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Fifteen samples taken from interbedded sandstone, siltstone and claystone of Pliocene age, underlying the 

Bolinao Limestone, at the localities Anda, Roxas and Tiep (Pangasinan, Luzon, Philippines), were ana-

lysed for holoplanktonic gastropods; they have yielded 50 species (16 Heteropoda, one Janthinidae, and 

33 Pteropoda, the latter consisting of 30 Euthecosomata, two Pseudothecosomata and one Gymnosomata). 

Faunal diversity between the localities sampled is restricted and explained by differences in sample size 

and/or preservation. The time interval represented by all samples taken together is postulated to have 

been brief. Fifteen new taxa (= 30% of the total number of encountered holoplanktonic molluscan species) 

are erected; Atlanta lingayanensis sp. nov., A. richteri sp. nov., A. seapyi sp. nov., Heliconoides sondaari sp. nov., 

Striolimacina andaensis sp. nov., Hyalocylis marginata sp. nov., Cavolinia baniensis sp. nov., C. perparvula sp. 

nov., C. shibatai sp. nov., Diacavolinia pristina sp. nov., Diacria italica Grecchi, 1982 f. fi ssicostata f. nov., D. 
microstriata sp. nov., D. paeninsula sp. nov., D. philippinensis sp. nov. and Sphaerocina convolvula sp. nov.

 Calibration with vertical ranges of holoplanktonic molluscan species as now known enables an age 

assignment for the Pangasinan assemblages of Pliocene (Piacenzian). A number of species, in particular 

Atlantidae (Heteropoda), were so far known only from Quaternary or extant assemblages. Comparisons 

with published data for Japan allow the conclusion that the Philippine assemblages are coeval with the 

Takanabe Member (Miyazaki Group) in Miyazaki Prefecture (southwest Japan), a unit which incidentally 

has yielded far fewer species. The absence of bathypelagic holoplanktonics, as well as littoral benthic spe-

cies indicate an epi- to upper mesopelagic setting, with depth ranges extending to a maximal depth of c. 

200 to 300 m.
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Introduction

 During the 1999 Naturalis-USC expedition, Dr Willem Renema (Nationaal Natuur-

historisch Museum; NNM) collected two samples from a locality near the village of 
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Anda, on Cabarruyan Island (Pangasinan province, Luzon, Philippines), mainly for 

analysis of foraminiferal faunas. When both samples turned out also to contain numer-

ous holoplanktonic molluscs, the present author was invited to study them.

 The results were spectacular. In spite of the rather fragmentary condition of, in par-

ticular, the coarser fractions of the sieving residues, an unusually high number of holo-

planktonic molluscan species were concentrated from these two samples. This material 

contained an unprecedented number of heteropod species in the fossil record. The spe-

cies composition allowed a preliminary age assignment of the samples, and some inter-

esting data on biostratigraphical and systematic aspects were gained. An internal re-

port (Janssen, 2000a) listed 27 and 31 species of heteropods and pteropods, respectively. 

Fig. 1. Location of the samples Anda1 to Anda6, and Roxas. Fragment of the topographical map of the 

Philippines 1 : 25.000, map-sheet 6975-I, Bolinao.
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An additional sample, taken a year later by Dr John de Vos (NNM) from approximately 

the same locality, gave a similar outcome.

 In view of the fact that the fi rst results were promising and the accompanying ben-

thic, rather deep water molluscan fauna looked interesting, a further collecting trip 

with the main purpose of recovering the highly fragile holoplanktonic molluscs was 

staged in April/May 2001. The results are presented in this paper.

 The few Janthinidae found in the Pangasinan material, although neustonic and not 

truly holoplanktonic, are also treated in this paper. Ultimately, the complete Pangasinan 

collection studied for the present paper consisted of over 600 holoplanktonic molluscan 

samples (RGM registration numbers).

Geological setting

 All localities sampled are fairly close to each other, in the province of Pangasinan 

(Figs. 1, 2), partly on the mainland of Luzon (Tiep) and partly on Cabarruyan Island, 

situated in the Lingayen Gulf (Anda and Roxas). Sedimentary rocks of this area are de-

scribed in Table 1 after Ocampo (1983).

 All samples studied originated from the lowermost unit. The contact with the over-

lying Bolinao Limestone at Anda is completely covered by dense vegetation; huge fall-

en blocks of this rock are seen on the beach in front of the cliff.

Fig. 2. Location of the samples Tiep1 to Tiep5. Fragment of the topographical map of the Philippines 

1 : 25.000, map-sheet 6975-II Alaminos.
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 Both at Tiep (thickness of section approximately 80 m) and Roxas, strata outcrop-

ping show interbedding of harder and softer sedimentary rocks. At Anda, where only a 

short section is visible, no stratifi cation could be observed, the sedimentary rock being 

homogeneous, marly and lacking harder intercalations (Fig. 3).

 Samples AndaClif1 and AndaClif3, collected by W. Renema, were originally la-

belled to differ 6 m in vertical height, but this could not be verifi ed locally. Therefore, 

the relative position of all Anda samples remains unknown, but it is quite probable that 

they do not differ signifi cantly in age.

Localities and material

 Anda (Figs. 1-3) – Localities in Anda peninsula are all situated along a low coastal 

cliff (Fig. 3), in which a greyish- to yellowish-brown, marly sedimentary rock is exposed 

over a height of a few metres only, the lowermost part being submerged at high tides. 

Resting on top of these marls are coralline limestones of the Bolinao Formation, but the 

boundary between marlstone and limestone is nowhere exposed due to very dense 

tropical vegetation. The lower part of the cliff is cleaned by tides and storm wave action 

to approximately 2-3 m above low tide level, and most larger molluscan specimens 

were collected by screening the exposed surfaces. In places, the lowermost intertidal 

part of the marl reveals a dense burrow network of a live population of isopods.

 In addition to the two samples collected by W. Renema in 1999, and an additional 

one taken the following year by J. de Vos, material was collected by the present author 

at six localities in 2001, along the coast of the small peninsula. These sample localities 

Table 1. Lithostratigraphy of the studied area (after Ocampo, 1983).

 

Name Age Thickness

Limestone Conglomerate Middle Pleistocene not indicated

Zaragosa Mudstone Early Pleistocene 60 m

Bolinao Limestone not indicated not indicated

Interbedded sandstone, silt-

stone and claystone Pliocene not indicated

Fig. 3. Locality Anda6, Cabarruyan Island, Luzon, 

Pangasinan, Philippines.

Fig. 4. Locality Tiep 2, Pangasinan, Philippines. 

Fossils were collected from the temporary drain-

age pit dug along the roadside.
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are so close to each other that the same co-ordinates are used for all of them, as a GPS 

device was not available at the time. Their relative positions can be seen in Figure 1. Lo-

cality data are summarised in Table 2.

 It is impossible to indicate the precise locality of samples AndaClif1, AndaClif3 and 

AndaDeVos in relation to samples Anda1 to 6, as given in Figure 1. Washed residues 

>125 μm of these samples were available and, in addition, they included a number of 

larger benthic molluscs (predominantly gastropods), visually collected from the surface 

of the outcrops.

 At each of the Anda 1 to 6 localities, the author spent at least two days of visual col-

lecting in 2001. Washing of the matrix at the sites was not possible. Practically all speci-

mens with a size over approximately 2 mm were found by breaking the rock. Small 

pieces of marlstone with one or more fossils were carefully packed in paper, benthic 

species separate from holoplanktonics. These small parcels were then allowed to dry 

for several days. Furthermore, from each locality a rock sample of c. 3-5 kg was concen-

trated during the collecting work, focussing on fossil-rich lumachelles.

 Roxas (Fig. 1) – During a short visit by boat to this locality, situated only some 2 km 

southeast of the Anda localities, some higher marlstone/claystone cliffs were inspected 

that appeared to be mainly non-fossiliferous. A thin lense was discovered just above sea 

level at one place only, containing many small-sized fossils. A sample of some 3 kg was 

collected and yielded an interesting assemblage, the benthic molluscs of which point to 

a somewhat lesser water depth than the Anda samples (F.P. Wesselingh, pers. comm.). 

Locality data in Table 2.

 Tiep (Figs. 2, 4) – Along the east side of the road from Bani to Bolinao, just south of 

the village of Tiep, a section of alternating marlstones and claystones is exposed. Esti-

mated height is approximately 80 m, the dip of the strata is c. 15° S. Most of the rock is 

barely or not fossiliferous macroscopically. Five samples (from bottom to top, Tiep 1 to 

5) were collected by W. Renema from south to north. Co-ordinates, as given in Table 2, 

were measured from the topographical map of the Philippines. Just one of these (Tiep 

2; Fig. 4), a locality where a small road-side drainage pit was dug, was found to yield 

a more interesting mollusc assemblage. Together with W. Renema, the author spent 

Table 2. Locality data.

 

Sample co-ordinates  map sheet leg. date

AndaClif1 16º17.413’N 119º56.197’E 6975-I Bolinao W. Renema 23.11.1999

AndaClif3 16º17.413’N 119º56.197’E 6975-I Bolinao W. Renema 23.11.1999

AndaDeVos 16º17.413’N 119º56.197’E 6975-I Bolinao J. de Vos 04.2000

Anda1-6 16º17.413’N 119º56.197’E 6975-I Bolinao A.W. Janssen 28.04-09.2001

Roxas 16º16.192’N 119º56.882’E 6975-I Bolinao A.W. Janssen 06.05.2001

Tiep1 16°13’48.6”N 119°51’32.9”E 6975-II Alaminos W. Renema 28.04.2001

Tiep2 16°13’54.3”N 119°51’36.2”E 6975-II Alaminos W. Renema & 

     A.W. Janssen 28.04.2001

Tiep3 16°14’0”N  119°51’33.7”E 6975-II Alaminos W. Renema 28.04.2001

Tiep4 16°14’3.2”N  119°51’36.2”E 6975-II Alaminos W. Renema 28.04.2001

Tiep5 16°13’54.3”N  119°51’36.2”E 6975-II Alaminos W. Renema 28.04.2001
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several hours there breaking matrix pieces, which yielded especially a relatively high 

number of well-preserved cavoliniids. From all other samples just the residue of a 

small sediment sample was analysed. Locality data in Table 2.

Methods

 Sample processing – Mr. Charles Barnard (RGM) washed the sediment samples. Fossil 

samples from all localities, totalling 16.5 kg, were sent to the authors’ current address in 

Malta. During the courier transport, however, and in spite of careful packing, many 

specimens were damaged. It was seen during fi nal preparation that some shrinking of 

the marl occurs by drying, with the result that in dry specimens some space is present 

between shell and matrix, causing damage of the specimens at the slightest touch.

 Preparing the hundreds of specimens on pieces of matrix and sorting the residues 

took a year and a half (fi nished October 2002). The benthic material was transferred to 

RGM; the relatively deep-water faunas predominantly consisted of small specimens, 

but in a wide and very interesting variety. 

 Sieving residues >250 μm were analysed in their entirety; of the fi ner fractions a 

smaller portion was analysed qualitatively. The molluscan material in the coarser frac-

tions of these samples was very crushed, and as usual the thin-walled holoplanktonic 

molluscs were affected more severely than the benthic species, which were, on average, 

considerably more solid. Many specimens show signs of compaction, such as deforma-

tion of and cracks in the shell, making them extremely fragile. The fi ner fractions of most 

samples comprise predominantly planktic and benthic Foraminifera, and commonly 

high numbers of faecal pellets. Also contained in the residues, apart from Mollusca and 

Foraminifera, are other vertebrate and invertebrate fossils, such as annelids, anthozoans, 

echinoderms, cirripedes, decapods, ostracods, bryozoans and fi sh remains.

Fig. 5. Counting gastropod whorls. In this exam-

ple a shell with 3¾ whorls is shown, with the 

fourth whorl expanding more rapidly than whorls 

1-3 (see text for explanation).

Fig. 6. Whorl formula = A : B : C (after Tokioka, 

1955).
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 Counting the number of whorls – To count exactly the number of whorls in heteropods 

and limacinids the present author used the method already explained for other gastro-

pods (Janssen & de Vogel, 1965; Gittenberger & Janssen, 1998). A straight line is drawn 

to separate the semi-circular nucleus (protoconch-1) from the younger part of the shell. 

An arrow placed at a 90° angle on this line, following the course of the whorl, reaches 

the end of the fi rst whorl where it is parallel to its starting position. From that point all 

whorls are counted towards the margin of the shell, estimating the ultimate whorl with 

an accuracy of a quarter whorl. This method is illustrated in Figure 5. It should be noted 

that other authors (Ehrmann, 1933; Richter & Seapy, 1999) applied a slightly different 

measuring method, resulting in whorl numbers being a quarter higher.

 Abbreviations –

A   long diameter of atlantid shell (see Fig. 6).

H   shell height.

W   shell width.

MNHN Muséum national d’Histoire naturelle (Paris, France).

NNM  Nationaal Natuurhistorisch Museum Naturalis (Leiden, The Netherlands).

RGM   Nationaal Natuurhistorisch Museum Naturalis, Palaeontology Department 

collection (Leiden, The Netherlands), formerly Rijksmuseum van Geologie 

en Mineralogie.

RMNH  Nationaal Natuurhistorisch Museum Naturalis, Malacology Department 

collection (Leiden, The Netherlands), formerly Rijksmuseum van Natuurlijke 

Historie.

SMF  Senckenberg Museum (Frankfurt am Main, Germany).

 All measurements are in mm, scale bars of SEM-images are in mm or μm. Numbers 

of specimens available in the lists of material examined are given in parentheses, fol-

lowing the RGM registration number. Symbols used in the lists of synonyms are those 

of Richter (1948, p. 54):

*    fi rst valid introduction of a taxon;

.     responsibility for the identifi cation is accepted by the present author;

(no symbol)  responsibility for the identifi cation is not accepted by the present author, but 

there is no reason for doubt;

?     in the opinion of the present author there is reason to doubt the identifi ca-

tion;

v    the original material of this reference was studied by the present author;

( )    (date between brackets) the year of publication is uncertain (or the paper 

has not been published offi cially, e.g., a thesis).

Systematic palaeontology

 Note – Many of the species discussed below are also known from extant assemblag-

es. References to Recent holoplanktonic molluscs referred to in the multiple (semi-) 

popular handbooks on regional faunas are usually omitted. Usually, synonyms given in 

van der Spoel (1967, 1976b) are not repeated here.
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Phylum Mollusca Linné, 1758

Class Gastropoda Cuvier, 1797

Superorder Caenogastropoda Cox, 1960

Order Sorbeoconcha Ponder & Lindberg, 1997

Suborder Hypsogastropoda Ponder & Lindberg, 1995

Infraorder Littorinimorpha Golikov & Starobogatov, 1975

Superfamily Pterotracheoidea Rafi nesque, 1814

[= Heteropoda Lamarck, 1812 (partim); Carinarioidea de Blainville, 1818]

Family Atlantidae Rang, 1829

 Remarks – The Atlantidae is a group of holoplanktonic gastropods, which all dem-

onstrate a strong adaptation to pelagic life, in the form of a lenticular, laterally fl attened, 

aragonitic shell, the surface of which is further enlarged by the presence of a wide, and 

very thin and fragile, double-walled keel. The apex is on the right side of the shell, the 

umbilicus on the left. For the living animal the enlargement of the shell’s surface serves 

‘to increase stabilization during swimming and sinking’ (Richter & Seapy, 1999, p. 621). 

This phenomenon results in the occurrence of superfi cially very similar adult shells in 

separate species, whereas the larval shells may be utterly different.

 Recent Atlantidae, in the present concept, comprise three genera, two of which, Ox-
ygyrus Benson, 1835, and Protatlanta Tesch, 1908, are considered monospecifi c. In Protat-
lanta, however, a few additional fossil species have been described. Both genera are 

characterised by partially uncalcifi ed (conchiolin) shell portions. Additional fossil gen-

era considered to belong in the Atlantidae are Bellerophina d’Orbigny, 1843 (Cretaceous), 

Eoatlanta Cossmann, 1888 (Paleocene-Eocene) and Mioatlanta di Geronimo, 1974 (Mi-

ocene). Only few Atlanta species are known from the fossil record, the oldest one being 

A. arenularia Gougerot & Braillon (1965, p. 302, pl. 7, fi g. 9a-c), from the Bartonian of the 

Paris Basin, which differs considerably from typical Atlanta by its cornucopia shape.

 Atlanta includes a large number of Recent species. Lalli & Gilmer (1989, p. 52) listed 

14 species, but Richter & Seapy (1999, p. 631) recognised 21 extant species, provision-

ally subdivided into seven ‘species groups’ (and one species unassigned). A further Re-

cent species was described since; Atlanta selvagenis de Vera & Seapy, 2006.

 Following Tesch (1908, p. 12), the taxonomic status of such species groups within 

the genus Atlanta has been discussed repeatedly. Van der Spoel (1972, p. 554) recognised 

several pairs of sympatric ‘sibling species’ and proposed to interpret them as formae. 

The same author (van der Spoel, 1976b, p. 140) again expressed uncertainty over the 

taxonomic classifi cation of species of Atlanta and, rather desperately, concluded that ‘a 

complete new nomenclature for the genus, when not in confl ict with the rules, should 

probably be the best solution.’ Meticulous research on the distinction of species has 

been done by Dr Gotthard Richter (SMF) resulting in a series of papers (Richter, 1972, 

1973, 1974, 1986, 1987, 1990, 1993; Richter & Seapy, 1999).

 Many authors (e.g., Thiriot-Quiévreux, 1973, p. 240; Richter, 1974, p. 60; Seapy, 1990, 

p. 107) admit that identifi cation of Atlanta species is diffi cult and including soft-part 

features (eyes, radula, operculum) or application of transmitted light to observe inner 

shell structures (Richter, 1987, p. 178) are very helpful in distinguishing species with 

similar shells. However, such methods are unavailable for fossil material. This makes 

identifying fossil species of Atlanta quite diffi cult and even well-preserved specimens 
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occasionally can only be related to existing taxa with a query (e.g., Atlanta sp. in Jans-

sen, 2004, p. 108; Atlanta cf. echinogyra, this paper). Advantageous in this study of fossil 

atlantids, however, is the fact that all specimens are preserved as opaque aragonitic 

shells as a result of recrystallisation, which facilitates assessing protoconch shape and 

ornament with a normal 25 or 50 x binocular magnifi cation, they are thus much easier 

studied than in the usually very transparent and shiny Recent specimens. Still, here, 

too, study of the larval shell shape and micro-ornamentation by SEM is highly desirable 

or even indispensible.

 An objective and helpful measurement for the identifi cation of some atlantids is the 

whorl formula, as developed by Tokioka (1955). Although the effectiveness of this for-

mula was denied by Richter (1987, p. 177), it does quantify the position of the larval 

shell within the adult shell (explained in Fig. 6). It is easily obtained from drawings 

made with a camera lucida, expressed in the relation of the whorl diameters as A : B : C. 

Together with the absolute shell diameter this gives a good method for comparison be-

tween the various species or, at least, species groups. Obviously, this formula changes 

with the size of the shell (or with compaction of fossil shells!) and therefore averages of 

these values are not useful.

 The Pliocene age of the present material made it most likely that at least part of the 

fossil Atlantidae specimens represent still extant species. This indeed proved to be the 

case; nine out of 13 species could, with some certainty, be identifi ed as species still oc-

curring in the Recent fauna, one is only known from the fossil record and three are 

new.

 Apart from the existing literature, samples of 17 species of Recent Atlanta species 

were available for this study, all identifi ed by G. Richter (SMF). The author is very 

grateful to Dr Ronald Janssen (SMF) for the long-term loan of this very helpful com-

parison collection. Furthermore, a large number of Recent atlantid samples was avail-

able, predominantly from the so-called CANCAP-expeditions, housed in the RMNH 

collection. This material was identifi ed by Mr J. van der Linden of RMNH in the 1990s 

(see van der Linden, 2003).

 Identifi cation of the specimens started with a study of the protoconchs by which 

ontogenetic changes of the shell could be related to more adult specimens. In this way 

the various taxa could be separated morphologically, after which a comparison with 

Recent material could be made. Finally, Professor Roger R. Seapy (California State Uni-

versity, Fullerton, U.S.A) was kind enough to give his opinion on identifi cations.

 Below, synonyms for species in this family are mainly restricted to references of the 

original description (indicated with *) and a number of more recent authors, represent-

ing current species concepts in this group. References to papers in which descriptions 

and/or illustrations are insuffi cient to recognise the species with some degree of cer-

tainty without seeing the original material are omitted. Extensive synonymy was given 

for most taxa by van der Spoel (1976b).

 In the Pangasinan material studied here, many, even predominantly, juvenile speci-

mens are available. Larger, adult specimens in most cases were broken or their proto-

conchs are missing. From most sampled localities damaged Atlanta specimens are avail-

able, most of them lacking their initial whorls. Such specimens cannot be identifi ed 

with any degree of certainty and are included in the collection as ‘Atlanta sp.’ from the 

following samples: Anda1, RGM 517 495 (11); Anda2, RGM 517 496 (many), Anda3, 
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RGM 517 497 (8), Anda4, RGM 517 498 (many), Anda5, RGM 517499 (1); Anda6, RGM 

517 500 (2, 5 fragments); AndaClif1, RGM 429 277 (1, 7 fragments); AndaClif3, RGM 429 

311 (10 fragments), AndaDeVos, RGM 517 501 (13), Roxas, RGM 517 502 (7 fragments); 

Tiep1, RGM 517 503 (5 fragments) and Tiep2, RGM 517 504 (1, 4 fragments).

Genus Atlanta Lesueur, 1817

 
 Type species – Atlanta peroni Lesueur, 1817 (Recent).

Atlanta cf. echinogyra Richter, 1972

Pl. 9, fi g. 1.

?* 1972 Atlanta echinogyra Richter n. sp., p. 90, fi gs. 5, 7.

? 1974 Atlanta echinogyra Richter: Richter, p. 62, fi g. 8c, pl. 1, fi g. 5.

? 1976b Atlanta echinogyra Richter: van der Spoel, p. 150, fi g. 150.

? 1987  Atlanta echinogyra Richter: Richter, p. 182, pl. 1, fi gs. 3, 4, pl. 2, fi g. 14, pl. 4, fi gs. 31, 32, pl. 

5, fi g. 36.

? 1990 Atlanta echinogyra Richter: Seapy, p. 120, fi gs. 3C, D, 5E, 6F, 8E-H.

 Description – Atlanta species with a conical protoconch of 3¼ rather convex whorls, 

visible in a frontal view of the adult shell. The fourth whorl (fi rst teleoconch whorl) in-

creases rapidly in width and bears a fl ange-like keel. The early whorls are covered with 

a distinct and relatively coarse ornament consisting of four spirals. This ornament is 

also visible on the base of the shell, where it is present in the umbilicus, on the last part 

of the protoconch.

 Measurements – For six suffi ciently well-preserved specimens the long diameter, the 

whorl formula and the number of whorls were measured (Table 3).

 Material examined – AndaDeVos, RGM 517 422 (3); Anda6, RGM 517 423 (4); An-

daDeVos, RGM 539 760 (1; Pl. 9, fi g. 1).

 Discussion – The few available specimens differ from compared Recent Atlanta echino-
gyra by their considerably coarser ornamentation of the early whorls. The fact that these 

spirals are also present on the base of the shell (which is not the case in Recent specimens 

of that species; compare Richter, 1987, fi g. 14) is reminescent of A. infl ata Souleyet, 1852a, 

Table 3. Long diameter (A), whorl formula and number of whorls for six specimens of Atlanta cf. echino-
gyra Richter, 1972.

Specimen locality A (mm) A : B : C number of whorls

 1 AndaDeVos 1.70 1 : 0.25 : 0.14 4

 2 AndaDeVos 1.62 1 : 0.25 : 0.15 4

 3 AndaDeVos 1.28 1 : 0.28 : 0.15 3 ¾

 4 Anda6 1.20 1 : 0.31 : 0.18 4

 5 Anda6 1.14 1 : 0.30 : 0.16 3 ¾

 6 Anda6 0.82 1 : 0.38 : 0.23 3 ½
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or even more of A. helicinoides Souleyet, 1852a. In both these species, however, the proto-

conch has one whorl more (Seapy, 1990, p. 120) and the shape is clearly more depressed.

Atlanta fusca Souleyet, 1852a

Pl. 9, fi gs. 2, 3; Pl. 10, fi g. 1.

* 1852a Atlanta fusca Souleyet nobis, p. 389, pl. 21, fi gs. 15-29.

. 1966 Atlanta fusca Souleyet: Frontier, p. 133, fi gs. 24, 25.

. 1968 Atlanta fusca Souleyet: Richter, p. 13, fi gs. 9, 10.

. 1973 Atlanta fusca Souleyet: Thiriot-Quiévreux, pp. 240, 252, fi gs. 1H, 6B.

. 1974 Atlanta fusca Souleyet: Richter, p. 71, pl. 1, fi g. 1.

. 1976b Atlanta fusca Souleyet: van der Spoel, p. 145, fi g. 141a-f (with extensive synonymy).

. 1990 Atlanta fusca Souleyet: Seapy, p. 123, fi gs. 6G, 10A-D.

. 1999 Atlanta fusca Souleyet: Richter & Seapy, p. 634, fi gs. 1A, 6E.

. 2001 Atlanta fusca Souleyet: Seapy & Skoglund, p. 35.

v. 2003 Atlanta fusca Souleyet: van der Linden, p. 131, fi g. 5.

 Description – Juveniles of this species are easily recognised by their shape and orna-

ment. The protoconch is rather high conical and has 3½ - 3¾ whorls, slowly increasing 

in diameter. On the fi rst whorl, in front of the nucleus, an ornament is seen of some 

nine or ten irregular spirals (Pl. 9, fi g. 2c, d; Pl. 10, fi g. 1b). Two stronger spirals from 

the second whorl on delimit a subsutural zone and the base of the shell. On these spi-

rals the whorl profi le is slightly angular (Pl. 9, fi g. 3). The whole surface of the proto-

conch is furthermore covered with numerous fi ner spirals in an irregular zigzag shape, 

also on the base and within the umbilicus. The boundary with the teleoconch is made 

distinct by the sudden disappearance of these spirals. From that point on the whorl 

diameter increases rapidly, by which the shape of the shell becomes lenticular. Some-

what more than one teleoconch whorl is present in the largest specimens. The periph-

ery of the body whorl is angular and bears a distinct fl ange-like keel. The protoconch 

is visible in an apertural view.

 Measurements – Thirteen suffi ciently well-preserved specimens from samples Anda 

1 and 2 were measured, see Table 4.

 Material examined – Anda1, RGM 517 424 (12); Anda2, RGM 517 425 (10), RGM 539 

761 (1; Pl. 9, fi g. 2), RGM 539 762 (1; Pl. 10, fi g. 1), RGM 539 763 (1; Pl. 9, fi g. 3); Anda3, 

RGM 517 426 (5); Anda4, RGM 517 427 (13); Anda6, RGM 517 428 (18); AndaClif1, RGM 

429 268 (4); Roxas, RGM 517 429 (1); Tiep2, RGM 517 430 (2); Tiep3, RGM 517 431 (3); 

Tiep4, RGM 517 432 (4); Tiep5, RGM 517 433 (5).

 Discussion – Atlanta fusca belongs together with A. turriculata d’Orbigny, 1836, to the 

A. fusca species group (Richter & Seapy, 1999, table 4). Both species are easily recognised 

by their high conical protoconch, which in A. turriculata is even considerably more slen-

der than in A. fusca and clearly carinated. Form and ornament of the Pangasinan speci-

mens agree completely with the illustration in Thiriot-Quiévreux (1973, fi g. 6B), as well 

as with compared Recent specimens. Atlanta fusca has an almost worldwide tropical 

and subtropical distribution pattern (van der Spoel, 1976b, fi g. 230).
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Atlanta lesueuri Souleyet, 1852a

Pl. 10, fi gs. 2, 3.

* 1852a Atlanta lesueurii Souleyet mihi, p. 380, pl. 20. fi gs. 1-8

. 1955 Atlanta lesueuri Souleyet: Tokioka, p. 231, fi g. 3.

. 1966 Atlanta lesueuri Souleyet: Frontier, p. 132, fi gs. 9, 10.

. 1968 Atlanta lesueurii Souleyet: Richter, p. 10, fi gs. 5, 6a.

. 1973 Atlanta lesueuri Souleyet: Thiriot-Quiévreux, p. 239, fi g. 1D.

. 1974 Atlanta lesueuri Souleyet: Richter, p. 62, pl. 2, fi g. 9.

. 1976b  Atlanta lesueuri Souleyet: van der Spoel, p. 143, fi g. 138a (partim, includes A. oligogyra; with 

extensive synonymy).

. 1986 Atlanta lesueuri Souleyet: Richter, p. 21, fi g. 1, pl. 1, fi gs. 1, 3.

. 1990 Atlanta lesueuri Souleyet: Seapy, p. 118, fi gs. 5B, 6A, 7A-D.

. 1999 Atlanta lesueuri Souleyet: Richter & Seapy, p. 636, fi gs. 1C, 6C.

. 2001 Atlanta lesueuri Souleyet: Seapy & Skoglund, p. 35.

. 2003 Atlanta lesueurii Souleyet: van der Linden, p. 130.

. 2003 Atlanta lesueuri Souleyet: Seapy et al., p. 530, fi g. 11.

 Description – See Richter (1986) and Seapy (1990). Main features for the recognition 

of this species are the protoconch composed of just 2¼-3 convex whorls, separated by 

an incised suture and the absence of any ornament. The fi rst teleoconch whorl expands 

rapidly and bears a well-developed fl ange-like keel. In the largest specimens the fi nal 

three quarters of the teleoconch separates from the penultimate whorl.

 Material examined – Anda1, RGM 517 434 (1); Anda2, RGM517.435 (2), RGM 539 845 

(1; Pl. 10, fi g. 3; 5 juveniles); Anda3, RGM 517 436 (25); Anda4, RGM 517 438 (7); Anda6, 

RGM 517 439 (1); AndaClif3, RGM 429 305 (1); AndaDeVos, RGM 517 440 (1); Roxas, 

RGM 539 764 (1; Pl. 10, fi g. 2); Tiep3, RGM 517 441 (2 juveniles); Tiep4, RGM 517 442 

(1).

 Measurements –The long diameter, the whorl formula and the number of whorls 

were measured (see Table 5) for eleven specimens from several locations.

Table 4. Long diameter (A), whorl formula and number of whorls for 13 specimens of Atlanta fusca Sou-

leyet, 1852b, from localities Anda 1 and 2.

Specimen locality A in mm A : B : C number of whorls

 1 Anda1 1.62 1 : 0.28 : 0.15 4 ½

 2 Anda1 1.46 1 : 0.24 : 0.14 - 

 4 Anda1 1.42 1 : 0.25 : 0.17 4 ¼

 5 Anda2 1.40 1 : 0.28 : 0.15 4 ¼

 6 Anda2 1.30 1 : 0.27 : 0.16 4 ¼

 7 Anda1 0.98 1 : 0.33 : 0.19 4 

 8 Anda1 0.90 1 : 0.30 : 0.19 3 ½

 9 Anda1 0.85 1 : 0.31 : 0.24 3 ½

 10 Anda2 0.80 1 : 0.35 : 0.22 3 ¾

 11 Anda2 0.78 1 : 0.36 : 0.22 3 ¾

 12 Anda1 0.74 1 : 0.34 : 0.20 3 ½

 13 Anda2 0.66 1 : 0.33 : 0.18 3 ¾
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 Discussion – This species resembles closely Atlanta oligogyra, in which, however, the 

fi rst whorls are separated by a superfi cial suture and the shell remains much smaller. 

Atlanta lesueuri has a circumglobal tropical/subtropical distribution (van der Spoel, 

1976b, map fi g. 227). Fossil specimens have not been recorded hitherto.

Atlanta lingayanensis sp. nov.

Pl. 10, fi g. 4; Pl. 11, fi g. 1.

 Holotype – RGM 539 846 (Pl. 10, fi g. 4).

 Type locality – AndaClif3, Cabarruyan Island (Pangasinan, Philippines), coastal cliff 

section at co-ordinates N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).

 Stratum typicum – Interbedded marlstone, sandstone and claystone below Bolinao 

Limestone Formation, stratigraphically 6 m above sample AndaClif1; Pliocene.

 Derivatio nominis – Named after the Lingayan Gulf, in which Cabarruyan Island is 

situated, Pangasinan, Philippines.

 Paratypes – Anda1, RGM 517 437 (1), RGM 517 445 (2); Anda2, RGM 517 443 (3); 

Anda3, RGM 517 444 (2); Anda4, RGM 517 446 (5); Anda6, RGM 517 447 (1); AndaClif3, 

RGM 429 304 (9), RGM 539 765 (1; Pl. 11, fi g. 1); AndaDeVos, RGM 517 448 (1); Roxas, 

RGM 517 449 (3); Tiep2, RGM 517 450 (2).

 Diagnosis – Atlanta species with 3½ protoconch whorls, the upper part of which is 

smooth or has 1-3 very fi ne spirals. Sides and base of protoconch with spiral lirae. Tele-

oconch whorl only slightly widening.

 Description – The largest specimen (holotype) has a shell width of 1.24 mm and 4¾ 

whorls, 3½ of which form the protoconch. In very juvenile specimens the shell form is 

Table 5. Long diameter (A), whorl formula and number of whorls for 11 specimens of Atlanta lesueuri 
Souleyet, 1852b

Specimen locality A (mm) A : B : C number of whorls

 1 Anda1 2.72 1 : 0.27 : 0.08 -

 2 Anda2 2.46 1 : 0.21 : 0.08 3 ¾

 3 Anda1 2.36 1 : 0.27 : 0.10 -

 4 Anda4 1.78 1 : 0.22 : 0.11 3 ¾

 5 Anda2 1.62 1 : 0.20 : 0.10 -

 6 AndaClif3 1.34 1 : 0.25 : 0.13 3 ½

 7 Anda4 1.16 1 : 0.26 : 0.15 3 ½

 8 Anda2 1.50 1 : 0.24 : 0.13 3 ½

 9 Roxas 1.00 1 : 0.28 : 0.14 3 ½

 10 Anda4 1.00 1 : 0.32 : 0.15 3 ½

 11 Anda2 0.94 1 : 0.27 : 0.16 3 ¼
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about as high as wide. The whorls attach high onto the foregoing whorl, resulting in a 

shell with a regular and low conical spira. All whorls increase very gradually in diam-

eter and the last whorl (teleoconch) expands only slightly. A fl ange-like keel typical for 

Atlantidae is present on the body whorl of the largest adult specimens.

 Ornament of the protoconch consists of a spiral situated exactly at the place where 

the suture with the next whorl will be (and then invisible) and sometimes a somewhat 

weaker spiral delimiting the base of the shell. In between these are 4 or 5 fi ner spirals. 

The base of the protoconch whorls in some specimens is covered with an even fi ner spi-

ral ornament, but in others it is almost smooth. The space between the upper spiral and 

the upper suture is relatively convex, and in most shells almost smooth; in some speci-

mens one to three very thin lirae are seen on the second and the third protoconch whorl. 

The boundary with the teleoconch is indicated by disappearance of the ornament, but 

the spiral around the base of the protoconch increases in strength and develops to the 

keel. In none of the specimens is there a space between the body whorl and the penulti-

mate whorl.

 Measurements – The holotype and fi ve paratypes are suffi ciently adult to be meas-

ured (Table 6).

 Discussion – Specimens of Atlanta plana may resemble the present species, but they 

have a different shape of the larval shell (compare Pl. 11, fi g. 1 and Pl. 12, fi g. 5). This 

species also demonstrates some resemblance with Atlanta helicinoides, especially in the 

shape of the protoconch. However, the spiral ornament is much weaker and the teleo-

conch whorl is considerably narrower than in A. helicinoides of the same size. The same 

is true for A. infl ata. Also, in the species A. plana Richter, 1972, or A. echinogyra Richter, 

1972, the whorls increase much more rapidly in width.

 Atlanta lingayanensis does not seem to be closely related to any of the Recent species 

in this genus and might be a primitive form, in which the teleoconch whorls do not yet 

expand laterally so much as in other species. The presence, however, of a typically at-

lantid fl ange-like keel undoubtedly refers this species to the genus Atlanta.

Table 6. Long diameter (A), whorl formula and number of whorls for the holotype and fi ve paratypes of 

Atlanta lingayanensis sp. nov.

Specimen locality A (mm) A : B : C number of whorls

 1 holotype AndaClif3 1.24 1 : 0.42 : 0.26 4 ¾

 2 AndaClif1 1.16 1 : 0.45 : 0.25 4 ½

 3  Anda1 1.12 1 : 0.44 : 0.25 4 ¼

 4  Anda1 0.94 1 : 0.49 : 0.29 4 ¼

 5  AndaDeVos 0.82 1 : 0.49 : 0.26 4

 6  Roxas 0.74 1 : 0.51 : 0.26 3 ¾
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Atlanta oligogyra Tesch, 1906

Pl. 11, fi gs. 2, 3.

* 1906 Atlanta oligogyra Tesch n. sp., p. 54, pl. 8, fi gs. 14-18.

. 1974 Atlanta oligogyra Tesch: Richter, p. 62, pl. 2, fi g. 10.

. 1976b Atlanta lesueuri Souleyet: van der Spoel, p. 143 (partim, non Souleyet).

. 1986 Atlanta oligogyra Tesch: Richter, p. 23. fi g. 2, pl. 1, fi gs. 2, 4.

. 1990 Atlanta oligogyra Tesch: Seapy, p. 118, fi g. 7E-H.

. 1999 Atlanta oligogyra Tesch: Richter & Seapy, p. 636, fi g, 6D.

. 2003 Atlanta oligogyra Tesch: van der Linden, p. 130.

 Description – See Seapy (1990). The protoconch of this species is low conical and the 

fi rst two whorls are separated by a very superfi cial suture, becoming deeper on later 

whorls. The complete protoconch has no more than 2¼ - 2¾ whorls and it is the third 

whorl that widens rapidly. The larval shell is devoid of any ornamentation.

 Measurements – Long diameter (A), whorl formula and number of whorls were 

measured for seven specimens from the locality Anda1 (see Table 7). Richter (1974, p. 

62) mentioned a diameter of 2.8 mm for his largest specimens, which, however, had 

only 3½ whorls. This number of whorls is present in the fossil specimens at a diameter 

less than half the value mentioned by Richter. Considering the rapid increase of the A-

value this may mean a difference of no more than ¼ or ½ whorl.

 Material examined – Anda1, RGM 517 451 (6), RGM 539 847 (1; Pl. 11, fi g. 2); Anda2, 

RGM 517 452 (8); Tiep3, RGM 517 453 (2), Tiep5, RGM 517 454 (2), RGM 539 848 (1; Pl. 

11, fi g. 3).

 Discussion – Characteristics used to distinguish Recent specimens of this species 

from the closely related Atlanta lesueuri are predominantly the anatomy of the eyes, the 

radula and the coloration of the shell, which are of little practical value for fossils. Still, 

the SEM images given by Seapy (1990, fi g. 7G-H) show a distinctly different develop-

ment of the early protoconch whorls, that could be recognised in the fossils as well. A 

difference in the shape of the keel, mentioned for Recent specimens, could not be ap-

plied for the fossils, as this shell part usually is too strongly damaged.

Table 7. Long diameter (A), whorl formula and number of whorls for seven specimens of Atlanta oligo-
gyra Tesch, 1906 from the locality Anda1.

Specimen  A (mm) A : B : C number of whorls

 1  1.24 1 : 0.23 : 0.13 3 ½

 2  1.20 1 : 0.23 : 0.13 3 ¼

 3  1.02 1 : 0.27 : 0.14 3 ¼

 4  1.00 1 : 0.26 : 0.13 3

 5  0.88 1 : 0.29 : 0.14 3

 6  0.84 1 : 0.29 : 0.14 3

 7  0.70 1 : 0.33 : 0.18 2 ¾
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Atlanta peroni Lesueur, 1817

Pl. 11, fi g. 4; Pl. 12, fi gs. 1-3.

* 1817 A(tlanta) peroni Lesueur, p. 390, pl. 2, fi g. 1.

. 1955 Atlanta peroni Lesueur: Tokioka, p. 228, pl. 15, fi gs. A-D, F-H.

. 1966 Atlanta peroni Lesueur: Frontier, p. 132, fi gs. 1-5.

. 1968 Atlanta peronii Lesueur: Richter, p. 12, fi gs. 6b, 7.

? 1972 Atlanta okinawana Noda n. sp., p. 481, pl. 57, fi g. 21.

. 1973 Atlanta peroni Lesueur: Thiriot-Quiévreux, p. 238, 252, fi g. 1C.

non 1974 Atlanta peroni Lesueur: Richter, p. 64, pl. 2, fi g. 7 (= Atlanta frontieri Richter, 1993).

. 1976b Atlanta peroni Lesueur: van der Spoel, p. 141, fi g. 135 (with extensive synonymy).

. 1989 Atlanta peroni Lesueur: Lalli & Gilmer, colour fi g. 2.

. 1990 Atlanta peroni Lesueur: Seapy, p. 118, fi gs. 4E-H, 6C.

. 1993 Atlanta peroni Lesueur: Richter, p. 190, pl. 1, fi g. 1, pl. 2, fi g. 5.

. 1999 Atlanta peroni Lesueur: Richter & Seapy, p. 638, fi gs. 1D, 7B.

. 2001 Atlanta peroni Lesueur: Seapy & Skoglund, p. 35.

. 2003 Atlanta peronii Lesueur: van der Linden, p. 131, fi g. 4.

 Description – The largest available specimen (in sample Anda4) reaches a diameter 

of 4.88 mm, less than half the maximum size (10 mm) of Recent specimens of Atlanta 
peroni. In all shells the body whorl and the penultimate one are connected, without the 

keel inserting in between. In the species A. fragilis Richter, 1993, A. rosea Souleyet, 1852a, 

and A. frontieri Richter, 1993, all belonging to the same Atlanta peroni species group 

(Richter & Seapy, 1999, table 4), the younger whorls separate much earlier than in A. 
peroni, leading to the conclusion that the present specimens belong to this latter species 

indeed. This was acknowledged by comparison with Recent specimens.

 The protoconch has three whorls; the fourth whorl is expanding more rapidly. Usu-

ally, a thin spiral lira is present on the whorls of larval shells in the present samples, at 

or just above the place where the suture of the next whorl will attach (poorly visible in 

Pl. 12, fi g. 2). In larger specimens this spiral is diffi cult to observe on the whorl surface, 

very close to the lower suture or is even covered by the next whorl. A very similar ob-

servation was also made by Frontier (1966, fi gs. 3, 4).

 Richter (1974, p. 64, pl. 2, fi g. 7 left), in his description of Atlanta peroni, referred to a 

spiral, situated higher on the whorl, closer to the upper suture than to the lower one. 

Although Richter described this feature in 1974 as ‘zuverlässiges Merkmal’ (reliable 

characteristic), the same author (1993, p. 190) described the protoconch whorls of A. 
peroni as smooth. Seapy (1990, p. 120) discussed the same feature and Richter (1993, p. 

192) described the form with the subsutural spiral as a new species, A. frontieri. A fur-

ther weak spiral is usually present much lower on the whorl, separating the base of the 

shell and developing in more adult specimens to the keel.

 Measurements – The whorl formula, the long diameter (A) and the number of whorls 

are given for 20 specimens in Table 8. The fi gures for the whorl formula agree perfectly 

with data given by Tokioka (1955, p. 228), but the number of whorls related to the long 

diameter (A-value) in the fossil specimens on the average is half a whorl less. This may 

be caused by a different whorl counting method.
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 Material examined – Anda1, RGM 517 459 (many); Anda2, RGM 517 455 (many); 

RGM 517 456 (1), RGM 517 460 (20, measured specimens), RGM 539 766 (1; Pl. 11, fi g. 

4, Pl. 12, fi g. 1), RGM 539 767 (1; Pl. 12, fi g. 2), RGM 539 768 (1; Pl. 12, fi g. 3); Anda3, 

RGM 517 457 (22); RGM 517 458 (many juveniles), RGM 517 461 (many); Anda4, RGM 

517 462 (3); Anda6, RGM 517 463 (9), RGM 517 464 (1); AndaClif1, RGM 429 274 (12 ju-

veniles); AndaClif3, RGM 429 310 (3 juveniles); AndaDeVos, RGM 517 465 (8); Roxas, 

RGM 517 466 (1, 4 juveniles); Tiep2, RGM 517 467 (4); Tiep 4, RGM 517 468 (3 juve-

niles).

 Discussion – All four species in the Atlanta peroni species group have a slightly ele-

vated protoconch with a smooth surface (but see above) and the adult whorls are more 

or less separated from each other. Distinction from the Atlanta gaudichaudi Souleyet, 

1852a group is possible by means of the whorl formula, which for the Pangasinan mate-

rial (see measurements) excludes A. gaudichaudi, as well as the related species A. plana 

and A. echinogyra.

 It might very well be that the species Atlanta okinawana Noda, 1972 (p. 481, pl. 57, 

fi g. 21), described from the Japanese Pliocene, belongs to the present species, but on the 

basis of description and illustration (of the umbilical side only) this cannot be taken for 

granted. In the extant fauna, Atlanta peroni has a circumglobal tropical and subtropical 

distribution (van der Spoel, 1976b, fi g. 226). This is the fi rst certain record of Cainozoic 

specimens.

Table 8. Long diameter (A), whorl formula and number of whorls for 20 specimens of Atlanta peroni 
Lesueur, 1817, from locality Anda2.

Specimen  A (mm) A : B : C number of whorls

 1  4.12 1 : 0.34 : 0.09 4 ¾

 2  3.88 1 : 0.30 : 0.11 -

 3  3.88 1 : 0.30 : 0.10 4 ¾

 4  3.76 1 : 0.31 : 0.10 4 ½

 5  3.48 1 : 0.29 : 0.10 4 ½

 6  3.36 1 : 0.29 : 0.09 4 ½

 7  3.04 1 : 0.31 : 0.13 -

 8  2.80 1 : 0.29 : 0.13 4 ½

 9  2.60 1 : 0.31 : 0.12 -

 10  2.48 1 : 0.30 : 0.14 4 ¼

 11  2.44 1 : 0.30 : 0.13 4 ¼

 12  2.44 1 : 0.28 : 0.12 -

 13  2.36 1 : 0.30 : 0.14 4 ¼

 14  2.12 1 : 0.29 : 0.13 -

 15  1.76 1 : 0.30 : 0.14 -

 16  1.76 1 : 0.30 : 0.15 4

 17  1.64 1 : 0.30 : 0.14 3 ¾

 18  1.36 1 : 0.34 : 0.15 3 ¾

 19  1.36 1 : 0.30 : 0.17 3 ¾

 20  1.16 1 : 0.36 : 0.19 -
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Atlanta plana Richter, 1972

Pl. 12, fi gs. 4, 5; Pl. 13, fi g. 1.

* 1972 Atlanta plana Richter n. sp., p. 90, fi gs. 6, 8.

. 1974 Atlanta plana Richter: Richter, p. 68, fi g. 8d, pl. 2, fi g. 6.

. 1976b Atlanta plana Richter: van der Spoel, p. 150, fi g. 151.

.  1987 Atlanta plana. Richter: p. 182, pl. 1, fi gs. 1-2, pl. 2, fi g. 13, pl. 3, fi gs. 29, 30, pl. 5, fi gs. 35, 38.

. 1990 Atlanta plana Richter: Seapy, p. 120, fi gs. 3A-B, 6E, 8A-D.

. 2001 Atlanta plana Richter: Seapy & Skoglund, p. 36.

v. 2004 Atlanta sp.: Janssen, p. 108. fi gs. 2, 3.

 Description – In particular, juvenile specimens of this species resemble Atlanta 
lesueuri (especially also from the umbilical side), but can be distinguished by their 

more elevated protoconch of 3¼ whorls instead of 2¼ - 2¾. Furthermore, these have an 

ornamentation starting on the fi rst whorl with some six irregular spirals of which two 

weak spiral lirae remain on the further protoconch whorls (Pl. 12, fi g. 4c; Pl. 13, fi g. 1b) 

and a stronger third one just above the suture. Below the suture extremely fi ne and ir-

regular spirals are seen, and a somewhat stronger one separating the base of the shell 

(Pl. 12, fi g. 5). The fourth whorl expands rapidly, but considerably more so and more 

infl ated in the species A. lesueuri. 

 Material examined – Anda2, RGM 517 469 (2), RGM 539 769 (1; Pl. 12, fi g. 4); Anda6, 

RGM 517 470 (1); AndaClif1, RGM 429 269 (1); Tiep3, RGM 517 471 (1, 2 juveniles); 

Anda5, RGM 517 472 (7 juvenile); Tiep5, RGM 539 770 (1; Pl. 12, fi g. 5), RGM 539 771 (1; 

Pl. 13, fi g. 1).

 Measurements – The long diameter (A), the whorl formula, and the number of whorls 

were measured or six specimens (Table 9).

 Discussion – Richter (1974, pp. 68, 70) pointed to the resemblance of Atlanta plana 

and A. gaudichaudi. Seapy (1990, p. 120) also stated that Atlanta plana is most similar in 

appearance to A. gaudichaudi and that both these species are perhaps most similar to A. 
peroni. In all these species, the rapidly expanding whorl is the fourth. Differences are 

mainly found in anatomical characteristics of little use for fossils. Still, as stated above, 

A. plana has, and A. peroni may have, spiral lira on their early whorls and the shape of 

the protoconch offers suffi cient characteristics to separate these species. Specimens of 

Table 9. Long diameter (A), whorl formula and number of whorls for six specimens of Atlanta plana 

Richter, 1972.

Specimen locality A (mm) A : B : C number of whorls

 1 Anda2 1.52 1 : 0.24 : 0.13 4

 2 Tiep3 1.40 1 : 0.26 : 0.14 4

 3 Anda2 1.40 1 : 0.26 : 0.15 3 ½

 4 Anda6 1.20 1 : 0.30 : 0.16 3 ½

 5 AndaClif1 1.16 1 : 0.27 : 0.15 3 ¼

 6 Anda2 0.90 1 : 0.32 : 0.19 3 ¼
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A. lingayanensis sp. nov, described above, with two spirals on the early whorls may be 

mistaken for A. plana, but the shape of the larval shell is clearly different (compare Pl. 

10, fi g. 4, and Pl. 12, fi g. 5).

 The specimens recorded by Janssen (2004, fi gs. 2, 3) from the Pliocene of Spain are 

here attributed to A. plana as well. Their shape and ornament agree completely with the 

SEM images given by Seapy (1990). The occurrence in the Mediterranean Pliocene, 

however, remains curious, as to date it is the one and only record from the Atlantic 

realm. Richter (1972, 1987) and van der Spoel (1976b, map fi g. 233) recorded Atlanta 
plana only from the Indian Ocean. Seapy (1990, p. 120), however, also referred to Pacifi c 

occurrences near Hawaii and Australia.

Atlanta richteri sp. nov.

Pl. 13, fi gs. 2-4; Pl. 14, fi gs. 1, 2.

 Holotype – RGM 517 474 (Pl. 14, fi g. 2).

 Type locality – Anda2, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).

 Stratum typicum – Greyish-brown marlstone, in interbedded sandstone, siltstone 

and claystone, below Bolinao Limestone, Pliocene.

 Derivatio nominis – Named after Dr Gotthard Richter (SMF), in recognition of his 

longstanding and critical research on Recent Atlantidae.

 Paratypes – Anda1, RGM 517 473 (1, 1 juvenile); Anda2, RGM 517 475 (2, 2 juveniles); 

Anda3, RGM 517 476 (3, 9 juveniles), RGM 539 772 (1; Pl. 13, fi g. 2), RGM 539 773 (1; Pl. 

13, fi g. 3); Anda4, RGM 517 477 (3, 9 juveniles), RGM 539 774 (1; Pl. 13, fi g. 4), RGM 539 

775 (1; Pl. 14, fi g. 1); AndaClif1, RGM 429 273 (5 juveniles); AndaClif3, RGM 429 309 (5 

juveniles); Roxas, RGM 517 478 (1 juvenile); Tiep3, RGM 517 480 (4 juveniles); Tiep4, 

RGM 517 481 (1 juvenile); Tiep5, RGM 517 479 (3, 10 juveniles).

 Diagnosis – Atlanta species with a protoconch of 3¾ to almost 4 tightly coiled whorls, 

together forming a depressed conical spire, the fi rst two whorls of which are narrower 

than the nucleus. The whorl expanding more rapidly is the fi fth.

 Description – This species is characterised by its protoconch of 3¾-4 whorls attach-

ing high on the foregoing whorl. This results in an apical spira with a low conical shape, 

with the second and third whorl (apical view) even narrower than the relatively wide 

nucleus (diameter approximately 45-50 μm). The nucleus, when strongly enlarged (Pl. 

14, fi g. 2c), seems to be very fi nely granulated, but this may be the result of corrosion. 

The subsutural zone of the protoconch whorls is separated by a thin spiral line, that dis-

appears under the next whorl, attaching slightly above this spiral. Because of a very 

slight oblique position of the larval shell, this spiral may be visible again on part of the 

last protoconch whorl. Two or three weak spiral lirae may be visible between the upper 

and the lower sutures on the protoconch, weakening slowly and disappearing on the 
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fourth whorl. The sides of the protoconch have a number of spiral lirae that sometimes 

are so weak that the shell looks smooth. The base of some juvenile shells is separated by 

a slightly stronger spiral, but it can also be gradually rounded. The boundary with the 

teleoconch is not very clear. The fourth protoconch whorl slowly gets a bit wider, but it 

is the fi rst teleoconch whorl that expands more rapidly and becomes dorso-ventrally 

fl attened, with a fl ange-like keel encircling the body whorl. The somewhat stronger spi-

ral just below the suture changes to a superfi cial furrow on the initial part of the teleo-

conch. In the available specimens the last whorl does not separate from the penultimate 

whorl. Some vague transverse folds are seen on the last quarter of the body whorl.

 Measurements – The long diameter (A), the whorl formula and the number of whorls 

of the holotype and eleven paratypes were measured (Table 10).

 Discussion – The low conical spire of the protoconch, as well as the fact that it is the 

fi fth whorl that expands more rapidly, relates A. richteri to the Atlanta infl ata group of 

Richter & Seapy (1999). In none of the species in this group, however, does the protoconch 

have such a depressed shape, nor are the fi rst whorls so narrow compared to the nucleus 

(compare Seapy, 1990, fi g. 11C). In Recent species of this group the inner shell wall of 

adult specimens is dissolved, but even in broken specimens among the present material 

this could not be seen with certainty, as the shells are always fi lled with matrix. Atlanta 
helicinoides, which also has quite narrow early whorls, has a more dome-shaped proto-

conch and the ornamentation is different (compare Seapy, 1990, fi g. 11E-H). Also, the ear-

ly protoconch whorls may seem to be narrower than the nucleus of the protoconch in At-
lanta gaudichaudi (e.g., Seapy & Richter, 1993, fi g. 9c), but in that species the protoconch is 

much higher and turreted, and the whorl expanding more rapidly is the fourth. 

Atlanta seapyi sp. nov.

Pl. 14, fi g. 3; Pl. 15, fi gs. 1-3.

 Holotype – RGM 517 482 (Pl. 14, fi g. 3).

Table 10. Long diameter (A), whorl formula and number of whorls for the holotype and eleven paratype 

specimens of Atlanta richteri sp. nov.

Specimen locality A (mm) A : B : C number of whorls

1  Anda2 1.22 1 : 0.35 : 0.20 5

2 (holotype) Anda3 1.20 1 : 0.35 : 0.21 5

3  Anda4 1.12 1 : 0.32 : 0.19 4 ¾

4  Anda1 1.04 1 : 0.34 : 0.19 4 ¾

5  Anda3 1.02 1 : 0.35 : 0.20 4 ¾

6  Anda4 1.02 1 : 0.34 : 0.19 4 ½

7  Anda2 0.98 1 : 0.36 : 0.19 4 ¾

8  Anda4 0.96 1 : 0.38 : 0.22 4 ¾

9  Tiep5 0.86 1 : 0.40 : 0.21 4 ½

10  Anda3 0.84 1 : 0.41 : 0.23 4 ½

11  Anda4 0.84 1 : 0.40 : 0.21 4 ½

12  Anda3 0.62 1 : 0.42 : 0.24 4 ¼
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 Type locality – Anda1, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).

 Stratum typicum – Greyish-brown marlstone, in interbedded sandstone, siltstone 

and claystone, below Bolinao Limestone, Pliocene.

 Derivatio nominis – Named after Professor Roger R. Seapy, California State Univer-

sity, Fullerton, U.S.A., who contributed substantially to the research of Recent hetero-

pods and kindly gave his opinion on the identifi cation of the present Atlantidae sam-

ples.

 Paratypes – Anda3, RGM 517 483 (2 juveniles); AndaClif1, RGM 429 275 (1 juvenile); 

AndaClif3, RGM 539 779 (1; Pl. 15, fi g. 2); Tiep3, RGM 517 484 (3, 3 juveniles), RGM 539 

778 (1 juvenile; Pl. 15, fi g. 1); Tiep5, RGM 517 485 (6 juveniles), RGM 539 780 (1; Pl. 15, 

fi g. 3).

 Diagnosis – Atlanta species with a protoconch of 5 whorls with a completely fl at sub-

sutural zone, separated by a keel, together forming a rather elevated spire with concave 

tangents. The whorl expanding more rapidly is the sixth.

 Description – The protoconch has fi ve whorls, starting from a rather voluminous nu-

cleus. The fi rst embryonic whorl sometimes has a weak carina, close to the upper su-

ture, that soon disappears. A further, stronger carina is present a bit lower on the whorl, 

separating a smooth and fl at subsutural zone. It is developed as a sharp spiral ridge, 

which remains visible just above the lower suture (Pl. 14, fi g. 3d). Protoconchs up to 

three whorls are as high as wide (Pl. 15, fi gs. 2a, 3), but larger specimens become gradu-

ally wider than high. Their carina is less sharp and disappears on the more rapidly wid-

ening teleoconch whorl. This results in an apical spire with distinctly concave tangents; 

near the end of the protoconch the apical plane becomes fl atter. Apparently, the axis of 

the larval shell does not deviate from the teleoconch’s axis. A further, much weaker spi-

ral is present around the narrow umbilicus of the protoconch, developing on the teleo-

conch into the keel, which in the available material is not preserved as a fl ange, as the 

specimens are not adult.

 Measurements – Of the two specimens having ¼ teleoconch whorl, the long diameter 

and the whorl formula were measured (Table 11).

 Discussion – Unfortunately, not a single completely adult specimen is available. The 

two largest specimens have just a quarter of a whorl behind the protoconch and in one 

Table 11. Long diameter (A), whorl formula and number of whorls for the holotype and one paratype 

of Atlanta seapyi sp. nov.

Specimen locality A (mm) A : B : C number of whorls

1 (holotype) Anda1 1.18 1 : 0.48 : 0.31 -

2 (paratype) Anda3 0.90 1 : 0.51 : 0.35 5 ¼
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of these, the holotype, the earliest whorls are missing. Still, there are suffi cient juvenile 

specimens indicating that this is a new atlantid species, unrelated to any of the known 

Recent species.

 There are just two species of Recent atlantids with a protoconch of fi ve whorls and 

with the sixth whorl widening more rapidly, viz. Atlanta tokiokai (see below) and A. me-
teori Richter, 1972, which both have a completely different protoconch morphology 

(compare Richter, 1990, pls. 1-3). Atlanta frontieri Richter (1993, p. 192) has a similar 

shape of the embryonic whorls and also a carina along the suture. The shape of the lar-

val shell, however, is clearly more squarish (Richter, 1993, pl. 2, fi g. 7) and the whorl 

expanding more rapidly is the fi fth.

Atlanta tokiokai van der Spoel & Troost, 1972

Pl. 15, fi gs. 4, 5; Pl. 16, fi g. 1.

* 1972 Atlanta tokiokai van der Spoel & Troost nov. spec., p. 2, fi gs. 1-3.

. 1974 Atlanta inclinata Souleyet: Richter, p. 70, pl. 3, fi g. 11 (non Souleyet).

. 1976b  Atlanta tokiokai van der Spoel & Troost: van der Spoel, p. 148, fi gs. 147, 148 (with earlier 

synonyms).

. 1990  Atlanta tokiokai van der Spoel & Troost: Richter, p. 262, pl. 1, fi gs. 1, 2, 9, pl. 2, fi gs. 13, 14, pl. 

3, fi gs. 21, 25, 27-29.

. 1990 Atlanta tokiokai van der Spoel & Troost: Seapy, p. 126, fi gs. 5D, 6K, 12A-D.

. 1999 Atlanta tokiokai van der Spoel and Troost: Richter & Seapy, p. 639, fi gs. 1F, 7E.

. 2001 Atlanta tokiokai van der Spoel & Troost: Seapy & Skoglund, p. 35.

. 2003 Atlanta tokiokai Van der Spoel & Troost: van der Linden, p. 132, fi g. 7.

 Description – The protoconch of this species has fi ve slightly convex to almost fl at 

whorls, separated by very superfi cial sutures. Two spiral lines are present, one just 

above the place where the suture of the next whorl attaches and one lower on the whorl, 

below the periphery. This latter spiral develops into the keel of the adult shell. On the 

protoconch whorls these spirals cause a very slight angularity of the whorls. The com-

plete protoconch is covered with a micro-ornament, consisting of spirally arranged 

granules; to a lesser degree this is also present on the teleoconch. On the base of the pro-

toconch these granules are developed as short and obliquely elongated pustules. The 

fi rst whorl of the teleoconch increases suddenly in width and attaches high onto the 

protoconch, in such a way that the latter seems to be situated very obliquely within the 

teleoconch whorls. Because of this position the basal part of the last protoconch whorl 

protrudes distinctly beyond the base of the shell, making the adult shell more or less 

symmetrical (compare also Richter, 1990, fi gs. 1, 14). The last part of the body whorl 

separates from the preceding whorl; the space is fi lled with the extremely thin and frag-

ile keel that encircles the greater part of the body whorl.

 Measurements – Because of the oblique position of the protoconch the whorl formula 

cannot be measured correctly in this species. The maximum shell diameter observed in 

the Pangasinan material is 3.44 mm, but the bulk of the specimens consists of much 

smaller, predominantly larval shells.

 Material examined – Anda1, RGM 517 486 (1); Anda2, RGM 517 487 (many); Anda3, 

RGM 517 488 (many), RGM 539 781 (1; Pl. 15, fi g. 4), RGM 539 849 (1; Pl. 15, fi g. 6, Pl. 16, 
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fi g. 1); Anda4, RGM 517 489 (many); Anda6, RGM 517 490 (1); AndaClif1, RGM 429 276 

(25 juveniles); AndaDeVos, RGM 517 491 (1); Tiep3, RGM 517 492 (1); Tiep4, RGM 517 

493 (3 juveniles); Tiep5, RGM 517 494 (2 juveniles).

 Discussion – Atlanta tokiokai has a rather complicated nomenclatural history, sorted 

out by Richter (1990, pp. 262, 263), who included it in the Atlanta inclinata Souleyet, 

1852a species group, in which he accepted, apart from these two taxa, also A. gibbosa 

Souleyet, 1852a, and A. meteori Richter, 1990. Richter & Seapy (1999), however, included 

the two last-named species in a separate A. gibbosa species group.

 Comparing the illustrations in the literature (see synonyms) demonstrates that the 

material here referred to does not belong to either Atlanta gibbosa or A. meteori. Not only 

are the larval shells differently shaped and ornamented (Richter, 1990, pls. 1-3), but also 

the teleoconch whorls of these species separate much earlier and in both the body whorl 

shows distinct transverse folds. The distinction between A. inclinata and A. tokiokai was 

possible as the latter has a larger protoconch of fi ve instead of four whorls, and a fl at 

instead of a convex base. The fossil specimens agree very well with compared Recent 

material of A. tokiokai, but Professor Seapy concluded that the spiral ridge is much more 

strongly raised in the Pangasinan specimens than in Recent ones from Hawaii.

 Atlanta tokiokai is known in the Recent fauna from the Caribbean, from the tropical 

Atlantic, the Indian Ocean and a single record from Indonesia (van der Spoel, 1976b, fi g. 

233; Richter, 1990). Richter & Seapy (1999) and Seapy & Skoglund (2001) give its distri-

bution as circumglobal at tropical to subtropical latitudes. These are the fi rst records of 

fossil specimens of this taxon.

Genus Oxygyrus Benson, 1835

 Type species – Oxygyrus infl atus Benson, 1835 = O. keraudreni (Lesueur, 1817) (Recent)

Oxygyrus keraudreni (Lesueur, 1817)

Pl. 1, fi gs. 2, 3; Pl. 16, fi gs. 2-4.

* 1817 A(tlanta) Keraudrenii Lesueur, p. 391, pl. 2, fi g. I.

v. 1972 Atys (Sphaeratys) globulinus Nordsieck n. sp., p. 29, pl. O IV, fi g. 20 (mala).
. 1973 Oxygyrus keraudreni (Lesueur): Thiriot-Quiévreux, p. 238, 250, fi gs. 1A, 6A.

. 1974 Oxygyrus keraudreni (Lesueur): Richter, p. 71.

. 1976b  Oxygyrus keraudreni (Lesueur): van der Spoel, p. 137, fi gs. 133, 224 (with extensive synony-

my).

. 1976 Oxygyrus keraudreni (Lesueur): Batten & Dumont, p. 279, fi gs. 15-25.

. 1990 Oxygyrus keraudreni (Lesueur): Seapy, p. 111, fi g. 3E-H.

v. 1998 Oxygyrus keraudreni (Lesueur): Janssen, p. 98, pl. 1, fi g. 3a-b.

. 1999 Oxygyrus keraudreni (Lesueur): Richter & Seapy, p. 633, fi g. 5B.

v. 2003 Oxygyrus keraudreni (Lesueur): van der Linden, p. 130, fi g. 1 (non fi g. 2).

v. 2004 Oxygyrus keraudreni (Lesueur): Janssen, p. 106, pl. 2, fi g. 1a-c.

v. 2004 Oxygyrus keraudreni (Lesueur): Faber, p. 72, fi g. 1.

 Description – The shell of this easily recognisable species is completely involute, 

with a similar ‘umbilicus‘ at both the top and the base of the shell. This feature makes it 

impossible to count the number of protoconch whorls, as only one is visible in each of 
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them. The juvenile shell initially is slightly wider than high, but gets relatively wider 

during growth. Its surface is slightly irregularly covered with approximately 20-24 spi-

ral lirae in a zigzag-shape that usually leave a narrow zone free just below the periph-

ery (not yet so in very juvenile specimens, compare Pl. 16, fi gs. 3a and 4). In between 

these lirae the shell’s surface is granulated (Pl. 16, fi g. 3b). The apertural margin of the 

shell is deeply sinuated, as can be seen from the shape of the growth lines and also at 

the place where the ornamented protoconch changes quite suddenly to the much less 

clearly ornamented teleoconch (this transition is well-illustrated by Thiriot-Quiévreux, 

1973, fi g. 1A, and Batten & Dumont, 1976, fi g. 24). In the largest available specimen 

(from Anda4, W = 3.24 mm), the teleoconch has one complete whorl, widening rapidly, 

which makes the shell about twice as wide as high. In this specimen the apertural mar-

gin is irregularly broken, indicating that the teleoconch might even have more than one 

calcifi ed teleoconch whorl in complete specimens. In a specimen from Anda1 (H = 1.60, 

W = 2.52 mm), the teleoconch has three quarters of a whorl. On the post-larval shell a 

vague spiral ornament is present and the peripheral belt remains visible as a slightly 

produced zone reaching the apertural margin.

 Material examined – Anda1, RGM 517 505 (many), RGM 539 782 (1; Pl. 16, fi g. 2), 

RGM 539 783 (1; Pl. 16, fi g. 3), RGM 539 784 (1; Pl. 16, fi g. 4); Anda2, RGM 517 506 

(many); Anda3, RGM 517 507 (many); Anda4, RGM 517 508 (many), RGM 517 510 (1; Pl. 

1, fi g. 3); Anda6, RGM 517 509 (1); AndaClif1, RGM 429 279 (23); AndaClif3, RGM 429 

313 (17); Roxas, RGM 517 511 (5); Tiep1, RGM 517 512 (5); Tiep2, RGM 517 513 (19); 

Tiep3, RGM 517 514 (7); Tiep4, RGM 517 515 (7); Tiep5, RGM 517 516 (8).

 Discussion – The nucleus and early whorl of Oxygyrus keraudreni are only visible in 

very juvenile specimens (Richter, 1968, fi g. 15; Batten & Dumont, 1976, fi gs. 17, 21). 

Larger juvenile specimens of this species are common in most of the Pangasinan sam-

ples. From the fossil record this species was known, in very few specimens only, from 

Jamaica (Janssen, 1998) and the Mediterranean Pliocene (Italy, Spain, France; Janssen, 

2004). The French occurrence was dated as Zanclean and thus it may be assumed that 

Oxygyrus occurred approximately since the Miocene-Pliocene transition. Miocene rep-

resentatives or related forms are unknown to date.

 Recent specimens of Oxygyrus keraudreni have an uncalcifi ed shell of conchiolin in 

the adult stage. Seapy (1990, fi g. 3E-F) illustrated such a shell with a diameter of just 2.2 

mm. In this specimen the boundary between protoconch and teleoconch is visible, with 

the transition from calcareous to conchiolin shell just in front of this boundary. In this 

SE micrograph it is not possible to see if, or how far, the calcareous shell continues under 

the conchiolin sheet, but this cannot be more than half a whorl. Similarly, the calcareous 

teleoconch comprises less than half a whorl in the illustrations of Thiriot-Quiévreux 

(1973, fi g. 1A) and Batten & Dumont (1976, fi g. 24). This makes the large specimen from 

Anda4, with a diameter of 3.4 mm and a complete calcareous teleoconch whorl, quite 

remarkable. It indicates that, during the Pliocene, individuals of this species were yet 

further calcifi ed than are extant specimens. This could point to a developmental trend 

involving a reduction of calcareous matter in the course of time, as a gradual weight 

reduction benefi cial for holoplanktonic life. The distinct peripheral belt demonstrates 

that a conchiolin keel was present.



Janssen. Holoplanktonic Mollusca from the Pliocene of Pangasinan. Scripta Geol., 135 (2007) 53

 One might argue that the presence of a completely calcifi ed body whorl is suffi cient 

reason for the erection of a new taxon. In the opinion of the present author, considering 

that juvenile specimens are completely identical with Recent specimens, this phenom-

enon presents insuffi cient evidence and the available material is inadequate.

 Faber (2004) presumed Atys (Sphaeratys) globulinus Nordsieck, 1972, based on a sin-

gle Recent specimen from Ibiza, Mediterranean (here re-illustrated; Pl. 1, fi g. 2), to be a 

juvenile shell of the present species. This could be acknowledged by an inspection of 

the holotype. The main difference mentioned by Nordsieck (spiral furrows, instead of 

spiral ridges) could not be substantiated. Although diffi cult to distinguish in the very 

transparant specimen, the fi ne spirals are exactly the same as in O. keraudreni and show 

the same zigzag structure. As in typical Oxygyrus, there is a zone without spirals just 

below the periphery. The author is grateful to Dr Ronald Janssen (SMF) for the loan of 

the type specimen.

Genus Protatlanta Tesch, 1908

 Type species – Protatlanta souleyeti (Smith, 1888) (Recent).

Protatlanta rotundata (Gabb, 1873)

Pl. 1, fi g. 1; Pl. 17, fi gs. 1-3

non 1867  Atlanta rotundata (sic) d’Orbigny: Reuss, p. 146 [= Atlanta rotunda d’Orbigny, 1836 = Lima-
cina helicina (Phipps, 1774) forma rangii (d’Orbigny, 1836)].

*v 1873 Atlanta rotundata Gabb n.s., p. 201.

. 1882 Atlanta rotundata Gabb: Guppy, p. 175 (reprinted in Harris, 1921, p. 244).

v. 1922 Atlanta rotundata Gabb: Pilsbry, p. 314, fi g. 15.

v. 1928 Atlanta (Atlantidea) lissa Woodring new species, p. 134, pl. 2, fi gs. 26, 27.

. 1984 Protatlanta kakegawaensis Shibata n. sp., p. 75, pl. 23, fi gs. 1-3.

v. 1998 Protatlanta lissa (Woodring): Janssen, p. 98, pl. 1, fi gs. 4-5.

v. 1999a Protatlanta rotundata (Gabb): Janssen, p. 12, pl. 2, fi gs. 3-4.

v. 1999b Protatlanta rotundata (Gabb): Janssen, fi g. 1a-c.

v. 2004 Protatlanta rotundata (Gabb): Janssen, p. 107, pl. 2, fi g. 2a-b.

 Description – See Janssen (2004). Part of the material in the present samples is excel-

lently preserved and includes various juvenile specimens (Pl. 17, fi gs. 2, 3). The larval 

shell is globular, about as wide as high and has approximately fi ve whorls which attach 

very high onto the preceding whorl. In apical view, therefore, the second and third 

whorls are very narrow, even much narrower than the nucleus and fi rst whorl of the 

protoconch. The fi fth whorl gradually attaches somewhat lower on the penultimate 

whorl. All protoconch whorls have a number of very narrow, distant and thread-like 

spiral lirae with a zigzag structure, just one of which remains visible between the upper 

and lower sutures. One spiral at the place of the suture and a further one on the base of 

the protoconch are somewhat stronger developed, but do not or only faintly show the 

zigzag structure. The boundary with the teleoconch is indicated by a rather sudden 

disappearance of the ornament.

 In the largest specimen (reaching a width of nearly 10 mm; Pl. 1, fi g. 1) there are al-

most two teleoconch whorls that initially attach very high onto the protoconch, with the 
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result that the larval shell seems to be embedded rather obliquely within the younger 

whorls. The diameter of the teleoconch increases rapidly, the result being a shell that 

strongly resembles Planorbarius (but, of course, dextral). The surface of these younger 

whorls bears fl exuous growth lines, and a dense and very fi ne, somewhat irregular 

spiral striation, only visible where light refl ects on the shell. On the body whorl a dis-

tinct peripheral belt is present on which the growth lines are strongly bent backward, 

indicating a deep sinus in the apertural margin.

 Material examined – Anda1, RGM 517 517 (8 juveniles); RGM 517 518 (1); Anda2, 

RGM 517 519 (3, 5 juveniles); Anda3, RGM 517 520 (2, 7 juveniles), RGM539.785 (1; Pl. 

17, fi g. 1), RGM 539 786 (1; Pl. 17, fi g. 2), RGM 539 787 (1; Pl. 17, fi g. 3); Anda4, RGM 517 

521 (3 juveniles); Anda6, RGM 517 522 (1; Pl. 1, fi g. 1); RGM 517 523 (2 juveniles); Anda-

Clif1, RGM 429 272 (3 juveniles); AndaClif3, RGM 429 308 (8 juveniles); Roxas, RGM 

517 524 (1 juvenile); Tiep3, RGM 517 525 (5 juveniles); Tiep4, RGM 517 526 (7 juveniles); 

Tiep5, RGM 517 527 (6 juveniles).

 Discussion – Protatlanta rotundata differs considerably from the type of the genus, P. 
souleyeti. Not only does the adult shell in P. rotundata reach a diameter that is roughly 

fi ve times that of P. souleyeti, but the morphology of its protoconch and the shape of the 

fully grown shell are utterly different. Also, as both species occur together in the Pan-

gasinan samples, P. rotundata can certainly not be considered to be the ancestor species. 

The presence of a subperipheral belt much the same as in P. souleyeti, on the other hand, 

demonstrates that a conchiolin keel has been present in this species. Considering the 

generally accepted differences in protoconch morphology within the Atlantidae, a new 

genus is not introduced here.

 Protatlanta rotundata was originally described from the (Late?) Miocene of the Do-

minican Republic (Gabb, 1873; Janssen, 1999a) and has a wide horizontal and vertical 

distribution; Langhian-Serravallian (Italy, Malta, Cyprus; RGM collections), Tortonian 

(Sicily), Piacenzian (Spain, Jamaica, Philippines) and ‘Middle Pliocene-Early Pleistocene’ 

(Japan).

Protatlanta souleyeti (Smith, 1888)

Pl. 17, fi g. 4; Pl. 18, fi gs. 1, 2.

* 1888 Atlanta souleyeti Smith, p. 43.

. 1941 Protoatlanta (sic) souleyeti (Smith): Wenz, p. 1015, fi g. 2912.

. 1968 Protatlanta souleyetii (Smith): Richter, p. 17, fi gs. 6c, 12, 14 (left).

. 1973 Proatlanta (sic!) souleyeti (Smith): Thiriot-Quiévreux, p. 238, 250, fi g. 1B.

. 1974 Protatlanta souleyeti (Smith): Richter, p. 71, pl. 3. fi g. 16.

. 1976b Protatlanta souleyeti (Smith): van der Spoel, p. 139, fi g. 134 (with extensive synonymy).

. 1976 Protatlanta souleyeti (Smith): Batten & Dumont, p. 288, fi gs. 39-47.

. 1983 Protatlanta souleyeti (Smith): Shibata & Ujihara, p. 154, pl. 46, fi g. 1a-c.

. 1990 Protatlanta souleyeti (Smith): Seapy, p. 114, fi gs. 1A, 4A-D, 5A.

v. 1999a Protatlanta souleyeti (Smith): Janssen, pl. 2, fi g. 5a-c.

. 1999 Protatlanta souleyeti (Smith): Richter & Seapy, p. 633, fi g. 5A.

. 2003 Protatlanta souleyeti (Smith): van der Linden, p. 130.



Janssen. Holoplanktonic Mollusca from the Pliocene of Pangasinan. Scripta Geol., 135 (2007) 55

 Description – Some of the fossil specimens preserve a pinkish colour of the larval 

shells. The protoconch is naticoid in shape and has approximately 3¼ whorls. Most 

specimens have two thin spirals above the periphery, visible in apical view, and a third 

such spiral (sometimes doubled; Pl. 17, fi g. 4) below the periphery, which separates the 

base of the protoconch and becomes covered by subsequent whorls. In the present sam-

ples the described ornament is fairly constant, but some specimens were found (Pl. 18, 

fi g. 2a-c) in which these three spirals are lacking (specifi ed separately, below). Richter 

(1968, p. 17, fi g. 6c) described Recent larval shells from the Gulf of Naples as smooth. 

For Recent material from near Hawaii, Seapy (1990, p. 114, fi g. 4A-D) also stated that 

the fi rst whorls are smooth. But Batten & Dumont (1976, fi gs. 39-41) and Richter & 

Seapy (1999, p. 633, fi g. 5A) described two protoconch morphologies, agreeing with the 

present material. On the teleoconch whorls, the peripheral belt on which the conchiolin 

keel was attached is very clear. Growth lines are strongly bent backward on this belt, 

indicating the presence of a deep sinus on the apertural margin. A very faint spiral 

striation is visible all over the adult shell surface.

 Measurements – Seventeen specimens could be measured (Table 12).

 Material examined – Typical form: Anda1, RGM 517 528 (33); Anda2, RGM 517 529 

(26); Anda3, RGM 517 530 (many), RGM 539 790 (1; Pl. 17, fi g. 4); Anda4, RGM 517 531 

(many), RGM 539 788 (1; Pl. 18, fi g. 1); AndaClif1, RGM 429 270 (many juveniles), RGM 

429 271 (1 juvenile); AndaClif3, RGM 429 306 (10 juveniles), RGM 429 307 (3 juveniles); 

AndaDeVos, RGM 517 532 (4); Roxas, RGM 517 533 (2 juveniles); Tiep3, RGM 517 534 

(2); Tiep3, RGM 517 535 (2, 18 juveniles); Tiep4, RGM 517 536 (6 juveniles); Tiep5, RGM 

517 537 (31 juveniles).

Table 12. Long diameter (A), whorl formula and number of whorls for 17 specimens of Protatlanta sou-
leyeti (Smith, 1888), from locality Anda4.

Specimen  A in mm    A : B : C number of whorls

 1  2.56 1 : 0.24 : 0.11 4 ¼

 2  2.24 1 : 0.21 : 0.11 4 ¼

 3  2.24 1 : 0.22 : 0.12 4 ¼

 4  2.04 1 : 0.26 : 0.12 4 ¼

 5  1.96 1 : 0.26 : 0.11 4 ¼

 6  1.92 1 : 0.24 : 0.14 4

 7  1.92 1 : 0.35 : 0.17 4

 8  1.88 1 : 0.31 : 0.11 4

 9  1.68 1 : 0.25 : 0.14 4

 10  1.44 1 : 0.31 : 0.16 3 ¾

 11  1.44 1 : 0.26 : 0.13 3 ¾

 12  1.36 1 : 0.25 : 0.11 3 ¾

 13  1.24 1 : 0.34 : 0.16 3 ½

 14  1.20 1 : 0.34 : 0.16 3 ¾

 15  1.16 1 : 0.24 : 0.11 3 ½

 16  1.16 1 : 0.29 : 0.15 3 ½

 17  1.16 1 : 0.31 : 0.17 3 ½
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 Form without spirals on the protoconch: Anda1, RGM 517 538 (3 juveniles); Anda2, 

RGM 517 539 (1); Anda3, RGM 539 789 (1; Pl. 18, fi g. 2); Anda4, RGM 517 540 (7).

 Discussion – The available specimens are so similar to compared Recent material 

that their conspecifi city is considered to be assured. This is the fi rst record of Cainozoic 

specimens of this species.

Family Carinariidae de Blainville, 1818

 Remarks – In this family three genera are distinguished in the extant fauna, viz. Carina-
ria Lamarck, 1801, Cardiapoda d’Orbigny, 1836 and Pterosoma Lesson, 1827. In Carinaria 

and Pterosoma the adult shell is capuliform with transverse ornament, in Cardiapoda the 

teleoconch is reduced to ‘a fl at, roughly triangular, membranous shell perpendicular 

on the aperture of the protoconch’ (van der Spoel, 1976b, p. 157, fi g. 160a-b). Larval 

shells in these genera, however, are very similar, but not yet described for all species. 

Excellent SE micrographs of the protoconchs of four carinariid species were published 

by Seapy & Thiriot-Quiévreux (1994), clearly demonstrating the small morphological 

differences.

 From the fossil record Wenz (1941, p. 1016) only referred to Eocene and younger 

Carinaria species. Several species (mainly Miocene) have been described in that genus. 

The genus Striocarinaria di Geronimo, 1974, characterised by the possession of addition-

al radial ornament on the teleoconch, was introduced from the Italian Miocene. Bandel 

& Hemleben (1987), however, interpreted several occurrences from a German Jurassic 

locality as Carinariidae. Furthermore the Early Cretaceous species Brunonia annulata 

(Yokoyama, 1890), that used to be considered a hydroid, or a gastropod belonging to the 

Archaeogastropoda, was interpreted as a carinariid species by Kase (1988) and Dieni 

(1990), discussed also by Pacaud (2004).

 In the Pangasinan material just two poorly preserved post-larval carinariid shells 

resembling Carinaria lamarcki are present, but larval shells are fairly common. These ob-

viously represent two species, but could be identifi ed to genus level only.

Genus Carinaria Lamarck, 1801

 Type species – Carinaria cristata (Linné, 1767) (Recent).

Carinaria cf. lamarcki auct., Péron & Lesueur, 1810?

Pl. 1, fi g. 4.

?*  1810 Carinaire Lamarck. Péron & Lesueur, p. 69, pl. 2, fi g. 15.

 1976b  Carinaria lamarcki Péron & Lesueur: van der Spoel, p. 152, fi gs. 152, 153 (with extensive syn-

onymy).

 Description – Just two specimens beyond protoconch stage are available, both too 

incomplete to be identifi ed with certainty. One of these reaches a height of just 1.8 mm, 

the other one (Pl. 1, fi g. 4) 6 mm. In the latter specimen just a few shell remnants are 

present, associated with an internal mould. The apical part is missing and only a few 
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shell fragments of the carina remain. Still, the specimen is suffi ciently complete to see 

that most probably the long diameter of the aperture exceeded the shell height, a char-

acteristic pointing to the species Carinaria lamarcki.

 Material examined – Anda2, RGM 517 541 (1: Pl. 1, fi g. 4); Anda3, RGM 517 542 (1).

 A few tiny shell fragments of post larval shells are furthermore included in the col-

lection as Carinaria sp.: Anda1, RGM 517 543 (1 fragment); Anda2, RGM 517 544 (3 frag-

ments); Anda3, RGM 517 545 (1 fragment).

 Discussion – Although the name Carinaria lamarcki is attributed to Péron & Lesueur 

(1810) by all authors, that name does not occur in their 1810 publication, where only 

the vernacular name ‘Carinaire Lamarck’ is mentioned in the explanation of pl. 2 (not 

pl. 3, as sometimes found in references). In the ‘Explication des planches ..’ the follow-

ing statement is included: ‘.. en attandant qu’il nous soit possible de publier cette riche 

collection de peintures, il nous a paru nécessaire de faire graver au trait simple une es-

pèce de chacun des genres qui doivent composer la belle famille don’t il s’agit.’ By this 

statement the name ‘Carinaire Lamarck’ can be considered a vernacular name accord-

ing to ICZN Art. 1.3.5, as a ‘means for temporary reference and not for formal taxo-

nomic use’, making Péron & Lesueur’s name unavailable, even if latinised. The fi rst 

author validating the name ‘Carinaria lamarckii’ was Watson (1898, p. 278). By that time, 

however, a number of other names had been proposed for the same species by Bianco 

(1888), Smith (1888) and most probably several further authors as well.

Carinaria sp.

Pl. 20, fi gs. 3-5.

 Description – Very small larval shells (W 2.0, H 1.3 mm), strongly resembling Ptero-
soma cf. planum (see below), but differing in a number of respects. Size and number of 

whorls are about the same, but they are slightly less convex and attach a bit lower on 

the preceding whorl and, therefore, the apical spire is more elevated than in Pterosoma. 

A narrow subsutural ridge is present, starting just after the fi rst half whorl and con-

tinuing to on the third. This ridge is accompanied by a spiral line and, in between the 

ridge and the spiral, the surface of the shell seems to be fi nely perforate (Pl. 20, fi g. 3c). 

Widely spaced radial lines are visible between the lower spiral and the suture (Pl. 20, 

fi g. 3b). In some specimens the subsutural ridge reaches the apertural margin, but in 

most it disappears early on the third whorl. The nucleus and fi rst half whorl are dense-

ly granulated, especially close to the suture. On the base of the shell short ridges are 

seen radiating from the umbilicus, closely resembling a similar ornamentation illus-

trated by Seapy & Thiriot-Quiévreux (1994, fi gs. 3, 6, 9, 12) for the four Carinariidae 

species described by them.

 Material examined – Anda1, RGM 517546 (10); Anda2, RGM 517 547 (11), RGM 539 

794 (1; Pl. 20, fi g. 3), RGM 539 795 (1; Pl. 20, fi g. 4), RGM 539 796 (1; Pl. 20, fi g. 5); Anda3, 

RGM 517 548 (23); Anda4, RGM 517 549 (9); AndaClif1, RGM 429 278 (6); Roxas, RGM 

517 554 (3); Tiep2, RGM 517 550 (8); Tiep3, RGM 517 551 (4); Tiep4, RGM 517 552 (3); 

Tiep5, RGM 517 553 (5).
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 Discussion – The two Carinaria protoconchs illustrated by Seapy & Thiriot-Quiévreux 

(1994, fi gs. 8-13) both have a very similar subsutural ridge on the second and third 

whorl. In Carinaria galea Benson, 1835 (fi gs. 8-10), additional spirals are present all over 

the whorls and in C. japonica Okutani, 1955 (fi gs. 11-13), radiating ornament is seen on 

the second whorl. In a few Recent specimens of C. lamarcki that were compared, how-

ever, the protoconch does not have a subsutural ridge.

 Further comparisons with Recent species will be necessary to arrive at a specifi c 

identifi cation. One cannot exclude the possibility that the few specimens described 

above as Carinaria cf. lamarcki and the protoconchs described here in reality represent 

one and the same taxon, which might be unnamed as of yet.

Genus Pterosoma Lesson, 1827

 Type species – Pterosoma planum Lesson, 1827 (emend. Crosse, 1896) (Recent).

Pterosoma cf. planum Lesson, 1827

Pl. 18, fi g. 3; Pl. 19, fi gs. 1-5; Pl. 20, fi gs. 1, 2.

?* 1827 Pterosoma plana N. Lesson, p. 415, pl. 10, fi gs. A1, A2 (not the shell).

? 1976b  Pterosoma planum Lesson: van der Spoel, p. 156, fi g. 159 (shell not illustrated) (with exten-

sive synonymy).

? 1994 Pterosoma planum: Seapy & Thiriot-Quiévreux, p. 339, fi gs. 2-4.

 Description – Very small, dextral protoconchs, the largest specimens having a shell 

width of approximately 1.85 mm and a height of 1.25 mm, with the greatest width 

above the horizontal midline. The number of whorls is 3¼, slowly and regularly in-

creasing in diameter. The nucleus is granulated close to the suture (Pl. 19, fi g. 1). The 

whorls are convex initially, separated by incised sutures and attaching high onto the 

preceding whorl, but fl attening on the last protoconch whorl. This results in a rather 

fl at apical plane, with a just slightly protruding apical spire. In most specimens the 

surface of the whorls only bears growth lines, but occasionally some radiating lines or 

furrows are seen on the early whorls (Pl. 20, fi g. 2b). A weak subsutural spiral may be 

present on the second whorl (Pl. 19, fi g. 5b). The base of the shell is gradually rounded 

and has a narrow umbilicus, occupying one ninth of the shell width. Approximately 

10-13 narrow ridges radiate from the edge of the umbilicus over a short distance onto 

the base of the shell (Pl. 19, fi g. 3b). In some specimens the umbilical carina is accentu-

ated by a spiral furrow. The aperture is slightly oval, slightly higher than wide, with its 

long axis situated obliquely.

 Material examined – Anda1, RGM 517 555 (21); Anda2, RGM 517 556 (21), RGM 539 

791 (1; Pl. 18, fi g. 3; Pl. 19, fi g. 1), RGM 539 792 (1; Pl. 19, fi g. 2), RGM 539 793 (1; Pl. 19, 

fi g. 3), RGM 539 797 (1; Pl. 19, fi g. 4); Anda3, RGM 517 557 (19), RGM 539 799 (1; Pl. 20, 

fi g. 2); Anda4, RGM 517 558 (7), RGM 539 798 (1; Pl. 19, fi g. 5; Pl. 20, fi g. 1); Anda6, RGM 

517 559 (1); AndaClif1, RGM 517 560 (6); AndaClif3, RGM 429 312 (8); AndaDeVos, 

RGM 517 562 (1); Roxas, RGM 517 561 (7); Tiep1, RGM 517 563 (1); Tiep2, RGM 517 564 

(9); Tiep3, RGM 517 565 (2); Tiep4, RGM 517 566 (7).



Janssen. Holoplanktonic Mollusca from the Pliocene of Pangasinan. Scripta Geol., 135 (2007) 59

 Discussion – The present specimens agree almost perfectly with the illustrations in 

Seapy & Thiriot-Quiévreux (1994, pp. 2-4) of Pterosoma planum and it might very well be 

that the Pangasinan material belongs to that species indeed. Still, there are some minor 

differences, as for instance the spiral around the umbilical carina, which is absent in 

their SE micrograph. The radial ornament on the second whorl is described by these 

authors as ‘narrow and low radiating ridges,’ whereas in the present material those 

radials, if present at all, are either not so narrow or developed as furrows. From the ac-

companying Carinaria protoconchs (see above), the Pterosoma specimens are easily dis-

tinguished by their general shell form with a fl at apical spire and by the absence of a 

distinct subsutural spiral on the early whorls.

Infraorder Ptenoglossa Gray, 1853

Superfamily Janthinoidea Lamarck, 1812

Family Janthinidae Lamarck, 1812

Genus Janthina Bolten in Röding, 1798

 Type species – Janthina janthina (Linné, 1758) (Recent).

Janthina (Janthina) prolongata de Blainville, 1822

Pl. 1, fi gs. 5, 6.

* 1822 Janthina prolongata de Blainville, p. 155.

. 1953 Ianthina prolongata Blainville: Laursen, p. 28, fi gs. 30-32 (with further synonyms).

 Description – Just two specimens are available, one of which is a broken protoconch 

with part of the fi rst teleoconch whorl (Pl. 1, fi g. 6). The other specimen (Pl. 1, fi g. 5) 

retains the last protoconch whorl and at least 2½ teleoconch whorls. The boundary be-

tween proto- and teleoconch is not visible because of the oblique position of the larval 

shell. The whorls are convex and attach low on the preceding one, together forming a 

turreted shell with distinct suture, slightly higher than wide. On the body whorl, 

growth lines run backwards from the upper suture and form a shallow sinus below the 

periphery. On earlier whorls this sinus is partly covered by the suture. The base of the 

shell is slightly fl attened and has a narrow umbilicus, for the greater part covered by 

the refl ected columella. The aperture is large and, in this juvenile specimen, a bit squar-

ish, with the junction of columella and lower apertural margin forming an angle of al-

most 90°.

 Material examined – Anda1, RGM 517 582 (1; Pl. 1, fi g. 5), Anda2, RGM 517 583 (1 ju-

venile; Pl. 1, fi g. 6).

 Discussion – Janthina species are rarely recorded as fossils. Woodring (1928, p, 405) 

mentioned an unidentifi ed juvenile specimen from the Bowden shell beds in Jamaica 

(Middle Pliocene). The species introduced as Janthina cimbrica Sorgenfrei (1958, p. 176, 

pl. 32. fi g. 110) from the Danish Miocene was recognised as a cypraeid protoconch (Jans-

sen, 1984, p. 195). The present restricted material cannot be distinguished from the Re-

cent J. prolongata, distributed worldwide in tropical and subtropical areas.
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Subclass Orthogastropoda Ponder & Lindberg, 1995

Superorder Heterobranchia Burmeister, 1837

Order Euthyneura Spengel, 1881

Suborder Thecosomata de Blainville, 1824

Infraorder Euthecosomata Meisenheimer, 1905

Superfamily Limacinoidea Gray, 1847

Family Limacinidae Gray, 1847

Genus Heliconoides d’Orbigny, 1836

 Type species – Heliconoides infl ata (d’Orbigny, 1836) (Recent).

Heliconoides infl ata (d’Orbigny, 1836)

Pl. 2, fi gs. 1-3; Pl. 21, fi gs. 1-3.

* 1836 Atlanta infl ata d’Orbigny, p. 174, pl. 12, fi gs. 16-19.

. 1880  Embolus rostralis Souleyet (Spirialis): Seguenza, p. 277.

v. 1887   Spirialis tertiaria Tate spec. nov., p. 196 [partim, non Tate, only pl. 20, fi g. 12a-c; includes 

Limacina tertiaria (Tate)].

v? 1934   Limacina infl ata (d’Orbigny): Collins, p. 179, pl. 7, fi gs. 3-5 [partim, non fi gs. 6-8 = Strioli-
macina imitans Gabb].

. 1967  Limacina (Thilea) infl ata (Orbigny): van der Spoel, 1967, p. 50, fi gs. 17, 18 (with extensive 

synonymy of Recent occurrences).

v? 1974 Spiratella infl ata (d’Orbigny): Perrilliat, p. 34.

v. 1990 Limacina infl ata (d’Orbigny): Janssen, p. 14, pl. 2, fi gs. 5-7, pl. 3, fi g. 11, pl. 10, fi g. 2.

v. 1999a Limacina (Heliconoides) infl ata (d’Orbigny): Janssen, p. 14, pl. 2, fi gs 10, 11.

. 2003 Heliconoides infl ata (d’Orbigny): Janssen, p. 168.

v. 2004 Heliconoides infl ata (d’Orbigny): Janssen, p. 110, pl. 1, fi gs 4-6.

 Description – See van der Spoel (1967) and Janssen (2004). Specimens of this species 

are abundantly present in all samples. Both Types A and B, as defi ned in Janssen (2004), 

are common, but Type A specimens, with an internal subperipheral belt (Pl. 21, fi g. 3), 

are diffi cult to recognise because of the opaque shells. Most larger specimens belong to 

Type B, in which the falciform thickening sometimes also is diffi cult to see as the shells 

are not transparent and fi lled with matrix. In many cases, however, the last part of the 

bodywhorl, beyond the internal thickening, has a slightly smaller diameter (Pl. 21, fi g. 

1), rather than an outward bulging shell. This shell part is extremely fragile and broken 

in almost all specimens. Apertural fragments showing the internal thickening are not 

rare, as this is the most solid part of the shell. On the rostral part of the teleoconch an 

oblique micro-ornament is present, visible in a SE micrograph (Pl. 21, fi g. 2b), consisting 

of narrow, elongated pustules.

 Material examined – Anda1, RGM 517 567 (many), RGM 539 801 (1; Pl. 21, fi g. 2), 

RGM 539 802 (1; Pl. 21, fi g. 3); Anda2, RGM 517 568 (many), RGM 517 569 (1; Pl 2, fi g. 

2), RGM 517 570 (1; Pl. 2, fi g. 3), RGM 539 800 (1; Pl. 21, fi g. 1); Anda3, RGM 517 571 

(many), RGM 517 572 (1; Pl. 2, fi g. 1); Anda4, RGM 517 573 (many); Anda6, RGM 517 

574 (45); AndaClif1, RGM 429 281 (4, many juveniles), RGM 429 282 (11 fragments); An-

daClif3, RGM 429 315 (6, many juveniles); RGM 429 316 (19 fragments); AndaDeVos, 
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RGM 517 575 (many); Roxas, RGM 517 576 (30, 3 fragments); Tiep1, RGM 517 577 (8), 

Tiep2, RGM 517 578 (many); Tiep3, RGM 517 579 (many), Tiep4, RGM 517 580 (45); 

Tiep5, RGM 517 581 (many).

 Discussion – Juvenile specimens of this species in which the apertural structures are 

not yet developed demonstrate a certain resemblance with Striolimacina andaensis (see 

below) of similar size. Apart from the different micro-ornament present in the latter 

(only seen at higher magnifi cation), discriminating between these two species is also 

possible. In S. andaensis the apical plane is slightly elevated, whereas it is concave in 

Heliconoides infl ata, because the whorls of that species attach slightly higher onto the 

preceding whorl. Also in H. infl ata, the whorls increase more rapidly in diameter.

Heliconoides sondaari sp. nov.

Pl. 1, fi g. 7; Pl. 21, fi gs. 4-7; Pl. 22, fi g. 1.

 Holotype – RGM 517 586 (Pl. 1, fi g. 7).

 Type locality – Anda3, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).

 Stratum typicum – Greyish-brown marlstone, in interbedded sandstone, siltstone 

and claystone, below Bolinao Limestone, Pliocene.

 Derivatio nominis – This species is named after Dr Paul Yves Sondaar (1934 - 2003), 

who joined the 2001 Pangasinan collecting trip, and who was a so much appreciated 

colleague and friend. He deceased before having enjoyed life suffi ciently.

 Paratypes – Anda1, RGM 517 584 (62); Anda2, RGM 517 585 (53); Anda3, RGM 517 

587 (many), RGM 539 803 (1; Pl. 21, fi g. 4), RGM 539 804 (1; Pl. 21, fi g. 5), RGM 539 805 

(1; Pl. 21, fi g. 6); Anda4, RGM 517 588 (many), RGM 539 806 (1; Pl. 21, fi g. 7), RGM 539 

807 (1; Pl. 22, fi g. 1); Anda6, RGM 517 589 (22); AndaClif1, RGM 429 283 (15 juveniles); 

AndaClif3, RGM 429 317 (24 juveniles); AndaDeVos, RGM 517 590 (20); Roxas, RGM 

517 591 (8); Tiep1, RGM 517 592 (10); Tiep2, RGM 517 593 (12); Tiep3, RGM 517 594 (19); 

Tiep4, RGM 517 595 (8); Tiep 5, RGM 517 596 (c. 40).

 Diagnosis – Heliconoides with a low conical shell, apical angle approximately 110° 

and an apertural reinforcement in the form of a slightly accentuated ridge just behind 

the apertural margin (Pl. 1, fi g. 7a-b).

 Description – Small sinistral shell with a width of approximately 1 mm and 3¼ to 3½ 

slightly convex whorls, together forming a regular cone (H/W ratio = 85) with an apical 

angle of roughly 110°. Tangents along the whorls are straight or very slightly convex. 

The whorls increase gradually in diameter, the height of the body whorl equals seven/

eighths of the total shell height. Just in front of the apertural margin a reinforcement is 

present in the form of a weakly developed vertical thickening (Pl. 1, fi g. 7a, b; poorly 

seen in Pl. 21, fi g. 4). The aperture has a height of 60 % of the total shell height and is 
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gradually rounded, but angular at the place where lower margin and columella join. 

The columella is straight, uncommonly with a slight notch at half height and slightly 

curved backward. The base of the shell is gradually rounded and has a narrow umbili-

cus. The surface of all whorls is smooth, apart from very faint growth lines.

 Discussion – During analysis of the fi rst available samples (AndaClif1 and 3), which 

yielded only juvenile specimens, this species was considered to be identical with the Re-

cent Limacina lesueuri (d’Orbigny, 1836), with which these immature shells agree almost 

perfectly in shape (see van der Spoel, 1967, p. 52, fi g. 20), although the absence of spiral 

lines (that are typical for L. lesueuri, nicely illustrated in Kunz, 1996, pl. 3, fi g. 1) on the 

base of the shells was noted. Adult specimens retrieved from the later collected samples 

differ, however, by the presence of the apertural reinforcement, which makes them be-

long to the genus Heliconoides (compare Janssen, 2003). The Australian Miocene species 

Heliconoides lunata (Janssen, 1990, p. 18, pl. 2, fi gs. 8-10) is similar in shape, but has a dif-

ferently orientated apertural margin and an internal reinforcing apertural ridge.

 Also juvenile, relatively low-spired Limacina valvatina (Reuss, 1867) looks like H. 
sondaari, but adult specimens of L. valvatina reach larger size and lack a reinforced aper-

tural margin. Limacina valvatina is not known to occur younger than Late Miocene.

 In the present material most of the adult specimens are a bit crushed, as a result of 

which the apices are commonly somewhat depressed, which makes the shells look rela-

tively wider. An equally undescribed, related species from Early Pliocene claystones in 

southern France (Le Puget-sur-Argens) and several localities in northern Italy resem-

bles H. sondaari, but is higher than wide and the pre-apertural reinforcement is unmis-

takably more fl exuous.

Genus Limacina Bosc, 1817

 Type species – Limacina helicina (Phipps, 1774) (Recent).

Limacina bulimoides (d’Orbigny, 1836)

Pl. 1, fi gs. 8, 9; Pl. 22, fi gs. 2, 3.

* 1836 Atlanta bulimoides, d’Orbigny, p. 179, pl. 24, fi gs. 36-38.

. 1967  Limacina (Munthea) bulimoides (Orbigny): van der Spoel, p. 53, fi g. 21 (with extensive syn-

onymy of mainly Recent occurrences).

. 1983 Limacina bulimoides (d’Orbigny): Shibata & Ujihara, p. 158, pl. 43, fi gs. 3, 4.

. 1983 Limacina trochiformis (d’Orbigny): Shibata & Ujihara, p. 158, pl. 43, fi g. 2 (non d’Orbigny).

. 1986 Limacina bulimoides (d’Orbigny): Shibata, p. 124.

. (1996) Limacina bulimoides (d’Orbigny): Kunz, p. 64, pl. 2.

v. 1998 Limacina bulimoides (d’Orbigny): Janssen, p. 99, pl. 1, fi gs. 6-8.

 Description – See van der Spoel (1967).

 Material examined – Anda1, RGM 517 597 (many), RGM 517 598 (1; Pl. 1, fi g. 8), RGM 

517 599 (1; Pl. 1, fi g. 9); Anda2, RGM 517 600 (many); Anda3, RGM 517 601 (many); 

Anda4, RGM 517 602 (many), RGM 539 808 (1; Pl. 22, fi g. 2), RGM 539 809 (1; Pl. 22, fi g. 

3); Anda6, RGM 517 603 (22); AndaClif1, RGM 429 280 (c. 40 juveniles); AndaClif3, 
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RGM 429 314 (20 juveniles); AndaDeVos, RGM 517 604 (10); Roxas, RGM 517 605 (20); 

Tiep1, RGM 517 606 (19); Tiep2, RGM 517 607 (4, many fragments); Tiep3, RGM 517 608 

(c. 25); Tiep4, RGM 517 609 (9); Tiep5, RGM 517 610 (many).

 Discussion – This is a further record of Pliocene occurrences of this species. Janssen 

(1998) mentioned nine specimens from the Piacenzian of the Bowden shell beds (Jamai-

ca), and referred to specimens from the Pliocene of southern France and Italy. In the 

present samples, the fi rst records of Pacifi c Pliocene specimens, L. bulimoides is a com-

mon species, but most shells are damaged or deformed, commonly with the apices 

pressed down. From Japan this species has only been recorded from the Pleistocene 

(Blow zone N 23) (Shibata & Ujihara, 1983; Shibata, 1986). The specimen illustrated by 

Shibata & Ujihara (1983) as Limacina trochiformis is a juvenile shell of L. bulimoides.

 Kunz (1996) described and beautifully illustrated three types of micro-ornament for 

protoconch-1, protoconch-2 and teleoconch of Recent L. bulimoides from the Gulf of 

Aden. The same ornament is present in the Pangasinan specimens (Pl. 22, fi gs. 2b, 3b).

Genus Striolimacina Janssen, 1999a

 Type species – Striolimacina imitans (Gabb, 1873) (Miocene-Pliocene).

 Remarks – Janssen (1999a) designated a ‘neolectotype’ for this genus, without realis-

ing that the ICZN code does not recognise this kind of type. Since the original lectotype, 

designated by Pilsbry (1922, fi g. 1) is lost, it seems best to consider the ‘neolectotype’ 

just the lectotype.

Striolimacina andaensis sp. nov.

Pl. 2, fi gs. 4, 5; Pl. 22, fi gs. 4, 5.

 Holotype – RGM 517 615 (Pl. 2, fi g. 4).

 Type locality – Anda4, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).

 Stratum typicum – Greyish-brown marlstone, in interbedded sandstone, siltstone 

and claystone, below Bolinao Limestone, Pliocene.

 Derivatio nominis – The species is named after the type locality.

 Paratypes – Anda1, RGM 517 611 (36); Anda2, RGM 517 612 (20); Anda3, RGM 517 

613 (many); Anda4, RGM 517 614 (many), RGM 517 616 (1; Pl. 2, fi g. 5), RGM 539 812 (1; 

Pl. 22, fi g. 4), RGM 539 813 (1; Pl. 22, fi g. 5); Anda6, RGM 517 617 (3); AndaClif1, RGM 

517 618 (1); Tiep2, RGM 517 619 (25); Tiep3, RGM 517 620 (48); Tiep4, RGM 517 621 (2); 

Tiep5, RGM 517 622 (many).

 Diagnosis – Striolimacina differing from the type species by a moderately elevated 

spire, which makes all whorls visible in frontal view.
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 Description – Sinistral shell, approximately 1.4 times wider than tall, with 2½ - 2¾ 

rather convex whorls that attach just above the periphery of the penultimate whorl and 

together form a depressed spire with an apical angle of approximately 140°. The whorls 

are all visible in a frontal view. The base of the shell is gradually rounded and has a 

relatively narrow umbilicus, occupying one ninth of the shell diameter. The aperture is 

rounded, with a straight columellar side. The transition from the lower apertural mar-

gin into the columellar side is angular. In the largest available specimens the apertural 

margin is slightly thickened internally and/or externally, sometimes only visible from 

outside by a more opaque zone along the margin. The surface of the shell at fi rst glance 

is smooth, apart from very faint growth lines, but at a magnifi cation of 50 × a micro-

ornament is visible, as described for the type species of Striolimacina imitans (Gabb, 

1873). This ornament exists of superfi cially incised lines, lengthwise on the periphery, 

and diverging backwards above and below the periphery, disappearing close to the 

suture. In the present species this micro-ornament is slightly more weakly developed 

than in the type species (Pl. 22, fi gs. 4b, 5b).

 Discussion – Striolimacina andaensis differs clearly and constantly from the Caribbean 

Mio-Pliocene type species S. imitans by its elevated spire. Unfortunately, the available 

specimens are poorly preserved, most of them being crushed and/or showing fi ssures. 

Only very few specimens are suffi ciently adult to demonstrate the apertural reinforce-

ments and only externally, as all shells are fi lled with matrix. Differentiation from the 

accompanying Heliconoides infl ata is easy, even for juvenile specimens, as in the latter 

species the upper apertural margin always reaches higher than the penultimate whorl 

and furthermore by its more rapidly expanding whorl diameter, in specimens of the 

same dimensions S. andaensis always has more whorls (compare Pl. 2, fi gs. 3a and 4a). 

This is the fi rst record of Striolimacina from the Pacifi c realm.

Incerti familiae
Limacinidae sp.?

Pl. 2, fi g. 6.

 Description – Just a few specimens of a very small sinistral gastropod are available, 

with a shell width (largest specimen) of only 0.85 mm. The shell is approximately 1.4 

times wider than high and has 2¼ whorls, together forming an almost fl at apical plane, 

with the fi rst whorl just visible in frontal view. The aperture is large, circular and occu-

pies the entire shell height, and even reaches a bit higher than the penultimate whorl, 

but is damaged in all specimens. The body whorl is gradually rounded, the umbilicus 

has a diameter of approximately one seventh of the shell width. At the beginning of the 

body whorl, fi ve distinct crests radiate from the umbilicus onto the base of the shell, but 

do not reach the periphery.

 Material examined – Anda1, RGM 517 623 (1; Pl. 2, fi g. 6); Anda2, RGM 517 624 (2); 

Anda3, RGM 517 625 (1); Anda4, RGM 517 626 (1); AndaClif1, RGM 517 627 (4); Anda-

Clif3, RGM 517 628 (1).

 Discussion – In general shell form these specimens resemble juvenile Heliconoides in-
fl ata, in which species the aperture also protrudes above the penultimate whorl. In the 
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present specimens the aperture, however, is larger and more circular. The presence of 

the basal crests is very peculiar, a feature unknown to date in Limacinidae, slightly re-

sembling the relatively coarser crests seen on the base of (dextral) Carinaria protoconchs 

(Pl. 20, fi g. 5). As apparently not a single fully grown specimen was found, it cannot be 

excluded that these specimens represent protoconchs of some benthic species (Pyra-

midellidae?), although their shape and very thin shell wall strongly suggest Limacini-

dae. But also the nudibranchs Elysia Risso, 1818, Aplysia (K. Bandel, in litt.) and Facelina 
have sinistral larval shells; the latter two were illustrated by Rudman (1999, 2000). 

Those of Aplysia have a diameter of 0.35 mm and it is not known if they have similar 

crests on their base.

 Several specimens were found to be identical with the immature and defective shell 

from Bowden, Jamaica, illustrated by Janssen (1998, p. 99, pl. 1, fi g. 13a-b) as ‘Limacina? 

sp. 2.’ From the present samples, a number of similar, but larger and more complete 

specimens were isolated, showing that after the second whorl a strong carina develops 

along the edge of the umbilicus and ultimately a narrow, thickened apertural margin is 

formed. By these features it is clear that these are no pteropods. Dr Rüdiger Bieler (Chi-

cago, in litt., December 2005) acknowledged the idea that these are larval shells of the 

benthic gastropod family Architectonicidae. Two specimens of these protoconchs are 

illustrated here (Pl. 23, fi gs. 1, 2; RGM 539 810-539 811). Almost identical specimens 

were illustrated by Richter (1976a, fi g. 10) as ‘Agadina’ sp. and by Bandel et al. (1997, p. 

193, fi g. 24F-H) as Architectonicidae.

Superfamily Cavolinioidea Gray, 1850

Family Creseidae Curry, 1982

Genus Creseis Rang, 1828

 Type species – Creseis virgula (Rang, 1828) (Recent).

Creseis chierchiae (Boas, 1886) forma constricta Chen & Bé, 1964

Pl. 2, fi gs. 7, 8; Pl. 23, fi gs. 3-6.

 Synonymy – Selected synonyms (mainly restricted to papers in which the species is 

illustrated):

* 1886 Cleodora Chierchiae Boas n. sp., pp. 62, 202, fi gs. 39ter, 43bis-ter.

. 1888 Clio (Creseis) chierchiae (Boas): Pelseneer, p. 53.

 1889 Creseis (Boasia) chierchiae Boas: Dall, p. 80.

 1905 Creseis Chierchiae Boas: Meisenheimer, p. 17, map 3.

 1913 Creseis chierchiae (Boas): Tesch, p. 25, fi g. 19A-C.

?  1915 Creseis virgula Rang: Vayssière, pl. 11, fi g. 238 (non Rang?).

 1934 Creseis (Boasia) chierchia (sic): Johnson, p. 151.

. 1951 Creseis chierchiae (Boas): Tokioka, p. 184, fi g. 10.

non 1958  Creseis chierchiae Boas: Menzies, p. 386, fi g. 2C-D [not D-E; non Boas = ‘beaked larva’ sensu 

van der Spoel & Newman, 1990].

 (1960) Creseis chierchiae (Boas): McGowan, p. 161.

. 1963 Creseis chierchiae (Boas): Frontier, p. 229, 1 fi g.

. 1964 Creseis virgula constricta Chen & Bé n. subsp., p. 194, fi gs. 3d, 4d.

. 1965 Creseis chierchiae (Boas): Frontier, p. 14, pl. 4, fi gs. 9-11.
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. 1967 “Creseis chierchiae (Boas)”: van der Spoel, p. 62, fi g. 42.

. 1967  Creseis virgula constricta Chen & Bé: van der Spoel, p. 61 [incorrectly considered a synonym 

of Creseis virgula (Rang, 1828) forma virgula (Rang, 1828)].

. 1967 Hyalocylis striata (Rang): van der Spoel, p. 64, fi g. 42 (pars, non Rang, non fi gs. A, B).

. 1971 Creseis virgula constricta: Herman & Rosenberg. pl. 1, fi g. 6.

. 1973 Creseis chierchiae: Richter, p. 269, fi g. 3.

non 1973  Creseis virgula constricta Chen & Bé: Jung, p. 753, pl. 2, fi g. 10 (non Chen & Bé, 1964 = Creseis 
virgula).

. 1974 Creseis bulgia Sakthivel n. sp., p. 619, fi gs. 1, 2.

. (1975) Creseis chierchiae (Boas): Rampal, p. 12ff, fi g. 2(16).

. 1976 Creseis chierchiae Boas: Richter, p. 145ff, fi gs. 1-3.

. 1976 C(reseis) v(irgula) constricta Chen & Bé: Richter, p. 145ff, fi gs. 1-3.

 1976a Creseis chierchiae (Boas): Van der Spoel, p. 111.

. 1977  Creseis virgula (Rang, 1828) constricta (Chen and Bé) (sic): Bé & Gilmer, p. 49ff, pl. 5, fi g. 

12a, b.

. 1979 Creseis chierchiae (Boas): Richter, p. 15, pl. 1, fi gs. 8, 11.

. 1980 Creseis bulgia: Rottmann, p. 73ff, fi g. 4A, C.

. 1980 Creseis chierchiae: Rottmann, p. 73ff, fi g. 4B, D.

. 1982 Creseis chierchiae: Almogi-Labin, p. 60, pl. 2, fi gs. 4, 5.

. 1983 Creseis chierchiae (Boas): Shibata & Ujihara, p. 160, pl. 44, fi g. 3.

non 1983  Creseis virgula constricta Chen & Bé: Shibata & Ujihara, p. 160, pl. 4, fi g. 2a-b (= Creseis vir-
gula).

. 1985 Creseis chierchiae: Ivanova, p. 352ff, pl. 3, fi gs. 3, 4.

. 1985 Creseis acicula forma clava (Rang): Ivanova, pl. 3, fi g. 5 (non Rang).

v. 1990 Creseis cf. chierchiae (Boas): Janssen, p. 26, pl. 5, fi gs. 1-4, pl. 12, fi g. 1.

v. 1990 Creseis chierchiae (Boas): Janssen, p. 28, pl. 5, fi g. 5.

v. 1990 Creseis chierchiae (Boas) f. constricta Chen & Bé: Janssen, p. 28, pl. 5, fi g. 6.

. 1990 Creseis chierchiae (Boas): van der Spoel & Newman, p. 206, fi g. 4a, b.

. (1996) Creseis chierchiae (Boas): Kunz, p. 80, pl. 7.

? 1990  Creseis acicula (Rang) forma clava (Rang): van der Spoel & Dadon, p. 682, fi g. 6.45 (non 

Rang?).

. 1999 Creseis chierchiae (Boas): van der Spoel & Dadon, p. 682, fi g. 6.46.

. 1999  Creseis virgula (Rang) forma constricta Chen and Bé: van der Spoel & Dadon, p. 682, fi g. 

6.48.

. 1999  Hyalocylis striata (Rang): van der Spoel & Dadon, p. 682, fi g. 6.50c (non Rang, only the ‘larval 

shell’ of the illustrated specimen, indicated as ‘specimen with caudal section attached’).

. 2002 Creseis chierchiae (Boas): Rampal, p. 236, fi gs. 10H-R, 11.).

 Description – Shell very small (H < 2 mm), conical, straight or slightly curved, espe-

cially in its lower part, and with a circular transverse section. The larval shell is approx-

imately 0.5 mm high (0.42 - 0.58 mm), it has a rounded tip and a tubiform initial part, 

followed by a swelling, separated from the teleoconch by a clear, gradual constriction. 

The surface of the adult shell is smooth, apart from vague growth lines, that close to the 

aperture in some specimens are slightly stronger developed.

 Material examined – (p = specimens preserving protoconch) – Anda1, RGM 517 629 (3), 

RGM 539 814 (1p; Pl. 23, fi g. 3); Anda2, RGM 517 630 (5, 3p), RGM 539 816 (1p; Pl. 23, fi g. 

5), RGM 539 817 (1p; Pl. 23, fi g. 6); Anda3, RGM 517 631 (19); Anda4, RGM 517 632 (49), 

RGM 517 633 (1; Pl. 2. fi g. 7), RGM 517 634 (1; Pl. 2, fi g. 8), RGM 517 635 (1p), RGM 539 

815 (1; Pl. 23, fi g. 5) ; AndaClif1, RGM 429 285 (6p); Roxas, RGM 517 636 (1p); Tiep2, RGM 

517 637 (2); Tiep3, RGM 517 638 (10); Tiep4, RGM 517 639 (6); Tiep5, RGM 517 640 (6).
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 Measurements – The few available specimens retaining their protoconch were meas-

ured (Table 13) in the same way as in Janssen (1990, table, p. 28; in the heading of that 

table it should read of ‘diameter of infl ated part,’ instead of ‘length of infl ated part’) 

for specimens from Australia. The mean values found for the Pangasinan specimens 

agree much better with Recent shells than with the Miocene Australian ones (Janssen, 

1990). The diversity, however, is larger, especially so for protoconch height. Consider-

ing the restricted number of Recent and Pliocene specimens measured these differences 

may have no signifi cance at all. The Australian specimens, on the other hand, on the 

average are distinctly larger.

 Discussion – Ever since its introduction by Boas (1886), the taxon Creseis chierchiae 

was accepted by all authors as a species distinctly different from other Recent Creseis 

species and easily recognised by its transverse annulations. The only misunderstanding 

with regard to this species was van der Spoel’s (1967, repeated 1976a) idea that this spe-

cies was nothing else than the larval shell of Hyalocylis striata (Rang, 1828). This was 

rejected by Richter (1976b), who made clear that C. chierchiae in reality is an independ-

ent species. This was fi nally admitted by van der Spoel & Newman (1990, p. 206), who 

were able then to study a real larval shell of H. striata. Curiously enough, however, van 

der Spoel & Dadon (1999, fi g. 6.50c) still illustrated H. striata with C. chierchiae as its lar-

val shell. A further discussion on the larval shell of Hyalocylis striata is given in Janssen 

(2007, p. 154).

Table 13. Protoconch measurements of Creseis chierchiae (Boas, 1886) forma constricta Chen & Bé, 1964.

 

locality  diameter of diameter of  height of

   protoconch tip infl ated part protoconch

Anda1  0.08 0.16 0.42

Anda2  0.06 0.14 0.45

   0.06 0.15 0.44

   0.07 0.13 0.54

   0.07 0.14 0.42

Anda4  0.07 0.14 0.42

AndaClif1  0.07 0.13 0.46

   0.06 0.12 0.48

   0.06 0.13 0.58

   0.07 0.14 0.48

   0.06 0.14 0.44

Roxas  0.06 0.14 0.47

spreading  0.06-0.08 0.12-0.16 0.42-0.58

mean value (n = 12)  0.066 0.138 0.466

Data from Janssen (1990):

Recent specimens (off Salayer, Flores Sea, Indonesia)

spreading  0.06 0.14-0.15 0.40-0.46

mean value  0.06 0.144 0.428

Australian Miocene specimens (Janssen, 1990)

spreading  0.08-0.09 0.16-0.18 0.48-0.54

mean value  0.083 0.168 0.516
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 More problems, however, gave ‘Creseis virgula constricta’, described by Chen & Bé 

(1964) from the western North Atlantic. Frontier (1965, p. 13) found numerous interme-

diate forms between C. chierchiae and C. constricta at Nosy Bé (Madagascar) in which the 

transverse annulations are reduced or lacking, leading to the inevitable conclusion that 

C. constricta is nothing else than a forma of C. chierchiae. This observation was acknowl-

edged in ‘Meteor’ material (Indian Ocean) by Richter (1976b). Van der Spoel & Dadon 

(1999), however, still considered C. constricta to be a forma of C. virgula, in spite of obvi-

ous differences in the protoconch morphologies.

 The name constricta is applied to forms in which the annulations are absent. In the 

present material only specimens of this latter form are found. Typical Creseis chierchiae 

has not yet been recorded as a Cainozoic fossil, so most probably constricta is the ances-

tral form.

Creseis clava (Rang, 1828)

Fig. 7; Pl. 2, fi gs. 9, 10; Pl. 23, fi gs. 7, 8.

 Synonymy – Synonyms are predominantly restricted to references of fossil speci-

mens in which the species is illustrated. For further synonymy on mainly Recent occur-

rences, see van der Spoel (1967) sub Creseis acicula f. acicula and C. acicula f. clava. Many 

references of C. clava in reality concern Creseis conica Eschscholtz, 1829 (see discussion), 

and have to be checked individually on the specimens.

* 1828  C[leodora (Creseis)] clava Rang N., p. 317, pl. 17, fi g. 5.

. 1828 C[leodora (Creseis)] acicula Rang N., p. 318, pl. 17, fi g. 6.

. 1912  Clio (Creseis) acicula (Rang): Yamakawa & Ishikawa, p. 2, pl. 1, fi g. 2 (non fi g. 1a-b = Helico-
noides infl ata).

. 1934 Creseis acicula Rang: Collins, p. 207, pl. 9, fi gs. 6, 7; pl. 13, fi gs. 7, 8.

. 1970 Creseis acicula (Rang): Colantoni et al., p. 179, pl. 24, fi g. 11.

. 1973 Creseis acicula (Rang): Jung, p. 753ff., pl. 2, fi g. 9.

. 1967 Creseis acicula (Rang) forma acicula (Rang): van der Spoel, p. 58, fi gs. 22, 23, 26, 27.

? 1967 Creseis acicula (Rang) forma clava (Rang): van der Spoel, p. 59, fi g. 28 (partim?).

. 1976b Creseis acicula forma acicula Rang: van der Spoel, p. 189 (with lectotype designation).

 1976b Creseis acicula forma clava Rang: van der Spoel, p. 189 (with lectotype designation).

. 1977 Creseis acicula (Rang): Almogi-Labin & Reiss, p. 10, pl. 4, fi gs. 1-3.

. 1978 Creseis acicula Rang: Buccheri, p. 128, pl. 2, fi g. 5.

. 1979 Creseis acicula (Rang): Richter, p. 14, pl. 1, fi g. 4.

. 1979 Creseis acicula acicula Rang: Shibata, p. 117ff, pl. 20, fi gs. 19-21.

. 1980 Creseis cfr. acicula Rang: Shibata, p. 64, pl. 3, fi g. 1.

. 1981 Creseis acicula Rang: Buccheri & Torelli, pp. 78, 79, 81, 83, fi gs. 2, 3.

. 1981 Creseis (cfr.) acicula Rang: Shibata & Ishigaki, p. 57, fi gs. 5, 6.

. 1982 Creseis acicula Rang: Grecchi, p. 718, pl. 54, fi gs. 7, 8.

. 1983 Creseis acicula acicula Rang: Shibata & Ujihara, p. 153, 159, pl. 44, fi g. 1a, b.

. 1984 Creseis acicula forma acicula Rang: Shibata, p. 78, pl. 23, fi gs. 9, 10.

. 1984 Creseis acicula Rang: Grecchi, p. 15, pl. 1, fi g. 14.

. 1988 Creseis acicula (Rang): Grecchi & Bertolotti, p. 104, pl. 1, fi g. 7.

? 1990 Creseis acicula f. acicula (Rang): Ujihara et al., p. 312, pl. 1, fi g. 1.

. 1996 Creseis acicula forma acicula (Rang): Ujihara, p. 774, fi g. 3.5.

v. 1999a Creseis acicula (Rang): Janssen, p. 15, pl. 3, fi gs. 1, 2.

. 2002 Creseis acicula (Rang): Rampal, p. 231, fi gs. 9A-J.
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 Description – See van der Spoel (1967, p. 58, fi gs. 22, 23, 26, 27 [as Creseis (Creseis) aci-
cula forma acicula]).

 Material examined – Anda1, RGM 517 641 (many); Anda2, RGM 517 642 (many), 

RGM 517 643 (1; Pl. 2, fi g. 9), RGM 517 644 (1; Pl. 2, fi g. 10), RGM 517 645 (1); Anda3, 

RGM 517 646 (many), RGM 539 818 (1; Pl. 23, fi g. 7), RGM 539 819 (1; Pl. 23, fi g. 8); 

Anda4, RGM 517 647 (many); Anda6, RGM 517 648 (10); AndaClif1, RGM 429 284 (21); 

AndaClif3, RGM 429 318 (8); Roxas, RGM 517 649 (35); Tiep2, RGM 517 650 (8); Tiep3, 

RGM 517,651 (35); Tiep4, RGM 517 652 (15); Tiep5, RGM 517 653 (40).

 Discussion – For this species the name Creseis acicula is generally used in modern lit-

erature, with which name, however, the present author does not agree, as will be clear 

from the discussion below. For a long time two formae or subspecies used to be distin-

guished in Recent ‘Creseis acicula’, viz. C. acicula f. acicula Rang, 1828, and f. clava Rang, 

1828 (or C. acicula acicula and C. acicula clava). Considering the fact that their distribu-

tion patterns are completely overlapping (van der Spoel, 1967, fi g. 343), a subspecifi c 

rank is not appropriate. Many authors before van der Spoel (1967) related C. clava also 

to the species C. conica Eschscholtz, 1829, or C. virgula (Rang, 1828), but these differ 

clearly by the shape of their larval shells.

 Comparing the descriptions and illustrations in Rang (1828, pl. 17, fi gs. 5, 6), it is 

obvious that both taxa resemble each other intimately, with hardly or not differing api-

cal angles (Rang’s statement in the description of C. acicula: ‘plus grêle à proportion que 

Fig. 7. Creseis clava (Rang, 1828). (a) Lectotype of Creseis acicula. (b) Lectotype and (c-d) paralectotypes of 

C. clava. Photographs by courtesy of Mr Pierre Lozouet (MNHN).
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la précédente’ [= C. clava] is barely visible from his illustrations!). The drawings given 

by this author show that in C. acicula the shell is a bit irregular, whereas C. clava is com-

pletely straight. Indeed, Rang himself already stated (1828, p. 318, sub C. acicula) ‘Je ne 

pense pas que cette espèce soit un jeune individu de la précédente (= C. clava), elle en 

serait plutôt une variété.’ Measurements given by Rang are ‘0,022’ for C. clava and 

‘0,012’ for C. acicula.

 D’Orbigny (1836, p. 123, pl. 8, fi gs. 29-31; as Hyalaea aciculata (sic) Rang) was unable 

to separate Rang’s two taxa, but considered ‘aciculata’ a valid species and C. clava its 

synonym. The change of the epitheton ‘acicula’ to ‘aciculata’ apparently is a lapsus, as 

‘aciculata’ is also cited as a synonym. Cantraine (1841, p. 32, pl. 1, fi gs. 12, 13) more cor-

rectly took C. clava as a valid species and C. acicula as a variety (distinguished by the ir-

regularity of the shell in C. acicula).

 Souleyet (1852b, p. 56), describing ‘Cleodora’ acicula, again treated C. clava as a syno-

nym, stating: ‘M. Rang a établi, sur l’une de ces variétés, une espèce qu’il a designée 

sous le nom de C. clava, et qui diffèrerait de la C. acicula par ses proportions plus courtes 

et moins grêles.’ In this statement two erroneous conclusions occur. First, Rang did not 

believe C. clava to be a variety of C. acicula, but rather vice versa considered C. acicula to 

be ‘plutôt une variété’ (of C. clava)! Furthermore, the statement that C. clava is ‘plus 

courte’ than C. acicula (see dimensions given by Rang) is incorrect. These conclusions 

(maybe partly induced by d’Orbigny, 1836) apparently led to the situation that all later 

authors accepted C. acicula as a valid species and C. clava as a synonym or a smaller and 

less slender ‘form’, at the most.

 Boas (1886, p. 59, as Cleodora acicula) followed d’Orbigny and Souleyet in treating 

C. clava as a synonym of C. acicula, but stressed the diffi culty of separating C. acicula 

from, in particular, Indo-Pacifi c specimens of C. virgula Rang, 1828. Boas (1886, pl. 6, 

fi gs. p-u), however, included forms in C. acicula distinctly less slender than the ones il-

lustrated by Rang.

 Also, Pelseneer (1888, p. 53) accepted C. acicula as a valid species, with C. clava as 

its synonym. Furthermore, this author gave anatomical differences distinguishing C. 
acicula from related creseids. The same is true for Vayssière (1915, p. 98, pl. 1, fi g. 29, pl. 

11, fi g. 237).

 Tesch (1904, p. 23) was obviously guided by the ‘plus grêle’ of Rang and considered 

Creseis clava a synonym of C. virgula. But Tesch (1913, p. 25) included C. clava as a subspe-

cies in C. acicula, giving priority to the latter. As main differences for C. clava he gave 

‘Schale gestreckt, aber kurz kegelförmig’ with a shell height of 6 mm (33 mm for C. ac-
icula). In his fi gure 18, Tesch illustrated fi ve specimens as C. acicula acicula. Of the two 

protoconchs illustrated (fi g. 18D-E), fi gure D (‘Embryonalschale eines kürzeren ... Exem-

plares’) clearly does not belong to the C. clava/acicula-complex, but rather to C. conica.

 The characteristics given by Tesch (1913) were maintained in van der Spoel (1967, p. 

58), but here the two names are treated as formae, C. acicula f. acicula and C. acicula f. 

clava. Richter (1979) treated Creseis acicula and C. clava as separate species. The illustra-

tions of the latter (Richter, 1979, pl. 1, fi gs. 6, 7, 10), however, clearly demonstrate a mix-

ing up again with C. conica, induced by earlier authors.

 Then, Rampal (1985, p. 259), discussing the various morphologies of extant Creseis 

species, wrote ‘to the point’ about Creseis acicula/clava: ‘Il est donc vraisemblable qu’on 

ait attribué à clava des formes droites de conica …’ and also ‘En raison du polymorphis-

me de C. acicula don’t clava, si elle existe, est vraisemblablement très proche (stade im-
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mature, forme ou sous-espèce) …’ From these statements it is clear that Rampal did not 

accept a less elongate shape of C. clava as a characteristic, but she still accepted C. acicu-
la as the valid name.

 The opinion of two formae in C. acicula was retained by van der Spoel & Dadon 

(1999, p. 682, fi gs. 6.44, 6.45). The illustration given by these latter authors for C. acicula 

f. clava (fi g. 6.45), however, depicts a shell with a much wider apical angle and a differ-

ent shape of the protoconch, which has not the slightest resemblance with what Rang 

originally illustrated and represents Creseis chierchiae f. constricta (see above).

 Finally, Rampal (2002, p. 233) stated in her discussion of C. clava ‘Dès sa découverte, 

l’auteur lui-même hésite à en faire une variété plus courte plutôt qu’un jeune Creseis aci-
cula.’ As stated above Rang considered (small) C. acicula ‘plutôt une variété’ of (larger) 

C. clava. Rampal, furthermore, supposed that if specimens between a shell height of 6-

12 mm, with the protoconch and tentacular lobe morphology of C. acicula, are sexually 

mature they should be considered a subspecies, C. acicula clava. If specimens of that size 

are sexually immature they represent juvenile C. acicula. But in reality Rampal did not 

fi nd sexually mature specimens of small size and, therefore, apparently considered C. 
acicula and C. clava synonymous, but accepting the fi rst name as valid. For specimens 

with a conical protoconch and a straight, more widening shell she correctly stated ‘il 

s’agit vraisemblablement de l’espèce suivante C. conica.’
 In the present paper, C. clava and C. acicula are considered synonyms, and the name 

Creseis clava is given priority, exactly according to the intention of its original author, 

and supported by the existing ‘page priority’ of C. clava, in spite of the fact that C. aci cula 

nowadays is the generally accepted name. The taxon C. clava, however, has been in use 

permanently, albeit usually erroneous, and cannot be neglected. Here it is restored in its 

original sense.

 Lectotypes of Creseis acicula and C. clava (designation van der Spoel, 1976b) are 

housed in MNHN. Mr Pierre Lozouet of that institute was so kind to provide photo-

graphs (Fig. 7), showing that there is no difference whatsoever in apical angle, the only 

difference being the slightly irregular shape of C. acicula, which is no reason to maintain 

separate species.

 Creseis clava could be recognised easily in the Pangasinan material, as specimens pre-

serving their protoconch are present in most samples. Therefore, larger fragments, show-

ing only few specifi c characteristics, can also be identifi ed with some certainty. They can 

be distinguished from a similarly shaped, co-occurring scaphopod species by their much 

thinner shell wall, the non-lustrous surface and hardly or not visible growth lines.

Genus Hyalocylis Fol, 1875

 Type species – Hyalocylis striata (Rang, 1828) (Recent).

Hyalocylis marginata sp. nov.

Pl. 3, fi gs. 5, 6; Pl. 23, fi gs. 9-11.

 Holotype – RGM 517 654 (Pl. 3, fi g. 6).

 Type locality – Anda6, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).
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 Stratum typicum – Greyish-brown marlstone, in interbedded sandstone, siltstone 

and claystone, below Bolinao Limestone, Pliocene.

 Derivatio nominis – From L. margo (noun) - margin, marginata - ‘with a margin’ 

(named after the reinforced apertural edge).

 Paratypes – Anda6, RGM 517 655 (1; Pl. 3, fi g. 5); AndaClif3, RGM 517 656 (1 frag-

ment); Tiep2, RGM 517 657 (1 fragment), RGM 517 658 (19 fragments), RGM 539 826 (1; 

Pl. 23, fi g. 9); Tiep3, RGM 517 659 (1 fragment); Tiep5, RGM 517 660 (6 fragments).

 Diagnosis – Hyalocylis species closely resembling the Recent H. striata (Rang, 1828), 

but with a reinforced apertural margin.

 Description – The extremely fragile shell has the shape of a conical tube, slightly 

curved dorso-ventrally in its apical part. The largest specimen reaches a shell height of 

approximately 7 mm and a width at the aperture of 1.8 mm (holotype), but some speci-

mens are somewhat less slender. Initially, the shell has a circular transverse section, but 

towards the aperture the dorso-ventral diameter becomes slightly less than the shell 

width. The shell’s surface is covered with numerous annulations, very fi ne and regular 

on the early shell parts, but gradually more spaced and sometimes weaker adapertur-

ally (Pl. 23, fi g. 9). The apertural margin is reinforced by a distinct rib, stronger than the 

last annulation and at some distance from it. A protoconch is absent in all available 

specimens, but in none of the shells is a closing septum seen. Because of the extreme 

fragility mainly fragments were found. These are easily recognisable when including 

the apertural margin with the reinforcement.

 Additional material examined – Juvenile specimens and/or fragments not preserving 

the thickened apertural margin, although most probably belonging to this species, 

cannot be recognised with certainty, as they might also belong to Hyalocylis striata. 

These are therefore not considered paratypes: Anda1, RGM 517 661 (3 fragments); 

Anda2, RGM 517 662 (1); Anda3, RGM 517 663 (1 juvenile); Anda4, RGM 517 664 (3 ju-

veniles, 2 fragments), RGM 517 665 (1), RGM 539 820 (1; Pl. 23, fi g. 11), RGM 539 821 

(1; Pl. 23, fi g. 10); Anda6, RGM 517 666 (1), RGM 517 667 (2 juveniles, 1 fragment); An-

daClif1, RGM 429 286 (1 juvenile); AndaClif3, RGM 429 319 (3 juveniles, 8 fragments); 

AndaDeVos, RGM 517 668 (1 juvenile, 2 fragments), Tiep2, RGM 517 669 (6 juveniles, 

17 fragments); Tiep3, RGM 517 670 (7 fragments); Tiep5, RGM 517 671 (3 juveniles, 8 

fragments).

 Discussion – This new species closely resembles Hyalocylis striata (Rang, 1828), but 

differs clearly by the presence of the reinforced apertural margin, which is absent in H. 
striata. That species, well-known from the extant fauna, was also recorded from the 

Early to Middle Pliocene of the Dominican Republic by Janssen (1999, pp. 17, 18, with 

extensive synonymy), who considered the taxa Tentaculites cretaceus Blanckenhorn, 

1889, Hyalocylis euphratensis Avnimelech, 1945, and H. haitensis Collins, 1934, to be syno-

nyms. In none of these was a reinforced margin observed, but, considering the poor 
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condition of most material, it cannot be excluded that (part of?) it belongs to the new 

species. The same goes for records of fossil H. striata from Japan (see Ujihara, 1996, p. 

776 and references therein). That species is a common constituent of the Takanabe Mem-

ber, which is here supposed to have more or less the same age as the present Pangasi-

nan material (see the chapter on age assignment).

 As stated by Fol (1875, p. 177), who extensively studied pteropod anatomy, the con-

vex side of the curved shell is the ventral side in Hyalocylis striata. It is assumed that the 

same is true for H. marginata.

Genus Styliola Gray, 1850

 Type species – Styliola subula (Quoy & Gaimard, 1827) (Recent).

Styliola subula (Quoy & Gaimard, 1827)

Pl. 3, fi gs. 1-4; Pl. 24, fi gs. 2, 3.

 Description – For extensive synonymy and description, see Janssen (1990, p. 32, pl. 5, 

fi gs. 13-19, pl. 6, fi gs. 1-9; 1999a, p. 18, pl. 3, fi gs. 7-9 (with neotype designation)).

 Material examined – Anda1, RGM 517 672 (many), RGM 517 673 (6 aberrant speci-

mens), RGM 517 674 (1 aberrant specimen, Pl. 3, fi g. 2), RGM 517 675 (1 aberrant speci-

men, Pl. 3, fi g. 3), RGM 517 676 (1); Anda2, RGM 517 677 (6), RGM 517 678 (many); 

Anda3, RGM 517 679 (many), RGM 517 680 (7 aberrant specimens), RGM 539 827 (1 

specimen with additional furrow at apertural margin, Pl. 24, fi g. 2), RGM 539 829 (1, Pl. 

24, fi g. 3); Anda4, RGM 517 681 (many), RGM 517 682 (2 aberrant specimens), RGM 517 

683 (1 aberrant specimen, Pl. 3, fi g. 4); Anda5, RGM 517 684 (1), RGM 517 685 (12 inter-

nal moulds); Anda6, RGM 517 686 (4), RGM 517 687 (many), RGM 517 688 (5 aberrant 

specimens); AndaClif1, RGM 429 287 (many); AndaClif3, RGM 429 320 (many), RGM 

429 321 (1 aberrant specimen, Pl. 3, fi g. 1); AndaDeVos, RGM 517 689 (many); Roxas, 

RGM 517 690 (many); Tiep1, RGM 517 691 (many); Tiep2, RGM 517 692 (many); Tiep3, 

RGM 517 693 (50), Tiep4, RGM 517 694 (25); Tiep5, RGM 517 695 (28).

 Discussion – This species is by far the most profuse pteropod in all samples of the 

Pangasinan material, occurring as thousands of specimens. Several individuals, ap-

parently escaped from predatory attacks or being damaged otherwise, restored their 

shells after being broken. Commonly, such shells show irregular growth, such as in the 

form of multiple dorsal furrows. The phenomenon of more than one furrow, however, 

is also observed in some undamaged shells, usually close to the aperture. Several of 

these aberrant specimens are illustrated herein (Pl. 3, fi gs. 1-3; Pl. 24, fi g. 2). A peculiar 

specimen (Pl. 3, fi g. 4) has the dorsal furrow, being interrupted after apparent damage 

of the shell, continuing exactly at the opposite side of the shell’s circumference, show-

ing that either the soft parts or the shell must have turned around after the damage 

through 180°!

 Specimens recorded by Noda (1972, p. 481, pl. 57, fi gs. 1-5) from the Pliocene of 

Okinawa, Japan, as Creseis acicula belong to the present species.
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Family Cuvierinidae van der Spoel, 1967

Genus Cuvierina Boas, 1886

 Type species – Cuvierina columnella (Rang, 1827) (Recent).

Subgenus Urceolarica Janssen, 2006

(= Urceolaria Janssen, 2005, non Lamarck, 1801; see Janssen, 2005, p. 49; 2006, p. 67)

 Type species – Cuvierina (Urceolarica) urceolaris Mörch, 1850 (Recent).

Cuvierina (Urceolarica) urceolaris (Mörch, 1850)

Pl. 3, fi gs. 7-9; Pl. 24, fi g. 1.

* 1850 Cuvieria urceolaris Mörch n., p. 32, pl. 1, fi g. 8.

. 1852a Cuvieria columnella Rang: Souleyet, p. 205, pl. 12, fi g. 3.

? 1852b Cuvieria columnella Rang: Souleyet, p. 59, pl. 14, fi g. 4.

. 1886 Cuvierina columnella (Rg.): Boas, p. 132 (partim, non Rang), pl. 6, fi g. 95a-f.

. 1913 Cuvierina columnella urceolaris (Mörch): Tesch, p. 38, fi g. 35.

. 1967  Cuvierina columnella (Rang) forma columnella (Rang): van der Spoel, p. 79, fi g. 74a, b (par-

tim).

. 1967 Cuvierina columnella (Rang) forma urceolaris (Mörch): van der Spoel, p. 81, fi g. 74c.

v. 1970  Cuvierina columnella (Rang) forma columnella (Rang): van der Spoel, p. 120 (partim, non 

Rang).

v. 1970  Cuvierina columnella (Rang) forma urceolaris (Mörch): van der Spoel, 1970, p. 120, fi g. 21A, B.

. 1976b Cuvierina columnella (Rang) forma urceolaris (Morch): van der Spoel, p. 341, fi g. 35d.

non 1977  Cuvierina cf. C. columnella (Rang) forma urceolaris (Mörch): Almogi- Labin & Reiss, pp. 12, 

32, pl. 4, fi g. 11, pl. 5 fi gs. 1-4 (non Mörch = Siphonodentaliidae sp.).

. 2002 Cuvierina urceolaris (Mörch): Rampal, 2002, p. 212, fi g. 1Cu.

v. 2005 Cuvierina (Urceolaria) urceolaris (Mörch): Janssen, p. 55, fi gs. 24-27.

 Description – Recent Cuvierina urceolaris is characterised by a straight, bottle-shaped 

shell (H up to 7 mm), with an obvious infl ation, situated at 37-48 % (mean 42-43 %) of 

the shell height (see measurements in Janssen, 2005, fi g. 34). The sidelines between the 

infl ation and the aperture are slightly concave in ventral or dorsal view. The aperture is 

reniform. The surface of the shell has a distinct micro-ornament of longitudinal lines, 

interfering with growth lines to a very fi ne reticulation.

 Material examined – Anda1, RGM 517 696 (7), RGM 517 697 (20), RGM 517 698 (17 

fragments), RGM 517 699 (1; Pl. 3, fi g. 7), RGM 517 700 (1 protoconch); Anda2, RGM 517 

701 (14), RGM 517 702 (30); Anda3, RGM 517 703 (1), RGM 517 704 (25); Anda4, RGM 

517 705 (2), RGM 517 706 (16), RGM 517 707 (1), RGM 517 708 (1; Pl. 3, fi g. 9), RGM 517 

709 (3 protoconchs), RGM 539 822 (1 protoconch; Pl. 24, fi g. 1); Anda6, RGM 517 710 (5), 

RGM 517 711 (8), RGM 517 712 (1: Pl. 3, fi g. 8); AndaClif1, RGM 429 288 (1 protoconch); 

AndaClif3, RGM 429 322 (9 fragments); AndaDeVos, RGM 517 713 (8 fragments); Rox-

as, RGM 517 714 (1 fragment); Tiep1, RGM 517 715 (2 internal moulds); Tiep2, RGM 517 

716 (1); Tiep5, RGM 517 717 (1 protoconch).

 Measurements – Fourteen specimens are suffi ciently well preserved to be measured 

(Table 14). Comparing these fi gures with data given by Janssen (2005, fi gs. 29-34) shows 
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that the Pangasinan specimens are taller and wider than Recent Cuvierina urceolaris. 

Furthermore, the position of strongest infl ation is situated slightly higher.

 Measurements for C. infl ata (Bellardi, 1873) (Table 14) are only available for two 

specimens from Estepona, Spain (Janssen, 2004). These reach larger dimensions and the 

position of strongest infl ation is just above the middle of the shell (Table 15).

 Discussion – The Pangasinan material differs from Recent Cuvierina urceolaris, as de-

scribed above, predominantly by larger dimensions, by which at fi rst glance they are 

reminiscent of C. infl ata (compare Janssen, 1995, pl. 3, fi gs. 1-3, and 2004, pl. 2, fi gs. 9, 

10), which likewise is an infl ated species with distinct micro-ornament. However, in the 

present material the sidelines of the shells between maximum infl ation and aperture are 

concave in most specimens, which points rather to C. urceolaris, as in C. infl ata these 

sidelines are convex or, at best, straight.

 Some of the fossil specimens retain parts of their larval shell (Pl. 3, fi g. 9). Just a 

few isolated protoconchs of this species were found, one of which is illustrated (Pl. 24, 

fi g. 1).

Table 14. Measurements of Cuvierina (Urceolaria) urceolaris from locality Anda1-6. H = shell height, W = 

shell width, Wa = width at aperture, Ws = width at septum, Pi = position of strongest infl ation above 

base of septum.

locality H (mm) W (mm) H/W  Wa (mm) Ws (mm) Pi (%)

Anda1 6.72 2.82 2.38 2.41 1.66 43

  6.56 2.66 2.47 2.20 1.58 43

  6.64 2.74 2.42 2.32 1.41 50

  6.89 2.66 2.59 2.24 1.58 46

  7.64 2.74 2.79 2.32 1.41 40

  7.22 2.90 2.49 2.24 1.41 48

Anda2 7.05 2.99 2.38 2.41 1.49 46

  6.89 2.74 2.51 2.24 1.49 46

Anda3 6.81 2.74 2.49 2.07 1.24 49

  6.64 2.82 2.35 2.24 1.41 44

Anda4 6.56 2.74 2.39 2.24 1.41 44

  7.05 3.07 2.30 2.41 1.33 48

  6.47 2.90 2.23 2.32 1.66 49

Anda6 8.47 3.49 2.42 2.74 1.66 47

mean (n = 14) 6.97 (6.56-8.47) 2.83 (2.66-3.49) 2.44 (2.23-2.79) 2.31 (2.07-2.74) 1.48 (1.24-1.66) 45.9 (40-50)

Table 15. Measurements of two specimens of Cuvierina (Urceolarica) infl ata (Bellardi, 1873) from the Pia-

cenzian of Estepona (locality Parque Antena), Spain, both illustrated in Janssen (2004, pl. 2, fi gs. 9, 10). 

H = shell height, W = shell width, Wa = width at aperture, Ws = width at septum, Pi = position of strong-

est infl ation above base of septum.

locality H (mm) W (mm) H/W Wa (mm) Ws (mm) Pi (%)

Estepona  10.54 4.23  2.49 2.82  1.83  52

  8.05 4.32 1.86 2.90 1.91 54

mean (n = 2) 9.29 4.27 2.17 2.86 1.87 53
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 Janssen (2004, p. 113) included specimens illustrated by Ujihara (1996, p. 777, fi gs. 

5.16-5.28, as C. intermedia) from Japan (Pliocene, Zanclean, Blow zones N18-20) in C. in-
fl ata, but even in these specimens the upper parts of the sidelines are concave. The infl a-

tion of the Japanese specimens is stronger than in Recent C. urceolaris; the Pangasinan 

material takes a position in between. It seems that these two Cuvierina populations form 

a gradual transition from C. infl ata to C. urceolaris, which is also demonstrated by a few 

specimens from Pangasinan in which the upper parts of the sidelines are virtually 

straight. In the Mediterranean Basin, typical C. infl ata is still present in Piacenzian de-

posits of Spain, indicating a (remote) synchronic occurrence of C. infl ata and popula-

tions that already have to be identifi ed as C. urceolaris during the early/middle 

Pliocene.

Family Cliidae Jeffreys, 1869

Genus Clio Linné, 1767

 Type species – Clio pyramidata Linné, 1767 (Recent).

Subgenus Balantium Children, 1823

 Type species – Clio (Balantium) recurva (Children, 1823) (Recent).

 Remarks – Van der Spoel (1967, p. 76) cited this name as ‘Balantium recurva (sic) Chil-

dern (sic), 1823,’ as a synonym of Clio recurva ‘Childern,’ 1823 (the author’s name was 

repeated as such in van der Spoel & Dadon, 1999, p. 681). The name is spelled correct-

ly (but incompletely) in van der Spoel’s (1967, p. 124) list of references, where it is er-

roneously referred to as ‘in Gray’ (repeated in van der Spoel, 1976b, p. 248, but here 

with the correct name ‘Children’). Children’s (1823) paper, in which Balantium recur-
vum was introduced (footnote, p. 220, pl. 7, fi g. 107), was correctly referred to by Dance 

(1986, p. 235).

Clio (Balantium) cf. hataii (Noda, 1972)

Pl. 3, fi g. 12; Pl. 24, fi g. 8.

? 1972 Cleodora hataii Noda n. sp., p. 475, pl. 57, fi gs. 9-11.

. 1979  Euclio balantium (Rang): Shibata, p. 117ff, pl. 20, fi gs. 2-5 (non Rang; in the explanation of pl. 

20 erroneously as ‘Euclia’).

? 1984 Clio balantium forma kakegawaensis Shibata n. forma, p. 82, pl. 24, fi gs. 6, 7.

? 1986 Clio balantium forma kakegawaensis Shibata: Shibata et al., p. 46, pl. 7, fi gs. 8, 9.

? 1990 Clio hataii kakegawaensis Shibata: Ujihara et al., p. 314, pl. 1, fi g. 9.

? 1996 Clio hataii (Noda): Ujihara, p. 776, fi gs. 3.12-3.18.

 Description – Just a single adult specimen is available, preserved on a small slab of 

marlstone, showing its ventral side. Apical and apertural parts are missing; therefore, 

a possible dorso-ventral curvature of the specimen remains unknown. The shell has an 

apical angle of somewhat less than 90°; in its basal part the sides seem to have been 

slightly fl exuous. The lateral margins have double carinae, with a very narrow fl at sur-
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face in between. The ventral surface has an obvious vertical central rib occupying one 

third of the shell’s width. Furthermore, this side is covered with transverse folds, 

arched in apertural direction and starting at some distance from the apex, equally 

strong on the lateral fi elds and on the central rib. These folds touch the lateral carinae 

at a right angle.

 Material examined – Anda3, RGM 517 718 (1; Pl. 3, fi g. 12). Between the apical shell 

parts of Clio cuspidata, retaining their protoconch, one specimen (RGM 539 824; Pl. 24, 

fi g. 8) is less strongly curved whereas its protoconch-1 is a bit more elongate. This spec-

imen might also belong to the present species.

 Discussion – The specimen differs from accompanying Clio cuspidata (see below) by 

a larger apical angle and non-concave sidelines, by its transverse ornament continuing 

on the ventral rib, as well as by the fact that the folds are not curved adaperturally close 

to the carinae. Noda (1972) recorded Clio hataii from the Japanese Kawabaru Member 

(Koyu Formation). The same species was illustrated by Ujihara (1996). Although Noda 

dated his specimens as ‘Miocene,’ both records originate from nannoplankton zones 

NN18-20 (Zanclean), according to Ujihara. This discrepency led Janssen (2000b, p. 42) 

to consider the records of Noda and Ujihara to be different species, which most proba-

bly is incorrect.

 The Pangasinan specimen resembles C. hataii, but has a wider apical angle and noth-

ing is known about the dorsal side of the shell. Clio lucai Janssen, 2000b (p. 39, fi gs. 3-6), 

from the Pliocene/Early Pleistocene of northern Italy, is also similar. That species, too, 

has a narrower apical angle and its transverse ornament is coarser. In the absence of 

more and better preserved material the only available specimen is best identifi ed as Clio 

cf. hataii. A closely related Japanese Miocene (N 8-9, Langhian) species is Clio itoigawai 
(Shibata, 1983, p. 73, pl. 2, fi gs. 1-3, as Euclio itoigawai).
 Fragments identifi ed as C. balantium (Rang), described and illustrated by Ya-

makawa & Ishikawa (1912, p. 6, pl. 1, fi g. 7), could very well also belong to C. hataii. 
Their fi gure 7d-e shows that the transverse ornament touches the lateral carina per-

pendicularly, which is not the case in Recent ‘C. balantium’ (= C. recurva). Furthermore, 

relatively well-preserved specimens from the Late Pliocene to Early Pleistocene of Ja-

pan, published by Shibata (1979; especially his fi g. 4) as Euclio balantium, agree per-

fectly with the Pangasinan specimen, both in apical angle and ornament. A very simi-

lar form was introduced as Clio balantium forma kakegawaensis Shibata, 1984, also re-

ferred to in Shibata et al. (1986) (planktonic foram zone N 19-22 = Zanclean-Pleistocene) 

and Ujihara et al. (1990).

 It seems that quite a number of transitional forms are present between Clio hataii 
and the Recent C. recurva. At any rate the Recent species differs from all fossil occur-

rences referred to above by its very fi ne transverse ornament on the early shell parts 

and by the fact that these transverse ribs touch the carinae at a signifi cantly smaller 

angle.

Subgenus Bellardiclio Janssen, 2004

 Type species – Clio (Bellardiclio) cuspidata (Bosc, 1802) (Recent).
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Clio (Bellardiclio) cuspidata (Bosc, 1802)

Pl. 3, fi gs. 10, 11; Pl. 24, fi gs. 4, 5.

 Synonymy – For references of Recent material see van der Spoel (1967, p. 73). The 

following document Quaternary and earlier occurrences only.

 1867 Cleodora cuspidata Quoy e Gaym. (sic): Seguenza, p. 10, pl. 1, fi g. 10a, b.

 1880 Cleodora cuspidata Lamk. (sic) (Hyalaea): Seguenza, p. 276.

. 1912 Clio (s. str.) cuspidata (Bosc): Yamakawa & Ishikawa, p. 5, fi g. 1, pl. 1, fi g. 6a-d.

 1969 Euclio cuspidata (Bosc): Blanc-Vernet et al., p. 220.

. 1970 Clio cuspidata (Bosc): Colantoni et al., p. 181, pl. 25, fi g. 1a-c.

 1971a Clio cuspidata (Bosc): Herman, p. 464ff.

 1971b Clio cuspidata (Bosc): Herman, p. 614ff.

. 1977 Clio cuspidata (Bosc): Almogi-Labin & Reiss, p. 8, pl. 1, fi gs. 5-8.

. 1978 Clio cuspidata (Bosc): Buccheri, p. 134, pl. 2, fi g. 7.

. 1980 Clio cuspidata (Bosc): Buccheri et al., p. 99, pl. 1, fi g. 10.

 1981 Clio cuspidata (Bosc): Herman, p. 178ff.

 1981 Clio cuspidata: Torelli & Buccheri, p. 178.

 1981 Clio cuspidata (Bosc): Buccheri & Torelli, p. 78.

non 1982 Clio cuspidata (Bosc): Grecchi, p. 721, pl. 53, fi gs. 1, 2 (non Bosc = C. braidensis?).

. 1983 Clio cuspidata (Bosc): Torelli & Buccheri, p. 160ff, pl. 2. fi g. 4.

. 1984 Clio cuspidata (Bosc): Grecchi, p. 17, pl. 1, fi g. 7.

 1984 Clio cuspidata (Bosc): Buccheri, p. 80.

. 1984 Clio cuspidata (Bosc): Shibata, p. 81, pl. 24, fi gs. 4, 5.

 1985 Clio cuspidata (Bosc): Buccheri, p. 119.

. 1988 Clio cuspidata (Bosc): Grecchi & Bertolotti, p. 109, pl. 1, fi g. 6.

. 1989 Clio cuspidata: Biekart, p. 208, pl. 2, fi g. 3.

 1992 Clio cuspidata (Bosc): Buccheri & Bertoldo, p. 497, 498.

 1994 Clio cuspidata (Bosc): Buccheri et al., 1994, p. 146, 147.

 1996 Clio cuspidata (Bosc): Ujihara, p. 776, fi g. 3.22.

v? 1999a Clio cuspidata (Bosc)?: Janssen, p. 21, pl. 3, fi g. 12.

v. 2004 Clio (Bellardiclio) cuspidata (Bosc, 1802): Janssen, p. 114, pl. 3, fi gs. 3, 4.

 Description – See van der Spoel (1967, p. 73, fi gs. 65, 66) and Bé & Gilmer (1977, p. 

781, pl. 5, fi g. 15a-d).

 Material examined – Anda1, RGM 517 719 (2, 1 fragment), RGM 517 720 (16 frag-

ments, 7 protoconchs), RGM 517 733 (1), RGM 539 825 (1 protoconch; Pl. 24, fi g. 5); 

Anda2, RGM 517 721 (1: Pl. 3, fi g. 11), RGM 517 722 (1: Pl. 3, fi g. 10), RGM 517 723 (1), 

RGM 517 724 (11 fragments, 4 protoconchs); Anda3, RGM 517 725 (8 fragments, 4 pro-

toconchs); Anda4, RGM 517 726 (1 internal mould), RGM 517 727 (16 fragments, 4 pro-

toconchs), Anda6, RGM 517 728 (2 fragments); AndaClif1, RGM 429 290 (1 protoconch); 

AndaClif3, RGM 429 323 (9 fragments); AndaDeVos, RGM 517 729 (5 fragments), RGM 

539 823 (1 protoconch; Pl. 24, fi g. 4); Roxas, RGM 517 730 (1 protoconch); Tiep1, RGM 

517 731 (1 fragment); Tiep5, RGM 517 732 (2 fragments).

 Discussion – This species is primarily represented by fragments. Just a few speci-

mens could be saved more completely on slabs of marl.

 The illustrations in van der Spoel (1967) represent an untypical specimen with very 

faint transverse ornament. In the Pangasinan specimens discussed herein, however, 
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this ornament is stronger and agrees fully with compared Pliocene specimens from 

Spain (Janssen, 2004) of this species. On the ventral side of the shell (Pl. 3, fi g. 10), the 

transverse ribs are interrupted on the central rib and merely change to narrow grooves. 

Also, the shape and size of the protoconchs agree perfectly with compared Recent ma-

terial (RGM collections). In most specimens retaining their larval shell the apical spine 

on protoconch-1 is preserved (Pl. 24, fi gs. 4, 5).

 Clio cuspidata was only rarely recorded as a fossil older than Pleistocene. From the 

Pacifi c area there are a few occurrences in Japan (Yamakawa & Ishikawa, 1912; Ujihara, 

1996). From the Mediterranean realm Seguenza (1867) reported it from the ‘calcare Plio-

cenico’ of S. Filippo near Messina and from the ‘marne gialle’ of Pietrazza (both Sicily, 

Italy), and Seguenza (1880, p. 276) from the Middle/Late Pliocene (‘Astiano’) of Calab-

ria (southern Italy). Janssen (2004, p. 114, pl. 3, fi gs. 3, 4) noted the presence of C. cuspi-
data in Piacenzian strata of Estepona in southeast Spain.

 Grecchi (1982) found two incomplete specimens that, according to the illustration, 

have three central ribs on the dorsal side and, therefore, rather belong to the forerunner 

species C. braidensis (Bellardi, 1873). Janssen (1999a, p. 21, pl. 3, fi g. 12) described a 

doubtful specimen from the Early to Middle Pliocene of the Dominican Republic that 

might also belong to C. braidensis.

Subgenus Clio sensu stricto

Clio (Clio) convexa convexa Boas, 1886

Pl. 3, fi g. 13; Pl. 4, fi gs. 1, 3; Pl. 24, fi gs. 6, 7.

 Synonymy – References for Clio convexa sensu lato.

* 1886 Cleodora pyramidata (L.) var. convexa Boas, pp. 73, 203, pl. 6, fi g. 97a-d.

? 1913 Clio pyramidata convexa (Boas): Tesch, p. 37, fi g. 33.

. (1960) Clio teschi n. sp. McGowan, p. 101, fi g. 35 (nomen nudum).

. 1967 Clio pyramidata Linnaeus forma convexa (Boas): van der Spoel, p. 70, fi gs. 55, 59.

. 1973  Clio pyramidata Linnaeus forma convexa (Boas): van der Spoel, p. 17, fi gs. 1-8 (with lecto-

type designation).

. 1976b Clio pyramidata forma convexa Boas: van der Spoel, p. 190, fi g. 33a, b.

. 1977 Clio convexa (Boas): Bé & Gilmer, p. 773, pl. 7, fi gs. 20a-e.

. 1979 Clio convexa syn. Clio pyramidata forma convexa (Boas): Richter, p. 16, pl. 2, fi g. 15a-c.

. 1982 Clio convexa (Boas, 1886): Almogi-Labin, p. 58, pl. 2, fi g. 7.

v. 1999a  Clio pyramidata (Linné) forma lanceolata (Lesueur): Janssen, p. 21, pl. 3, fi gs. 14a-d, 18a-c 

(partim, non pyramidata Linné, nec lanceolata Lesueur; non fi gs. 13, 15, 16 = C. pyramidata f. 
lanceolata).

v. 1999a: Clio sp. Janssen, p. 22, pl. 3, fi g. 18a-c.

. 2002 Clio convexa convexa (Boas): Rampal, p. 237, fi gs. 15D, 16F-L.

 Description – Clio convexa for a long time was considered a variety (forma) or subspe-

cies of C. pyramidata. It differs from that species especially by its doubled lateral carinae 

with squarish transverse section, starting almost immediately after the protoconch (Pl. 

24, fi gs. 6, 7). In C. pyramidata the initial part of the teleoconch is circular, as the rounded 

lateral carinae start later (Pl. 24, fi g. 10). The protoconch in C. convexa is relatively more 

thickset than in C. pyramidata. The adult shell of C. convexa has a height of approximately 

7 mm, whereas fully grown C. pyramidata reaches more than double that size.
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 Material examined – Anda1, RGM 517 734 (3), RGM 517 735 (many), RGM 517 736 (1; 

Pl. 3, fi g. 13, Pl. 4, fi g. 3), RGM 517 737 (1 aberrant specimen); Anda2, RGM 517 738 (7), 

RGM 517 739 (7), RGM 517 740 (many), RGM 539 829 (1; Pl. 24, fi g. 6), RGM 539 830 (1; 

Pl. 24, fi g. 7); Anda3, RGM 517 741 (8), RGM 517 742 (many), RGM 517 743 (1 aberrant 

specimen); Anda4, RGM 517 744 (8 juveniles); Anda6, RGM 517 745 (6 juveniles); Anda-

Clif1, RGM 429 289 (38, 4 fragments); AndaDeVos, RGM 517 746 (5 juveniles); Roxas, 

RGM 517 747 (23 juveniles); Tiep1, RGM 517 748 (1 juvenile); Tiep2, RGM 517 749 (5 

fragments); Tiep3, RGM 517 750 (20 juveniles); Tiep4, RGM 517 751 (4 juveniles); Tiep5, 

RGM 517 752 (29 juveniles).

 Discussion – The distinction of Clio convexa, introduced as a variety of C. pyramidata 

by Boas (1886) (see van der Spoel, 1967, p. 70), has been problematic. Van der Spoel 

(1969) devoted a long paper to this subject, even using photometric methods to inter-

prete shell growth, to fi nd differences between the formae convexa and lanceolata. He 

found that these forms of C. pyramidata differ in size and shape of the embryonic shell. 

As the most important distinguishing characteristic, viz. the presence of double carinae, 

is not even mentioned in that paper, van der Spoel obviously, and unfortunately, com-

pared two forms of the real C. pyramidata!

 Van der Spoel (1973) studied the type material of convexa and described the double 

carinae thus: ‘The lateral sides are provided with fl attened and sometimes partly con-

cave margins. This structure is continuous from the aperture to the embryonic shell.’ In 

the same paper he designated a lectotype (van der Spoel, 1973, pp. 5, 6). But the taxon 

is still indicated as Clio pyramidata forma convexa. The lectotype, from the Indian Ocean 

(Bay of Bengal), distinctly shows the doubled carinae.

 In an unpublished thesis, McGowan (1960) described the present species as C. teschi. 
Bé & Gilmer (1977), Richter (1979) and later authors correctly also stated that C. convexa 

merits the status of independent species.

 Extant Clio convexa occurs only in the Indian (inclusive of the Red Sea, see below) and 

southern Pacifi c oceans (Bé & Gilmer, 1977, fi g. 19), apart from occasional specimens 

strayed into the South Atlantic because of currents (Rampal, 2002, p. 238). Therefore, sev-

eral records of this species from the Atlantic Ocean (e.g. Bonnevie, 1913, p. 30, fi g. 22C; 

Tesch, 1913, p. 37; van der Spoel, 1962, p. 194, diagram 1; van der Spoel, 1969) have to be 

considered erroneous and most probably represent forms of Clio pyramidata.

 Herman (1971a) recorded Late Quaternary specimens from the Red Sea. The only 

known occurrence in the Atlantic realm is the unmistakable specimen from the Carib-

bean Early Pliocene Gurabo Formation (Dominican Republic) illustrated in Janssen 

(1999a, as Clio pyramidata f. lanceolata, corrected in Janssen, 2004, p. 115).

 A new subspecies, Clio convexa cyphosa Rampal, 2002 (p. 240, fi gs. 16A-E, 23A, B), 

was based on specimens from the Red Sea, constantly differing from the Indian and Pa-

cifi c Ocean specimens by the fact that in lateral view the dorsal side of the shell shows 

a hump-backed shape, with the adapical portion concave and the adapertural half con-

vex. In Indo-Pacifi c specimens the shape is gradually convex. These differences could 

indeed be acknowledged on several Red Sea and Indo-Pacifi c Ocean samples.

 The Pangasinan specimens are usually too small (juvenile or broken) to estimate 

this feature. But all specimens reaching comparable size differ from both the Red Sea 

and the Indo-Pacifi c Recent type, as described by Rampal. In these shells the outline of 



Janssen. Holoplanktonic Mollusca from the Pliocene of Pangasinan. Scripta Geol., 135 (2007) 81

the dorsal side is neither convex nor hump-backed, but always concave. Apparently, 

however, a similar shape occurs also in the Recent fauna near the Philippines (Bé & 

Gilmer, 1977, p. 773, pl. 7, fi g. 20e) and therefore a new subspecies is not erected here. 

Outline drawings of these three morphs are given (Pl. 4, fi gs. 1-3).

 Interesting are the differences in frequencies of the present species compared to Clio 
pyramidata f. lanceolata in the various Pangasinan samples. Although both co-occur in 

most samples (apart from Anda5 and AndaClif1 that only yielded C. pyramidata f. lan-
ceolata), there are striking differences in numbers. Generally speaking, C. convexa is the 

most common of the two, but its numbers are lowest in samples in which C. pyramidata 

is more common (compare Table 26). This situation might be caused by both taxa occu-

pying the same ecological niche, as a result of which sometimes the fi rst, sometimes the 

second species predominates. This is strongly reminiscent of the actual situation in the 

Red Sea, where C. convexa is common and C. pyramidata is absent.

Clio (Clio) pyramidata Linné, 1767 forma lanceolata (Lesueur, 1813)

Pl. 4, fi g. 4; Pl. 24, fi gs. 9, 10.

* 1813 Hyalaea lanceolata Lesueur, p. 285, pl. 5, fi g. 3.

 1967  Clio pyramidata Linnaeus forma lanceolata Lesueur: van der Spoel, p. 68, fi g. 51a-c (with ex-

tensive synonymy).

? 1972 Cleodora okinawana Noda n. sp., p. 477, pl. 57, fi gs. 6, 12, 13.

v. 1995  Clio pyramidata Linné forma lanceolata Lesueur: Janssen, p. 83, pl. 7, fi gs. 3-5 (with extensive 

synonymy of fossil occurrences).

. 1999  Clio pyramidata Linnaeus forma lanceolata (Lesueur): van der Spoel & Dadon, p. 681, fi g. 

6.40.

v. 1999a  Clio pyramidata Linné forma lanceolata Lesueur: Janssen, p. 21, pl. 3, fi gs. 3, 13, 15-17 (non 

fi g. 14 = Clio convexa).

non v 1999a  Clio pyramidata Linné forma lanceolata (Lesueur): Janssen, p. 21, pl. 3, fi g. 14 (non pyrami-
data Linné, nec lanceolata Lesueur = Clio convexa).

v. 1999a Clio sp.: Janssen, p. 22, pl. 3, fi g. 18.

. 2002 Clio pyramidata lanceolata (Lesueur): Rampal, p. 237, fi gs. 12, 13.

v 2004 Clio (Clio) pyramidata Linnaeus f. lanceolata (Lesueur): Janssen, p. 115, pl. 3, fi gs. 1, 2.

 Description – See van der Spoel (1967) and Rampal (2002).

 Measurements – Van der Spoel (1975, p. 188) gave protoconch measurements for 

three groups of Atlantic Clio pyramidata. These groups were ‘tropical form,’ ‘transitional 

form’ and ‘coldwater form’. He gave fi gures for protoconch height (‘length’ in his pa-

per) and width. The same measurements (Table 16) were taken from 24 specimens in 

the Pangasinan material (from various locations).

 The almost perfect match of the fossil Pangasinan measurements with van der Spoel’s 

‘tropical form’ is striking. The measurement range for protoconch height in the Philippine 

specimens is 0.30-0.37 mm which again agrees completely with van der Spoel’s data giv-

en in his fi gure 1. Within this range fall his three ‘tropical form’ stations (7-9).

 Material examined – Anda1, RGM 517 753 (3 fragments, 9 protoconchs); Anda2, 

RGM 517 754 (3, 3 fragments, 12 protoconchs); Anda3, RGM 517 755 (10 protoconchs); 

Anda4, RGM 517 756 (2), RGM 517 757 (many), RGM 517 758 (1; Pl. 4, fi g. 4), RGM 539 
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831 (1; Pl. 24, fi g. 9), RGM 539 832 (1; Pl. 24, fi g. 10); Anda5, RGM 517 759 (1); Anda6, 

RGM 517 760 (4), RGM 517 761 (12 fragments, 4 protoconchs); AndaClif1, RGM 429 291 

(1 protoconch); AndaClif3, RGM 429 324 (23 fragments, 6 protoconchs); AndaDeVos, 

RGM 517 762 (14 fragments, 8 protoconchs); Roxas, RGM 517 763 (1 protoconch); Tiep1, 

RGM 517 764 (20); Tiep2, RGM 517 765 (1, 1 fragment); Tiep3, RGM 517 766 (3 proto-

conchs); Tiep4, RGM 517 767 (2 fragments); Tiep5, RGM 517 768 (2 protoconchs).

 Discussion – See the discussion of Clio convexa, above, for notes on the relative fre-

quencies of that species and C. pyramidata. As is clear from the numbers of specimens 

(see also Table 26), C. pyramidata is common in those samples in which C. convexa is rare 

and vice versa.

 Clio pyramidata sensu lato in the extant fauna is a very common pteropod species 

with a large distribution and a wide range of morphological differences, usually inter-

preted as formae. The typical form, C. pyramidata sensu stricto, has a restricted distribu-

tion in the northern Atlantic Ocean, approximately between 40 and 70° N, but accord-

ing to Tesch (1913, p. 36) also occurring in the eastern part of the southern Pacifi c Ocean. 

The forma lanceolata, on the contrary, has a much larger distribution and occurs world-

wide in tropical and subtropical waters, Red Sea excluded. Richter (1979, p. 15) obvi-

ously mistook f. lanceolata for f. pyramidata sensu stricto. The main distinguishing char-

acteristic between forma pyramidata sensu stricto and forma lanceolata (see Tesch, 1913, 

pp. 35, 36; van der Spoel, 1967) is the general shape of the shell, with not or only faintly 

diverging lateral carinae in forma pyramidata and strongly diverging carinae in forma 

lanceolata. In samples from the northern Atlantic it is not always possible to separate 

these two formae and intermediate specimens commonly occur. Furthermore, forma 

lanceolata demonstrates a considerable variability depending on geographical distribu-

tion (Rampal, 2002, p. 237). Several further forms of C. pyramidata are distinguished, 

mainly in the southern (Antarctic) seas, the true status of which is not yet ascertained.

 The Pangasinan material as a rule is too small (juvenile or broken) to decide which 

forma is represented. A few larger specimens, however, all have diverging sidelines, 

and thus the complete material is identifi ed as forma lanceolata. Cainozoic specimens of 

forma pyramidata are not yet known.

 Contrary to Rampal (2002), lanceolata is not treated here as a subspecies, although 

the geographical distributions seem to support a subspecifi c rank. A decision in this 

matter, however, should be taken in a reconsideration comprising all formae ascribed to 

C. pyramidata.

Table 16. Mean values for protoconch measurements of Clio pyramidata Linné, 1767.

   height width n

Van der Spoel (1975):

 tropical form  0.332 mm 0.187 mm 50

 transitional form 0.408 mm 0.203 mm 72

 coldwater form 0.355 mm 0.213 mm 31

This paper:

 Pangasinan  0.331 mm 0.187 mm 24
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Family Cavoliniidae Gray, 1850

 Remarks – Subfamilies Creseinae, Cuvierininae and Cliinae, traditionally included 

in the Cavoliniidae, were raised to family level recently (Janssen, 2003, 2006). Therefore, 

just a few genera remain in the Cavoliniidae sensu stricto, viz. Cavolinia, Diacavolinia and 

Diacria for Recent species. Fossil Cavolinia and Diacria species were known already, and 

several new species in these genera, as well as a fi rst Diacavolinia from the fossil record, 

are described below. Additionally, the exclusively fossil genera Diacrolinia, Edithinella, 

Gamopleura and Vaginella are included in the Cavoliniidae. Rampal (1996, 2002) believed 

Vaginella to be ancestral to Cuvierina, but gave no argument in support of this hypoth-

esis. One could fi nd reasons to assign Vaginella either to the Cuvierinidae or to the Ca-

voliniidae, a topic that merits a more detailed study.

Genus Cavolinia Abildgaard, 1791

 Type species – Cavolinia tridentata (Niebuhr, 1775) (Recent).

 Remarks – Representatives of the genus Cavolinia are quite common in most Pangasi-

nan samples, but as a rule rather fragmental. Locality Tiep2, however, yielded a com-

paratively high number of well-preserved specimens. From most other localities a 

number of shells could be saved more or less completely by careful preparation, usu-

ally on small slabs of matrix. All such specimens had to be impregnated with artifi cial 

resin. Identifi cation of fragmentary material was laborious, especially so for broken 

ventral shell parts, which offer only little characteristics, in particular, if both lateral 

spines are lacking. The apical shell parts usually are broken off, but quite a number of 

isolated protoconchs were collected. Identifi cation of these appeared to be virtually im-

possible. They are included in the collection as Cavolinia sp. indet., together with a 

number of unidentifi able fragments of other shell parts. The number of no less than 

nine Cavolinia species in the present material is surprisingly high. Three of them appear 

to be new to science and are described below as C. baniensis sp. nov., C. perparvula sp. 

nov. and C. shibatai sp. nov.; two species are represented by insuffi cient material, and are 

listed as Cavolinia sp. 1 and 2.

Cavolinia baniensis sp. nov.

Pl. 4, fi g. 5.

 Holotype – RGM 517 773 (Pl. 4, fi g. 5).

 Type locality – Tiep2 (Bani municipality, Luzon, Pangasinan, Philippines), temporary 

drainage excavation, along road from Bani to Bolinao at co-ordinates N 16° 13’ 54.3” E 

119° 51’ 36.2”, map-sheet 6975-II Alaminos (Fig. 2).

 Stratum typicum – Clayey level in interbedded marlstone, sandstone and claystone 

below Bolinao Limestone, Pliocene.

 Derivatio nominis – Named after the municipality of Bani, in which the type locality 

is situated.
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 Paratypes – Anda2, RGM 517 769 (3); AndaDeVos, RGM 517 770 (1, 9 fragments); 

Roxas, RGM 517 771 (2 fragments); Tiep2, RGM 517 772 (10), RGM 517 774 (13 frag-

ments).

 Diagnosis – Medium-sized Cavolinia (see Table 16) resembling the Recent C. globulosa 

(d’Orbigny, 1836), but dorsal shell part with fi ve radial ribs: a wide central one and two 

sets of lateral ribs, separated by a narrow interspace, the ones next to the central rib 

about half as wide as the outer ones.

 Description – Medium-sized Cavolinia species (H to over 6 mm). The shell is higher 

than wide, with its greatest width approximately at half the shell height, far above the 

lateral spines. The dorso-ventral diameter is roughly the same as the shell width. Lat-

eral spines weakly developed and straight. The ventral shell part is very globular with 

its strongest curvature at about two thirds of its height. There is a concave part close to 

the refl ected apertural margin. A transverse ornament is especially well-developed on 

the most convex part of the ventral side. This ornament is rather variable, but on aver-

age there are some 20 well-defi ned ridges, that decrease in strength towards the aper-

ture and on the lower part of the shell, where just some growth lines are seen. In their 

middle these transverse ridges, as well as the growth lines, are somewhat curved in 

adapical direction. A few radial lines are visible in fl oodlight on the middle part of the 

ventral shell part. Inner lip recurved, not visible in a straight ventral view.

 Dorsal side not as convex as the ventral one, but the apertural margin strongly over-

hanging the ventral part and aperture. There are fi ve radial ribs of which the middle 

one is the strongest. It is well-separated from both sets of two lateral ribs, of which the 

inner ones are half as wide as the outer ones, and separated by a narrow and shallow 

groove only. Lateral areas are slightly swollen on their inner sides, separating a not very 

strong marginal ridge. Tip of apical spine broken in all specimens, but curved in dorsal 

direction. There is no clearly separated apertural lip.

 Measurements – Dimensions of nine specimens are given in Table 17.

 Discussion – This species resembles the Recent Cavolinia globulosa, but differs by a 

number of features. A Recent specimen of this latter species is illustrated here for 

Table 17. Dimensions in mm of the holotype and eight paratypes of Cavolinia baniensis sp. nov.

 

Locality shell height shell width width between  dorso-ventral 

    lateral spines diameter 

Anda2 7.64 6.06 5.06 -

AndaDeVos 8.96 - - -

Tiep2 6.47 5.31 3.98 4.90 holotype

  6.39 5.06 3.82 4.56

  6.47 5.23 - 4.73

  6.06 4.98 3.74 4.48

  5.89 4.90 3.40+ 4.40

  - 5.15 4.07 4.90

  - 5.23 4.15 4.98
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comparison (Pl. 4, fi g. 6). The proportions of the shell are similar, with the greatest 

width above the not very well-developed lateral spines. The ventral shell part in the 

new species, however, is regularly curved, but more strongly so in C. globulosa, in 

which species the curvature can even be a bit angular, resembling the Recent species 

C. gibbosa (d’Orbigny, 1836). The radial ornament on the dorsal side in C. globulosa 

shows three almost equally wide ribs, separated by vague and narrow interspaces. In 

C. baniensis, however, the ribs on both side of the central one are subdivided into two 

ribs, a narrow inner and a wider outer one. The lateral areas in C. globulosa are less 

swollen.

Cavolinia landaui Janssen, 2004

Pl. 4, fi g. 7; Pl. 5, fi g. 1.

*v 2004 Cavolinia landaui Janssen sp. nov., p. 116, pl. 3, fi g. 7a-c.

 Description – See Janssen (2004). In the description of this species it was erroneously 

said that the lateral spines developed on the dorsal side only. As is clear from the illus-

tration this should be the ventral side, of course.

 Material examined – Anda1, RGM 517 775 (35), RGM 517 775 (many fragments), 

RGM 517 777 (1; Pl. 4, fi g. 7); Anda2, RGM 517 778 (many), RGM 517 779 (many frag-

ments); Anda3, RGM 517 780 (12), RGM 517 781 (7 fragments); Anda4, RGM 517 782 

(3), RGM 517 783 (1; Pl. 5, fi g. 1), RGM 517 784 (many fragments); Anda6, RGM 517 785 

(2 fragments); AndaClif3, RGM 429328 (2, 6 fragments), RGM 429 330 (7 fragments); 

AndaDeVos, RGM 517 786 (2, 16 fragments); Roxas, RGM 517 787 (6 fragments); Tiep2, 

RGM 517 788 (5 fragments); Tiep3, RGM 517 789 (2 fragments).

 Discussion – The quite abundant specimens in the Pangasinan material agree very 

well in shape, as well as in ornament of the dorsal shell part, with the material de-

scribed from the Spanish Piacenzian. They reach slightly larger size (H up to approxi-

mately 7 mm, compared to 5 mm for the Spanish shells) and on the ventral shell part 

there are two vague radial grooves that are absent in the Spanish specimens. These dif-

ferences, however, are insuffi cient for a taxonomical subdivision. Again, as was also 

said for the Spanish material, it is surprising that, apparently, this species has not been 

found before in this area; in the Pangasinan localities this is one of the most common 

cavoliniids. Cavolinia landaui, however, could not yet be recognised in the Japanese pter-

opod literature. These two remote occurrences of the same species again offer a nice op-

portunity for long distance correlation.

Cavolinia perparvula sp. nov.

Pl. 5, fi gs. 2, 3.

 Holotype – RGM 517 794 (Pl. 5, fi g. 2).

 Type locality – Anda4, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).
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 Stratum typicum – Greyish-brown marlstone, in interbedded sandstone, siltstone 

and claystone, below Bolinao Limestone, Pliocene.

 Derivatio nominis – From L. per (adv.) - very, and parvulus (adj.) - small; perparvula = 

very small.

 Paratypes – Anda1, RGM 517 790 (3 fragments); Anda2, RGM 517 791 (5, 3 frag-

ments); Anda3, RGM 517 792 (5, 10 fragments); Anda4, RGM 517 793 (24, 40 fragments), 

RGM 517 795 (1; Pl. 5, fi g. 3); Anda6, RGM 517 796 (1, 11 fragments); AndaClif1, RGM 

429 294 (1, 1 fragment); AndaClif3, RGM 429 329 (8 fragments); AndaDeVos, RGM 517 

797 (5, 5 fragments); Roxas, RGM 517 798 (7 fragments).

 Diagnosis – Very small (H < 2 mm) Cavolinia, with three vague radial ribs on the dor-

sal shell part. Ventral side slightly convex and virtually smooth. Dorsal apertural mar-

gin swollen, clearly separated from the lower shell parts and overhanging the aperture. 

In frontal view the dorsal apertural margin is somewhat widened at the place of the 

central radial rib.

 Description – Strikingly small (H < 2 mm), but otherwise quite typical Cavolinia spe-

cies. The shell is approximately 1.3 times higher than wide, with a clearly separated api-

cal shell part curved in dorsal direction. The greatest shell width is at the lateral spines. 

These are usually not very strongly developed and straight, but pointing downwards 

in some specimens. The ventral shell part is somewhat swollen, with strongest curva-

ture above the middle of the shell height. A transverse ornament on the most convex 

part as seen in most cavoliniids is only vaguely indicated (in some specimens just some 

faint growth lines are visible) or absent. The ventral apertural margin is straight and 

thickened, but could be observed in few specimens only, as the aperture of most shells 

is fi lled with matrix. The dorsal shell part is rather convex and has three vaguely de-

limitated radial ribs of equal strength, separated by just slightly narrower interspaces. 

The dorsal apertural margin is swollen and strongly overhangs the aperture; it is sepa-

rated from the lower shell parts by a distinct boundary. The middle radial rib continues 

on the apertural margin, forming a widening, but not really a rostrum, on the margin 

(ventral view).

 Measurements – Eight suffi ciently complete specimens could be measured (Anda4, 

six specimens; Anda6 and AndaDeVos, one specimen each) (Table 18).

 Discussion – The closest resemblance of this species is to Cavolinia ventricosa (Guppy, 

1882), a lectotype for which was designated by Janssen (1998, p. 102, pl. 2, fi gs. 4-8). Al-

though also a small Cavolinia species, C. ventricosa has more than double the size of C. 
perpavula and has very different proportions; particularly, the dorsal shell part in C. ven-
tricosa is considerably more convex than in C. perparvula and its dorsal apertural lip is 

much more projecting. The three radial ribs on its dorsal side are differently developed, 

with the middle narrower than the lateral ones, and also they are markedly stronger 

and better defi ned. The apical shell portion in C. perparvula is relatively larger and ap-

parently the larval shell is more strongly recurved dorsally.
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Cavolinia shibatai sp. nov.

Pl. 5, fi gs. 4-6.

. 1979 Cavolinia longirostris longirostris (Lesueur): Shibata, p. 119, pl. 19, fi gs. 25-28 (non Lesueur).

. 1984  Cavolinia longirostris forma longirostris (Blainville): Shibata, p. 86. pl. 25, fi gs. 5, 6 (non de 

Blainville).

. 1996 Cavolinia sp.: Ujihara, p. 785, fi g. 7.15.

 Holotype – RGM 517 813 (Pl. 5, fi g. 5).

 Type locality – Tiep2 (Bani municipality, Pangasinan, Philippines), temporary drain-

age excavation along road from Bani to Bolinao at co-ord. N 16° 13’ 54.3” E 119° 51’ 

36.2”, map-sheet 6975-II Alaminos (Fig. 1).

 Stratum typicum – Clayey level in interbedded marlstone, sandstone and claystone 

below Bolinao Limestone, Pliocene.

 Derivatio nominis – The species is named after Professor Hiroshi Shibata (Labora-

tory of Geology, College of General Education, Nagoya University, Nagoya, Japan), 

who contributed substantially to the knowledge of Cainozoic holoplanktonic molluscs 

from Japan.

 Paratypes – Anda1, RGM 517 799 (2), RGM 517 800 (6), RGM 517 801 (13 fragments); 

Anda2, RGM 517 802 (5), RGM 517 803 (5); RGM 517 804 (many fragments), RGM 517 

819 (1; Pl. 5, fi g. 6); Anda3, RGM 517 805 (3), RGM 517 806 (2, 5 fragments); Anda4, RGM 

517 807 (6), RGM 517 808 (7, 18 fragments); Anda6, RGM 517 809 (1); AndaClif3, RGM 

429 325 (2 fragments); AndaDeVos, RGM 517 810 (2 fragments); Roxas, RGM 517 811 (2 

fragments); Tiep2, RGM 517 812 (7), RGM 517 814 (1; Pl. 5, fi g. 4), RGM 517 815 (many 

fragments); Tiep3, RGM 517 816 (5 fragments); Tiep 4, RGM 517 817 (1, 1 fragment); 

Tiep5, RGM 517 818 (2 fragments).

 Diagnosis – Cavolinia species resembling Diacavolinia in general shape, but retaining 

larval shell. Outline triangular. Ventral side swollen, upper part with clear concentric 

riblets. Dorsal side less convex, with fi ve radial ribs, lateral ones close and more sepa-

rated from central one. Lateral spines well-developed, pointing downwards. Dorsal 

apertural margin with a distinct rostrum. Apical spine curved dorsally.

 Description – Cavolinia of roughly triangular shape with well-developed lateral 

spines that usually are broken. Apical spine retained, not shed, but also usually broken. 

Table 18. Measurements for eight specimens of Cavolinia perparvula sp. nov.

  Shell height shell width dorso-ventral lateral spines

    diameter % from apex

Range in mm 1.80-1.96 1.24-1.48 0.76-0.92 30-36

mean value 1.85 1.40 0.86 33.1
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Greatest shell width is at the lateral spines. The ventral shell part is moderately convex 

and has clear transverse riblets in its upper part. Two vague radial lines are present, 

running from the base of the shell towards the interlocking systems. Ventral apertural 

margin gradually curved, slightly bent outward. The lateral spines are formed by ex-

tensions of the ventral shell part, dorsally they are much shorter (Pl. 5, fi g. 6), when 

preserved they point more or less downwards (Pl. 5, fi g. 4). Dorsal shell part less con-

vex than ventral side, with an ornament of fi ve radial ribs. The central rib continues 

into the apertural margin, and forms a clear and well defi ned snout-like compression 

or rostrum. The lateral ribs lay close together, more separated from the central one. 

Growth lines are especially well-developed on the rostrum and upper part of the cen-

tral rib.

 Measurements – The holotype and eleven paratypes were measured (Table 19). Val-

ues for shell height and shell width for all specimens are too low, as the larval shell is 

partly missing in all specimens and the lateral spines are practically always damaged. 

The most complete specimens were measured, so the differences in size are not only 

caused by damage. Shells from locality Tiep2 are markedly larger than those from 

Anda1 and 2.

 Discussion – In general shell form and especially the shape of the apertural lip with 

a well-defi ned rostrum this species closely resembles species of the genus Diacavolinia, 

from which it differs basically by the fact that the larval shell is retained, not shed. The 

well-defi ned rostrum distinguishes the present species from all other known Cavolinia  
species.The specimens illustrated by Shibata and Ujihara (see synonyms) resemble the 

present new species to such an extent that they may be presumed identical. They can-

not belong to Cavolinia longirostris (de Blainville, 1822), nowadays Diacavolinia longiros-
tris, as ‘the posterior spine is present in most specimens’ (Shibata, 1984). The Japanese 

form is recorded by Shibata (1984, p. 74) from Blow zones N19 to N22 (Zanclean-Piacen-

zian). Material referred to by Ujihara (1996) is from the upper part of zone N 20 (Zan-

clean).

Table 19. Measurements of holotype and eleven paratypes of Cavolinia shibatai sp. nov. 

Locality  shell height shell width dorso-ventral 

     diameter 

Anda1  3.40 3.24 1.91

Anda2  4.23 3.15 2.24

   4.23 3.82 2.49

   3.90 2.99 2.16

   3.90 3.98 2.24

Tiep2  6.14 4.98 3.07

   6.31 4.32 3.24

   4.81 4.07 2.66

   4.48 3.57 2.16

   4.81 4.65 2.66

   4.48 4.07 2.24

   5.89 4.65 2.90 (holotype)
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Cavolinia tridentata (Niebuhr, 1775)

Fig. 8; Pl. 5, fi g. 7.

 Synonymy – For extensive synonyms of Recent occurrences see van der Spoel (1967, 

p. 94), to which should be added the following.

. 1878 Cavolinia tridentata (Anomia) Forskal: Tiberi, p. 69.

.  1880 Cavolinia tridentata (Anomia) Forskal: Tiberi, p. 29.

. 1905 Cavolinia tridentata Forsk. sp. (Anomia): Bellini, p. 31.

? 1921 Cavolinia tridentata Forskål n. subsp.: Vaughan & Woodring, p. 137.

. 1928 Cavolina telemus (Linné): Woodring, p. 113, pl. 1, fi gs. 6, 7.

. 1934 Cavolina telemus (Linné): Collins, p. 188, pl. 8, fi gs. 4-7.

. 1972 Cavolinia telemus Linnaeus: Noda, p. 479, pl. 57, fi gs. 14-17, 19, 20, 22-26, 29-31.

. 1974  Cavolinia tridentata (MS. Forskäl) (Niebuhr): van der Spoel, p. 100ff, fi gs. 4-6 (including 

synonymy).

. (1975) Cavolinia tridentata: Rampal, p. 198, fi gs. 52, 53.

. 1976b  Cavolinia tridentata (ms. Forskäl) (Niebuhr): van der Spoel, p. 55ff, fi gs. 48-56 (including 

synonymy).

? 1982  Cavolinia tridentata (ms. Forskäl) (Niebuhr): Grecchi, p. 724, pl. 52, fi g. 6a, b (partim? non 

Niebuhr?).

. 1989 Cavolinia tridentata (Niebuhr): Lalli & Gilmer, p. 151ff, colour fi g. 7.

v. 1998 Cavolinia tridentata (Niebuhr): Janssen, p. 102, pl. 2, fi g. 1.

v. 1999a Cavolinia cf. tridentata (Niebuhr): Janssen, p. 25, pl. 5, fi gs. 1-3.

v. 2004 Cavolinia tridentata (Niebuhr): Janssen, p. 117, pl. 4, fi gs. 2a, b, 3.

Fig. 8. Cluster of poorly preserved Cavolinia tridentata, from locality Anda1 (RGM 517 824).
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 Description – Largest Cavolinia species (H to over 12 mm). The ventral shell part is 

swollen with an almost fl at to slightly concave area close to the somewhat refl ected ap-

ertural margin. Growth lines are clear, irregular in strength and in most specimens not 

developed as a transverse ornament, as in many other species of this genus. In just a 

few shells they are regularly spaced and somewhat stronger developed on and above 

the point of strongest curvature. In their middle part they are slightly recurved in apical 

direction. In the adapical half of the ventral shell part, some vague and irregularly 

spaced radial lines are visible. The dorsal side of the shell is much fl atter and has fi ve 

radial ribs. The middle one of these is well separated from the lateral sets of two ribs, 

that lay close together and in some specimens merge almost completely. Lateral areas 

are slightly swollen. There is a prominent ridge all along the apertural margin in front 

of which an apertural lip is preserved in some specimens. The greatest width of the 

shell is above the lateral spines.

 Material examined – Anda1, RGM 517 820 (1; Pl. 5, fi g. 7), RGM 517 821 (1), RGM 517 

822 (4 fragments), RGM 517 823 (15), RGM 517 824 (10 on slab of matrix; Fig. 8); Anda2, 

RGM 517 825 (1, 2 fragments), RGM 517 826 (1 cf.), RGM 517 827 (1); Anda3, RGM 517 828 

(1 fragment); Anda5, RGM 517 829 (5 internal moulds); Anda6, RGM 517 830 (1, 2 frag-

ments), RGM 517 831 (1); RGM 517 832 (9 fragments); AndaClif1, RGM 429 292 (2 frag-

ments); AndaClif3, RGM 429 326 (7 fragments); Tiep2, RGM 517 833 (1, 4 fragments).

 Discussion – Specimens of this large Cavolinia species are extremely fragile in the 

Pangasinan material, and, therefore, are predominantly represented by fragments and 

internal matrix moulds. Just a few specimens are somewhat better preserved. In one 

specimen (RGM 517 826) from locality Anda2, the apical spine is curved dorsally in-

stead of almost straight, as in typical C. tridentata. The specimen has size and ornament 

of the present species, but because of its bent larval shell it has to be identifi ed Cavo-
linia cf. tridentata.

 In the Recent fauna this species has a somewhat patchy circumglobal distribution 

(van der Spoel, 1967, fi g. 356; Bé & Gilmer., 1977, p. 785, fi g. 27) between 65° N (in the 

Atlantic) and 50° S. The species is present all over the Mediterranean (type area), but 

apparently does not occur in the Caribbean and the Red Sea. This wide distribution un-

derlies the existence of numerous forms described in the course of time. The specimens 

from Pangasinan agree to a large extend with the typical form, as illustrated by Rampal 

(1975, fi g. 52M) and others.

 From Japan, Shibata & Ishigaki (1981, fi g. 5) recorded this species from Blow zone 

N17 (Tortonian/Messinian) onwards, but it should be checked if the older occurrences 

(up to and inclusive of Zanclean) do not belong to Cavolinia grandis (Bellardi, 1873). The 

latter species was demonstrated to predate C. tridentata in Mediterranean localities and 

in New Zealand (Janssen, 1995, 2000b, 2004). The occurrence of C. grandis in the Japa-

nese Pliocene is acknowledged by Ujihara (1996, p. 783, as Cavolinia rattonei Simonelli, 

1896 = C. grandis) from the lower part of the Miyazaki Group, Tsuma Member (Blow 

zones N18-20). The same author recorded C. tridentata only from the upper part of the 

Takanabe Member, which was supposed to represent the upper part of Blow zone N20. 

These data approach the observations in Europe and New Zealand closely.
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Cavolinia vendryesiana (Guppy, 1873) forma hyugaensis Ujihara, 1996

Pl. 6, fi g. 1.

. 1990 Cavolinia cf. C. vendryesiana (Guppy): Ujihara et al., p. 321, pl. 2, fi gs. 13, 14.

* 1996 Cavolinia vendryesiana hyugaensis new subspecies: Ujihara, p. 785, fi gs. 7.18-30.

. 2004 C. vendryesiana f. hyugaenesis: Janssen, p. 120.

 Description – See Ujihara (1996). The present material convincingly shows the most 

important difference compared to other forms of C. vendryesiana (for a more general 

description and synonyms, see Janssen, 2004, p. 118), viz. the presence of a fl attened 

area behind the horseshoe-shaped ridge on the dorsal shell part. Just as it is visible in 

some of the specimens illustrated by Ujihara, this fl attened area sometimes develops 

as two faintly concave depressions, situated on both sides of the vertical midline and 

touching the lower edge of the ridge. The Japanese specimens, however, differ in pro-

portions; their greatest width is situated above the lateral spines, whereas in the present 

material it is situated at the spines. Furthermore, the Japanese shells have a larger dor-

so-ventral diameter.

 Material examined – Anda1, RGM 517 834 (3), RGM 517 835 (4, 23 fragments); Anda2, 

RGM 517 836 (5), RGM 517 837 (3, many fragments), RGM 517 838 (1; Pl. 6, fi g. 1); 

Anda3, RGM 517 839 (2), RGM 517 840 (4, many fragments); Anda4, RGM 517 841 (3), 

RGM 517 842 (6, 18 fragments); Anda6, RGM 517 843 (2 fragments); AndaClif1, RGM 

429 293 (4 fragments); AndaClif3, RGM 429,327 (1 fragment); Roxas, RGM 517 844 (4 

fragments); Tiep2, RGM 517 845 (9, 14 fragments); Tiep4, RGM 517 846 (1); Tiep5, RGM 

517 847 (1, 2 fragments).

 Discussion – Janssen (2004, p. 118) discussed the various morphs of Cavolinia vendrye-
siana, concluding an infrasubspecifi c status for most of them. The observation that the 

Pangasinan material agrees with the forma hyugaensis in its most important characteristic, 

but differs in proportions, acknowledges the idea that such differences should not be con-

sidered to be of much taxonomical importance. According to Ujihara the Japanese mate-

rial was collected from Blow zones N18-20 (Zanclean). It is a common species in the 

Takanabe Member, Miyazaki Group (Ujihara, 1996, table 1) with which the Pangasinan 

assemblages are correlated here (see the chapter on age assignment, below). (See p. 126.)

Cavolinia ventricosa (Guppy, 1882)

Pl. 5, fi g. 2.

* 1882 Hyalea ventricosa n. sp. Guppy, p. 176, pl. 7, fi g. 15.

 1903 Cavolinia ventricosa Guppy: Dall, p. 1582.

.v 1928 Cavolinia ventricosa (Guppy): Woodring, p. 114, pl. 1, fi gs. 8, 9.

.v 1934 Cavolinia ventricosa (Guppy): Collins, p. 184, pl. 7, fi gs. 16-18.

 1960 Covolinia (sic) ventricosa (Guppy): Pchelintsev & Korobkov, p. 252, fi g. 710.

 1970 Cavolina (Cavolina) cf. C. ventricosa (Guppy): Woodring, p. 429, pl. 63, fi gs. 11, 12.

 1982 Cavolinia ventricosa (Guppy): Bernasconi & Robba, pp. 217, 218.

.v 1998 Cavolinia ventricosa (Guppy): Janssen, p. 102, pl. 2, fi gs. 4-8 (with lectotype designation).

 Description – See Janssen (1998).
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 Material examined – AndaDeVos, RGM 517 848 (1 fragment; Pl. 5, fi g. 2).

 Discussion – This is the fi rst record of this species from a Pacifi c locality. The single 

fragment collected at the AndaDeVos locality agrees completely with the dorsal shell 

part ornament confi guration of the lectotype, as illustrated by Janssen (1998, pl. 2, fi g. 

7). The species is known from the Piacenzian of Bowden, Jamaica, and from two locali-

ties in Haiti (Port-au-Prince Beds). Bowden and Port-au-Prince for a long time were 

considered to be contemporaneous (e.g., Stainforth, 1948) and of Miocene age. Aubry 

(1993), Berggren (1993) and Janssen (1998) demonstrated the Middle Pliocene age of the 

Bowden Beds convincingly. Pteropod species recorded from Port-au-Prince by Collins 

(1934, pp. 157, 158, stations 9578 and 9654) agree with the Bowden shell beds faunas, 

leading to the conclusion that the Port-au-Prince Beds are coeval.

Cavolinia sp. 1

Pl. 6, fi g. 3.

 Description – Just two fragments of the dorsal shell part were found. In both cases 

they show seven radial ribs of approximately the same width, the middle one just 

slightly wider than the others. Concentric growth lines are visible. Apical, apertural and 

ventral shell parts are missing.

 Material examined – Anda6, RGM 517 849 (1; Pl. 6, fi g. 3); RGM 517 850 (1 fragment).

 Discussion – These two fragments cannot be related to any known cavoliniid spe-

cies.

Cavolinia sp. 2

Pl. 6, fi g. 4.

 Description – A single, poorly preserved specimen, is available. It is a somewhat in-

durated internal mould with shell remnants. Shell height is almost 4.0 mm, width 2.5 

mm and dorsoventral diameter 1.5 mm. The dorsal shell part has fi ve radial ribs, vague-

ly delimited, the central one wider and more separated from the two sets of lateral ribs. 

Dorsal apertural margin strongly overhanging the aperture. No distinctly separated ap-

ertural lip is present (or preserved). Lateral spines very weak. Ventral shell part most 

convex at half the shell height.

 Material examined – Tiep1, RGM 517 852 (1; Pl. 6, fi g. 4).

 Discussion – This specimen does not agree with any of the other cavoliniids in the 

Pangasinan material and might represent an undescribed species.

 Remarks – Fragmentary Cavolinia-material that cannot be identifi ed to species level 

is available from most localities. Internal moulds and/or fragments from dorsal and/or 

ventral shell parts are in the collection (but not specifi ed in Table 26) from Anda5, RGM 
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517 852 (5); AndaClif1, RGM 429 295 (many fragments); AndaClif3, RGM 429 331 (many 

fragments); AndaDeVos, RGM 517 853 (many fragments); Roxas, RGM 517 854 (12 frag-

ments); Tiep1, RGM 517 855 (2); Tiep3, RGM 517 856 (12 fragments); Tiep5, RGM 517 

857 (many fragments).

 Apical shell parts: Anda1, RGM 517 858 (many); Anda2, RGM 517 859 (many); 

Anda3, RGM 517 860 (many); Anda4, RGM 517 861 (many); Anda6, RGM 517 862 (13); 

AndaClif1, RGM 429 296 (30); AndaClif3, RGM 429 332 (25); AndaDeVos, RGM 517 863 

(many); Roxas, RGM 517 864 (15); Tiep2, RGM 517 865 (many); Tiep3, RGM 517 866 (9); 

Tiep4, RGM 517 867 (9); Tiep5, RGM 517 868 (14).

Genus Diacavolinia van der Spoel, 1987

 Type species – Diacavolinia longirostris (de Blainville, 1821) (Recent).

 Remarks – A completely different ontogeny of the initial shell parts induced van der 

Spoel (1987, p. 77) to the introduction of the genus Diacavolinia, a monotypic genus, 

with Cavolinia longirostris as type species. Diacavolinia species differ from all Cavolinia 

species by shedding of the larval shell and closing of the opening in the teleoconch by 

bending together the dorsal and ventral shell walls, without a septum being formed 

(so-called ‘closing joint’). In some of the Diacavolinia  -species and also in the fossil spe-

cies described below, however, a narrow septum is present. The development of larvae 

into fully grown individuals is described in detail by Bandel & Hemleben (1995).

 ‘Cavolinia’ longirostris for a very long time was considered a ‘good species’, in which 

just some subspecies and formae were accepted. Van der Spoel et al. (1993) restudied the 

Diacavolinia longirostris complex, raised six already existing infraspecifi c taxa to species 

level and introduced 18 new species (and two formae) in the genus Diacavolinia. All 24 

species resemble each other to a large extent and it has yet to be demonstrated that they 

do merit specifi c status.

 No fossil species have been described in this genus so far. The species present in the 

Pangasinan material does not agree with any of the described Recent taxa and is here 

introduced as a new species.

Diacavolinia pristina sp. nov.

Pl. 6, fi gs. 5, 6.

 Holotype – RGM 517 873 (Pl. 6, fi g. 5).

 Type locality – Anda4, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).

 Stratum typicum – Greyish-brown marlstone, in interbedded sandstone, siltstone 

and claystone, below Bolinao Limestone, Pliocene.

 Derivatio nominis – From L. pristinus (adj.) = former, as this is the fi rst fossil species 

in the genus Diacavolinia.
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 Paratypes – Anda1, RGM 517 869 (3 fragments), RGM 517 870 (1; Pl. 5, fi g. 6); Anda2, 

RGM 517 871 (1, 10 fragments); Anda4, RGM 517 872 (8, 10 fragments); Roxas, RGM 517 

874 (2 fragments).

 Diagnosis – Small (H = 2.56 mm) Diacavolinia of triangular shape, lateral spines 

weakly developed, dorsal apertural lip overhanging the aperture, but snoutlike com-

pression barely present, no outer hump.

 Description – The shell is roughly triangular in shape. When the larval shell is shed, 

a slitlike joint of dorsal and ventral shell parts remains that in one specimen at least is 

closed with a narrow septum. Dorsal shell part rather convex, with a well-developed 

apertural lip, in some specimens as a weak snout, or rostrum; an outer hump is absent. 

There are fi ve faintly developed radial ribs, the central one continuing into the rostrum, 

the two lateral ones (‘lock ribs’ of van der Spoel et al., 1993) barely visible. Lateral spines 

straight and short. Ventral shell part more swollen, slightly wider than high and occu-

pying 60 % of the shell’s height. Very faint transverse ornament is present on the most 

convex part near the aperture. Two vague radial grooves are seen in fl oodlight, running 

from the caudal shell part into the direction of the closing mechanisms. The apertural 

margin of this shell part is slightly recurved and in some specimens slightly less high in 

its middle part.

 Discussion – This species is smaller than all forms described by van der Spoel et al. 
(1993). The smallest Recent species is Diacavolinia angulosa (Gray, 1850), with a shell 

height ranging between 3.0 and 4.8 mm, which differs clearly by the presence of a well-

developed outer hump and a distinctly separated rostrum (van der Spoel et al., 1993, p. 

143). Generally speaking it can be said that all the species described by van der Spoel et 
al. resemble each other more closely than D. pristina.

 This is the fi rst Diacavolinia species recorded as a fossil. Janssen (2004, p. 117) sug-

gested that the specimen illustrated by Shibata (1984, pl. 7, fi g. 4) as Cavolinia longirostris 

forma angulosa (Gray) could represent a Diacavolinia species, as Shibata wrote that the 

dorsal lip is rostrate and separated from the rest of the dorsal surface by a deep trans-

verse groove. These characteristics, however, do not occur in the illustrated specimen 

and the description rather refers to material of Pleistocene age, published by Shibata & 

Ujihara (1983, p. 165, pl. 45, fi g. 6) as Cavolinia longirostris angulosa, but even that speci-

men, considering the illustration, seems to be a real Cavolinia.

Genus Diacria Gray, 1847

 Type species – Diacria trispinosa (de Blainville, 1821) (Recent).

 Remarks – Species of this genus differ markedly from Cavolinia. Diacria has a straight 

or just slightly deviating larval shell with a clearly separated spherical or elliptical 

protoconch-1, whereas in Cavolinia the larval shell is curved and conical without a 

clearly separated protoconch-1. Furthermore the apertural margins in Diacria  are rein-

forced by considerably thickened ridges. In Cavolinia and Diacavolinia the margins are 

not thickened, but recurved (ventral apertural lip) or developed into an apertural lip 
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or rostrum (dorsal shell part). A similar type of protoconch as in Diacria is seen in the 

Miocene genus Diacrolinia Janssen, 1995, in which, however, the apertural margins are 

more Cavolinia-like.

 The samples studied for this paper yielded fi ve  species of Diacria. Three of these 

appeared to be undescribed and for a further one a new forma is introduced. Speci-

mens retaining their protoconch were found of D. italica f. fi ssicostata and D. paeninsula. 
In D. philippinensis and presumably also in D. microstriata the protoconch is shed. The 

larval shell of D. trispinosa differs by its spherical protoconch-1 and could easily be 

recognised even if isolated. A further number of larval shells could not be identifi ed 

with certainty and is included in the collection as Diacria sp. Some of these are illus-

trated herein (Pl. 25, fi gs. 4-6).

Diacria italica Grecchi, 1982 forma fi ssicostata f. nov.

Pl. 7, fi gs. 1, 2; Pl. 8, fi g. 7; Pl. 24, fi gs. 11, 12.

. 1978  Diacria cf. digitata (Guppy): Grecchi, p. 112, fi g. 5 (pars, non Guppy, non fi gs. 1-4, 6-10 = D. 
italica sensu stricto).

v. 1982  Diacria digitata (Guppy) italica Grecchi ssp.n., p. 723, pl. 54, fi g. 5 (pars, non Guppy, non fi gs. 

1-4 = D. italica sensu stricto).

 Holotype – RGM 517 875 (Pl. 7, fi g. 1).

 Type locality – Anda1, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).

 Stratum typicum – Greyish-brown to yellowish-brown marlstone, below Bolinao 

Limestone Formation, Pliocene.

 Derivatio nominis – From L. fi ssum - fi ssure, and costa - rib; fi ssicostata - with a divided 

rib.

 Paratypes – Anda1, RGM 517 876 (3), RGM 517 877 (many fragments), RGM 517 878 

(2 protoconchs), RGM 517 879 (1 protoconch; Pl. 8, fi g. 7); Anda2, RGM 517 880 (9), 

RGM 517 881 (many fragments), RGM 517 882 (5 protoconchs), RGM 539 833 (1 proto-

conch; Pl. 24, fi g. 11), RGM 539 834 (1 protoconch; Pl. 24, fi g. 12); Anda3, RGM 517 883 

(7, 16 fragments), RGM 517 884 (2 protoconchs); Anda4, RGM 517 885 (3, 5 fragments), 

RGM 517 886 (1; Pl. 7, fi g. 2); Anda6, RGM 517 887 (4 fragments); AndaClif1, RGM 429 

297 (4 fragments); AndaClif3, RGM 429 333 (2 fragments); AndaDeVos, RGM 517 888 (1, 

6 fragments), RGM 517 889 (1 protoconch); Roxas, RGM 517 890 (6 fragments).

 Two fragments from the Piacenzian of Campore (near Salsomaggiore, Parma, Italy; 

leg. L. Bertolaso, don. 1991) are in the Leiden collection (RGM 396 681). Two fragments 

from Volpedo, Ca’ Barbieri (Italy, Alessandria) are in coll. G. Grecchi (Milano, Italy), one 

of them illustrated in Grecchi (1978, fi g. 5).

 Diagnosis – This new forma consistently differs from the typical species by the pres-

ence of a short fi ssure in the central rib on the dorsal shell part, close to the apertural 

margin.
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 Description – Shell lozenge-shaped, shell height (inclusive of protoconch) approxi-

mately 4.0 mm, shell width between the spines 3¼ mm, dorso-ventral diameter around 

1.5 mm. Well-developed lateral spines at about mid-height (when complete). Dorsal 

shell part with three radial ribs in the centre part of the shell, separated by narrower 

interspaces. The middle rib over a short distance subdivided in two, close to the thick-

ened apertural margin. The triangular lateral areas are slightly swollen, but not clearly 

developed into ribs, as seen, for example, in Diacria trispinosa. Ventral shell part swol-

len, considerably more convex than the dorsal one. Vaguely delimited radial ribs are 

visible in the adapical part and narrow radial lines occur close to the recurved apertur-

al lip. Larval shell not shed, but usually broken, no closing septum is formed. Proto-

conch (Pl. 8, fi g. 7) elliptical with a rounded tip, strongly resembling the protoconch of 

Diacria philippinensis, but with a slightly wider apical angle, larger dorso-ventral diam-

eter and radial ornament on dorsal side of protoconch-2 starting earlier.

 Discussion – Grecchi (1982) introduced the name italica as a subspecies of Diacria 
digitata (Guppy, 1882). The same author had described and illustrated this form earlier, 

but without naming it (Grecchi, 1975, p. 228, pl. 1, fi gs. 3-5; 1978, p. 111, pl. 1, fi gs. 1-10). 

Unfortunately, his 1978 photographs show much better preserved specimens than the 

one chosen as the holotype (Grecchi, 1982, pl. 54, fi g. 1), in which the apertural shell 

parts are not preserved. Two incomplete specimens in his material (1978, fi g. 5; 1982, fi g. 

5) show the characteristic so typical for all Pangasinan specimens; that is, a separation 

in two of the central radial rib on the dorsal side, close to the aperture. This feature was 

not mentioned by Grecchi. As is clear from the exclusive occurrence of this form in the 

present samples, this is not an incidental feature of the species. Contrary to the Philip-

pine material it seems to occur only uncommonly in the Italian specimens.

 Diagnostic characteristics for the distinction from D. digitata, referred to by Grecchi 

in his description of the subspecies italica, are lateral spines more conical and more de-

veloped, constriction near the dorsal lip stronger, and lateral margins and margins of 

the dorsal lip less wide. Grecchi compared his specimens with the illustrations of D. 
digitata in Collins (1934, pl. 11, fi gs. 1-9) and the differences can easily be seen by com-

paring the illustrations. Additional differences are the lower position of the considera-

bly more weakly developed lateral spines that are commonly pointing downwards in 

D. digitata. These features are all acknowledged in the lectotype of D. digitata (desig-

nated Janssen, 1998, pl. 2, fi g. 9a-d). For all these reasons the taxon D. italica is here 

considered to be an independant species.

 The remaining question, however, is whether or not typical D. italica has a subdi-

vided central rib on the dorsal side and that is not so easy to answer a question. The 

holotype of D. italica, curiously enough, is a poorly preserved specimen (seen in 1992 in 

the collections of the Università degli Studi di Milano, Sezione Geologia e Paleontolo-

gia, Milano, Italy, and reillustrated herein Pl. 6, fi g. 7) in which the dorsal apertural part 

is missing. This specimen therefore does not give a clue. On the other hand, of all the 

illustrations given by Grecchi (1975, 1978, 1982), just two incomplete specimens show 

the split rib and the feature was not mentioned in Grecchi’s descriptions. Therefore, the 

specimen illustrated by Grecchi (1978, fi gs. 8-10) is here considered to represent ‘typi-

cal’ Diacria italica.

 Specimens from Japan (Blow zones 18-20) illustrated by Shibata (1980, pl. 3, fi g. 18a-
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c, as Cavolinia digitata) and Ujihara (1996, fi gs. 6/1-6, as Diacria digitata subsp. indet.) are 

here considered to represent the typical form of D. italica. The occurrence of typical D. 
italica as well as the form with the subdivided rib in the Pliocene of both the Mediter-

ranean and the western Pacifi c indicates that the latter should be considered either a 

separate species or a forma. Because of the overlapping distributions and the only small 

distinguishing feature preference is given here to introduce it as a forma, D. italica f. fi s-
sicostata.

 The Late Miocene Diacria mbaensis Ladd, 1934 (Janssen, 1999b, pl. 1, fi gs. 6, 7, pl. 2, 

fi gs. 13, 14) is a related species with a very similar shape of the protoconch, but differing 

from D. italica in having fi ve radial ribs on the dorsal side, separated by narrower inter-

spaces, less developed lateral spines and a considerably weaker constriction of the ada-

pertural part of the dorsal side.

Diacria microstriata sp. nov.

Pl. 8, fi g. 1.

 Holotype – RGM 517 891 (Pl. 8, fi g. 1).

 Type locality – AndaDeVos, Cabarruyan Island (Pangasinan, Philippines), coastal 

cliff section at co-ordinates N16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao. Leg. 

J. de Vos, April 2000.

 Stratum typicum – From interbedded marlstone, sandstone and claystone below 

Bolinao Limestone Formation, Pliocene.

 Derivatio nominis – From Gr. μικρός (mikros) (adj.) - small, and L. striatus (adj.) - stri-

ate; microstriata = with fi ne striation.

 Paratypes – Anda6, RGM 517 893 (3, 4 fragments); AndaDeVos, RGM 517 892 (1 frag-

ment).

 Diagnosis – An ovate Diacria unlike any of the known species, shell height approxi-

mately 4¼ mm. Greatest shell-width situated just above the middle. Lateral spines 

weakly developed, straight. Base of shell with very weak radial ornament. Ventral and 

dorsal shell parts with micro-ornament of longitudinal striation.

 Description – Shell medium-sized (H approximately 4¼ mm), ovate, with distinctly 

separated dorsal and ventral shell parts. Apical spine absent in all specimens, probably 

shed, protoconch unknown (apical shell parts identifi ed herein as Diacria sp. (Pl. 25, 

fi gs. 4-6) might belong to the present species). In the holotype the opening seems to be 

closed by a septum. Lateral spines weakly developed, straight. Distance between spines 

65 % of shell width. Maximum shell width just above the horizontal midline. Dorsal 

shell part slightly convex. Surface smooth, apart from some vague radial element in the 

base of the shell (fl oodlight) that fade away rapidly adaperturally. Apertural margin 

thickened, especially at the places of the closing mechanism, where the dorsal shell part 

is slightly constricted. The upper two thirds has a micro-ornament of longitudinal stria-
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tions, resembling the ornament in Cuvierina (Urceolarica) species (magnifi cation 25 ×). 

This ornament is especially well visible at places where light refl ects on the shell’s sur-

face. Growth lines are relatively distinct, at places they cause a slight undulation of the 

shell-wall. Ventral shell part more convex than dorsal one, with a straight and thick-

ened apertural margin, slightly recurved outward, lower than the dorsal margin. Orna-

ment of lowermost ventral shell part with barely visible radial elements. Micro-orna-

ment as in dorsal shell part. Growth lines show a slight curvature in adapical direction 

close to the apertural margin.

 Measurements - Four more or less complete specimens were measured (Table 20).

 Discussion – Because of its thickened apertural margins and shed apical shell part, 

this species distinctly belongs in the genus Diacria, but it does not resemble any of the 

known species. The ovate shell form, the weak radial ornament and the presence of 

micro-ornament distinguish it from all other known taxa. Another Diacria, however, in 

the present material, described below as D. paeninsula sp. nov., has similar shape and 

ornament, but remains much smaller, lacks the micro-ornament and its larval shell is 

not shed.

 Interesting is the occurrence of Diacria microstriata in just two samples (AndaDeVos 

and Anda6), in which D. paeninsula is absent. The precise location of sample AndaDe-

Vos is unknown, but as it yielded the present species it might be taken at or near the 

Anda6 locality.

Diacria paeninsula sp. nov.

Pl. 8, fi gs. 2-4.

 Holotype – RGM 517 896 (Pl. 8, fi g. 2).

 Type locality – Anda2, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).

 Stratum typicum – Greyish-brown to yellowish-brown marlstone, below Bolinao 

Limestone Formation, Pliocene.

 Derivatio nominis – From L. paeninsula, named after the peninsula of Anda, at Cabar-

ruyan Island.

Table 20. Measurements of four specimens of Diacria microstriata sp. nov.

  H W H/W- W of  dorso-ventral

    ratio septum diameter

holotype 4.39 3.53 125 0.28 1.91

Anda6 4.36 3.57 122 0.22 1.99

  4.15 3.24+ 128- 0.24 1.74

  4.23 3.57 119 0.32 - 
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 Paratypes – Anda1, RGM 517 894 (1 fragment), RGM 517 895 (1, 16 fragments), RGM 

517 956 (1 protoconch); Anda2, RGM 517 897 (2, 32 fragments), RGM 517957 (2 proto-

conchs); Anda3, RGM 517 898 (17 fragments), RGM 517 899 (1 protoconch; Pl. 8, fi g. 4), 

RGM 517 958 (1 protoconch); AndaClif1, RGM 429 298 (10 protoconchs); Roxas, RGM 

517 900 (1 fragment); Tiep3, RGM 517,901 (7 fragments), RGM 517 959 (2 protoconchs); 

Tiep 4, RGM 517 802 (1 fragment), RGM 517 960 (14 protoconchs), RGM 517 961 (1 pro-

toconch; Pl. 8, fi g. 3); Tiep5, RGM 517 903 (5 fragments), RGM 517 962 (2 protoconchs).

 Diagnosis – Small Diacria species (H just over 2 mm) with broadly ovate shell and 

very weak dorsal ornament of fi ve ribs, fading out adaperturally. Larval shell with el-

liptical protoconch-1, not shed. Lateral spines curved downward.

 Description – Small Diacria-species (H approximately 2¼ mm) of broadly oval shape. 

Dorsal and ventral shell parts distinctly separated, the ventral one more convex. Dorso-

ventral diameter half the shell width. Apical shell part with protoconch retained, proto-

conch-1 elliptical, protoconch-2 conical, separated by a faint constriction, with a carina 

and clear wrinkles at the sides. Lateral spines rather well-developed, pointing down-

wards. Distance between lateral spines 70 % of maximal shell width.

 Dorsal shell part with a weak radial ornament of fi ve ribs in the basal part, fading 

out towards the aperture. Middle rib narrow, lateral ribs twice as wide. Dorsal aper-

tural margin thickened, hardly or not constricted where dorsal and ventral shell parts 

touch.

 Ventral shell part less high than dorsal one, practically smooth, some radial ele-

ments are seen in fl oodlight. Ventral apertural margin almost straight, clearly thickened 

and slightly curved outward. Apart from the weak radial ornament and growth lines 

the surface of both sides is shiny, there is no micro-ornament.

 Measurements – See Table 21 for measurements of the adult shell and Table 22 for 

protoconch measurements.

Table 21. Measurements of holotype and four paratypes of Diacria paeninsula sp. nov.

  H W H/W- W between  dorso-ventral

  ratio spines diameter

holotype 2.44 1.76 139 1.24 0.84

Anda1 2.64 1.84 143 1.16 1.00

Anda2 2.64 1.96 135 1.40 -

  - - - 1.32 -

  2.60 - - 1.40 -

Table 22. Measurements for four specimens of protoconch-1 of Diacria paeninsula sp. nov.

 

n = 4 H W dorso-ventral

    diameter

range 0.240-0.280 0.176-0.184 0.142-0.146

mean  0.265 0.180 0.143
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 Discussion – This species is not rare, but predominantly represented by fragments, 

the holotype being the only complete specimen. It is unlike any of the existing species 

of Diacria, but resembles somewhat the general shape of D. microstriata sp. nov., de-

scribed above. It remains smaller, about half the size of that species, it has clearly down-

ward-pointed lateral spines and no micro-ornament. Furthermore, the larval shell is 

retained, not shed. Diacria paeninsula was found at several localities, but is absent from 

the two samples that yielded D. microstriata.

Diacria philippinensis sp. nov.

Pl. 7, fi g. 3; Pl. 8, fi g. 6; Pl. 25, fi g. 1.

 v.  (2000a) Diacria aff. mbaensis (Ladd): Janssen, pp. 3, 4 (non Ladd). 

 Holotype – RGM 517 904 (Pl. 7, fi g. 3).

 Type locality – Anda1, Cabarruyan Island (Pangasinan, Philippines), coastal cliff sec-

tion at co-ordinates c. N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao (Fig. 1).

 Stratum typicum – Greyish-brown to yellowish-brown marlstone, below Bolinao 

Limestone Formation, Pliocene.

 Derivatio nominis – The species is named after the Republic of the Philippines (Re-

publika ng Pilipinas, in Filipino language).

 Paratypes – Anda1, RGM 517 905 (26), RGM 517 906 (many fragments), RGM 517 907 

(2 protoconchs), RGM 517 930 (1 protoconch; Pl. 8, fi g. 6), RGM 539 835 (1; Pl. 25, fi g. 1); 

Anda2, RGM 517 908 (28), RGM 517 909 (many fragments), RGM 517 910 (16 proto-

conchs); Anda3, RGM 517 911 (25), RGM 517 912 (many fragments), RGM 517 913 (10 

protoconchs); Anda4, RGM 517 914 (1), RGM 517 915 (14), RGM 517 916 (many frag-

ments), RGM 517 917 (4 protoconchs); Anda6, RGM 517 918 (1), RGM 517 919 (5, many 

fragments); AndaClif1, RGM 429 299 (25 fragments); AndaClif3, RGM 429 334 (14 frag-

ments), RGM 429 335 (1 protoconch); AndaDeVos, RGM 517 920 (7); RGM 517 921 (many 

fragments); Roxas, RGM 517 922 (10 fragments), RGM 517 923 (1 protoconch); Tiep1, 

RGM 517 924 (1); Tiep2, RGM 517 925 (7), RGM 517 926 (many fragments); Tiep3, RGM 

517 927 (1, 12 fragments); Tiep 4, RGM 517 928 (2 fragments); Tiep 5, RGM 517 929 (2, 10 

fragments).

 Diagnosis – Diacria species of the D. quadridentata group, shell height approximately 

2.5-3.0 mm. Greatest shell-width situated at the lateral spines. Strong dorsal ornament 

of fi ve radial ribs. Transverse ornament of a variable number of distinct crests on dorsal 

side close to the apertural margin. Transverse striae on ventral shell part weak.

 Description – Shell globose, slightly higher than wide. Ventral shell part far more 

convex than dorsal one, with strongest infl ation just above the middle of the shell height 

(lateral view). The greatest width of the shell usually is at the rather well-developed lat-

eral spines that are straight or slightly curved adapically. In a few specimens the dis-



Janssen. Holoplanktonic Mollusca from the Pliocene of Pangasinan. Scripta Geol., 135 (2007) 101

tance between the spines is slightly less than the greatest width of the shell. Ventral ap-

ertural margin straight and curved outward. Ornament on ventral side close to the ap-

erture weak, only visible in fl oodlight. Dorsal apertural margin thickened (particularly 

where dorsal and ventral sides are connected with a closing mechanism) and with some 

concentric furrows. A variable number (2-9; Pl. 25, fi g. 1) of distinct transverse crests is 

present close to the dorsal apertural margin. Apical spine shed in all specimens, open-

ing closed with a slightly convex or fl at septum. Larval shell with an elliptical proto-

conch-1, protoconch-2 fl at and slender (more so than in D. italica f. fi ssicostata), smooth, 

with lateral carinae.

 Measurements – Measurements of 14 specimens are given in Table 23.

 Discussion – In the fi rst report on the Pangasinan material (Janssen, 2000a), frag-

ments of this species were identifi ed as Diacria aff. mbaensis. The abundant new mate-

rial, however, in a much better state of preservation, demonstrates that it belongs to the 

group of Recent Diacria quadridentata, in which several infraspecifi c taxa used to be ac-

cepted (van der Spoel, 1971, 1976b).

 A dichotome identifi cation key in van der Spoel (1976, p. 50) leads to six formae of 

D. quadridentata. Van Leyen & van der Spoel (1982) raised most of these to species level. 

The following Recent species nowadays are recognised; D. quadridentata (de Blainville, 

1821), D. costata Pfeffer, 1880, D. danae van der Spoel, 1968, D. schmidti van der Spoel, 

1971, and D. erythra van der Spoel, 1971. In each of the two last named species, two 

subspecies are recognised. These are all characterised by a more or less globular form of 

the fully grown shell and a larval shell with elliptical protoconch-1 that is shed in adult 

specimens, the opening closed by a septum. The geographical distributions are some-

times very large (D. danae: tropical/subtropical, circumglobal), sometimes restricted (D. 
erythra: Red Sea, western Indian Ocean).

 Comparing the measurements given in Table 23 with the data given by van Leyen 

& van der Spoel (1982, p. 109) for the Recent species shows that shell heights of the 

Pangasinan specimens agree reasonably well with the Recent D. erythra f. erythra, but 

other dimensions demonstrate considerable differences. For example, the data for 

‘width between lateral spines’ differ strongly; in the measurements of van Leyen & van 

der Spoel these values are lower than ‘shell width’ for all species, whereas in the present 

material ‘shell width’ is practically identical with ‘width between lateral spines’. In this 

respect D. philippinensis differs markedly from all Recent taxa.

 Fossil material of this group has only been mentioned from the Quaternary, for ex-

ample, Shibata & Ujihara (1983, p. 163, pl. 44, fi gs. 10, 11) refer to Middle and Late 

Table 23. Measurements of holotype and 13 paratypes of Diacria philippinensis sp. nov. from locality 

Anda1.

  H W H/W- W of  dorso-ventral

    ratio septum diameter

holotype 2.36 2.24 105 0.80 1.52

range 2.36-3.04 2.08-2.80 104-112 0.80-1.00 1.52-2.08

mean 2.56 2.40 108.8 0.86 1.72



102 Janssen. Holoplanktonic Mollusca from the Pliocene of Pangasinan. Scripta Geol., 135 (2007)

Pleistocene specimens of D. quadridentata erythra from Japan. The present Pangasinan 

samples are the fi rst records of a pre-Quaternary species of this group. The species is 

strikingly common in the samples, hundreds of specimens are found, albeit predomi-

nantly as fragments.

Diacria trispinosa (de Blainville, 1821) forma bisulcata Gabb, 1873

Pl. 7, fi g. 4; Pl. 8, fi g. 5; Pl. 25, fi gs. 2, 3.

v 1873 Diacria bisulcata. Gabb n.s., p. 200.

. 1882 Diacria bisulcata Gabb: Guppy, p. 175 (reprinted in Harris, 1921, p. 244).

 1893 Cavolinia (Diacria) bisulcata Gabb: Dall, p. 430.

v. 1922 Diacria bisulcata Gabb: Pilsbry, p. 309, fi g. 4 (three fi gures).

? 1924  Cavolina sp. cf. C. bisulcata (Gabb): Woodring et al., p. 164 (name only).

. 1928  Diacria bisulcata Gabb: Woodring, p. 116, pl. 1, fi gs. 14, 15 (partim, material includes Stylio-
la subula, see Collins, 1934, p. 199).

. 1934  Diacria bisulcata Gabb: Collins, p. 197, pl. 9, fi gs. 18-20 (copied from Pilsbry, 1922) (partim, 

non pl. 9, fi gs. 13-17 and pl. 10, fi gs. 1-3 = D. trispinosa sensu stricto).

 1972 Diacria bisulcata Gabb: Noda, p. 478, pl. 57, fi g. 18.

 1974 Diacria cf. D. bisulcata Gabb: Perrilliat, p. 35.

 1979 Diacria bisulcata Gabb: Pavia & Robba, p. 564.

 1984  Diacria trispinosa forma trispinosa (Blainville): Shibata, p. 84, pl. 25, fi gs. 1-3 (non forma 

trispinosa).

. 1988 Diacria piccola Bleeker & van der Spoel new species, p. 60, fi gs. 2-4.

v. 1995 Diacria trispinosa (de Blainville): Janssen, p. 107, pl. 9, fi gs. 3, 4 (excl. synonymy).

v. 1998 Diacria trispinosa (de Blainville forma bisulcata Gabb: Janssen, p. 104, pl. 2, fi g. 14.

v. 1999a Diacria trispinosa (de Blainville) forma bisulcata Gabb: Janssen, p. 26, pl. 5, fi gs. 7, 8.

 Description – For a general description of Diacria trispinosa, see van der Spoel (1967, 

p. 84, fi g. 76). The forma bisulcata differs from the typical form by merger of the three 

central radial ribs of the dorsal side into one wide rib. All specimens found in the Pan-

gasinan samples belong to this form. In just a few specimens, using fl oodlight, a tripar-

tition of the central rib is indicated.

 Larval shells (Pl. 25, fi gs. 2, 3) of this species are easily distinguished from the other 

species of Diacria by the shape of the protoconch-1, which is spherical instead of ellipti-

cal in front view and dorso-ventrally compressed (Table 25). The sides of protoconch-2 

are carinated by a doubled carina.

 Measurements – Only few specimens are suffi ciently complete to be measured. Lat-

eral spines are commonly broken and the values for shell height are of little value as the 

apical spine breaks off at random. Results are given in Table 24. The specimen from lo-

cality Tiep2 is striking, being almost twice the size of other shells. Also further speci-

mens, all damaged or fragmentary, from that site are larger than in the other samples. 

In all other respects, however, they agree with the bulk of the material. Measurements 

for protoconchs are given in Table 25. Measured were width, dorso-ventral diameter 

and height of protoconch-1 (from base to the constriction).

 Material examined – Anda1, RGM 517 931 (6), RGM 517 932 (9), RGM 517 933 (1; Pl. 

7, fi g. 4), RGM 517 934 (many fragments), RGM 517 935 (1 protoconch;Pl. 8, fi g. 5); 

Anda2, RGM 517 936 (7), RGM 517 937 (10), RGM 517 938 (many fragments), RGM 517 
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939 (4 protoconchs), RGM 539 836 (1 protoconch; Pl. 25, fi g. 2), RGM 539 837 (1 proto-

conch; Pl. 25, fi g. 3); Anda3, RGM 517 940 (4), RGM 517 941 (6, many fragments), RGM 

517 942 (3 protoconchs); Anda4, RGM 517 943 (7), RGM 517 944 (1, many fragments), 

RGM 517 945 (5 protoconchs); Anda5, RGM 517 946 (4), RGM 517 947 (3); Anda6, RGM 

517 948 (3), RGM 517 949 (2, 17 fragments); AndaClif1, RGM 429 300 (2, 3 fragments); 

AndaClif3, RGM 429 336 (8 fragments); AndaDeVos, RGM 517 950 (2, many fragments); 

Roxas, RGM 517 951 (17 fragments, 2 protoconchs); Tiep1, RGM 517 952 (2); Tiep 2, 

RGM 517 953 (7, many fragments); Tiep3, RGM 517 954 (3 fragments); Tiep5, RGM 517 

955 (4 fragments, 4 protoconchs).

 Discussion – In the discussion on forms of D. trispinosa (de Blainville), Janssen (2004, 

p. 120) did not refer to the paper of Bontes & van der Spoel (1998), in which Diacria ru-
becula Bontes & van der Spoel was introduced. These authors also gave a general dis-

cussion on the D. trispinosa group, inclusive of measurement ranges, a new interpreta-

tion of colour patterns and distribution maps, concluding on six Recent species and a 

further ‘subfossil’ species, D. piccola Bleeker & van der Spoel, 1988.

 Janssen (2004) considered D. piccola, in spite of its small size, identical with D. bisul-
cata Gabb, 1873. In both taxa the dorsal side shows three radial ribs, instead of the usu-

al fi ve in typical D. trispinosa. The wide central rib apparently replaces the three central 

ribs of D. trispinosa. The specimen size obviously is not of any taxonomical value, as is 

also demonstrated by the measurements given in Table 24.

 Diacria trispinosa forma bisulcata was recorded from the Late? Miocene to Early-Mid-

dle Pliocene of the Río Gurabo and Río Mao sections, Dominican Republic (Janssen, 

1999), from the Piacenzian of Bowden, Jamaica (Collins, 1934; Janssen, 1998) and from 

the Italian Late Miocene-Pliocene (Janssen, 1995). Noda (1972) and Shibata (1984), 

among others, recorded occurrences of D. bisulcata/trispinosa in the Plio-Pleistocene of 

Table 24. Measurements of eight fully grown specimens of Diacria trispinosa (de Blainville, 1821) forma 

bisulcata Gabb, 1873.

locality W H H above dorso-ventral

    spines diameter

Anda1 4.73 4.40 2.24 1.74

  4.48 4.32 2.24 1.49

  4.73 4.23+ 2.32 1.66

Anda2 4.56 4.23 2.07 1.58

  4.73 4.40 2.24 1.58

  4.40 4.40 2.16 1.66

Anda3 4.73 4.15 2.07 1.58

Tiep2 8.22 8.22 4.15 2.82

Table 25. Measurements of protoconchs of Diacria trispinosa (de Blainville, 1821) forma bisulcata Gabb, 

1873 from localities Anda1(1), Anda2 (3), Anda4 (5) and Tiep5 (1).

n = 10 W H dorso-ventral

    diameter

range 0.22-0.24 0.18-0.20 0.16-0.18

mean 0.231 0.189 0.165
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Japan. In most of these cases the forma bisulcata co-occurs with typical D. trispinosa. In 

the present samples, however, typical Diacria trispinosa is virtually absent. The exclu-

sive occurrence of f. bisulcata in the Pangasinan material might have taxonomical impli-

cations, as, for example, a higher rank of this taxon after all, but too few distributional 

data are available yet to jump to conclusions.

Family Sphaerocinidae Janssen & Maxwell in Janssen, 1995

Genus Sphaerocina Jung, 1971

 Type species – Sphaerocina formai (Audenino, 1897) emend. Ferrero Mortara et al., 1983 

(Miocene).

Sphaerocina convolvula sp. nov.

Pl. 8, fi g. 8; Pl. 25, fi g. 7.

 Holotype – RGM 517 963 (Pl. 8, fi g. 8).

 Type locality – AndaDeVos, Cabarruyan Island (Pangasinan, Philippines), coastal 

cliff section at co-ordinates N 16º 17.413’ E 119º 56.197’, map-sheet 6975-I, Bolinao. Leg. 

J. de Vos, April 2000.

 Stratum typicum – Interbedded marlstone, sandstone and claystone below Bolinao 

Limestone Formation, Pliocene.

 Derivatio nominis – From L. convolvere (verb) - to roll up, convolvula = rolled up.

 Paratypes – AndaDeVos, RGM 517 964 (1 fragment), RGM 539 841 (1; Pl. 25, fi g. 7).

 Diagnosis – Sphaerocina of one complete volution, with an irregularly spherical pro-

toconch-1.

 Description – Shell consisting of a dorsally and ventrally fl attened tube, comprising 

just one whorl curved in a 360° spiral, regularly increasing in diameter, initial and prox-

imal parts not touching. Protoconch-1 irregularly spherical, more or less pear-shaped, 

separated by a slight constriction. Aperture broken, but transversely elliptical. Growth 

lines very faint, slightly curved adaperturally.

 Discussion – Although the type species of Sphaerocina was described already in 

1897 (and ever since considered to be a representative of the Limacinidae family), the 

true morphological characteristics, inclusive of the larval shell part, were only re-

vealed by Janssen & Maxwell (in Janssen, 1995). They considered S. formai, the only 

described species in that genus, to have evolved from a Clio-like predecessor. Sphaer-
ocina formai, known from the Mediterranean, the Caribbean and New Zealand, oc-

curred during the Middle Miocene (Langhian). Janssen (1995, p. 164; 2003, p. 20) fur-

thermore referred to an undescribed species from the Late Oligocene of southwest 

France, with a different type of protoconch and to incompletely known material from 

the Aquitanian of Malta. The few specimens found in the present material differ in the 
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shape of the protoconch-1 clearly from S. formai (compare Janssen, 1995, pl. 13, fi gs. 9, 

10), in which species the protoconch-1 is perfectly round. Fully grown specimens of 

this latter species are completely involute, and have about three whorls and very spe-

cial apertural structures.

 The Late Oligocene specimens from France show a curvature of 180° only and most 

probably represent an early evolutionary stage of Sphaerocina. Of that species suffi cient 

specimens are available to eventually investigate the microstructure of the shell wall 

(helical or cross-lamellar), which might help to reveal the systematic position of Sphae-
rocina. 

 The new species described here shows a curvature of 360° and it might be that these 

are just juvenile specimens. No specimens or fragments were found, however, indicat-

ing that the species might have had more volutions when adult. The clearly broken ap-

erture of both the holotype and the paratype indicate that the species has been a bit 

larger at least. The vertical range of Sphaerocina now includes Late Oligocene to 

Pliocene.

Suborder Pseudothecosomata Meisenheimer, 1905

Superfamily Cymbulioidea Gray, 1850

Family Cymbuliidae Gray, 1840

Cymbuliidae sp.

Pl. 25, fi g. 8.

 Description – Among abundant very juvenile limacinids, a few specimens were found 

that show a more rapidly widening last whorl. These resemble Cymbuliidae and could 

belong to one or more species of the genera Cymbulia or Gleba. The material (just four 

specimens), however, is too scarce and too juvenile for a better identifi cation. One of the 

specimens, the most complete of those available, is represented here by SE micrograph.

 Material examined – Anda3, RGM 539 842 (1; Pl. 25, fi g. 8); AndaClif1, RGM 429 301 

(3).

 Discussion – Fossil Cymbuliidae have hardly ever been recorded. Even from the Re-

cent species the shells are barely known. Good illustrations of embryonic shells of Recent 

Gleba are found in the unfortunately unpublished thesis of Kunz (1996, p. 156, pl. 27).

Family Peraclididae Tesch, 1913

Genus Peraclis Forbes, 1844 (emend. Pelseneer, 1888)

 Type species – Peraclis reticulata (d’Orbigny, 1836) (Recent).

Peraclis reticulata (d’Orbigny, 1836)

Pl. 8, fi g. 9.

. 1976b Peraclis reticulata (d’Orbigny): van der Spoel, p. 28, fi g. 9 (with extensive synonymy).

 Description – See van der Spoel (1976b).



106 Janssen. Holoplanktonic Mollusca from the Pliocene of Pangasinan. Scripta Geol., 135 (2007)

 Material examined – Anda1, RGM 517 965 (8, 1 fragment), RGM 517 966 (1; Pl. 8, fi g. 

9); Anda2, RGM 517 967 (15, 1 fragment); Anda3, RGM 517 968 (16); Anda4, RGM 517 

969 (17); Anda6, RGM 517 970 (1); AndaClif1, RGM 429 302 (2 juveniles).

 Discussion – Specimens from the Pangasinan material in general are small and usu-

ally poorly preserved because of their fragility. The largest available specimen reaches 

just over 1 mm only and has three whorls. They resemble compared juvenile Recent 

material to such an extent that they are considered to be identical. Recent specimens 

may reach a shell height of 6 mm and have fi ve whorls. The main reason to consider the 

present specimens identical with P. reticulata (apart from the general shape of the shell) 

is the fact that the subsutural crests are very weakly developed, contrary to, for exam-

ple, P. bispinosa Pelseneer, 1888, which has a similar shape, but strongly developed crests 

(compare Janssen, 2004, pl. 4, fi gs. 5-7).

 Cainozoic occurrences of Peraclis reticulata are not known to date. From the Miocene 

of Poland the species P. lata (Krach, 1981) is known. Janssen (2004) recorded the bathy-

pelagic species P. bispinosa and P. triacantha (Fischer, 1882) from the Middle Pliocene of 

Spain. Furthermore, material as yet unidentifi ed is available (RGM collections) from the 

Mediterranean Early and Middle Miocene. One such specimen was illustrated in Jans-

sen (2003, p. 20, pl. 4, fi g. 15).

Order Gymnosomata

Gymnosomata sp.

Pl. 25, fi g. 9.

 Description – Very small embryonal shells with a height of approximately 0.25 mm. 

Protoconch-1 is globular, slighty higher than wide and dorso/ventrally a bit com-

pressed. Protoconch-2 is separated by a deep constriction, in which numerous, very 

short vertical crests are seen (Pl. 25, fi g. 9b). It is collar-shaped and a bit swollen without 

any surface ornament and changes suddenly into what might be an early teleoconch 

where growth-lines appear. This part of the shell is particularly compressed dorso-ven-

trally, resulting in an elliptical aperture.

 Material examined – Anda1, RGM 539 843 (1; Pl. 25, fi g. 9); Tiep2, RGM 539 844 (1).

 Discussion – Identifi cation of fossil Gymnosomata embryonic shells is virtually im-

possible yet, as long as such shells of most of the many Recent species are still un-

known. Larval Gymnosomata shells are known from the Early Miocene onwards (Jans-

sen, 2004; RGM collections) and obviously represent a number of species.

 The very small Recent and/or Quaternary larval Gymnosomata shells have repeat-

edly been considered to represent embryonic shells of Clio polita (Pelseneer, 1888), by 

Almogi-Labin & Reiss (1977, p. 25, pl. 1, fi gs. 1-5), Morlotti & Torelli (1980, p. 124, pl. 1, 

fi g. 12), Torelli & Buccheri (1983, p. 160ff, pl. 2, fi g. 2), Buccheri & di Stefano (1984, p. 

182ff, pl. 1, fi g. 6) and Ivanova (1985, p. 341ff, pl. 2, fi g. 8).

 Excellent illustrations of the larval shell of Paedoclione doliiformis Danforth, 1907, 

were published already by Lalli & Conover (1973, p. 12, fi gs. 4, 5; 1976, p. 237, fi gs. 1-6), 
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who also gave illustrations of the larval shell of two other gymnosomatous gastropods, 

viz. Clione limacina (Phipps, 1774) and Pneumoderma atlanticum (Oken, 1815). Van der 

Spoel & Diester-Haass (1976, p. 88, 2 fi gs.) illustrated quite similar, but specifi cally uni-

dentifi ed Quaternary gymnosomatous larval shells.

 Van der Spoel (1976b, pp. 19, 20), however, listed far over 40 species of Recent Gym-

nosomata, all of which might have, and presumably have indeed, a calcareous initial 

shell. These do not necessarily resemble the few described forms, as indicated, for in-

stance, by Kunz (1996, p. 170, pl. 32), who illustrated some unidentifi ed, but strongly 

different, types of gymnosomatous larval shells. The few specimens recovered from the 

Pangasinan material agree quite well with specimens illustrated by Kunz (1996, pl. 32, 

fi gs. 1, 2) as ‘Gymnosoma Typ I’. As Kunz’s paper was not published, some of the illus-

trations are copied in a forthcoming paper (Janssen, 2007, p. 165, fi gs. 5-7).

 Almogi-Labin (1984, p. 495) was the fi rst to recognise that the records of Clio polita 

protoconchs in reality represent gymnosomatous pteropods and Grecchi (1987) correct-

ed the C. polita identifi cations from the Mediterranean and the Red Sea to Paedoclione 
doliiformis. This, however, is a subarctic species, in the adult stage exclusively known 

from the northwest Atlantic. Thus, it seems improbable that Mediterranean fi nds be-

long to this species. Grecchi & Bertolotti (1988, p. 117, pl. 7, fi gs. 16, 17) also illustrated 

P. doliiformis, but indicated another presumed gymnosomatous shell erroneously as Cu-
vierina cf. columnella (Rang, 1827). This latter, to date unidentifi ed species, was also il-

lustrated by Kunz (1996, pl. 32, fi g. 4) as ‘Gymnosoma Typ II’.

Age assignment and palaeoenvironment

 General characteristics of the Pangasinan assemblages – From the fi fteen samples ana-

lysed for the present paper, an unprecedented number of no less than 50 fossil holo-

planktonic molluscan species is recorded (Tables 25, 26). Differences between the indi-

vidual samples are small and for a large part can be explained by sample size or preser-

vation. Sample Anda5, for example, yielded few species, as the sedimentary rock at that 

locality is decalcifi ed and just a few of the larger species could be collected as internal 

moulds. In some cases, however, small, but distinct, differences exist, as for the species 

Clio convexa/C. pyramidata and for Diacria microstriata/D. paeninsula, as discussed above. 

Such differences rather refl ect small changes in the overall planktonic assemblages at 

the time of deposition and cannot be interpreted as differences in age. Considering the 

general resemblance of the sample compositions it is assumed that they are all of simi-

lar age, representing a relatively short time interval. As said in the introduction, the 

samples from Anda could not be related to any vertical height difference in the exposed 

sections. The samples from Tiep were taken from an interval of some 80 m, but even in 

the case of samples Tiep1 and Tiep5 there is no considerable difference in species com-

position. The list of species quite surprisingly demonstrates the presence of no less than 

fi fteen as yet undescribed taxa, which is 30 % of the total number present and a very 

clear indication of how poorly Pliocene holoplanktonic molluscan assemblages in this 

part of the world are known to date.

 Furthermore, another striking feature is the occurrence in this material of quite a 

number of specimens that could with some certainty be related to Recent species, spe-

cies that had hardly or not been recorded yet as fossils older than ‘Quaternary’ (e.g., 
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Atlanta cf. echinogyra .. .. .. .. .. 4  

Atlanta fusca 12 10 5 13 .. 18  

Atlanta lesueuri 3 2, 5j 25 7 .. 1  

Atlanta lingayanensis 3 3 2 5 .. 1  

Atlanta oligogyra 6 8 .. .. .. ..  

Atlanta peroni m m m 3 .. 10  

Atlanta plana .. 2 .. .. .. 1  

Atlanta richteri 1, 1j 2. 2j 3, 9j 3, 9j .. ..  

Atlanta seapyi 1 .. 2j .. .. ..  

Atlanta tokiokai 1 m m m .. 1  

Atlanta sp. indet. 11 m 8 m 1 2, 5f  

Oxygyrus keraudreni m m m m .. 3  

Protatlanta rotundata 1, 8j 3, 5j 2, 7j 3j .. 1, 2j  

Protatlanta souleyeti 33 26 m m .. ..  

   (without spirals on protoconch) 3j 1 .. 7 .. ..  

Carinaria cf. lamarcki 1f 1, 3f 1, 1f .. .. ..  

Carinaria sp. 10 11 23 9 .. ..  

Pterosoma cf. planum 21 21 19 7 .. 1  

Janthina (Janthina) prolongata 1 1j .. .. .. ..  

Heliconoides infl ata m m m m .. 45  

Heliconoides sondaari 62 53 m m .. 22  

Limacina bulimoides m m m m .. 22  

Striolimacina andaensis 36 20 m m .. 3  

Limacinidae sp.? 1 2 1 1 .. ..  

Creseis chierchiae 3 5, 3p 19 51,1p .. ..  

Creseis clava m m m m .. 10  

Hyalocylis marginata ..  .. .. .. .. 2  

   without thickened margin 3f 1 1j 1, 3j, 2f  .. 1, 2j, 1f  

Styliola subula m m m m 13 m  

Cuvierina (Urceolarica) urceolaris 28,17f,1p  44 26 20,3p .. 14 1p 

Clio (Balantium) cf. hataii .. .. 1 .. .. ..  

Clio (Bellardiclio) cuspidata 3,17f,7p 33,11f,4p 8f,4p 1,16f,4p .. 2f  

Clio (Clio) convexa convexa m m m 8j .. 6j  

Clio (Clio) pyramidata f. lanceolata 3f,9p 3,3f,12p 10p m 1 4,12f,4p  

Cavolinia baniensis .. 3 .. .. .. ..  

Cavolinia landaui m m 12,7f 4, mf .. 2f  

Cavolinia perparvula 3f 5,3f 5,10f 26,40f .. 1,11f  

Cavolinia shibatai 8,13f 11,mf 5,5f 13,8f .. 1  

Cavolinia tridentata 27,4f 3,2f 1f .. 5 2,11f  

Cavolinia vendryesiana f. hyugaensis 7,23f 9,mf 6, mf 8,18f .. 2f  

Cavolinia ventricosa .. .. .. .. .. ..  

Cavolinia sp. 1 .. .. .. .. .. 2f  

Cavolinia sp. 2 .. .. .. .. .. ..  

Cavolinia sp. indet. .. .. .. .. 5 ..  

Cavolinia sp. indet., 

   apical shell parts mp mp mp mp .. 13p  

Diacavolinia pristina 1,3f 1,10f .. 9,10f .. ..  
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Table 26. Numbers of specimens per sampling locality; m = many; f = fragment(s); j = juvenile(s); p = protoconch(s)
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 .. .. 3 .. .. .. .. .. ..

 .. 4 .. 1j .. 2 3 4 5

 .. 1 1 .. .. .. 2j 1 ..

 .. 9 1 3 .. 2 .. .. ..

 .. .. .. .. .. .. 2 .. 2

 12j 3j 8 1, 4j .. 4 .. 3j ..

 2 .. .. .. .. .. 1, 2j .. 7j

 5j 5j . 1j .. .. 4j 1j 3, 10j

  1j .. .. .. .. .. 3, 3j .. 6j

 25j .. 1 .. .. .. 1 3j 2j

 1, 7f 10f 13 7f 5f 14f .. .. ..

 23 17 .. 5 5 19 7 7 8

 3j 8j .. 1j .. .. 5j 7j 6j

 mj 13j 4 2j .. 2 2, 18j 6j 31j

 .. .. .. .. .. .. .. .. ..

 .. .. .. .. .. .. .. .. ..

 6 .. .. 3 .. 8 4 3 5

 6 8 1 7 1 9 2 7 ..

 .. .. .. .. .. .. .. .. ..

 mj m m 30, 3f 8 m m 45 m

 15j 24j 20 8 10 12 19 8 40

 40j 20j 10 20 19 4, mf 25 9 m

 1 .. .. .. .. 25 48 2 m

 4 1 .. .. .. .. .. .. ..

 6p .. .. 1p .. 2 10 6 6

 21 8 .. 35 .. 8 35 15 40

 .. 1f .. .. .. 20f 1f .. 6f

 1j 3j, 8f 1j, 2f .. .. 6j, 17f  7f .. 3j, 8f

 mj m m m m m 50 25 28

  9f 8f 1f 2 2 .. .. 1p

 .. .. .. .. .. .. .. .. ..

 1p 9f 5f 1p 1f .. .. .. 2f

 38,4f .. 5j 23j 1j 5f 20j 4j 29j

 1p 23f,6p 14f,8p 1p 10 1,1f 3p 2f 2p

 .. .. 1,9f 2f .. 11,13f .. .. ..

 .. 2,13f 2,16f 6f .. 5f 2f .. ..

 1,1f 8f 5,5f 7f .. .. .. .. ..

 .. 2f 2f 2f .. 9,mf 5f 1,1f 2f

 2f 7f .. .. .. 1,4f .. .. ..

 4f 1f .. 4f .. 9,14f .. 1 1,2f

 .. .. 1f .. .. .. .. .. ..

 .. .. .. .. .. .. .. .. ..

 .. .. .. .. 1 .. .. .. ..

 mf mf mf 12f 2 .. 12f .. mf

 30p 25p mp 15p .. mp 9p 9p 14p

 .. .. .. 2f .. .. .. .. ..
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from ocean bottom samples). This is especially true for a number of Heteropoda, name-

ly for the Atlantidae, a group notorious for its identifi cation problems, even for Recent 

material. The present material demonstrates what could be expected; even species that 

are to date exclusively known from extant faunas have a fossil history. The lack of infor-

mation on fossil Atlantidae up to now no doubt is caused by a combination of factors, 

among which the fragility of the specimens and identifi cation problems may have con-

tributed considerably.

 Age of the Pangasinan assemblages and palaeoenvironment – The known vertical ranges 

of the species in the Pangasinan faunas are given in Table 27. The assemblages are spec-

ifi ed per locality in Table 26.

 From Tables 26/27 the following conclusions can be drawn:

1.   Typically Zanclean (or older) species, such as Clio braidensis (Bellardi, 1873), Cavo-
linia mexicana (Collins, 1934) or C. grandis (Bellardi, 1873), are absent.

2.   The species Protatlanta rotundata is known to occur already in the Miocene and rang-

es until and inclusive of the Piacenzian.

3.   Cavolinia shibatai occurs during Zanclean and Piacenzian.

4.   Cavolinia landaui, C. ventricosa and Diacria italica f. fi ssicostata are exclusively known 

from Piacenzian age.

5.   Atlanta plana, Clio cuspidata and Cavolinia tridentata are only known from the Piacen-

zian and/or younger.

6.   Considering points 1 to 5 a Piacenzian age of the Pangasinan assemblages must be 

concluded. This is in good agreement with results on planktonic Foraminifera by Dr 

Willem Jan Zachariasse (Faculty of Geosciences, Utrecht University, the Netherlands) 

(in litt., 2005). In sample Anda6 he found the following species: Sphaeroidinella dehis-
cens (Parker & Jones, 1865), Globigerinoides fi stulosus (Schubert, 1910), Gnoides ruber 

(d’Orbigny, 1839), Gnoides conglobatus (Brady, 1879), Globorotalia menardii (Parker, 

Jones & Brady, 1865), Gtalia tumida (Brady, 1877), Gtalia crassaformis (Galloway & 

Wissler, 1927), Gtalia multicamerata Cushman & Jarvis 1930 (with 7, sometimes 8 

chambers in the ultimate whorl), and Pulleniatina primalis Banner & Blow, 1967.
   Using the paper of Bolli & Saunders (1985) leads to an age of late Early to early 

Middle Pliocene, because of the overlap of Globorotalia multicamerata and Globigeri-

Table 26. Cont.

Diacria italica f. fi ssicostata 4,mf,3p 9,mf,5p 7,16f,2p 4,5f .. 4f  

Diacria microstriata .. .. .. .. .. 3,4f  

Diacria paeninsula 1,17f,1p 3,32f,29 17f,2p .. .. ..  

Diacria philippinensis 27,mf,3p 28,mf,16p 25,mf,10p 15,mf,4p .. 6,mf  

Diacria trispinosa f. bisulcata 16,mf,1p 17,mf,4p 10.mf,3p 8,mf,5p 7 5,17f  

Sphaerocina convolvula .. .. .. .. .. ..  

Cymbuliidae sp. .. .. .. .. .. ..  

Peraclis reticulata 9,1f 15,1f 16 17 .. 1  

Gymnosomata sp.        
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noides fi stulosus, agreeing with Blow zones N19-N20. According to Berggren et al. 
(1995), the following numeric ages would apply: LAD Globorotalia multicamerata 

3.09 Ma and FAD fi stulosus 3.33 Ma. On the new geologic time scale (Gradstein et al., 
2004) these ages agree with early Piacenzian.

7.   A number of species (predominantly Heteropoda) hitherto only known from Qua-

ternary and/or Recent assemblages occurred already during the Pliocene, viz. At-
lanta cf. echinogyra(?), A. fusca, A. lesueuri, A. oligogyra, A. peroni, A. tokiokai, Protat-
lanta souleyeti, Carinaria cf. lamarcki(?), Pterosoma cf. plana(?), Janthina (Janthina) pro-
longata and Peraclis reticulata.

8.   Bathypelagic species, such as Thielea helicoides (Jeffreys, 1877), Clio andreae (Boas, 

1886), Peraclis bispinosa Pelseneer, 1888, and/or P. triacantha (Fischer, 1882) were not 

found. As far as known all species have an epi- to upper mesopelagic distribution. 

Additional observations (rather fi ne-grained sedimentary rock, abundance of plank-

tonic Foraminifera and benthic molluscs indicative for ‘deeper’ water) lead to an 

estimate of the sea depth of probably some 200-300 m.

 Comparison with Japanese holoplanktonic assemblages – Fossil holoplanktonic Mollusca 

from the western Pacifi c realm are only known from Japan and southern Australia. 

Some data on Late Miocene holoplanktonics are furthermore known from the Fiji Is-

lands (Ladd, 1934; Janssen, 1999b). Oligo-Miocene assemblages from South Australia 

were recorded by Janssen (1990). The only western Pacifi c area with information on 

Pliocene holoplanktonic molluscs is Japan. From the Indonesian archipelago hardly any 

faunas have been described to date and it may be expected that specifi c research in that 

large area will reveal their existence, as demonstrated, for instance, by the assemblage 

from the Late Miocene asphaltic deposits of Buton, Sulawesi (Janssen, 1999b).

 From Japan quite a number of Miocene to Quaternary assemblages were recorded 

in many publications and it seems very useful to make comparisons with the Japanese 

occurrences. As the present Pangasinan material has no resemblance whatsoever with 

Miocene faunas a restriction is made here for Japanese papers on Late Cainozoic 

(Pliocene and younger) assemblages.

 Noda (1972), in one of the fi rst Japanese papers entirely devoted to holoplanktonic 

molluscs, described a small assemblage of just eight species from several localities in 
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Table 27. Known vertical distribution of species.

Species Miocene     Pliocene  Quaternary

Atlanta cf. echinogyra - - - - - - - - - ? ?

Atlanta fusca - - - - - - - - - ? +

Atlanta lesueuri - - - - - - - - - ? +

Atlanta lingayanensis - - - - - - - - - - -

Atlanta oligogyra - - - - - - - - - ? +

Atlanta peroni - - - - - - - - - + +

Atlanta plana - - - - - - - + - ? +

Atlanta richteri - - - - - - - - - - -

Atlanta seapyi - - - - - - - - - - -

Atlanta tokiokai - - - - - - - - - ? +

Oxygyrus keraudreni - - - - - - + + + + +

Protatlanta rotundata - - + + + + + + - - -

Protatlanta souleyeti - - - - - - - - - ? +

Carinaria cf. lamarcki auct. - - - - - - - - - ? +

Carinaria sp. - - - - - - - - - - -

Pterosoma cf. planum - - - - - - - - - - +

Janthina (Janthina) prolongata - - - - - - - - - - +

Heliconoides infl ata - + + + + + + + + + +

Heliconoides sondaari - - - - - - - - - - -

Limacina bulimoides - ? ? ? ? ? + + + + +

Striolimacina andaensis - - - - - - - - - - -

Limacinidae sp.? - - - - - - - - - - -

Creseis chierchiae - + + - - - - - - + +

Creseis clava - - - - - - + + + + +

Hyalocylis marginata - - - - - - - - - - -

Styliola subula + + + + + + + + + + +

Cuvierina (Urceolarica) urceolaris - - - - - - ? + + + +

Clio (Balantium) cf. hataii - - - - - - ? ? ? ? -

Clio (Bellardiclio) cuspidata - - - - - - - + + + +

Clio (Clio) convexa convexa - - - - - - + + + + +

Clio (Clio) pyramidata f. lanceolata - - - + + + + + + + +

Cavolinia baniensis - - - - - - - - - - -

Cavolinia landaui - - - - - - - + - - -

Cavolinia perparvula - - - - - - - - - - -

Cavolinia shibatai - - - - - - + + - - -

Cavolinia tridentata - - - - - - - + + + +

Cavolinia vendryesiana f. hyugaensis - - - - - - + + - - -

Cavolinia ventricosa - - - - - - - + - - - 
Cavolinia sp. 1 - - - - - - - - - - -

Cavolinia sp. 2 - - - - - - - - - - -

Diacavolinia pristina - - - - - - - - - - -

Diacria italica f. fi ssicostata - - - - - - - + - - -

Diacria microstriata  - - - - - - - - - - -

Diacria paeninsula  - - - - - - - - - - -

Diacria philippinensis - - - - - - - - - - -

Diacria trispinosa f. bisulcata - - - - ? + + + ? ? +

Sphaerocina convolvula - - - - - - - - - - -

Cymbuliidae sp. - - - - - - - - - + +

Peraclis reticulata - - - - - - - - - + +

Gymnosomata sp. ? ? ? ? ? ? ? ? ? ? ? 
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Okinawa. The age of this material was indicated as being Miocene and Pliocene, but 

later (Ujihara, 1996) the age was restricted to Blow zones N 18-20 (Zanclean). It seems, 

however, that the age even is somewhat younger, considering the common occurrence 

of ‘Cavolinia telemus Linnaeus’ (= C. tridentata), to date only known to occur above the 

Zanclean/Piacenzian boundary.

 Shibata (1979) studied Late Pliocene/Early Pleistocene material from many locali-

ties in the Shizuoka Prefecture, Japan. He found three heteropod and seven pteropod 

species, all of which (as far as identifi ed) representing extant taxa. Material illustrated 

therein (pl. 19, fi gs. 25-28), however, identifi ed Cavolinia longirostris longirostris (Lesueur) 

from ‘loc. 16’ = Tonbe, Nango Alternation Member (N 21 (Piacenzian), according to 

Ujihara, 1996); this belongs to one of the new species, C. shibatai, described in the present 

paper.

 Shibata & Ishigaki (1981, fi g. 5) found three Atlantidae (two of which were unidenti-

fi ed) in Cainozoic deposits of the Chubu Province, Japan. The oldest unidentifi ed oc-

currence is in Blow zone N9 (Langhian/Serravallian), another in N 19-22 (Zanclean or 

younger). Atlanta lesueuri, fi nally, was only found in N 22 (Late Pliocene-Pleistocene). 

For the pteropods they list a clearly Miocene (Blow zone N 8-9) assemblage, with spe-

cies such as Clio bellardii Audenino, 1897, C. pedemontana Mayer, 1868, and Vaginella de-
pressa Daudin, 1800. From N 17 upwards they mention only extant species, with the 

exception of ‘Cavolinia digitata’ (= Diacria italica?) from N 21 (Piacenzian).

 Shibata & Ujihara (1983) studied Middle and Late Pleistocene assemblages from 

Japan, and recorded seven Atlantidae species, just two of which (Atlanta peroni and 

Protatlanta souleyeti) are also present in the Pangasinan material. Furthermore, they 

found 22 pteropod taxa, all belonging to still extant species.

 Shibata et al. (1986) recognised a number of distinctly Miocene species recorded 

from Blow zones 10-13 in the Yamanashi Prefecture, Japan. For the interval N 19-22 they 

recorded nine species, all pteropods. Three of these are extinct species. Clio balantium f. 

kakegawaensis Shibata might be identical with C. hataii (see systematic part in the present 

paper), occurring during the Pliocene and Early Pleistocene. The specimen indicated as 

Clio guidottii Simonelli (pl. 7, fi g. 10) indeed resembles that species and its occurrence in 

zone N 19 (Zanclean) agrees with the type locality of that species. But the reference (p. 

43, tab. 1) of Cavolinia bisulcata Kittl, 1886 (= Diacrolinia aurita (Bellardi, 1873)) in zone N 

19 must be erroneous, as that species is restricted to the Middle Miocene (Langhian).

 This latter species (as Cavolinia audeninoi Vinassa de Regny, 1898), though, is also 

recorded for zones N 17-19 by Shibata (1986, p. 124, fi g. 3). As it co-occurs in zone N 17 

with Diacria sangiorgii Scarsella, 1934, a species restricted to Tortonian-Messinian, it pre-

sumable concerns the species Diacrolinia elioi Janssen, 1995 (synonym Cavolinia itoigawai 
Ujihara, 1996), which in the Mediterranean (Janssen, 1995) does not occur younger than 

Tortonian. Its co-occurrence in Japan with species such as C. mexicana (Collins, 1934) 

and C. rattonei Simonelli, 1896 (= C. grandis Bellardi, 1873) seems to point to a longer 

existence (Zanclean) of that species in the western Pacifi c.

 Ujihara et al. (1990, p. 311, table 2) recorded 13 taxa from the N 19-20 interval (Zan-

clean) in the Japanese Sagara Group, four species of which are still extant. Clio hataii 
kakegawaensis might be identical with C. cf. hataii, as described above from locality 

Anda3. Cuvierina cf. tubulata Collins might be identical with either C. ludbrooki (Caprotti, 

1962) or C. jagti Janssen, 1995, depending on the absence or presence of micro-orna-
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ment, respectively. Considering the age, C. ludbrooki is the more probable possibility. 

Cuvierina sp. 1 (Ujihara et al., 1990, pl. 1, fi g. 8) is a very slender species and most prob-

ably undescribed. Cavolinia cf. angusticostata (Blanckenhorn, 1901) is identical with C. 
grandis (synonym C. rattonei), a species restricted to Zanclean. The illustrations of C. cf. 
fl oridana (Collins), C. cf. gypsorum (Bellardi) and C. mexicana (Collins) represent speci-

mens that are too poorly preserved to be certain of their identifi cation. Cavolinia cf. 

vendryesiana (Guppy), reidentifi ed as C. vendryesiana hyugaensis by Ujihara (1996), is 

also present in the Pangasinan material. Forms of C. vendryesiana are known to occur 

from the Late Miocene (Tortonian-Messinian; Janssen, 1999b) to the Middle Pliocene 

(Piacenzian).

 The most interesting Japanese paper for a comparison with the Pangasinan faunas 

is Ujihara (1996), in which pteropods from Pliocene localities in the Miyazaky Prefec-

ture, numbered 1 to 44 in stratigraphical order, are recorded. The age of these, on the 

basis of planktonic Foraminifera, ranges between Blow zones N 18-20. In table 1 (p. 772-

773), Ujihara specifi ed the species per locality. A total of 24 taxa is mentioned, seven of 

which (29 %) belong to extant species. Several of the species found by Ujihara occur all 

over the section, but others have a restricted distribution. 

 The lower part of the sequence described by Ujihara (1996) has clear Late Miocene 

affi nities by the presence of Cavolinia itoigawai (= Diacrolinia elioi) and forms related to 

Cavolinia gypsorum; they have a Tortonian, respectively Tortonian-Messinian distribu-

tion in the Mediterranean. A possible boundary between Messinian and Zanclean is 

diffi cult to indicate in this section, as there is an overlap of index species, with either 

Messinian species continuing into the Zanclean or species hitherto only known from 

the Zanclean starting already during the Late Miocene.

 Other species from the lower part, however, indicate the Zanclean. Clio shibatai Uji-

hara, 1996, obviously is a local form of the Mediterranean C. braidensis, of Zanclean age. 

Cavolinia rattonei (= C. grandis) also points to a Zanclean age and it developed into the 

species C. tridentata around the Zanclean/Piacenzian boundary, which in the Japanese 

section should be situated somewhere around Ujihara’s samples 39- 40, that is, the 

boundary between the Sadowara and Takanabe members. From the eleven species 

mentioned from localities 41-44 only Clio kakegawaensis Shibata, 1984 (maybe identical 

or closely related to C. hataii) and Hyalocylis striata (Rang, 1828) are absent from the 

Pangasinan samples. Hyalocylis striata, however, is easily mistaken for the new species 

H. marginata, if incompletely preserved material is available. In summary, the Pangasi-

nan assemblages agree very well with localities 41-44 from the Ujihara (1996) section (= 

the Takanabe Member), but yielded far more species.
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Plate 1

Protatlanta rotundata (Gabb, 1873)

Fig. 1. Anda6, RGM 517 522. a, apical. b, umbilical. c, apertural view.

Oxygyrus keraudreni (Lesueur, 1817).

Fig. 2. Holotype of Sphaeratys globulinus Nordsieck, 1972. Recent, Ibiza, 20 m (SMF, F. Nordsieck collec-

tion). Apertural view.

Fig. 3. Anda4, RGM 517 510. a, apical. b, apertural view.

Carinaria cf. lamarcki auct., Péron & Lesueur, 1810?

Fig. 4. Anda2, RGM 517 541. Lateral view.

Janthina (Janthina) prolongata de Blainville, 1822

Fig. 5. Anda1, RGM 517 582. a, apertural. b, lateral view.

Fig. 6. Anda2, RGM 517 583. Juvenile specimen with last protoconch whorl retained. a, lateral. b, aper-

tural view.

Heliconoides sondaari sp. nov.

Fig. 7. Holotype. Anda3, RGM 517 586. a, apical. b, lateral. c, apertural view.

Limacina bulimoides (d’Orbigny, 1836)

Fig. 8. Anda1, RGM 517 598. Apertural view.

Fig. 9. Anda1, RGM 517 599. Lateral view.
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Plate 2

Heliconoides infl ata (d’Orbigny, 1836)

Fig. 1. Anda3, RGM 517 572. Apical view.

Fig. 2. Anda2, RGM 517 569. Lateral view.

Fig. 3. Anda2, RGM 517 570. Juvenile. a, apical. b, apertural. c, oblique apical. d, umbilical view.

Striolimacina andaensis sp. nov.

Fig. 4. Holotype. Anda4, RGM 517 615. a, apical. b, apertural. c, oblique apical view.

Fig. 5. Paratype. Anda4, RGM 517 616. a, apical. b, apertural. c, oblique apical. d, umbilical view.

Limacinidae? sp.

Fig. 6. Anda1, RGM 517 623. a, apical. b, apertural. c, umbilical view.

Creseis chierchiae (Boas, 1886) forma constricta Chen & Bé, 1964

Fig. 7. Anda4, RGM 517 633. a, apertural. b, frontal. c, lateral view.

Fig. 8. Anda4, RGM 517 634. a, apertural. b, frontal. c, lateral view.

Creseis clava (Rang, 1828)

Fig. 9. Anda2, RGM 517 643. a, frontal view. b, protoconch.

Fig. 10. Anda2, RGM 517 644. a, frontal view. b, protoconch.
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Plate 3

Styliola subula (Quoy & Gaimard, 1827)

Fig. 1. AndaClif3, RGM 429 321. Specimen with double furrow.

Fig. 2. Anda1, RGM 517 674. Specimen with several furrows near apertural margin, after shell repair.

Fig. 3. Anda1, RGM 517 675. Specimen with three furrows.

Fig. 4. Anda4, RGM 517 683a, b. Specimen with displacement of furrow over 180° after shell repair. 

Hyalocylis marginata sp. nov.

Fig. 5. Paratype. Anda6, RGM 517 655. Ventral view.

Fig. 6. Holotype. Anda6, RGM 517 654. Left lateral view.

Cuvierina (Urceolarica) urceolaris (Mörch, 1850)

Fig. 7. Anda1, RGM 517 699. a, apertural. b, ventral. c, left lateral view.

Fig. 8. Anda6, RGM 517 712. a, apertural. b, ventral. c, left lateral view.

Fig. 9. Anda4, RGM 517 708. Specimen retaining larval shell, ventral view.

Clio (Bellardiclio) cuspidata (Bosc, 1802)

Fig. 10. Anda2, RGM 517 722. Ventral view.

Fig. 11. Anda2, RGM 517 721. Dorsal view.

Clio (Balantium) cf. hataii (Noda, 1972)

Fig. 12. Anda3, RGM 517 718. Ventral view.

Clio (Clio) convexa convexa (Boas, 1886)

Fig. 13. Anda1, RGM 517 736. a, dorsal. b, right lateral. c, ventral view. d, protoconch, ventral view. e, 

protoconch lateral view.
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Plate 4

Clio (Clio) convexa convexa (Boas, 1886)

Fig. 1. Off southeast Salayer, Sulawesi, Indonesia, 6° 22’ S 120° 26’ E. Snellius expedition Station 4.155, 

Recent. RGM 517 381. Right lateral view.

Fig. 3. Anda1, RGM 517 736. Right lateral view.

Clio (Clio) convexa cyphosa Rampal, 2002

Fig. 2. Southern Red Sea, Recent, leg./don. K. Bandel. RGM 517 382. Right lateral view.

Clio (Clio) pyramidata Linné, 1767 forma lanceolata (Lesueur, 1813)

Fig. 4. Anda4, RGM 517 758. a, apertural. b, dorsal. c, right lateral. d, ventral view.

Cavolinia baniensis sp. nov.

Fig. 5. Holotype. Tiep2, RGM 517 773. a, dorsal. b, left lateral. c, ventral view.

Cavolinia globulosa (Gray, 1850)

Fig. 6. Off southeast Salayer, Sulawesi, Indonesia, 6° 22’ S 120° 26’ E. Snellius expedition Station 4.155, 

Recent. RGM 517 421. a, dorsal. b, left lateral. c, ventral view.

Cavolinia landaui Janssen, 2004

Fig. 7. Anda1, RGM 517 777. a, dorsal. b, right lateral. c, ventral view.
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Plate 5

Cavolinia landaui Janssen, 2004

Fig. 1. Anda4, RGM 517 783. Dorsal view.

Cavolinia perparvula sp. nov.

Fig. 2. Holotype. Anda4, RGM 517 794. a, dorsal. b, left lateral. c, ventral view.

Fig. 3. Paratype. Anda4, RGM 517 795. a, dorsal. b, left lateral. c, ventral view.

Cavolinia shibatai sp. nov.

Fig. 4. Paratype. Tiep2, RGM 517 814. Specimen retaining long lateral spine, dorsal view.

Fig. 5. Holotype. Tiep2, RGM 517 813. a, dorsal. b, right lateral. c, ventral view.

Fig. 6. Paratype. Anda2, RGM 517 819. Specimen retaining both lateral spines, dorsal view.

Cavolinia tridentata (Niebuhr, 1775)

Fig. 7. Anda1, RGM 517 820. a, dorsal. b, left lateral. c, ventral view.
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Plate 6

Cavolinia vendryesiana (Guppy, 1873) forma hyugaensis Ujihara, 1996

Fig. 1. Anda2, RGM 517 838. a, dorsal. b, right lateral. c, ventral view.

Cavolinia ventricosa (Guppy, 1882)

Fig. 2. AndaDeVos, RGM 517 848. a, dorsal. b, right lateral view.

Cavolinia sp. 1

Fig. 3. Anda6, RGM 517 849. Dorsal view.

Cavolinia sp. 2

Fig. 4. Tiep1, RGM 517 851. a, dorsal. b, right lateral. c, ventral view.

Diacavolinia pristina sp. nov.

Fig. 5. Holotype. Anda4, RGM 517 873. a, dorsal. b, left lateral. c, ventral view.

Fig. 6. Paratype. Anda1, RGM 517 870. a, dorsal. b, right lateral. c, ventral view.

Diacria italica Grecchi, 1982

Fig. 7. Holotype. Volpedo, Ca’ Barbieri (Italy, Alessandria), Pliocene, Piacenzian. Coll. Università degli 

Studi di Milano, Sezione Geologia e Paleontologia, Milano, Italy (illustrated in Grecchi, 1982, pl. 54, fi g. 

1). a, apertural. b, dorsal. c, ventral. d, left lateral view.
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Plate 7

Diacria italica Grecchi, 1982 forma fi ssicostata n. f.

Fig. 1. Holotype. Anda1, RGM 517 875. Dorsal view.

Fig. 2. Paratype. Anda4, RGM 517 886. a, dorsal. b, left lateral. c, ventral view.

Diacria philippinensis sp. nov.

Fig. 3. Holotype. Anda1, RGM 517 904. a, dorsal. b, left lateral. c, ventral view.

Diacria trispinosa (de Blainville, 1822) f. bisulcata Gabb, 1873

Fig. 4. Anda1, RGM 517 933. a, dorsal. b, left lateral. c, ventral view.
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Plate 8

Diacria microstriata sp. nov.

Fig. 1. Holotype. AndaDeVos, RGM 517 891. a, dorsal. b, right lateral. c, ventral view.

Diacria paeninsula sp. nov.

Fig. 2. Holotype. Anda2, RGM 517 896. a, dorsal. b, left lateral. c, ventral view.

Fig. 3. Paratype (protoconch). Tiep4, RGM 517 961. a, frontal. b, lateral view.

Fig. 4. Paratype (protoconch). Anda3, RGM 517 899. a, frontal. b, lateral view.

Diacria trispinosa (de Blainville, 1822) f. bisulcata Gabb, 1873

Fig. 5. Anda1, RGM 517 935. Protoconch. a, frontal. b, lateral view.

Diacria philippinensis sp. nov.

Fig. 6. Paratype. Anda1, RGM 517 930. Protoconch. a, frontal. b, lateral view.

Diacria italica Grecchi, 1982 f. fi ssicostata f. nov.

Fig. 7. Paratype. Anda1, RGM 517 879. Protoconch. a, frontal. b, lateral view.

Sphaerocina convolvula sp. nov.

Fig. 8. Holotype. AndaDeVos, RGM 517 963. a, right lateral. b, apertural view.

Peraclis reticulata (d’Orbigny, 1836)

Fig. 9. Anda1, RGM 517 966. a, apical. b, apertural view.
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Plate 9

Atlanta cf. echinogyra Richter, 1972

Fig. 1. AndaDeVos, RGM 539 760. a, apical view. b, apical view, detail. c, protoconch, oblique apical 

view.

Atlanta fusca Souleyet, 1852b

Fig. 2. Anda2, RGM 539 761. a, apical view. b, protoconch, apical view. c, nucleus and fi rst whorl, apical 

view. d, protoconch, oblique apical view.

Fig. 3. Anda2, RGM 539 763. Protoconch, apertural view.
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Plate 10

Atlanta fusca Souleyet, 1852b

Fig. 1. Anda2, RGM 539 762. a, protoconch, lateral view. b, nucleus and fi rst whorl, lateral view.

Atlanta lesueuri Souleyet, 1852b

Fig. 2. Roxas, RGM 539 764. a, apical view. b, protoconch, apical view.

Fig. 3. Anda2, RGM 539 845. a, apical view. b, oblique apical view.

Atlanta lingayanensis sp. nov.

Fig. 4. Holotype. AndaClif3, RGM 539 846. a, apical view. b, protoconch, apical view.
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Plate 11

Atlanta lingayanensis sp. nov.

Fig. 1. Paratype. AndaClif3, RGM 539 765. Protoconch, apertural view.

Atlanta oligogyra Tesch, 1906

Fig. 2. Anda1, RGM 539 847. a, apical view. b, protoconch, apical view. c, protoconch, oblique apical 

view.

Fig. 3. Tiep5, RGM 539 848. a, apical view. b, protoconch, oblique apical view.

Atlanta peroni Lesueur, 1817

Fig. 4. Anda2, RGM 539 766. a, apical view. b, protoconch, oblique apical view.
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Plate 12

Atlanta peroni Lesueur, 1817

Fig. 1. Anda2, RGM 539 766. Protoconch, apical view.

Fig. 2. Anda2, RGM 539 767. Protoconch, apertural view.

Fig. 3. Anda2, RGM 539 768. Protoconch, apical view.

Atlanta plana Richter, 1972

Fig. 4. Anda2, RGM 539 769. a, apical view. b, apical view, detail. c, protoconch, apical view. d, oblique 

apical view.

Fig. 5. Tiep5, RGM 539 770. Protoconch. apertural view.
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Plate 13

Atlanta plana Richter, 1972

Fig. 1. Tiep5, RGM 539 771. a, apical view. b, protoconch, apical view.

Atlanta richteri sp. nov.

Fig. 2. Paratype. Anda3, RGM 539 772. a, protoconch, apical view. b, protoconch, apical view, detail.

Fig. 3. Paratype. Anda3, RGM 539 773. Protoconch, apertural view.

Fig. 4. Paratype. Anda4, RGM 539 774. a, apical view. b, protoconch, apical view. c, protoconch, oblique 

apical view.
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Plate 14

Atlanta richteri sp. nov.

Fig. 1. Paratype. Anda4, RGM 539 775. Umbilical view.

Fig. 2. Holotype. Anda2, RGM 517 474. a, apical view. b, protoconch, apical view. c, nucleus of proto-

conch, apical view.

Atlanta seapyi sp. nov.

Fig. 3. Holotype. Anda1, RGM 517 482. a, apical view. b, protoconch, apical view. c, protoconch, oblique 

apical view. d, detail of protoconch suture.
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Plate 15

Atlanta seapyi sp. nov.

Fig. 1. Paratype. Tiep3, RGM 539 778. Protoconch, apertural view (fi rst whorl out of place).

Fig. 2. Paratype. AndaClif3, RGM 539 779. a, protoconch, apertural view. b, detail of Figure 2a.

Fig. 3. Paratype. Tiep5, RGM 539 780. Protoconch, oblique lateral view.

Atlanta tokiokai van der Spoel & Troost, 1972

Fig. 4. Anda3, RGM 539 781. a, apical view. b, protoconch, oblique apical view. c, micro-ornament on last 

protoconch whorl.

Fig. 5. Anda3, RGM 539 849. Protoconch, apertural view.
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Plate 16

Atlanta tokiokai van der Spoel & Troost, 1972

Fig. 1. Anda3, RGM 539 849. a-c, micro-ornament of protoconch whorls.

Oxygyrus keraudreni (Lesueur, 1817)

Fig. 2. Anda1, RGM 539 782. a, apical view. b, early whorls, apical view.

Fig. 3. Anda1, RGM 539 783. a, juvenile specimen, apertural view. b, micro-ornament of early whorl.

Fig. 4. Anda1, RGM 539 784. Juvenile specimen, apertural view.
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Plate 17

Protatlanta rotundata (Gabb, 1873)

Fig. 1. Anda3, RGM 539 785. a, apical view. b, protoconch, apical view. c, nucleus of protoconch and 

early whorls, apical view. d, protoconch, oblique apical view.

Fig. 2. Anda3, RGM 539 786. a, protoconch, apical view. b, detail of nucleus and early whorls.

Fig. 3. Anda3, RGM 539 787. Protoconch, apertural view.

Protatlanta souleyeti (Smith, 1888)

Fig. 4. Anda4, RGM 539 790. Protoconch, apertural view.
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Plate 18

Protatlanta souleyeti (Smith, 1888)

Fig. 1. Anda4, RGM 539 788. a, apical view. b, protoconch, apical view. c, protoconch, oblique apical 

view.

Fig. 2. Anda3, RGM 539 789. Form without protoconch ornament. a, apical view. b, protoconch, apical 

view. c, protoconch, oblique apical view.

Pterosoma cf. planum Lesson, 1827

Fig. 3. Anda2, RGM 539 791. a, protoconch, apical view. b, detail of protoconch, apical view.
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Plate 19

Pterosoma cf. planum Lesson, 1827

Fig. 1. Anda2, RGM 539 791. Detail of nucleus and fi rst whorl.

Fig. 2. Anda2, RGM 539 792. Protoconch, apertural view.

Fig. 3. Anda2, RGM 539 793. a, protoconch, umbilical view. b, protoconch, oblique umbilical view.

Fig. 4. Anda4, RGM 539 797. a, protoconch, apical view. b, protoconch, detail of nucleus and early 

whorl.

Fig. 5. Anda4, RGM 539 798. a, protoconch, apical view. b, protoconch, detail of nucleus and early 

whorl.
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Plate 20

Pterosoma cf. planum Lesson, 1827

Fig. 1. Anda4, RGM 539 798. Protoconch, detail of nucleus and early whorl, apical view.

Fig. 2. Anda3, RGM 539 799. a, protoconch, apical view. b, detail of nucleus and early whorl, apical 

view.

Carinaria sp.

Fig. 3. Anda2, RGM 539 794. a, protoconch, apical view. b, detail of nucleus and early whorl, apical view. 

c, nucleus and fi rst whorl, oblique apical view.

Fig. 4. Anda2, RGM 539 795. Protoconch, apertural view.

Fig. 5. Anda2, RGM 539 796. Protoconch, umbilical view.



Janssen. Holoplanktonic Mollusca from the Pliocene of Pangasinan. Scripta Geol., 135 (2007) 167



168 Janssen. Holoplanktonic Mollusca from the Pliocene of Pangasinan. Scripta Geol., 135 (2007)

Plate 21

Heliconoides infl ata (d’Orbigny, 1836)

Fig. 1. Anda2, RGM 539 800. Apical view.

Fig. 2. Anda1, RGM 539 801. a, left lateral view. b, detail of micro-ornament on apertural rostrum.

Fig. 3. Anda1, RGM 539 802. Juvenile specimen, apertural view (note thickened apertural margin at 

place of rostrum).

Heliconoides sondaari sp. nov.

Fig. 4. Paratype. Anda3, RGM 539 803. Left lateral view.

Fig. 5. Paratype. Anda3, RGM 539 804. Apertural view.

Fig. 6. Paratype. Anda3, RGM 539 805. Apical view.

Fig. 7. Paratype. Anda4, RGM 539 806. Apertural view.
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Plate 22

Heliconoides sondaari sp. nov.

Fig. 1. Paratype. Anda4, RGM 539 807. Left lateral view.

Limacina bulimoides (d’Orbigny, 1836)

Fig. 2. Anda4, RGM 539 808. a, apertural view. b, protoconch and early whorls, showing micro-orna-

ment.

Fig. 3. Anda4, RGM 539 809. a, juvenile specimen, apertural view. b, micro-ornament on body whorl 

close to aperture.

Striolimacina andaensis sp. nov.

Fig. 4. Paratype. Anda4, RGM 539 812. a, apical view. b, micro-ornament close to apertural margin.

Striolimacina andaensis sp. nov.

Fig. 5. Paratype. Anda4, RGM 539 813. a, left lateral view. b, micro-ornament close to apertural margin.
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Plate 23

Architectonicidae sp.

Figs. 1, 2. Anda1, RGM 539 810-811. Protoconchs, apertural views.

Creseis chierchiae (Boas, 1886) forma constricta Chen & Bé, 1964

Fig. 3. Anda1, RGM 539 814. Juvenile specimen retaining protoconch, frontal view.

Fig. 4. Anda4, RGM 539 815. Adult specimen, protoconch broken.

Fig. 5. Anda2, RGM 539 816. Protoconch.

Fig. 6. Anda2, RGM 539 817. Protoconch.

Creseis clava (Rang, 1828)

Fig. 7. Anda3, RGM 539 818. a, adult specimen. b, protoconch.

Fig. 8. Anda3, RGM 539 819. Adult specimen.

Hyalocylis marginata sp. nov.

Fig. 9. Paratype. Tiep2, RGM 539 826. Adult specimen with reduced ornament on younger shell parts, 

left lateral view.

Hyalocylis ? marginata sp. nov.

Fig. 10. Anda4, RGM 539 821. Juvenile specimen (no paratype), oblique dorsal/right lateral view.

Fig. 11. Anda4, RGM 539 820. Juvenile specimen (no paratype), left lateral view.
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Plate 24

Cuvierina (Urceolarica) urceolaris (Mörch, 1850).

Fig. 1. Anda4, RGM 539 822. Protoconch.

Styliola subula (Quoy & Gaimard, 1827)

Fig. 2. Anda3, RGM 539 827. Specimen with additional furrow at apertural margin, dorsal view.

Fig. 3. Anda3, RGM 539 828. Dorsal view.

Clio (Bellardiclio) cuspidata (Bosc, 1802)

Fig. 4. Anda2, RGM 539 823. Protoconch and early teleoconch, dorsal view.

Fig. 5. Anda1, RGM 539 825. Protoconch and early teleoconch, right lateral view.

Clio (Clio) convexa convexa Boas, 1886

Fig. 6. Anda2, RGM 539 829. Protoconch and early teleoconch, lateral view.

Fig. 7. Anda2, RGM 539 830. Protoconch and early teleoconch, dorsal or ventral view.

Clio (Balantium) cf. hataii (Noda, 1972)?

Fig. 8. AndaDeVos, RGM 539 824. Protoconch and early teleoconch, right lateral view.

Clio (Clio) pyramidata Linné, 1767 forma lanceolata (Lesueur, 1813)

Fig. 9. Anda4, RGM 539 831. a, protoconch and early teleoconch, ventral view. b, protoconch, ventral 

view.

Fig. 10. Anda4, RGM 539 832. Juvenile specimen, left lateral view.

Diacria italica Grecchi, 1982 forma fi ssicostata f. nov.

Fig. 11. Paratype. Anda2, RGM 539 833. Protoconch and early teleoconch, dorsal view.

Fig. 12. Paratype. Anda2, RGM 539 834. Protoconch and early teleoconch, lateral view.
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Plate 25

Diacria philippinensis sp. nov.

Fig. 1. Paratype. Anda1, RGM 539 835. a, dorsal view. b, detail of dorsal apertural lip.

Diacria trispinosa (de Blainville, 1821) forma bisulcata Gabb, 1873

Fig. 2. Anda2, RGM 539 836. a, protoconch, lateral view. b, protoconch-1 and early part of protoconch-2, 

lateral view.

Fig. 3. Anda2, RGM 539 837. Protoconch, dorsal or ventral view.

Diacria sp.

Figs. 4-6. AndaClif1, RGM 539 838-840. 4a, 5a, lateral view. 6a, ventral or dorsal view, 4b, 5b, 6b, proto-

conch-1 enlarged.

Sphaerocina convolvula sp. nov.

Fig. 7. Paratype. AndaDeVos, RGM 539 841. a, left lateral view. b, protoconch enlarged.

Cymbuliidae sp.

Fig. 8. Anda3, RGM 539 842. Protoconch, apical view.

Gymnosomata sp.

Fig. 9. Tiep2, RGM 539 843. a, protoconch, lateral view. b, protoconch-2 and early teleoconch, enlarged.
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