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Character of a microgastropod fauna from a
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Abstract

amall shells of gastropods are commeon in marine calcareous sands of tropical Cebu
lsland. They commaonly represent juvenile shells of larger adults but alse many outgrown
individuals of small-sized species. The morphology and sculpture of the first whorls is
often sufficient to determin a species, It places a shell into one of the four subclagses
Archaeogasiropoda, Neritomorpha, Caenogastropoda or Heterostropha, Usually a certain
order and superfamily can be determined as well, Only rarely a shell is not charactenstic,
Gaﬂlmp{:d gpecies and groups of species characterize quite well the environment in which
they live. Most of the species found in the studied sample provide evidenee for a specilic
shallow water environment oceuring nearby ranging fram the shore, across lagoons inle
the reef and its slope. Many species of the gastropods fram Cebu had relatives in the
European Paleogene. Ecologic characterization of the modern fauna will thus enable more
relyable paulececologic interpretation of fossil sediments. The analysis of the composition
of the dead shells within a given sample of calcareous sand can give clear indication about
the area of vrigin of the shells and thus the source of the analysed sediment. The method
can be greatly improved when the biology of the species living in the shallow sea near
Cebu, Philippines is better known,

) Authar's Adress: Prof. Dr. KLaus BanpeL, Geologisch-Palaontologisches Institut und
Muszeum, Universitat Hamburg, Bundesstrale 55, D-2000 Hamburg 13,
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Zusammenfassung

ind i s der Kiste C hr héiul‘ig. Sie

ine G halen sind im Kalksand vor der Ku”T'L. Cehus se X :

IICI':HPL gi&'sﬂfffgggiflugendsmdien grafierer bis schr groﬁel M‘Eﬁ]‘" ':imi nfrr:“ul-.{";:::t.r:{?i

gﬂ'gﬂf “‘ntf kleinwuchsiger, ausgewachsener Arten. Schon die ersten indu 15:.1“1”“0!“'-

If Husll‘:.'mals die Bestimmung ciner Art, meist die genaue Zw;-dnux_lg.i :.'I; -:'-;i: i

5 !c:nol}ru ¢, und nur selten kann keine Ansprache erfolgen. Damalh .-}-. Eken e

s¢ ‘1' nac 1‘,:;%.- cinzigen Kalksandprobe (im untersuchten Fall etu:-a:q ; E{._'; T " c]gengmp-

::-?L:iuﬂssagc iber die in der Nahe 1-:ber.:1derll dﬂalﬂmp?ldti'r;;} ?::.IE; (';éfu l'::' hnalﬂli?epn S

isti i eln und 1 sitzen,

i "EII?T:HI;EHT{LSEII;FSELEE:::::;D &l':bléi inegfr Mihe der Fl.m:Elst-:-IlF a.uzul,r}c:i‘fc:n?e ?Iﬂmusz

ge?ﬂlfeégrer EKcn ntnis der Lebensweise einiger P;:ite[l hwarl: mlr:f_-l 'EI_;E::1 dvl:;: : Iﬁi.;ltﬂiz.; s

i tgli a in den Philippinen zahlreic o Artel ) 0

ﬁusg;}gnE 1|:-1'::'»:‘1;:::5 n&zﬂggﬁtgqhesa fien, kinnten diese dkolagischen Befumlie&p dﬂnﬁzﬁizﬁl

I:]:Er?rﬂuléde?.lmng‘ genutzt werden, Bed heutigm Sedimenten erlauben sie die E
:tier Herkunft der untersuchten Sedimentpartikel,
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Textfigure 1: Location map of the studied sample. ustration by P, BOCHSEL.

Introduction

i : m
A sample of sandy sediment with about 300 gr. weight hfad bﬂ;.;; :?i:[ﬂ:l::l&
80 m depth at the slope into Hilutangan Channel off slmn_ﬁ_ run:uup e e
near Cebu City during a survey carried out by the wm'll-:u;gdgunm  Dadut
SCHOLZ (1990), From this sample gastmpo!;ls were selee couﬁterded it
evident that most characteristic reprezentatives had beendelnr o han 0.4 i
about 5000 individuals). All are 5“?""5?.; than a few mm and larger than 02
. . s number of 5 . _ i P
Efoz{éﬁilzt:s;li :ei:gjﬁ:d in the cfassif‘icaﬂﬂnlﬂf systen::atlcal Hrrmif;-!i:g::";;wf
ally similar ecologic requirements and a similar i'u_nﬁl_‘.mnz:l rr.;?ﬂ%mnt = roiton
represent species and groups that originally lived within very
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Textfigure 2: The embryonie shell of
deformed sculpture on the inner side
added to the shell after defarmation
fwimming veliger. Shell

which they rake, bite and scra
Species of the Umboniidae like the
3 pl. 2, fig. 8) represented by num
quite well. They may live near the i
(1945) demonstrated, species of th dae feed by filtering food from the
seawater that is pumped across the feather-

ot

condition indicates that they
the channel from nearshore
Substrate. Key-hole limpets
senled by
s with a central orifie
the tidal zone and in well illumin
ke Sponges, bryvo

ﬁ

ments and have been deposited together in th
Hilutangan Channel. In thig study a coarse characterization of these Broups is
undertaken and the mode of their differentiation with the help of the earliest
whorls of the shell is demonstrated. It is hoped that the study results in the
begin of a more thorough analysis of the gastropods from the sea near Cehy.

¢ substrate found on the slope of

Systematic Descriptions

l.Subelass Archaeogastropoda

Members of the Archaeogastropoda can be
well preserved juventile shells (textfig. 2, pl. 2, figs. 1.6). In contrast to all other
Gastropoda the embryonic whorl is never succeeded by a larval shell. At first
the embryonic shell is not mineralized and of bilatera] symmetrical shape.
Before benthie life begins and after the body has become torted the shell is
deformed by muscular actio

n and the apical and the ventral side of the embry.
onic shell are usually deformed (Bandel 1982) (pl. 2, figs. 1-6),

recognized by their first whorl in

Seissurella from the Mediter
near to the fold, a marginal

_ and a small addition
diameter about 0,15 mm.

ranenan Sea shows the
thickening of the apertur
In front of it added from the

Most of the recognized Archaeogastropoda live on hard substrates from

pe their food with the help of their radula. Only
figured ones with rounded whorls (pl. 1, fig.
erous shells, live within the sand, can burry

e Umbaonii

Several typically conical shells of the Jj

mpel-like Patellogastropoda belong
he Acmaeidae as well as

the Patellidae (pl. 1, fig. 8). Their usually battered
have been Lransported to the site on the slopes of
arcas. Here they graze algae from hard bottom
of the Fissurelloidea are less common and pre-
emarginulid forms with anterior fissure (textfig. 3) and fissurellic
€. Species of fissurellids either feed on algae within

ated environments or on crust forming animals
Zoans and tunicates and oceur wherever their prey may live,

443




j x i trates the embryonic shell, the
X : venile shell of Emarginula demons 1 b 4
?:;T:zf:;:lﬁwmg i:‘:;; without slit and the later juvenile shell with slit. Size of shell ubout
0,7 mm.

i i al pellets tell what they have been
i are collected alive their feac 7 : s ; :
r;rg:;;?}l:?rllsd they can than faithfully be assigned to a certain lype of environ
t (BANDEL 1976a). o _ . ‘
mcn’[‘i‘-e E:mall thin shelled, slit bearing Scissurellidae are common in the Sat..cl.,
well prcservc& and belong to several species uuxr:tﬁg. 4; l;;].nz,lgﬁ 1';};. EF;TEIL?‘;
' i E in the deep water environn . 2, fig,
belonging to this group are common n : T on bt
so i hickets growing within the ree g. 4.
and also in the reef rubble and algal t sbdmaguamblic il
e ollect minute food particles from the subs . oo
?::: I:ﬁ:}l{gt‘gunds The specific living environment is usually unleigtt;r&?:,lﬁﬁ;:
b o - - - 5 x v o =
ies i bably species specific. Deep water species arfla !
spfr?:gza?nlﬁr:ts :\}::i do iotp live in shallow water gnd the littoral species :i:t n_i_:t
g:cur below this zone. The scissurellid shell is light and thin so that it is casily
transported by currents over long distance.

le covered by
Textfigure 4: A shallow water scissurellid of the type that lives on reef rubble
algae around Cebu. Size of shell about 1,3 mm.

[ i g ﬁ. T.'.H]"

Juvenile shells of Astraem']‘urbt_} - relation with ﬂftt apﬁx t[;l]j'r.l-.'- f:‘ftifacm uj
of Tricolia - relation with littoriniform shell and :,mu-..; 1 ? D i ralati
Trochus — relation with dark lines and spiral ribs (pl. 2, ﬁg'.:r.aill:;;: o frumm
(Liotia ete.) with fenestrate shell ornament have prDtH Hn::; Sor
shallow water. Here the reefs and shallow Ilr_'nestoqel a O
stone slabs and algal growths are the most likely living envire
SpECies.
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Within the area of the taken sample the ear-sha
tellinae (pl, 1, fig. 5: pl 2, fig.
cyclostrematid occuring in al
fig. 4). A little species of
sands (pl. 1, fig. 2) since its
where they hunt animal pr
are found within the Sken
sunken wood (MARSHALL
listiinid Cyclostrema.

In general the arc
sample is very diversifi

ped members of the Stoma-
1) are to be expected to be found alife, as well as 5

1 sizes and shows little corrosion (pl. 1, fig. 1: pl. 2
the Solariellinae also may have lived in these
relatives are common on substrates in deep water
ey. Extremely small trachiform archaeogastropods
eidae (pl. 1, fig. 4; Bl 2, figs. 2, 11) and may live on
1888) but also on shallow water algal mats like the

haeogastropod fauna of the vicinity of
ed. Most species here represente
on hard substrates within the reef slopes and on its top
area. The smaller forms are characteristic to a wide ran
be very useful for as ecological marker speci

(BANDEL & WEDLER 1987),

the analysed
d by juventile shells live
as well as in the coastal
ge of substrates. All will

2. Subclass Neritomo rpha

The veligers of Neritoidea differ from these of al] other gastropods hy
dissolving the internal walls of their shells. The visceral mass and pallial cavity
thus oceupy very much of the whole cup-like space of the area behind the
aperture, In addition the shape of the larval shell js characteristically coiled in
such a way that sucessive wharls cover each other toalarge extent (textfig. 5 pl.
2, figs. 8, 10). In the analysed sample the shells of pediveligers ready to
metamorphose are very common and of different sizes. Their construction, their
smooth surface and their almonst spherical shape is very similar to each other so
that different species could anly be differentiated from each other by their size
{textfig. 5). Planktonic stages of the Neritomorpha are abundant in the seq near
Lhe source of the studied sediment but pediveligers could not successfully settle
here and metamorphose. The light shells of freshly settled veliger may also have
been transported to the slope of the channel,

LLS L e
Textfigure 5: Pediveliger shell of a ner

itvmorph with aperture closed by the operculum.
Size of the ghell about 0,4 mm,

Neritomorpha of the genus Nerita and related forms live within the interti.
dal area on hard substrates along the whole shore of the Indo Pacific Ocean and
Most shores of tropical scas. Individuals

scrape algae and other encrusting
Plants from hard surfaces of rock and coral debris aided by the mineralized
teeth of their radula. All species of the littoral Ne

ritidac related to the genus
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Nevita produce cupola shaped egg capsules (BANDEL 1982) which are attached

'E ! sinistral larval shell o . . . _
to rocks and camouflaged and protected by additions of Calcium-carbonate ornamented by spiral af}ﬂ“:ﬂhﬁgﬁm;d;eris s!ende:: turriform ang highly
spheres to the top of each egg capsule. Such capsules should be very common een presented by (RICHTER & T !E:S-(}N. ll‘t:'g'_;r 51}. Medlterranenarf larvae haye
along the rocky shores with the tidal area and in tidal rock pools of the coast of sculpture to Triphoridae but dextral coiling are :'c- Adult shells with 3 similar
Cebu,

sidae (pl. 5, figs. 2, 3, 4), Their lary, und in the related Cerithiop.

pigng al shell mn: .
The small neritid Smaragdia viridis lives on and from the leaves of the are of similar shape (BANDEL 199 1) f;‘cxlﬁgdﬂ be less ornamented but otherwise

turtle grass and should be commaon in the shallow lagoons of Mactan Tsland,
Here the greenish, well camouflaged egg capsules are also present from which
planktotrophic veliger hatch that stay in the plankton for several months
(SCHELTEMA 18971, BANDEL 1982). On seagrass also representatives of the limpet-
like Phenacolepadidae are to be expected, but little is known about their
ecological requirements,

Larval shells probably also belong to different species of the Neritinidae
living in large numbers of individuals within the estuaries and moving up the
fresh water streams, Their larvae after hatching from the egg capsule also enter
the sea and have a more or less extended planktotrophic stage before they enter
again the brackish water environment to metamorphose and settle only here,
Septaria (pl. 2, fig. 9, 10) has been washed from estuarine environment.

3. Subclass Caenogastropoda, order Clenoglossa

The Cienoglossa are represented by numerous species and individuals of e

the Tripharoidea, a fair number of species of the Eulimoidea and some represen- Textfigure 7: F ) ;
i : : Fully gr m

tatives of the Janthinoidea. E ully grown veliger shell of

erithiopsis. Shell about o g mm high,
a) Most or all members of the Triphoroidea parasitize on sponges. A large

number of species of the characteristically sinistrally coiled Triphoridae and the !J} Species of the Epitoniidae us 7 ) -
dextral Cerithiopsidae occur in the Indian Ocean and a fair share of them is feeding on body tissue from Bentiis Egzif‘itt::lﬂl;yssg;:(ﬂng tE:n::uf liquid and
represented in the studied sample. Whereever sponges have settled near the live closely associated to one host, while apeeias OrIIHI' : bS 4] '5r_nu1! body size
beach, within the lagoon, at the reef and in water of greater depth triphorids live prey to prey. Epitoniid species are found in the sha]jnwéj:e m:l} size move from
on and in them feeding on their tissue and from the suspended materal ment to greater depth. Their Bresence is not so m Hfgnun and reef envirgn.
collected by the sponge. The different species of triphorids have species specific zonation but to the presence of h 0Bty Omb grivoin tere::.IH.‘;] correlated to depth
sponge hosts so that they reflect biozones of sponge growth. are ;]:let.ached from each other (pl. 5, figs. g, 8), and maost prﬂ?;:?gls hl‘TIS w“qﬂﬁ- th-at

The veliger of Triphoroidea hatch from the egg mass that is hidden within ;':1"; ﬂ:}'ﬁﬂflb’;ﬂst pmtec!.i;-d by it body walls and the poisonous “Eirﬂ]i:fcl:ﬁt;? !-,:ES
the sponge. It is usually provided with a highly sculptured embryonic shell f}i i‘*lic{: i: the case in some of the small species of the group Whieh fs
about one wharl (pl. 5, fig. 1). The veliger larvae of most tropical species remain i untered here (pl. 5, figs. 8, 10, 11). The ecology of only a few speci e
in the Plankton for a long time often amounting to several months. During nown well (ROBERTsON 1983), pecies s
pelagic life velum bases fit into two lobes of the outer lip of the aperture of the Veligers hat

ch from egg masses consistin

shell and between these the outer lip projects characteristically (textfig. 6). The dles of strings attached gy substrftgiﬁfﬁgfkfg?éﬁuﬁ on bm:-.-
HULL . From eac

i'—‘]:ﬂz'-;lg Llfg ';50 200 small veligers hatch with a shell of a little less than one whor]
cally orna ), ohey stay in the plankton for a long time growing characterist.
these are pTL?:rlildﬂgdSh?HS (ROBERTSON 1971) (textfig. 8; pl. 5, fig. 6). Onlv rarely
the aperture is sim er lip (BANDEL 1991a) and mostly

; s wi 2 o 7
common in the sample while larger shells are ith fine axial striae are fairly

¢} Eulimidae like Hoplopteron are re
May regarded as intermediating N ed by

al least four species and
tively common and present with

b t0 the Epitoniidae. One representative i
T - . rela-
e e b 1l : ; shells of all stages of growth (pl. 5. fi

Lk Vo b vy v Bl o e o i
L very little iz Known, A5 A SmEng aboot its mode of life of which

Textfigure & Fully grown veliger shell of Triphorya. Shell about 0.4 mm high.

, : on and in echinoder Their
- : ms. Theiy
Sually slender, sometimes curiously curved (pl. 5, fig. 5), and all haves :e!ilisgﬁir;

e teleoconch without
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Textfigure 8 Shell of pediveliger of Enitonium with details of the fine sculpture. Shell
about 0.7 mm high.

much change in shape and sculpture. Several species are present giving evi-
dence of a diverse and rich fauna of echinoderms in the vieinity of the location
of the sample. Most species are host specific (WAREN 1988) and could charac-

terize the echinoderms that life in the area if we knew which species belongs Lo
which host.

4. Subelass Caenogastropoda, orders Cerithiimorpha,
Littorinimorpha and Strombimorpha

Representatives of the Cerithioidea, Rissoidea and Littorinoidea produce
quite a variety of fairly different shapes of adult shells within a large range of
sizes but regarding their larval shells show similarities. It is usually of conical
shape, about as wide as high and consists of several sculptured whorls. They are
smaller than those of the Neomesogastropoda and Neogastropoda and shorter
and less slender than those of the Ctenoglossa. The portion that is produced

during the planktotrophic stage is commonly provided with a strong projection
of the apertural lip (textfigs, 94, 9B).

a) Cerithiimorpha

The shell of the Turritellidae is slender, many. whorled and the larval
portion smooth or provided with one median keel of the whorl (textfiz. 10A).
Adult individuals usually hide within the sand and aquire their food by filtering
it from the water with their gill. They live wherever enotgh suspension 15
carried across a sandy bottom below wave base with sufficient sediment sta-
bility.

The Cerithioidea are represented by a variety of different species that lived
in a number of environments and have been transported into the bottom
sediments of the channel. Larger forms of the relation of Cerithium rake small
algae and plant fragments from sediment surfaces and from interstices of sand
(pl. 3, fig. 11). They thus move in flocks across of through sandy bottom or Move
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Textfigure §: A and B represent fully grown larval shell
with large projection of the outey lip as caught from
Height of shells about 0,4 mm.

= of Cerithiimarpha or Rizsoidea
the Plankton in the Indopacific.

]

£
-

Textfigure 10: A. Pediveliger shells of A Turritella with about 0.4 mm height

through dense algal thickets covering hard substrates in the well illuminated
“one below the tidal range. Small species belonging to this group in the relation
to the genera Bittium, Alabina, Styliferina and Diastoma live within algal
thickets and may be present in extraordinary numbers within a wel] vegetated
“one at one time of the year and in the absence of such growths at other times of
the year be 1_~u|.hf.~r rare (pl. 3, figs. 5, 12; pl. 4, figs. 1, 2, B; pl. 5, figs. § 15). This
explains their common oceurrence in the sediment, into which most.pmbably
!h_uy have been lransported from more shallow living place. A probable member
of 1he genus Obtortio owns a larval shel] (pl. 3, fig. 12; pl. 4, fig. 8) which is very
#imilar to forms found in Triassic and Carboniferous faunas (BANDEL 1981a).

_Mgdluius has an unusually short conical shell for a representative of the
Cerithinidea (pl. 4, fig. 6). Only juvenile shells are present and Lthese have heen
Wazhed in from intertidal and very shallow subtidal hard substrates, where the
Pf‘lﬂ!'nl:-e_ra of this genus live. Similar turbinate small shells are present in the
Sunsonia relation (textfig. 14) represented with three species (pl, 4, figs. 3, 5).
The larval shell resem bles that of Cerithioidea (pl. 5, fig. 14) but the thickened
Apertural margin elearly sets the adult shell apart form any other group and
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b} Littorinimorpha and Strombimorpha

Shells of Littorinidae have not been recognized even though represen.

tatives of thig group surely live in great numbers within the tidal area of the
shore, Among the litter of bushes and tr

ees found in shady places in the

sublittoral environment reached by the sea only at extremely high tides or

storms Truncatella is living, It has a light shell and in contrast to the littorinids

has been washed into the channel (pl. 5, figs. 12 13,
A number of g

pecies of the Rissoidea are present. Among these a few
species of the Alvania-type with few s

piral and radial ribs (pl. 3, figs. 6, 8), of the
Rissvina-type with axial ribs (pl, 3, fip. '
(pl. 3, fig. 10) are present with man
live in shallow, well illuminated
transported down slope.
: Vitrinellids with almost planspirally
: specialized group that live as commensals o
Textfigure 14: The shell of Sansonia is about 1.2 mm high, types. Species of the genera Cyclostremise
Circulus (pl. 3, fig. 7) could be recognized, o
highly coiled Macromphalus, Vanikoro and
(textfigs. 11, 12) are not related to the Vitr

€ most probably
water within algal growths and have been

colled small shel| represent =
f endobenthic worms of different
s, Sciszilabra (pl. 3. fig. 9}

allows to trace them into the past to at .]EE‘.ST‘. Upper CreT.uue;ua 'fim@. Their
environmental requirements as well as their living place are unknown.

Sealiola is easily recognized with sand grains agglutinate_d inits shle}ll. Tiuh
small cerithioid is very common and may live near the séamplmg g;:la?e Nl;.:{; ::a
NDEL Fl., AL
i ter among the reefs and lagoons ( A .
’II;QT}GT: iih:rlv;;.}lta‘;lnuﬂaged on the sandy bottom by grains agglutinated to its
shell.

i iol i idal algal growths as well as on
iti ~erithicidea are found on intertidal alga : \
driﬁi_;tgl':aﬂ':ng‘ﬁe :Iaheiiz-: seen here with moderate number may ha:w drc-};;:tn.'d
down from such floats which seasonally are common, or they may have been
washed in from the shore (textfig. 10B).

Textligure 11: The shel] of v
embryonie and larval shell

anikoro is very different in its early ontogenetic portion of the
from the teleoconch. Total height about 1,5 mm.

Textfigure 10: B Alaba with about 0.3 mm height.
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its Iz . They resemble members
d seulpture of its larval ShE}J: : iy
St m}?mir:l‘;?ﬁt;lils regard. Individuals of Vanikoridae [T.e;tttizgtsé jjjee s
l:féhﬂgan;yﬂﬁve within erevices of reef-rock and other hard substra
L4l m
il"[edgiterranean relatives (WaAREN & BoucHeT 1988),

i i darly uncoiled shells is
iall t minute gastropods with secon .

& prcéagzﬁg;eii?iue (pl. 3, figs. 1, 2). These may ham_a- a ctnlel;i ]ﬂor;;: :HEH
Fe}:lresg;;mmyrelatinn (textfig. 13; pl. 3, fig. 1) uf‘ld only a mlgfi:‘i] r‘in;: 01;1:1 i
and ciral Ht larval shell in the Strebloceras {PI.' 3, fig. Za)re 4 ,11 Sl
gl in the sample. The juvenile shell is usually_shed whe i
;lreu;ugr?g;? and the apical end of the elephant tus}l:-likclﬁiej}kfts gnd Rl

1l animals move through a gal . B
s The_sma i h for food, consisting of diatoms an
2 sediment in the search fo food, e :
s_urf:af:e laFeIls Dfri?:i:s. Coecum and relatives live in _aha]._lnw water, Tiﬁiﬁ; !:1:5
?Ir?rll]gm:e;\r:il:onfnaent oi‘ Parastrophia and Strebloceras 1s still unknown ,
iv
1991¢).

Textfi 13: The larval shell of Caecum is coiled, while the teleoconeh is uneotled. Si
extfigure 13: The
about 1 mm.

ized

. to moderately siz
idea form a conspicuous group of largf‘:‘ ; materials
gast?uliit?stﬁi?thl{;i{?n t{ll'se shallow tropical sea ar:]dllm::& L;:-"I_:_Lri':]lir;te“s found
T lle shells are best recognized by their Iz . present as
as food. T:f";él:j\-:znslalfn;h d sediment (textfig. 15), xenn[:_-hondl?e H:; ::‘ e
unmmnd'iﬂ }"ﬂgni?f d by the broad larval shell and the juveni g; | 984) :

::;u?naéegedimeﬁt particles right after metamorphosis (PONDER,
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Textlipure 15: Fediveliger shell of a Strorebns with aperture closed by the operculum.
Shell about 0.4 mm high.

5. Subclass Caeno

Members of the Neom
large larval shells. Within
Tonnoidea and the Echino

gastropoda, order Neom esogastropoda

esugastropoda BANDEL, 1991b usually have especially
them the Calyptr

aenidae, Maticoidea, Cypraecides,
spira group are united, Each group has a characteris-
tic larval shell as well as a special mode of life. Similar larval shells as found in
this group have been noted on leleoconchs of species that are more similar to
Littorinimorpha (pl. 3, fig. 3). These species would surely be very Interesting tp
study alive,

#) The Calyptracoidea for example are Present with some juvenile limpet
shells of Cheileg (pl. 4, fig. T and Crepidula relation a5 well as even more fully
Erown larval shells (textfig. 16). The larvae of the Cheileq-H Ipponix type can
slay in the plankton for quite long time that may amount to severa] months.
The metamorphosed animal Erows into a limpet that is attached to moving
Substrate like g larger gastropod or the home of a hermit erab or other stable
substrate and filters food from the seg water. Larvae of the Hipponicidae differ
from those of the Calyptracidae in shape and can help o differentiate thege twa
Eroups of limpets. Calyptraeidae hatch late in their ontogeney and stay in the
Plankton for less time. The shell ig almost planspirally coiled and has less thap
two whorls, while that of the Hipponicidae is of rounded outline and has maore
than two whorls (pl 4, fig. 7.

b) Naticoidea with members of

genera like Natica, Mamillg and Polin
are found in sandy bottoms below Jg

ires
W water in the whole tropical Indian O

BN,
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¢) The Cypraeocidea are present with members of ©
A number of species of the commaon genus Cypraea live in the shallow lagoons
and among the reefs and debris in the reef, Here they usually remain hidden on
the underside of boulders and rocks. They feed on erust formig colonial animals.
The last wharl of the adult shell covers all early i
and larval shell. Many species brood theis ;
nebrites and . arabica from the Red Sea at Port Sudan
Mmasses until veliger hatched, The larvae remain in the plan
until their larvae setile and metamorphose. Their shel
and spiral ribs forming a regular pattern (textfigs. 18, 19)
species are present and some ha
and heavier juvenile and adult s
remained in their shallow living

Ypraeidae and Ovulidae,

to brood their egg
kton for a long time
1 is sculptured by axial
- Larval shells of several
e juvenile shell. Larger
tered and have probably

ve started to produce th
hells were not encoun
environment,

Textfigure 16: The larval shell of Hipponix conicus from Indopacific plankton with
opereulum in place is about 0,5 mm wide.

Naticidae do not only rest but also move wi!.hinlthe s&dimehlguiléd;i;;?:rﬁiﬁﬁi
i i rs

i redominantly of bivalves but also othe s lik
;gta;agggzmﬁlbi-wonns or scaphopods. Vietims are upeneld bﬂ a hole ;:]'I.IF{E:; ;ﬁ
drilled through the shell, and such séhe_llls ar:c‘?ﬂ%ﬁ in i-:t:ftraanpmh{: > From

isti ollars (BANDEL 1976¢, THOR 1 IS
c?ﬂ:&ﬁ?iﬁfﬁ 'E.rith about 0.2 mm large shell (HANIJI-E;., 1??5&?11:;:1::3 :;1;:;
e ' ? i | months, in the ope g

i weeks, and in some cases severa :
r,e mf::? :I::ar:;-iﬂylarge shiny-smooth shell suspea_’tde-:'i he%t‘:w a lu{E? r?iu;t::ﬁ;ﬁ:
:rzjl:;m {textfig. 17). The shell margin of the piiad;]ve];gar 1]:: ;em;_n;; hu‘::; Tt g
rovidi indication for the presence of the tube- :

:‘)c::?rzled:;rll:ir :l;e ;'rc;lcji:d mantle. Fully grown larval shells are common while more
solidly caleified juvenile shells are rare.

Textfigure 18: The larval shell of a Cypraea is highly sculptured and about 0.6 mm high,

Textfigure 19: Cypraeid larval s}

sians and shapes, Height about 0.5 mm.

1ells have similar reticulate sculpture but different dinen.
The shells of Ovulidae are of similar
also cover their shiny but usually unicolo

shape as those of Cypraea. Ovulidae
has colourful patterns. They feed on coel

ured shell with muscular mantle that
enterates, breferrably the colonies of
calcareous sg
Primovulg fee
like Dpylg

the
Textfigure 17: Naticid larval shell of about 0,6 mm width with the operculum closing
exhiigure 157:

uperiure,

454




the calcareous skeleton, Several species of Ovulidae are represented with their
larval shells that can be recognized due to the characteristic patlern formed by
inclined ribs crossing each other (textfig. 20). From egg capsules attached to
branches of their prey veligers hatch (BANDEL, 1973) with shells covered by a
pattern of grooves and ridges (BANDEL, 1975). Shells of veligers have been
described and figured from Pedicularia by RoBeERTSON (1971) and from Simnia
by THIRIOT-QUIEVREUX (1972) and RIcHTER & THORSON (1975).

E‘iéxiﬁgure 20: Larval shell of an ovulid with the pattern of obigue ribs. High of shell about
B mm.

d) Tonnoidea of the the genera Cymatium, Charonia, Bursa, Malen, Cos-
marie and Tonna can be encountered within lagoons and reefs of all tropical
Indopacifics areas. They feed on a variety of animals. Charonino hunts
echinoderms like sea urchins, starfish and holothurians on hard substrates as
well as on sandy bottoms. Malea digs in fine sand for irregular sea urchins.
Tonna hunts holothurians on sandy bottoms, Bursa and Cymatiuwm hunt other
gastropods and worms.

Members of the genera Cymatium, Burea and Charonia brood their spawn
(BANDEL 1975, 1976¢) until young hateh and are released into the plankton. Egg
masses of Tonna and hstorsio lie on sandy bottom in a similar way as found in
the Naticidae. Like the attached egg masses of Cyproaecassiz, Cassiz and
Phalium these egg cases are left behind after oviposition and are not brooded.
Larvae remain in the plankton for an extended time of up to a year (SCHELTEMA
1971) and construct conspicuous shells (BaANDEL 1981).

The most characteristic organ of larger lonnoid veligers iz the trunk-like
extension of the mantle margin with which the whole former shell can be
covered by an additional layer of periostracum with each newly formed wharl
(BANDEL 1991¢). In many cases the early shell shows a different sculpture than
the later zshell because early sculptured whorls become covered and the cover
itself may be spinous or carinate (textfig. 21). A few of these veliger shells of
predominantly organie composition were found.

€) The members of the —Echinospira group are a diverse lot (BaNDEL 1981¢)
of which some members of the Erato and Trivia relation were found (pl. 4, fig. 9)
as well as a small trochiform member of the Lippistes relation of the Trichot-
ropidae (pl. 4, fig. 10). The larvae of these diverse forms of which the firsl two
feed on tunicates, and the last probably filters food from the water are charac-
terized by the presence of a gelatinous cover that is usually lost at or after
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g;l-%l;wrphlmis. Thi:is cuveir coats a normally colled shell in the
+ <4 8 planspirally coilled shell in the Trichotropidae (pl. 4, fi
Capulidae and an openly coiled shell in the Lamellariidae, p o

. _ In the later case t
larval shell is not mineralized and pulled into a coil with whorls touching 2a:ﬁ

other only after metamorphosis, which results in strong folds (pl. 4, fig. 11).

Triviidae (p], 4,

Textfigure 21: Tannaidean larval shell with

ook Joingd i large periostracal spines that corrode casily.

6. Subclass Caenogastropoda, order Neogastropoda

Many species of the Neogastropoda have conspicuous a i

shell that are easily detected by snorkel or scuba :::;ving. Alg::{:ts a“jt:eQZZi?
tropods are carnivorous and hunt prey consisting of different animals as various
worms, mollusces, coelenterates, bryozoans and even fish and carrion. The shells
found in the studied sample to a large extend belong to juvenile or larval
neogastropods and only a few small sized species actually live on the slope
between reef and channel bottom like a columbellid (pl. 6, fig. 1), a marginellid
and several turriqs (pl. 6, figs. 6, 7). In many neogastropod species the phase of
the planktotrophic larva has been abolished for an intracapsular development

Here yolk or nurse eggs serve as food of the embryos and a miniature ymmgl
hrflf.{.‘hea from_thula egg mass. But the encountered shells of this group rarely show
Lhe characteristic large embryonic shells of spectes with intracaspular develap-

ment. One example iz the little marginellid mentioned i i
through the sand nearby in the hunt of its prey. e e Ren e

, Most shells of neogastropods have been transported to the channel slope
.‘ om a more shallow environment, and the washed in shells are small, light and
represent the early whorls of larger species with planktotrophic development,

Within several of the larger groups it is i gniz i5t]
’ possible Lo reco, i ot
shells, while others still are quite badly known, "

a) A number of Muricidae live in the reef zone and close to it
' r , only very few
:)::e away from if in _deeper water. Many species have a development without
e larvae, others like members of the genera Nassa, Drupa, Morula and
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Coralliophila produce egg capsules from which veligers with a welll m'_namentEd
shell hatch (BanpeL, 1975). Coralliophile retains epg capsules in its mantle
cavity until the veligers hatch and are released into the plankton I:EANEI‘JEL. 19761
(textfig. 22). The Coralliophilidae usually live as parasites on and in coelen-
tarates feeding on their tissue. Several juvenile shells are present (pl. B, fig. 11).
The other muricids are carnivorous prey searching species teeding on mulh_.lsm
as well as different types of worms which they often reach by way of a drilled
hole similar to the naticids. Their larval shells are less conspicuous as those of
the highly sculptured coralliophilids (pl. 8, figs. 10, 13),

3
Textfigure 22: The larval shell of a coraliophilid neogastropod is almost 0,9 mm high and
strongly sculptured.

bl Nassariidae and similar buccinid Neogastropoda hai.:e a }nw conical v&ligf-_-r
shell with a single or double spiral carina and a strong projection of the outer lip
of the aperture (textfig. 23; pl. 6, fig. 12). The adults live ina variety ul‘_ environ-
ments from shallow to deep water usually by actively hunting down animal prey
but also by utilizing all kinds of carrion. Here they deposit their characteristic egg

Textfigure 23: Fully grown pediveliger shell of a nassariid neogastropod with two spiral
keels meazures about 0,6 mm in height,
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capsules from which small veligers may hateh

species prefer different depths within the littoral zones and below these and are
also characteristic in their requirements of sub

strates, so that they could be
useful ecological indicators (BANDEL & WEDLER 1987). It seems that many of

their species can be recognized by the morphology of their larval shell as well as
by that of the adult shell,

Members of the Mitridae, Fasciolar
are present and have to be savely recog
(textfigs. 24, 25, pl. 6, figs. 5, 9).
an independant parasitic group
and rays and body liquid from
known regarding the life habi
clearly differentiated it from o
flat and it resembles shell

(BANDEL 1978g). The different

lidae and other groups of the Muricoidea
nized by studying their larval characters
Cancellariidae are also present. They represent
of neogastropods that suck blood from sharks
a number of benthic animals, Nothing much is
ts of this interesting group but its larval shel]

ther neogastropods. Its apical portion iz almost
found in some tonnoidean genera.

Textiigure 24; Pediveliger shell of a neogastrupod probably of fasciolariid relation with
large apertural projection and a size of about 0.6 mm.

Textfigure 25 Pediveliger shell of neogastropod with probable columbellid relation and a
height of about 1 mm.

¢} Turridae live in a vartety of environments, most commaonly in soft

sediment of decper more quiet water. Here they hunt worm-like prev which ig
Poisoned and immobilized before it is swallowed as a whole. The veligers
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belonging to some members of this group can be recognmized by two features.
Firstly the larval shell is often highly sculptured by axial and spiral ribs (textfig.
26, pl. 6, figs. 6, T) similar as shown by THIRIOT-QUIEVREUX (1869, 1971) and
Bagio & THIRIOT-QUIEVREUX (1874) from Mediterranean and Atlantic specics
and secondly the veliger of some turrid species when disturbed does not retract
inteo its shell but folds the velum onto and around the shell (own observations in
the Red Sea, Meteor cruise 5/5, 1987).

Textfigure 26: Many turrid species have highly sculptured shells with strong apertural
projections like this one that is about 0,6 mm high and can be diflferentiated from similarly
sculptured ovulid veligers by the sculpture of the embryonic shell,

From shallow water juvenuile shells of members of the genus Conus have
been washed in. Conus and Terebra are probably found with numerous species
in the reefs and lagoons where their characteristic egg masses are attched to the
underside of stones (BaNDEL, 18976h). Their postnuclear shell iz guite heavy so0 il
was not transported off their lagoonal of reefal living site.

7. Subclass Helerostiropha

The unifying conchological character common to all Heterostropha is rep-
resented by the early whorls of the shell. These coil sinistrally while the adult
shell coils dextrally (pl. 8, fig. 7). The switch over from left to right mode of shell
coiling usually oceurs in the transition from pelagic to benthic life when the
pediveliger iz fully grown (textfig. 27).

a) The shelly fauna of the floor of the channel holds corroded juvenile shells
of Architectonicidae, They have the characteristic switch in the mode of coiling
of their shell in transition from the larval to the adult shell without a change in
the position of the axis of coiling (pl. 8, fig. 7). While the adult shell is low, conical
and dextral, the larval shell is a low sinistral trochospire (textfig. 28). Architec-
tonicidae live on coelenterates, either actively searching for them or living on or
even within them. The large Architectonica feeds on sea anemones by piercing
the base of the polyp with its proboseis and sucking the tissue of the coclenter-
ate until it collapses and dies (BANDEL 1976b, BANDEL & WEDLER 1987) while the
small Heliacus lives within Zoanthinaria without damaging its host much
(ROBERTSON 1967). A fair number of species of architectonicids are present in
and near the reef and its lagoon but they dont seem o be commeon in the dm?ﬂr
water near the sampled area. The same is the case for the genus Mathilda thfh
was only encountered by one juvenile shell (pl. 8, fig. 12). While architectonicids
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Textﬁgun.- 27: The twist
pyramidellid. The shell §

0,3 mm high.

from lefl to right cuiling characterizes
n the upper figure is about 0.5 mm wi

all Heterostrophia like this
de, that of the lower about

Textfigure 28: Full

_ ¥ grown veliger shell of architectoni
With operculum closing the aperture, Width abnttﬂ,g m

mim.

id species ready 1o metamorphose
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15 also rotated by 90 de in thi
grees and fixed in this new ositi i
veeurs and the formerly left coil 15 continued as ri;hl E;:irl1 _ Bl

f) A special group of opijsth i
g ; , oy
IR s g ol II: anch species united in the Julicidea of the

have a low, almost planspirally coiled shell, the shell of Mathilda is turriform
and similar to that of many cerithiids with which mathildids are easily mistaken
when the heterostrophic shell is disregarded (pl. 8, fig. 12).

b} Distantly related to Architectonicidae are the minute representatives of

. t ;
the Omalogyridac and the Orbitestellidae (BANDEL 1988, PONDER 1991). live on green algae in rather ;,S?vamﬁ‘tffaﬁ']fd“ bivalved shell (pl. 8, fig. 9). They
Ammonicera is the smallest fully grown gastropod present in the fauna (about algal cells and suckin g cell liquid, The shel!snt 3 ain their food by piercing the
0,5 mm in diameter) (pl. 7, fig. 4, 9), and its brown shell differs from the slightly ported to the sampled site from biatlen s laguunalfs mtlft have become trans.
larger white keeled shell of Orbitestellal about 1 mm in diameter) (pl. 7, fig. 5, 8). covered by body tissue is found in notaspidean op T.I'TI ab rs. A limpet-like shell
Eoth species with planspirally coiled shell have probably become washed in chus (pl. 8, fig. ) which feed on spanges Pisthobranchs like Plewrobran.

from algal thickets that grow in the littoral zone. Here they probably live hy
piercing cells with the teeth of their radula and suck the sap from them. Shells
from species that are known from the Eocene of Europe very closely resemble
some forms (pl. 7, figs. 1, 2, 7, 10) and their sinistral larval shell clearly states their . ; members of the Pteropoda
systemalic place near Orbitestellidae or Conirostridae (PonpeR, 1991 a. bl even debinia re associated with the calcareous sand and l
though nothing more is known about them, ebris found on the bottom of the channel. shell

¢) Most members of the Pyramidellidae have slender, many whorled shells
that mostly are of small size. But some are shorter, or even almost planspirally i
coiled (pl. 7, fig. 3, 6) (ROBERTSON 1873). They usually represent ectoparasiles
living on large sessile worms and molluses, some even on arthropods sucking
their body liquid. A large number of species, all of which are badly known, live
in the Indian Ocean in all fully marine environments from the beach to great
depth. A fair selection of species is present in the studied sample probably
washed together by currents from the many different ecological zones present
here. The specific mode of life and kind of host of all encountered species is still
unknown. Two groups can be differentiated. The Ebala (pl. 8, fig. 1) relations g0
back into Paleozoic times. The very slender minute, and thin shells are present
in Mesozuic sediments since Triassic St. Cassian Formation (BANDEL 1991¢).
The group of the Pyramidella-Odostomia relation shells are more solid, larger
and show a variety of shapes (BaBlo & THIRIOT-QUIERVREUX 1975) and seem Lo
have their origin in the Cretaceous.

d) While the Ehala protoconch is similar to that of the modern pyramidel- /"
lids, that of Murchisonella an related members of the Aclididae (pl. 8, figs. 5, 11) ;
can be conneted to the Carboniferous genus Donaldina (Yoo 1988) of the Jf(
Palaeozoic Streptacididae. Another species (pl. 8, figs. 6, 10) is more similar to |

1

!

.

the Triassic Tofanellidae (BANDEL 1988, 1991¢). The animal or Murchisonella is
also differenthy organized than Pyramidellidae and Eulimidae as own observa-

tions on living individuals from the lagoons of Lizard Island in the Australian \\_/7
Earrier Reef indicated (1991}, Textf; 99: Th
e) Tectibranchiate opisthobranchs (Cephalaspidea, Architectibranchia) of “Rtiigure 28 The fully grown shell of Limacing bultmoides is about 2 mm high,
genera like Acteon, Ringicula, Acteocina, Retusa, Cylichna, Bulla, Atys (pl. 8 .
figs. 2, 3, 4) and others live in soft substrates as well as along algal tufts in straight uncoiled shells of

. Styliolina and Creseis (textfi
Juvenile Digeria and Clio (textfig, 32 g
adult Diacria and maostly fra o e i are i ot
Pleropods cateh planktonic organisms b
SEe. d muc
bassively throught the sea and from whieh:’;hey fc:e;'il ?GTE::R{R}H
b) The second commor

shallow water as well as deep water. Some are carnivorous others hunt prey like
foraminifera, small bivalves and gastropods ete. Regarding their larval stage
they are very simsilar to the parasitic pyvramidellids, even tough later shell Iis
quite different (BaBio & THIRIOT-QUIRVREUX 1975). Due to a rapid increase in
whorl hight during the early benthie life sinistral whorls become covered by
later dextral whorls and in some species they totally disappear below later
whorls (pl. 8, fig. 4).

Egg masses are gelatinous ribbons from which small veligers hatch (BAN-
DEL 1976e). These grow into more or less large pediveligers which are rather
conspicuous since the last whorl of the larval shell twists to about 90 degrees in
regard to the trochospirally left-coiled earlier whorls. Due to it the mantle cavity

which they drift
& Hakeison 1986).

. 1 1 pelagic group s represented b
Heteropoda. Especially common are the veliger shells of nmn-:bl:(u:rs:i‘I ?:f:*s tl?:

c ut aa .
arinariidae and veligers and further grown shells of the Atlantidae with their

celed trans parent, pl i = Textt] 34
1 . v B an.Speri adult s hel X :
A ; ! ; 1 g5. 34, 35). HEtﬁ‘l‘uPGd_s aﬂtl\’el}"

) More rare are veliger shel] ini
_ r 3 5 of the Janthinidae. After i
drift hanging on a self-fabricated bubble raft and hunt pﬂia;insi?;z;::rzﬁ};?:;sesthw
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Textiipure 32; Clio

pyramidata has a conical about 10 mm lang shell
protocanch,

with bulbous

Textiigure 30: Siyliole subula is a pteropod with straight shell of abaut 5 mm length.

: i Araiphl. Shell
Textfigure 31: Creseis virgula shells may curve like this ane, or also be straig
about 5 mm long.

Textfigure 33. Cavolinia uncinate shells of box-like character are very unusual among
gastropoda. Shell about T mm long.
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Textfigure 34: The larval shell of an Aztautg, ready to metamorphose resembles that of
some Cerithiimorpha. Shell ahout 0,7 mm heigh.

Textfigure 35: After metamorphoziz the shell of Atlanta becomes planspirally coiled and
forms a slit.

i liedl
Textfigure 36: The larval shell of Janthina is similar to that of the Epitoniidae. Larval s
about 0,5 rmum high.
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9. Conclusions:

Gastropod shells are a very commaon constituent in the sediment of the
channel. In their systematic composition they reflect the rich ecological dif-
ferentiation of the surrounding marine environments from which shells have
been transported to the location of the sampled spot on the slope of the channel.
Eight larger groups of gastropods can easily be differentiated and these can
again be split into many recognizable subunits. Species of most subunits with
few exceptions could be determined more closely when the fauna is studied in
more detail. Several of the larger groups represented in subunits belong to
animals that represent a specific way of life as herbivore, filter feeder, carnivore,
commensal or parasite. Only in a few groups, for example the fissurellids, the
way in which food is reached is varied. Most groups of related species have
limited requirement in regard to their living place. The Triphoroidea for exam-
ple live on and in sponges, the ovulids on octocorallian corals, the littorinids

only in the tidal zone, many cerithioideans only in a certain zone of algal growth

within the littoral environment. Some prefer a hard substrate for attachment

like the Patellogastropoda and Calyptraoidea or the presence of well surted sand

to move through like the naticids, ete. When such environmental and ecological

needs of a species are known, the species can be used as environmental
indicator (BANDEL & WEDLER 1987),

Most of the species that have here been studied are provided with a pelagic
phase ocourring within their ontogeny. A true larval phase as is characterized by
the presence of a larval shell is never found within the Archaeogastropoda but
very common among the other species. In maost cases this larval shell shows
species specific features, as soon as a certain larval shell of a species can be
connected to its teleoconch. In guite a number of the represented species, we
can recognize a larva of a benthic gastropod caught far out in the ocean and
deterinin it to species level. It will than be possible to make intellegent guesses
about its place of origin. This way oceanic currents can be traced in their path

through the sea by the characteristic larvae that they have picked up on their
way.

The ocean around Cebu can be considered to belong to that part of the
world were most species of gastropods are living and this fauna is laxonomically
the most diversified. In this fauna there are quite a number of taxa that have g
long history that ranges back through Neogene times into the Paleogene when
there still was a connection with the Tethys Ocean and to the shallow shelf seas
that covered parts of Europe. A number of species from the modern Philippi-
nian sea can be related to species found especially in the Eocene of France, as
for example Scaliola (BANDEL & FL NAKHAL, 1981). Several other species and
“pecies groups can be traced back in time much further, as is the case in the
aclidid Murchisonella, the cerithoid Obtortio and the small heterostrophic
species of the Orbitestella relation. The modern fauna can thus help in the

interpretation of the fossil fauna, its systematic relations as well as its ecological
requirements.

Gastropods are useful ecological indicator unce they have been studied wel]
enough. The analysed sample presents ample evidence for the deposition of
Species of very different environments in one and the same place where they
have not lived. As soon as ecological requirements of a num ber of key specics
are known the depositional history of a sediment of the area can be untangled,
The results will also be a very helpful tool in the interpretation of fossil deposits,
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Plate 1
Figure 1@ The almost [ully grown eyelostrematid archaeogastropod with the embryonic
ghell shown in pl. 2, fig. 4 is only 1.3 mm wide
Figure 2: The almost fully grown solariellid trochoidean archacogastropod lives on sandy
bottom and is 2,7 mm high.
Figure 3: This umboniid trochoidean archeogastropod lives within sand and has an almost
smooth shell with minute spiral pattern. Width 2 mm.
Figure 4: The almost planspirally coiled shell of & skeneid archacogastropod doez not
grow to much more size the the 1 mm width.
Figure 5: Whorls increase rapidly in diameter in this 0.8 mm wide Juvenile stomatellid
trochoidean archaeogastropod with the embryonie shell shown in detail in pl. 2, fig. 1.
Figure 6: The astraeid trochoidean archaeogastropod with a flat apex and sculplured
embryonic shell with even fold and apertural thickening is 1,4 mm wide
Figure 7: The astraeid trochoidean archaeogastropod with gutterlike marginal spines and
Mat apex measures ahout 1,8 mm in width,
Figure & The apical view of a 1,5 mm wide patellomorph gastropod shows the characleris-
tic embryonic shell of the archaeogastropods with slight deformation on the sides,

Figure 9: A juvenile turbinid trochaidean with 1 mm high shell has an embryonic shell
that is figured in detail in pl. 2, g 6.
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Plate 2

Figure 1: The embryonic shell of the stomatellid gastropod (detail to pl. 1, fig. 5) is highly
seulptured and shows the distorsions of the lateral folds and apertural rim. Width 0,16 mm
Figure 2: The detail to fig. 11 of the embryonic shell of a skeneid indicates that the embryo
has been swimming in the sea and formed a sinuous pattern of the apertural lip before it
zettled to benthic life. Width of embryonic shell 0,22 mm.

Figure 3: The 0,33 mm wide embryonic shell of a trochid archaeogastropod demonstrates
the presence of teleoconch right after embryonic shell as is characteristic to all ar.
chacogastropods.

Figure 4: The embryonic shell of the eyelostrematid shown in pl. 1, fig. 1 has the sculptural
pattern of the ariginally symmetrical organic shell distorted due to the subsequent
deformation into a helical shell. Width of embryonic shell 0,18 mm.

Figure 5: The 0.256 mm wide embryonic shell of the umboniid in fig. 8 shows even spiral
ribs.

Figure 6: The detail to pl. 1, fig. 8 of an astraeid shows the 0,18 mm wide embryanic shell
with latleral folds and distorted sculptural patterns.

Figure 7: The slit bearing scissurellid archaeogastropod is ane of several species found.
Height 1.8 mm.

Figure 8. The juvenile umboniid trochoidean archacogastropod differs in teleaconch
patter and moerphology from the embryanic shell, Width 1.2 mm.

Figure 9: The neritomorph limpet Septaria FERRUSAC, 1807 iz 2,6 mm wide and was
propably washed out of an estuary.

Figure 10: The 0,5 mm wide larval shell of Septaria (detail to fig. 9) is charactenistic to
neritomorph larvae in beeing tightly coiled and having the inner walls dissolved.

Figure 11: The minute (0.8 mm high) skeneid archavogastropod is fully grown and lives
among algae. Its embryonic shell is illustrated in fig. 2.




Plate 3

Figure 1: The larval shell of Caecum is planspirally coiled while the teleoconch becomes a
straigh tusk-like tube. 1 mm length,

Figure 2: The adult Cagcum FLEMING, 1817 has cast of the early coiled shell portion. Shell
1.7 mm long. Below 1.

Figure 2a: Parastrophia DE FoLin, 1868 has a coiled embryonie shell (broken off) and
straight larval shell that borders the sculptured teleoconch with an apertural thickening.
Shell 3,2 mm long.

Figure 3: The undetermined species has a sumple caenogastropod teleoconch with a
neomesogastropod-like larval shell, The shell is slightly larger than 1 mm,

Figure 4: The 3 mm high shell of Riszoina ORBIGNY, 1865 has a characteristically sculp-
tured larval shell that can be found in the plankton far from the coast.

Figure 5: The 2 mm high shell has a teleoconch resembling that of a epitoniid while the
larval shell is similar to that of Bittium GraY, 1847 indicating its systematic place within
the Cerithioidea,

Figure 6: The rissoid Alvania Risso, 1826 is present with serveral species (see fig. #)
Height 1,2 mm.

Figure 7: The almost planspirally coiled vitrinellids like Circulus JEFFREYS, 1826 have a
smanth trachiform larval shell. Width 1,6 mm.

Figure 8: Alvania Risso, 1826 has a short larval shell with a striated embryonic shell as 15
commonly found among rissoids. Height 1 mm.

Figure 9: The highly sculptured Scissilabra BarTscH, 1907 represents one of the several
members of the commenszal vitrinellids, Width 1,3 mm.

Figure 10: The almost smooth teleoconch of Barlesio CLark, 1853 15 connected to a typical
rissold larval shell similar to that of Alvania (figs. §, 8) with large projection of the outer
lip. Height 5 mm.

Figure 11: The 1 mm high shell of a juvenile cerithiid has a characteristical larval shell
commonly found in species related to Cerithium BRUGUIERE, 1789,

Figure 12: Obtortio HEDLEY, 1888 represents a small cerithioid herbivor gastropod with
sculptured larval shell (pl. 4, fig. B). heigth 0.8 mm.
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Plate 4

Figure 1: The apex of the cerithiid Plesiotrochus shown in fig. 2 represents the almaost

smaooth larval shell and its typical large larval hoole on the outer lip. Width of the larval
shell 0,35 mm.

Figure 2: The cerithiid Plesiotrochis of about 1 mm height carries a larval shell of Bittium
~ like character and lives amaong algae in the shallow reef and lagoon.

Figure 3: Sansonio Jousseaume, 1852 has basically unchanged in shell shape lived since
oldest Paleocene (Danian) times. Height 1,3 mm.

Figure 4: Vanikoro Quoy and Gamarp, 1832 is easyly recognized with its highly sculp-
tured larval shell that has a strong projection of the apertural lip and the sculpture of the
telecconch that is almost fully grown and 1,1 mm high

Figure 5: Mecoliola HEDLEY, 1899 with characteristic larval shell (pl. 5, fig. 14) is a related to
Sansonia, Width 1.4 mm.

Figure 6: The 1| mm high juvenile shell of Modulus Gray, 1842 carries a large larval shell
with spiral ernamentation,

Figure 7: Cheilea MobEgR, 1793 is a limpet that has a long-term planktotrophic larva.
Width 2,5 mm.,

Figure 8: The larval shell of Obtortio (detail to pl. 3, ig. 12) has a shape and pattern that is

known from Carboniferous and Mesozoic fossils (BaNDEL 1991a). Larval shell is 0,2 mm
high.

Figure 9: The larval shell of Trivia BRoDERIe, 1837 15 1,2 mm high an quite different from
the cowrie shell of the adult. It had been included within a gelatinous scaphoconcha of an
echinospira larva as long as the veliger was afloat.

Figure 10: The 1 mm wide larval shell of Lippistes MONTFORT, 1810 15 almost planspirally
coiled and in shape resembles the scaphoconcha of Lamellario (see fig. 11 for actual shell),
while the teleoconch is trochospirally coiled.

Figure 11: The openly coiled internal shell of the echinospira larva of Lamellaria Mo
TaGu, 1815 becomes deformed and folded during metamorphosis and before it is caleified,
while the teleoconch iz limpet like and formed below the mantle cover, Width 1.2 mm




Plate 5

Figure 1: The sinistral juvenile shell of Triphora Braswinie, 1828 with 1.2 mm height
shows the strongly sculptured larval shell.

Figure 2: The 1,2 mm high shell of a juvenile member of the Cerithiopsidae is sculptured
by a pattern of axial ribs.

Figure 3: The larval shell on @ member of the Cerithiopsidae is almast smaaoth as 15 noticed
within related forms through time up to the Triassic (BasneL, 1981 a). Height 0,7 mm

Figure 4: There are many different species of the Triphoroidea prezent that can aften be
separated from each other by the sculpture of their larval shell as is documented by
comparing figs. 1-4. Height 1 mm.

Figure 5: Melavella BownicH, 1822 represents a typical eulimid shell with smooth telen
conch that differs anly little from the smooth larval shell, Height 3 mm.

Figure 6: The apical view of the Epitonium shown in fig. 3 demonstrates the sculpture of
the larval shell by delicate axial lines only. Width of larval shell 0.4 mm.

Figure T: Haplopteron P. FiscHER, 1876 with about 3 mm long, {ully grown shell has a
larval shell that in marpholagy intermediates between Eulimidae and Epitoniidae.

Figure 8: The juvenile epitoniid has the characteristic larval shell of the group connected
to a teleoconch that iz loosely coiled. Hight 1 mm.

Figure 9: Styliferina A. Apams, 1860 is a very common little cerithioid that lives among
algae in the shallow water. Height 1,4 mm.

Figure 10: The 2 mm high epitoniid gastropod has a highly sculptured teleoconch and
almost smooth larval ghell.

Figure 11: Epitoninm Romne, 1798 and relation are present with a number of species (figs.
. 8, 10) easily recognized by their larval shell. Height 3 mm

Figure 12; Truncatella Risso, 1828 has been washed in fram the shore, Height 3 mm.

Figure 13: The embryonic shell of Truncatella (fig. 12) is 0,7 mm wide, highly seulptured
and carried by a voung thal crawls from the egg mass.

Figure 14: The larval shell of Mecoliota 15 sculptured by =piral carinae and owns a large
hook of the outer lip. It resembles shells as found among the Cerithiimarpha. Height of
larval shell 0.27 mm,

Figure 15 The aboul 0,11 mm wide embryonic shell of Stylifering (fig. 8 shows a
seulpture, while the larval shell is smooth and merges in shape with the teleoconch.




Plate &

Figure 1: Juvenile shell of calumbellid neogastropoed with 1,1 mm high larval shell with
little sculpture aside from growth lines

Figure 2: The just metamorphosed pediveliger shell of a toxoglossan neogastropod 1z
about 1 mm high.

Figure 3. This neogaztropod veliger reaches almost a size of 2 mm in the pluncton before it
changes to benthic life.

Figure 4: Turrid neogastropod veligers have many different types of larval shells which in
this 2.5 mm high juvenile shell is smooth,

Figure 5: The 1,4 mm high neogastropod has just started its benthic life and the change in
sculpture from the veliger shell Lo the Lteleoconch is drastie.

Figure & The 1,7 mm high shell of a turrid neogastropod has a larval shell with retioulate
sculptural pattern quite different from the sculpture of the teleoconch.

Figure T: Turrid gastropods of several different genera and many species live in the littoral
zone as well as deep water near Cebu. This one 1= a juvenile of 2.2 mm height,

Figure 8: The shell of fig. T seen from above demonstrates the highly onamented embry

onic shell that differs from the larval shell and both are differently seulptured than the
adult shell.

Figure 8: The shell of fig. 5 seen in apical view.

Figure 10: The L6 mm high shell of a juvenile murecld neogastropod shows a characteris

tic larval shell ornament, which is seen im more detail In fig, 13

Figure 11; Apex of a coralliophilid neogastropod with highly scultured embryanic and
larval zhell that ends in a large apertural projection. Height 1.2 mm.

Figure 12, Apex of a nassariid neogastropod with a conical larval shell featured by spiral
keels and a large apertural projection. Height 1,6 mm,

Figure 13: Apical detail to fig. 10
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Plate 7
Figure 1: The gastropod with small {less than 1 mm wide) heterostraphic shell (fig, 10) is
little known and may have relatives among Lthe modern Orbitestellidae, but is common in
the fauna of the European marine Eocene,
Figure 2; The minute (1,2 mm wide) heterastrophic shell {fig. 7) may belong to 8 member of
the Conirostridae and alzo has relatives in the European Tertiary fauna.

Figure 3: The almost planspirally coiled Cyelostremella Busd, 1897 with regular sinistral

larval shell (fig. 6) represents a member of the large group of the pyramidellids. This little
parazite has grown to 0.8 mm size.

Figure 4: Ammonicera VAvssiere, 1883 measures only 0.5 mm in width in itg fully grown
shell with a characteristically wrinkled protoconch (fig. 9).

Figure 5: Orbistestella IRERAL, 1917 with ils 0.8 mm wide, fully grawn shell lives among
algae in shallow water and its sinistral protoconch is shown in fig. &

Figure 6: The detail to fg. 3 shows the smooth wharls of the sinistral, 0.2 mm wide lurval
ghell af Cyeclostremella.

Figure 7; The detail to fig. 2 shows the sinistral, 0,16 mm wide larval shell.

Figure §: The detail to fig, 5 illustrates the reliculate sculpture of the embryonic shell and
the pattern af folds on the sinistral, 0,16 mm wide larval shell of Orbitestella,

Figure 8: The detail Lo fig, 4 shows the planspiral embryonic shell of Ammonicera with 016
mm width,

Figure 10: The detail to fig. 1 shows the 0.2 mm wide, simstral larval shell that is rather
similar to that of Orhitestella (fig. &),
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Plate 8

Figure 1: The small shell (1,2 mm high) of Ehala LeacH, 1847 with a sinistral protoconch
forming a right angle with the teleaconch represents a pyramidellid of a group that can be
traced in time to the Triagzic.

Figure 2: In the cephalaspidean opisthobranchs like Retusa T. Brows, 1827 most of the
sinistral protoconch is covered by the dextral shell, Hight 1 mm.

Figure 3: The cephalaspidean opisthobranch Acteocinag Gray, 1847 demonstrated the
sinistral larval shell that forms an angle of 90° with the teleoconch. This 2,5 mm high shell
represents a type of gastropod that can be traced into the Carboniferaus.

Figure 4: In many cephalaspidean shells as in Atys MonTrRORT, 1810 the telecconch totally
covers the sinistral protoconch. Height 1.2 mm.

Figure b Murchizonella Morci, 1875 represents a shallow water aclidid with a sinistral
protoconch (fig, 11) and a dextral shell with subsutural sinus of a type that can be traced
through time to the Carboniferous Donaldinidae. Height of shell 0,8 mm.

Figure 6 An undetermined pyramidellid species has a very unusual larval shell (fg. 10)
that reminds of the Triazsic Tofanellidae. Height of shell 1,2 mm.

Figure 7. In Architectonica RODING, 1798 the large sinistral larval shell is smooth and ta it
the sculptured first whorl of the dextral teleoconch is added, Width of shell 1,5 mm.
Figure 8: The internal shell of Pleurobranchus Cuvier, 1804 has a sinistral larval shell that
15 partly covered by the limpet-like thin oblong teleaconch. Shell 2,3 mm long.

Figure 8: Internal view of a shell of the bivalved Juliac GovLp, 1862 that lived in shallow
water sucking sap from green algae, Width of shell 2 mm.

Figure 10: Detail of the protoconch of the undetermined pyramidellid demonstrates the
tofanellid twist from simistral frst whorl into the dextral right shell within the larval shell,
while in most pyramidelloids this change occurs in the trangition from the larval shell to
the teleoconch. The larval shell is almost 0,3 mm wide.

Figure 11: The larval shell of Murchisonella is sinistral and very closely resembles that of
the Carboniferous Donaldina (Yoo 1888, figs. 71, 1083 Smooth larval shell 0.2 mm wide

Figure 12 The larval shell of Mathilda SEMPER, 1885 resemblez that of Architecionico,
while the teleoconch is turriform. Height 1,2 mm,
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