maximal diameter. In it the last whorl of
the larval shell extends over the earlier whorls to a large degree and sutures are very indistinct.
But a central apical convexity of about 0,25 mm in diameter represents earlier larval whorls as
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I.vell as the umhryf:-mc shell, which are coated over (fig.297). The transition to the teleoconch
is sudden and with straight margin. Teleoconch whorls increase in width rapidly durin

growth, and the sl:uaii with one whorl of the teleoconch is more than 3 mm in width, With :
further half whorl it would reach about 6 mm in diameter. Omament of the teleoconch :‘.',O‘HI i t:
c:f a rather regular paltern formed by collabral ribs crossed over by fine spirall nmmm d
lirae. There are about 40 axial ribs counted in one whorl and about 50 fine spiral n'gs crm%:g

them. The resulting pattern is v :
i ery close to that scen in Ph S
Caribbean Sea (figs.291, 293), in Phenacolepas hemphili living in the

According to DoLiv & Renarp (1980, P11, Fig.9) t . ;
rroncr:'m is C. dolinorum Le RENARD, 1980 from the iuie?:iimer:ﬁeﬂ;;r?:?:s'ca?f
shell is, when fully-grown limpet-like with the inner lip below shell margin and l;:c:ll'lll.::av ;
and shell shape resembling that of a Calyptraea. A relation is suggested with Vergn FT
DeLpey l'l-h!ﬂ rrﬂl'!ll the Late Eocene of the Paris Basin (Kwicur et al, 1960, Fi 1343 lﬂllmu
vlrhr.-r{: tl}c mnner lip is even more like that found in Sepraria and the t-;icti.unch‘ ma-:;r:
limpet-like. The type species of Calypironerita measures 14 mm in width, so that it is

not at all clear whether the here documented speci i
cies bel i i
appears to have only about half size. ; i

14. Neritiliidae and possible relations

The family Neritiliidae Scierman 1908 is distinguished by fie '
Iﬂ?}..ln the name-giving genus Neritilia the mdulnfi?ffcrs fr:m Etﬁii’g:ﬁ ::Jm::rg Htr o
lgggvm_lgh no central teeth (Baxer 1923, Russeis 1941, STARMOUHLNER 1976, BanpeL & ﬁ
[Sm“hmngmslu? l;as q_:.nly a anpIe marginal ridge (fig.306), in contrast to Neritina

T . i , Fig.37). The central genus of this taxon is Neritilia, Pisuling was
'ET ed in the Smaragdiinae by Thievs: (1929) and Wenz (1938), but it actually belongs in the

Il::rl!lhmac and has the same type of radula as was documented by Kano & Kase (20004
F:‘1g._l£]._ A_lsu the protoconch is distinctive. In species with free larval stage it benr{s rai
liration in its final whorl (BanpeL & Riepes 1998, Kano & Kase 2000a) ; .

14.a Neritilia and relation

Neritilia is represented by a few species, which usually live in the estuarine environ-
ment, and here mostly in places where continuously fresh water conditions can be entered
This ecology was u!::s-:rw:d in case of Nertitilia rubida in Cebu (BanneL & RiepeL 19932;
(fig.304, 307), and in Bali (own obscrvations 1991, 1999). It has been described from the
Caribbean S.ea In case of Neritilia succinea (RécLuz 1841) by RusseiL (1941), and from
Western Affica and here Neritilia monoeli Donrn 1866 in the end of streams commg from
];v;g;m Cameroon (BoerTer 1905, BanneL & KowaLke 1999). Neritilia consimilis Marrens

 was found in streams of Tslands of the Indian Ocean (STARMUHLNER 1976, Brown 1980
and its occurrence in South Africa is described below. ' :

All species of Neritilia Martens 1879 are small (about 2-5 mm), have an ohliguel
imﬂ?r shelL: that is smooth and has a semicircular oblique aperture. The imi:lr ]i:' :ﬁﬁ:ﬁ’d z;
il .IL‘;‘sﬂnn fmmuthm}um¢{!M inner margin. The l:rPcrculum of Neritilia has a simple apophysis
o m 5 & or_spw.:r:s with planktrotrophic larva is spirally lirated (Banoes & Rrenes
" o 2000a, Fig.10) (fig.304). The genotype is Neriting rubida Pease 1865 from Tahiti

(fig.302). According to Powvrier & Marguer (1990 4
QuET (1990, PI. ' iai
the same with N, hawaiiensis Kay 1979, { P FI3)N. rubice Soms Freach Polynesis 1
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Basocy & Riepes ( 1998) found that veligers of N. rubida from Cebu hatch with aSh.Tthimlfl:
of about 0,11 mm. The veligers have 1o cope with freshwater for only a ﬁnn_disf::ncc until they :rcaq.c
: : or respectively. They probably remain free-swimming

the estuary or hatch at the estuary proper respective 2 g hummgh;u

i i reeks, The veligers develop a multispiral glo s
d feed in the marine plankton for several weeks. The | :
:n'hich measures about 0,3 mm across when the larva is ready to r{lmamurphns:. Spiral rows of ::::
produce a characteristical ormament (BavpeL & Rimr.-!l. lg@.d{’;gé&;;anj{iglhimmrphnm i ;:; rmm
ndividu.

referably in the upper reaches of the estuary I'rul1n W !erctmost ind b :

Eld only y['cw remain in the brackish influence. Mi gration is mgn_m supported by larger gastropods,
the shell of which may be used as carriers by the minute Nerdilia,

Neritilia consimilis (MarTENS 1879)

Individuals from the South African coast have a small sh.?ll. \‘f"rth 1,7 v«;:orls _of :E:;;
teleoconch that measures only about 2 mm in width and 1,5 mm in height. Th:: s asqi is clndur
ege-like with convex apical side and in juvenile stage of yellowish coloration wd; e c:;ﬁon
individuals are brownish or have a black outer layer that fi.:-rmad dueto sul:r:m:w:;w:-n]tt i::ns iy
of ironoxides. The aperture is semicircular and wide with n?n-d?nw:l columellar lip. e
callus of the inner lip is wide and shiny and the ﬂper!:uium is thin with redt;itsh inner
outer side. A thin ridge-like appendage is present which extends over the edge.

Neritilia was noted in the upper reaches of the Umzamba estuary and the same environment in

the Mnyameni River to the south of Umzamba River, both in Transke: [ni!l‘ﬁtr]i C:P't P:-'II'IJC':L
Ives I i 1 i tides to the bepin of truc cstuari

it lives in the river from just above the reaches of the highest
::::ﬁi?lc::,sm at low tide the waler remains standing. Its small egg capsules are attached on the
lower side of rocks, together with sponge crusts. o

Differences: According to StarmOnLNER (1993, P1L14, Figs.158,159,160)) the shells of Nera:;f;f
consimilis are nhl-iquuly elliptical and not transversely ovate as in Nm'n'{:'u rubida. The ;E;a'!ure :;Im
eonsimilis is oblique and semi-elliptical, but nulcxtﬁldlu:l asin . .rubida. STarsiHLNER (] J;:;mc
N. consimilis and N. rubida to be closely related species but distinet fmm each mhcy even hey
hw: in exactly the same type of environment. In case of Neritilia manoeli the shell is larger mnﬂsun.n;
up to 3.5 mm in height and 4 mm in width but otherwise sh:t_l fmxfm; are the saume {?mnamc
I':m\w,u 1999). The Caribbean Nevitilia succinea (Réciuz 1841) is relatively large (up to 5,1_ I:mn W -
and 5 mm high), consists of 2,5 whorls and its radula is quite Iikeﬂ'mtnﬂlt';: D“;;fr :q;n;:;i c,;-;n;svf::ﬂr

X 3 " s :
1, Fig.4). Own material from Guadeloupe demonstrates that the .

ﬁis:,m; E:x:nbcgui case of N. rubida. According to StarsuHLNER (1976) the genital syst;:;; ‘;:;f
Neritilia rubida is quite different from that of Neriting, as had already been noted by Anprews { ;

Neritilia panamensis Mormsos from Rie Juan Digz near Panama Cu:!r with w_nlr.: aperture
shmv: only gm-.-fha lines and is smooth (housed at the Smithsonian Museumn t;::. \;s;ls:_ﬂgfmﬂ:fmzh;
inner lip has no dentition and the shell appears to be punclate ﬁpﬂlﬂ%l::: bclnw E pxt e
lip. The embryanic shell is well differentiated from the adul_tsh::ll. Neritilia succinea o b E::ﬁs Sty
in Jamaica is similar to the species from Panama and a[sa_ is punctate, b!:t the mhﬁrun 5 aaript
smooth and hidden helow the juvenile whorls. It lives in lakes and rivers n:u:Pu: :cn. n
Neritilia hawaiiensis has been reported (Kav 1979, Fig. 19k.1) from Makalawena :ﬂd b —

eritili ived in the Mediterranean Sea during the Pliocenc as documented by a li
emﬁi;ii:ﬁi:;:ﬁi of that age exposed near Nice, SE France (figs.303, 305). A q:ro:ws frur:“ t::
late Oligocene of Greece was deseribed by HAR.ZI-II.A.USEH:& KowaLke {mm_ ). But these au Er]s( c
arather problematic addition to the Neritiliinae with their new genus qumnagig'«;:?us;l: Mmmmm
2001. Its type species is defined to be represented by Nerita picta Frussac 1 lgzsm' amon
{Late Oligocene) of southem France. This spu:i:f: a_mcm.‘lmg o Cossmans ( ) ::d ol e
polymorph, eccurring up into the Miceene, and it is nh*_wi_ousfly la::g,::n: m_s.r_l any m ﬁmi i
Harznauser & Kowauke 2001, Fig 2, 5-10) illustrated Agapilia picta mﬂl_uu:lmdual ﬁl'nrm ek m
of Agapi as shell that is a little wider than high. But unfcrtunattly_'lhﬁ}’ included at least two : ';5 Tt
species within their new genus (Fig.2, 5-8 and Fig.2, 9-12) of which the proposed type species is
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a member of the Neritiliidae, Strausz (1966, PL49, F 125.13-17) described Neviting picta (Ferussac
1825) from the mid-Miveene of the Faratethys as roundish to laterally flattened Neriting with variable
coloration that grew to a size of about 1 em, Its columellar lip has the characteristic features of Nerting
with a large apical denticle and smaller ones below it. Page (1954) had noted its wide variation in shell
shape and omament from the Sarmatian brackish water environment of the Paratethys. The Neritilia-
like species from Greece, in contrast, is preserved with protoconch that has the features of Neritilia
especially the omament of spiral rows of pits. So in spite of the taxonomic confusion created by
Harzrauser & Kowarke (2001) they demonstrated the occurrence of Meritilia in the brackish water
fauna of the Oligocene of the Mediterranean Sea.

Genus Pisulina Nevie & Nevi 1869

Pisulina had been placed with the Smaragdiinae by TriELE (1929) and Wenz (1938),
HERBERT & Kusurn (1991) distinguished Pisulina from other neritimorphs by having the
axis of coiling of the protoconch differing from that of the teleoconch. Pisufing actually
belongs in the Neritiliinae as was documented by Kano & Kase (2000a), Accordi ng to these
authors the globose neritiform shell is smooth. The inner lip of the aperture consists of a
smooth callus and has a projection with one tooth in the type species, and 3-7 teeth on its
columellar edge in the other species. The outer lip is smooth. The inner walls are resorbed.
Several spiral ribs ornament the protoconch. The teleoconch consists of less than four
whorls. The thin operculum is semicircular with an apophysis near the base of the inner
margin and smooth paucispiral outer side. It consists of an outer corneous layer with smoath
surface and an inner calcareous layer with growth lines and a long ridge.

The type is £2 adamsiana Neviie & Neviie 1869 from Sri Lanka, Iis protoconch has been
illustrated by Sasaxi (1998, Fig.78,g.h). It is about 0.5 mm in diameter and of globular shape with
whorls stronely overlapping onto each other The species was found by (Kavo & Kase 2000) to live
in the tropicai and subtropical Indo-Pacific mostly in submarine caves. The 6,5 mm wide and 6.7 mm
high shell is thick, globose to obliquely ovate with a robust quadrangular projection on its inner lip.
The protoconch is globular more than 0,2 mm in diameter and omamented by 3 or 4 spiral ridges and
microseopic pits. Such a multispiral protoconch is also present in £, subpacifica, with smooth embryonic
shell that is largely involved with the larval shell that bears four or five spiral ridges and many minute
pits. The inner walls of the protoconch are resorbed. (Kano & Kase 2000a) found 6 species the oldest
of which is of Miocene age.

Within this genus Pisuling the species P biplicata TweLe 1925 from Okinawa has non-
planktotrophic development and simplified embryonic shell (Kaxo & Kase 2000, Fig.5). This mari-
ne species that lives within submarine caves has, thus, a similar development as found in Theodoxus,
but in the marine environment. £ biplicata in contrast to adamsiana has 3-5 blunt teeth on its inner
lip and a paucispiral protoconch. The cave dwelling Pisuling maxima Kaxo & Kase 2000 isrelatively
large with 12 mm wide and 10 mm high shell and also pavcispiral proloconch, (Kavo & Kase 20004}

According to these authors the operculum of Pisulina differs from that ofall other Neritimorpha,
It is paucispiral, calcified on its interior surface, bears an apophysis without peg but the nucleus lays
centrally {not acentric like in athers), While other neritoids have only 0,7 volutions Pisuling has more
than one succeeding the embryonic/larval one (Kaxo & Kase 2000, Figs.8,9). They found living
animals on the walls of shallowly submarine caves of the tropical Indo-Pacific between Hawaii and the
Philippines.

Also the genus Pisulinella Kavo & Kase 2000 belongs into this relation. The type specics is
Fisulinella miocenica from the Miocene of Eniwetok Atoll (Kano & Kase, 2000b). According to these
authors the genus resembles Pisuling and has 3-4 teeth at the margin of the inner lip of the aperture.
The outer lip has weak denticles on its inner side. The protoconch has spiral striae like that in Pisuling
and Neritilia. Pisulinelia differs from Pisufing by having tubercules on the outer lip and a shallow
groove on the callus of the inner lip, both of which are present neither in Neritilia nor in Pisuling (Kano
& Kase 2000). The difference between Pisuling and Neritifia lies in the denticles present on the edge
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of the inner lip. Pisulinella differs in having also denticles on the inner side of the outer lip, when fully
grown, while the other two are here smooth.

14.b, Schwardtinag Bavpel & Rieper 1994

The type species of Schwardtina is Helix cretacea Tausci 1886 from the ﬁjkalmé
deposits of Senonian age in the Bakony Mountains -:-f !‘l..l,'l:ﬂ eary. It has an aroun] d 1%11 1;1:; ;;'tga
shell with globular shape that rescmbles Hydrocena in I;S ﬁer:;lﬂmmphh uaullﬁ;“mﬂ] ne

i i le of about 50 have
th whorls of the teleoconch with a spire ang ; . i

?n";f::ding the columella resorbed. The simple aperture has a thickened inner lip that covers

the umbilical region. 1 B
Schwardting eretavea according to Banoew & Riepes (1994 P11, Figs. 1‘-6} has a cha.mm:il ;
-shaped and inflated protoconch that is about (1,4 mm wid{: and 0,25 mm high mldd@ 4::|rrm|1'|rui i
ierilsgulur punctuation. The initial shell c.aplis dmma_lad h}rac:;:l::ﬂr :;ur:::uﬁi :1;5 '?‘h ;al:;mﬂ f:h nrl; “
mm. In the centre of the initial cap lies a circular region ornam Lo oy

The aperture has a sharp outer lipand a i
the teleoconch occupy 3/4 of the total height. The ape : S b eibatrothle

is thi fi callus. The protoconch of Schwardtinu is typ

— i m?ll:lcil:sli;sl:d m;runic shell that is succeeded by the teleoconch “‘“-f* not byva Im_-ual shell. Th_ue
wh;ﬁ :;h type, in combination with the resorption of the columella, is diagnostic for aqﬂ:iizi?;
?vlm 'T.:?dl:a {Bﬂ.Nl;‘EL 1982). However, a similar telcoconch among the neritimorphan gastrgtp e
0:1:' known from the terrestrial genus Hydrocena, which is still unknown from Mesozoic deposits.,

14.¢ Hydrocenidae TroscueL 1856

The members of the terrestrial genus Hydrocena Prerrer 1847 have been classified a;
order Hydrocenina TroscueL, 1856 and superfamily Hydr::;;u:dea i:ﬂxﬁg]{ﬁfﬁ ﬁa;E
i i i GeEnd
ily Hydrocenidae. This family holds only the one genus /1 ) :
ET;,’:Q}; :im subgenera such as H. (Chondrella), H. {Ggimm}{hnnd H. {Gewr;ﬁ?ﬁ;::
ceni i iri sz 1938) as is the case among ;
drocenidae dissolve their inner shell walls ['-.!u’mz :
El?t they have become lung breathing land snails. :!'_heu' _operculum resembles thlm fe::_iz
Neritiliidae, and the radula resembles that of the Neritidae in general, but has specia s
(Sasaki 1998, Fig.90). On the inner side of the opercu ”Iu;ré EHE‘,C}IE ;mc_lnmngﬂ m;;:-;ﬁfm i
imitiform apophyis (ScoTT & Kenny 1998, Fig. . +C). Species( : :
?E:f:; each ﬁhpﬂ differing only in omament, with some species spa.rally hmtaddwil:::
others have a smoaoth shell (Cumo 1973). They nin: mostWh mmile ﬂ‘-:; Sc;lr;ll;n:;s;u:i n?;w i
ist litter in areas with tropical or warm climate. ¥
:’:t?:ﬁ“igjm&ﬂ 15) indicates a close relation to the Nentm;::ea {ﬂi;a;nm. :‘?:ﬁf;dm:; lrz“?:i
v - # m
mnceofﬁ:nHyrmcmMeammsﬂldWorlda?we as the g
tf?*:;c ;ew Zealand- Australia to Europe- Asia provides ewdmme_ for a P:?ngea;lrﬂ OIE:IEI]T
Hydrocenoid history might go back to the Early Mesozoic tn.ft there is no fossil res:h m y
one species is found in Africa, and that is Hydrocena nilotica Bexson from Sout[ lca.f
shell ornament consisting only o
subgenus Hydrocena (Hydrocena) Prerrrer, 1847 has a sh
mwlhnﬁnb;,ﬁ;i“sub;zus Hydrocena (Georissa) BLasrorn, 1864 in contrast has a shell um&t“nﬁ
that consists of spiral ribs. For example the mﬁ@#mwéﬁuruiﬁlﬂr;ﬁ; Guwwmm g
1889 from Dali is a very common snail on and er litter in orest e i cie be
crater lakes. It lives in continuously moist mountain fo  Bali &
Kmmlmn{:;?dtsl:rmwﬂim with a dozen individuals of this tiny species on the If.:nwe_r side :::t:' :;n; ﬂll;::tlgs
leave. The shell is small measuring only about 2.5 mm in hmghl_&nd_LE mm in width u": : . i
{Vm:mmm & Wirrren 1998, Fig.15). Ornament consists of q::lra] _ndg_m unthlc last 1: rl vary ng;ed
number (fig.308). Its embryonic shell measures about 0.4 mmin width and height and 15 ormame
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by ribs. In other species the shape and size of the shell is similar, but ornament differs somewhat
(figs.309-315)

The other terrestrial group of the Nerit morpha are the Helicinoidea that have developed quite =
number of specics, which are easily differentiated from those of the Hydrocenoidea (Tnompson 1980),
Fossil species have been described from strata as old as the Carboniferous (Ksaatr et al. 1960).
However, these shells must remain doubtful due to convergence with the pulmonate Stylommatophora

on one side and caenogastropod landsnails especially among the Cyvelophoroidea on the other side
(SoLem 1983).

15. Neritimorphs in the exotic environment of the seeps and hot
vents in the deep sea

The normal living environment of Neritidac is the shore, commonly the intertidal regime.
Even Smaragdia and Phenacolepas, which prefer the sea grass beds, are somewhat excep-
tional. But much more deviating from the "normal® living environment are some species that
have moved into the deep sea and here to hydrocarbon seeps and hydrothermal vents.

The genus Bathynerita Cuarxe 1989 based on B, naticoidea CLarke 1989 lives on oil seeps and
hydrothermal vents in 500 to 700 m depth in the Gulf of Mexico (CLarke 1989), The about 1 cm large
smooth and simple shell with rapid increase in shell diameter is equipped with an operculum that
carries an internal peg and is smooth with only growth lines and spiral nucleus near the anterior fnner
edge. The aperture is widened to such a degree that the shell can almost be considered to belong to a
limpet, but the operculum still seals the aperture a little behind the outer aperiural edge of the mouth.
The apex is always corroded and succceded by 1-1,5 teleoconch whorls of about equal width and
height. It has & characteristic radula (Waken & Boucer 1993), Its columellar edge is smooth and
usually concave, with a narrow callus of the inner lip, almost smooth and simple. The outer shell layer
is of calcite and smooth, with only growth increments as apparent ornament, but also rather indistinct
spiral ornament present us well. It probably is a simplified Nerita on the merge to become a limpet. Its
ontogeny includes planktotrophic larvae, which hatch from typical neritid egg-capsules thal apparenily,
in contrast to shallow water Nerita, have no calcarous spherules in their lid portion (Wares &
Boucwer 2001, Fig.30),

The genera Shinkailepas Oxutaxt 1989 and Olgasolaris Beck, 1992 are Phena-colepadidae,
which have evolved to live in deep water next to hydrothermal exhalations feeding on bacterial crusts
(Oxutan et al. 1989, Becx 1992, 1997, Waren & Boucset 2001), Their radula closely resembles that
of Phenacolepas (Becx 1992, Warex & Boucier 2001 ). They represent species with limpet like shell
and with the cancellate omament of Phenacolepas. But in contrast to the later the shell has pores. The
protoconch is of the Nerita-type (Beck 1992, P11, Fig.6, PLS, Fig.1}. ). As is characteristic to these
the whorls of the larval shell of Olgaselaris tolimanni Beck, 1992 are tightly coiled so that Beck had
the misleading impression that the protoconch was reduced in morphology, while it actually represents
the typical neritid shape. Such typical shape is present in case of Shinakolepas briandi Warix &
Boucser 2001 that has a 0,8 mm large protoconch consisting of several whorls (W anin & Boucier
2001, Fig.32f). The radula is very similar to that of Phenacolepas (Frevrer 1984, Ogutani clal. 1989,
Hickman 1984, Baker 1923, Barwaro 1963, Triewe 1909, Beck 1992}, Shinkailepas tufari Becx 1992
according to Beck (1982 P12, Fig.4) is described as having crossed lamellar structure and nacre in one
shell, which is clearly a mistake, since the figured shell-structure is that of the inner callus cover which
on first sight resembles nacre bul actually is composed of the scaly layer (Bavper 1979, 1990) as it
commonly is found among different gastropods with dominantly crossed lamellar structure, (Beck
1992) noted that the radula places this penus within the Phenacolepas relation, but for het vent

species he suggested the subfamily Shinkailepadinae Oxuran & Onia 1988, Beck (1 997) speculaled
that Phenacolepadidae including the Shinkailepadinae of the hot vents in the deep ocean were related
to the fresh water species of Septaria and Neritina (Clypeolum), and he also speculated that the
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rhipidoglossan Neomphaloidea. Peltospiridea, Lepeto-driloidea and Clypeosectoidea have derived
from the same ancestral archacogastropad group from which the Nerita-group came. But these
speculations are unlikely to be correct. Olgasolaris is a typical phenacolepadid genus that occurs in
a rather unusual environment of hot vents, but had its origin among shallow water relatives.

16. Conclusions

The similarities found in shape and composition of the shell of Neritina on one side
and Theodoxus on the other indicates that both are related. The living environment preferred
by these also documents this relation. But since, as shown here, Theodoxus has an inde-
pendent history ranging back for more than 60 Million years its characteristic ontogeny
including nurse egg feeding is considered a subfamily character. Ontogeny by nurse egg
feeding, thus, distinguishes the Theodoxinac from the Nertininae, which have a
planktotrophic larva. Both together are united within the Neritinidae and thus in a family
that is distinguished from the Neritidae by an independent history ranging back well into
the Mesozoic Era, perhaps to the Jurassic and thus for about 150 Million years. But there is
also a strong possibility that Neritina and the Nertinidae may connect with the Jurassic-
Cretaceous Neritoidea of the Nerifoplica relation (BanpeL & Kiev in prep.). Members of this
genus still lived in the fully marine environment during the late Cretaceous.

Life in the coastal swamps in brackish and commonly fresh water conditions distin-
guishes the Neritinidae from the Neritidae while ontogeny as planktotrophic marine larva
with basically the same shell or protoconch type unites them.

Within the Neritidae the relation of Nerita can be traced back to the mid Cretaceous
forming the Neritinae. They have their special ecology, which is the rocky tropical shore and
similar surrounding such as the roots on the seaward side of mangrove forests. Apparently
Smaragdia has branched off from these or their stem group when sea grass became available
and adaptation to living on its blade-like leaves formed the Smargdiinae. Here probably
quite a number of species evolved which still need to be differentiated in more detail. A
sood and useful character to distinguish species is here supplied by the shape and size of
the protoconch.

Most Neritinae have a spirally arranged shell omament, and it may well be that axially
ornamented and smooth species such as Dontostoma and Puperita can be proven to have
a history that reaches far back in time. The shell composition with relatively thick calcitic
outer layer, the shape of the columellar lip with denticles in a median depression, and the
mode of life in the fully marine coastal environment of splash pools brings Puperita closer
to Dontostoma than to Neritina. This is despite the fact that the black zigzag omament on
white background and the general shell shape closely reminds of Neritina. The construction

of the hinge of the operculum reminds of Neritina more than of Nerita and Dontostoma
while the radula is close to that of Nerira.

During the Paleogene the large sized and peculiar Velates evolved and after Eocene
time became extinct again, forming the extinct subfamily Velatinae, They are distinguished
by their size and the callus covered flattened base, as well as having a peculiar shape of
larval shell. This protoconch is much more similar to that of Nerita, Smaragdia and Nertina
as is the protoconch of the Neritilia relation. Here also the radula differs so that the whole
group including Neritilia, Pisulina and Pisulinella arc considered to represent their own
taxon, quite distinct from the Neritidae, which would, therefore, represent the Neritiliidae. A
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pns:f;ibi? transition from Neﬂtii!idne could exist to the Hydrocena relation of minute land
SI'EiIlll s via such Crf_:taceous: species as for example in Schwardring, But this later relation is
still quite speculative and it would be good to have more information on fossils species and
also on the ontogeny of modern Hydrocena, i

The large amount of species that have been described for Theodarus from

gene of the Pnnm.lh ys Basin, as well as the confusing database on especially the Im;::::at::l;-;
species of Neritina can find an explanation when the process of hybrid formation is here
In"-':ﬂ|.V.b|:L In bm_h cases meeting of species depends on factors that are independent of the
activities of the involved species. In case of Neritina it is chance currents that ca veli

larvae from the estuary of one island or continent to the next, and in The&daxu? it is f_:r
ra_shuﬂ_’le of catchment areas of rivers and the rearrangement of inland seas that all .
migration and meeting of species. In this study it is shown that some species h;»,rl:trid;:*.::::a-“::ls
with each -:-ther‘whr.:n meeting in one region while more or less the same did not mix there
genes and n:mam'l:d s_cparmed in another region. Why this is so is quite unknown. But the
process nt: evolution is r_:Ir:ari y influenced by the possibility of interbreeding. Evolution

pathways in space and time are more difficult to recognize when such suddm‘l exchan gesmujrf

genetic material occur between species that had a more or | i i
phically distant and distinct regions. et

ﬁ:-’z'riﬁna and Theodoxus are not the only taxa of gastropods i i i

lo be in important factor that has to be taken into ma:;st wl[:m mlzi:v:l:::lllu?ij:;tﬁ m
js.B reconstructed. A‘simi!ar influence was discovered in the relationship of Mefanqpsg
t[h ANDEL 'z_u[_m} and is expected also among genera like Thiara, Melanoides and Tarebia of

= (_:,'enthmld_ea (Caenogastropoda) of fresh water and estuaries. The result would be a net-
IiI.-_tr interrelation among related species during the evolutionary process in time connected
with tl'{e usual branching in a bush-like manner as is considered the "normal” mode in which
evolution from one to the next species proceeds, )

Neritoidea traced back to the Triassic appear to have been living mostly at the shore or

near to it. But as well as managing to settle land and fresh
. : water, some have
rather different conditions of deep water hot vents and oil seeps. St
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Abstract

Pauroripidins gen. nov. (Ripiphoridae: Ripidiinae) is described from Baltic amber. It is uniquely
characterized by eight-jointed antennae with the distal five antennomeres uniflabellate and it shares
with some extant ripidiine genera the reduction of the maxillary palpi 1o an unjointed, knob-like
protuberance. The type species is Pauroripidius groehni sp. nov. It is possible that a previously
deseribed copal specimen is generically identical with Paureripidius gen. nov. Should this prove true,
Fauroripidius gen. nov. may contain as yet undiscovered extant species. All records of subfossil and

Authors' addresses: Dipl. Biol, Anpreas Kause {Andreas. Kouppi@unibas.ch), Prof. Dr. Perer MaseL
(Peter. Nagel@unibas.ch), Universitit Basel, Institut fir Natur-, Landschafis- und Umwelischutz
(NLU) / Biogeographie, St. Johanns-Vorstadt 10, CH-4056 Basel, Switzerland: Zaciary Faus
(zacki@falcon.ce.ukans.edu), Snow Entomological Collection, Division of Entomology, Natural
History Museum, Snow Hall, University of Kansas, Lawrence, KS 66045, USA,

164 165




