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Introduction

The taxonomy of the Azorean Trochoidea has 
been surrounded by frequent confusion and 
species from this superfamily were often mis
identified as similar European species by the 
19th century authors (MacAndrew, 1856; Drouët, 
1858; Jeffreys, 1883; Watson, 1886; Dautzenberg, 
1889). Besides Dautzenberg’s (1927) paper (where 
the Azorean Calliostoma is first described) and 
Nordsieck’s (1973, 1982), where two endemic 
species (Jujubinus pseudogravinae and Gibbula del-
gadensis) were described, no other taxonomic 
studies dealt in detail with the shallow-water 
Trochoidea of the Azores.

The main objective of this work is to update 
the systematics of the group in the Azores. In the 
process, a compilation of the published informa-
tion is carried out, with particular attention to 
the synonymy and the distribution of species by 
island. In addition, the Pleistocene fossil record 
from Santa Maria Island is referred.

Materials and Methods

A bibliographic revision of the shallow-water 
species (intertidal to a depth of about 50 m) was 
made. Only primary sources were selected; refer-
ences not directly related to the Azores, but where 
species are mentioned for the archipelago based 
only on bibliography, were not included (e.g.: 

Cretella, 1992). The synonymy and the distribu-
tion of species by island were also annotated.

Relevant occurrences will be cited from the 
two Pleistocene marine fossiliferous outcrops 
from Santa Maria (Prainha, located on the south 
coast of the island, near Praia Formosa beach, 
about 5  km east of Vila do Porto, with fos-
siliferous layers extending for 800  m along the 
seashore at the present height of +2 to +4 m, and 
Lagoinhas, located on the north coast at +7.4 m 
above present sea-level and with a longitudinal 
extension of less than 100  m) (for a review see 
Ávila et al., 2002; Ávila, 2005; Ávila et al., 2008, 
2009).

More than 840 lots from the collection of the 
Department of Biology of the University of the 
Azores (DBUA), corresponding to about 600 
dives in all islands, were examined and the 
trochids identified. Selected juveniles were pho-
tographed and their protoconchs measured to 
assess their modes of development. Unless stated 
otherwise, all the material herein referred to is 
deposited at the DBUA collection. Type material 
from the Dautzenberg Collection, deposited at 
the Royal Belgian Institute of Natural Sciences 
(Brussels, Belgium) was also examined. Type 
material from the Nordsieck collection, depos-
ited at the Senckenberg Museum (Frankfurt, 
Germany) as well as information regarding these 
specimens was provided by Ronald Janssen. 
The trochids from the Nordsieck collection were 
photographed by Eike Neubert (Senckenberg 
Museum, Frankfurt).
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Trochidae and Calliostomatidae are held as 
separate families in the Trochoidea, following 
Bouchet et al. (2005).

Abbreviations Used in Text

DBUA	 marine molluscs reference collec-
tion of the Department of Biology 
of the University of the Azores.

DC-RBINS	 Dautzenberg Collection (Royal 
Belgian Institute of Natural 
Sciences, Brussels, Belgium).

NCSM	 Nordsieck collection (Senckenberg 
Museum, Frankfurt, Germany).

DOP/ML	 molluscs reference collection of the 
Department of Oceanography and 
Fisheries, University of the Azores, 
Horta.

ImagDOP	 image bank of the Department 
of Oceanography and Fisheries, 
University of the Azores, Horta.

DBUA–F	 fossil reference collection of the 
Department of Biology of the 
University of the Azores (Ponta 
Delgada, São Miguel Island, Azores).

Results

Six littoral species of Trochoidea are reported from 
the Azores, of which two are dubious records 
(Clanculus bertheloti and Gibbula umbilicalis), three 
are endemic (Jujubinus pseudogravinae, Gibbula del-
gadensis and Calliostoma lividum, the last herein 
raised to specific rank) and one has a wide distri-
bution in the North Atlantic (Gibbula magus).

Annotated Taxonomic List

Clade Vetigastropoda Salvini-Plawén 1980
Superfamily Trochoidea Rafinesque 1815

Family Trochidae Rafinesque 1815
Genus Clanculus Montfort 1810

Clanculus bertheloti (d’Orbigny 1840)

References for the Azores
Clanculus bertheloti (d’Orbigny 1834). MacAndrew, 
1856: 121, 147 (Azores, at shore); Nordsieck, 1982: 
44 (Azores).

Remarks  The record of Clanculus bertheloti stems 
only from a name in the list of MacAndrew (1857) 
[Report for 1856, published in 1857], repeated in 
Nordsieck’s book. It has not been found again 
despite extensive collecting and it is unlikely 
that there are Clanculus in the Azores. This record 
should be deleted from Azores’ checklists. The 
genus Clanculus was not found in the outcrops 
that were examined at Santa Maria Island (Ávila 
et al., 2002; Ávila, 2005).

Genus Jujubinus Monterosato 1884

Jujubinus pseudogravinae Nordsieck 1973 
(Figs 1, 2)

References for the Azores
Trochus striatus Linnaeus 1758. MacAndrew, 1856: 
120 (Azores) (misidentification).
Calliostoma (Jujubinus) exasperatus (Linnaeus 
1766). MacAndrew, 1856: 147 (Azores) (misiden-
tification).
Trochus erythroleucos Gmelin 1791. (Drouët, 1858: 
29) (São Miguel) (misidentification).
Trochus (Ziziphinus) exasperatus (Pennant 1777). 
Watson, 1886: 696) (off Faial, 80 to 150 m, Stn. 75, 
“Challenger”, 1873) (misidentification).
Calliostoma (Jujubinus) exasperatus (Pennant 1777). 
Dautzenberg, 1889: 63 (Faial, Horta, 15 to 20 m, 
Stn. 103, “Hirondelle”, 1887); Nobre, 1924: 82 
(São Miguel, Ponta Delgada; Pico, Cais do Pico; 
Faial, Horta); Nobre, 1930: 59 (São Miguel, Ponta 
Delgada; Pico, Cais do Pico; Faial, Horta) (mis
identification).
Jujubinus pseudogravinae Nordsieck 1973. 
Nordsieck, 1973: 12, fig. 18 (São Miguel, Ponta 
Delgada); Nordsieck, 1982: 43–44 (Azores, Ponta 
Delgada); Azevedo & Gofas, 1990: 84 (Flores, 
Santa Cruz); Ávila & Azevedo, 1996: 106 (Pico); 
Ávila et al., 2000: 143 (São Miguel); Ávila, 2003: 
15, 17 (São Miguel); Ávila, Cardigos & Santos, 
2004: 77 (Banco D. João de Castro); Martins, 2004: 
50 (Ilhéu de Vila Franca do Campo).
Jujubinus exasperatus (Pennant 1777). Azevedo, 
1990: 59 (Pico, Lajes do Pico); Azevedo, 1991: 20 
(São Miguel, Caloura and Ribeirinha); Morton  
et al., 1998: 55 (São Miguel, Caloura) (misidenti-
fication).
Calliostoma exasperatus (Montagu 1803). Morton 
& Britton, 1995: 70 (São Miguel, off Vila Franca 
do Campo) (misidentification).
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Figure 1  Jujubinus pseudogravinae. A Apertural view. B Bottom view. A, B: DBUA 574–2/119–1. C Top view of 
protoconch: DBUA 574–1/125–2. D Apertural view. E Detail of the microsculpture of the teleoconch. F Lateral 
view of protoconch. D–F: DBUA 574–3/123–2.
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Figure 2  Jujubinus pseudogravinae. A Apertural view: NCSM. B Apertural view: DBUA 574–1/125–2. C Apertural 
view: DBUA 574–2/119–1. D Apertural view: DBUA 238. E Apertural view: DBUA 486. F Apertural view: DBUA 
574–3/123–2. G Bottom view. H Apertural view. G, H: DBUA 563. I Top view: DBUA 682.
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Jujubinus exasperatus f. tricolor (Pennant 1777). 
Ávila & Azevedo, 1996: 106 (Pico) (misidentifica-
tion).
Jujubinus sp. Ávila, 2000a: 14 (São Miguel).
Jujubinus pseudogravinea (sic!) Nordsieck 1973. 
Segers, 2002: 87 (Azores).

Type material  82 syntypes at the Senckenberg 
Museum from the type locality (Ponta Delgada, 
no date, no collector and not yet catalogued) 
(Ronald Janssen, in litt.).

Type locality  Ponta Delgada, São Miguel Island 
(Azores).

Material examined  Banco D. João de Castro 
(DBUA 814); Faial (DBUA 371–372, 378, 387–388, 
390, 394–396, 400, 405, 407–408, 415, 418, 421–422, 
424, 429, 432, 438, 441); Flores (DBUA 193, 195, 
233, 238, 240, 249, 267, 274, 278, 281, 550, 553, 
555–558, 560–561, 563, 565, 567–570, 575, 576–577, 
579); Formigas (DBUA 330, 340–341, 345, 350, 
353, 355, 362); Graciosa (DBUA 103); Pico (DBUA 
460, 462, 481, 486, 499, 660–662, 667, 669–672, 
677, 726); São Miguel (DO 63; DBUA 125, 168, 
173, 176, 605, 608–609, 614, 616, 624, 626, 655–657, 
673, 675, 683, 686–689, 692, 695–696, 698, 703/C, 
707/G, 709, 715, 719, 721, 728, 730–733, 735, 739, 
742, 746, 748–749, 754–755, 762, 764, 766–769, 
771–774, 776–777, 779–781, 783, 785, 787–791).

Description (Figs 1, 2)  Shell: solid, opaque, high-
conic in adult specimens (with more than 5 teleo
conch whorls), usually 8 to 10 mm, rarely up to 
13 mm high, diameter 5.5 to 6.5 mm; less conic in 
juveniles. Height/diameter ratios between 1.33–
1.37 (juveniles) and 1.50–1.70 (adults). Teleoconch 
with 7 whorls, the two uppermost convex, with 
4 spiral cords, the second usually more pro-
nounced; following whorls flat, separated by a 
projecting broad carina, granulated on the first 
whorls and covered with numerous, very small 
ridgelets, which are especially apparent on the 
body whorl; above the carina there are 3 con-
spicuous ridges, not granulated and narrower 
than the furrows, first ridge largest, located 
immediately below the suture and covered with 
very small, secondary ridgelets more evident on 
the last whorls, the other two irregularly spaced; 
the ridges and the carina are stronger on the first 
whorls, becoming less pronounced and rounder 
on the body whorl; sometimes small, second-

ary ridgelets can be seen between the principal 
ones on the last whorls; the furrows between the 
ridges are covered with very sharp, prosocline 
lamellae, more visible on the first whorls. Base 
convex, with six flat concentric ridges, narrower 
than the furrows; numerous growth lines evi-
dent on the base, crossing both the ridges and 
the intervals between them. Umbilicus closed 
even in juveniles, covered with a white callus. 
Aperture quadrangular; columella white, tinged 
with lilac on the border, with one prominent, 
rounded denticle on the lower part; interior of 
the aperture nacreous. Colour of the shell vari-
able, brown, orange-brown and olive-green with 
white or yellow flammules, often arranged in 
irregular, longitudinal bands across the whorls, 
sometimes bordered with brown; bright red or 
near black specimens can also occur; colour of 
base similar to that of the whorls, with some 
of the stripes projecting towards it. Operculum 
multispiral, very thin, almost transparent and 
yellowish. Protoconch 200 to 205 μm in diameter, 
about 1.0 whorls, eroded in most adults.

Animal reddish-brown, variously mottled 
mostly on the posterior half of the foot which 
is papillose; papillae whitish, well developed in 
a furrow on the posterior dorsal tip; sole of foot 
superficially bipartite longitudinally, dark yellow 
to white (Fig. 7A, B). Head dark-brown, becom-
ing lighter towards the neck. Cephalic tentacles 
dark-brown dorsally, whitish ventrally, long, 
tapering, villose, the pedunculate black eyes 
protruding from their outer base; two yellowish, 
frilled cephalic lappets descend from the inner 
base of the tentacles and curve inwards at the 
middle of the snout; neck lobes wide, undulated, 
dorsally greyish-green with whitish spots near 
their light yellow edge, ventrally brownish-red, 
continuing posteriorly as the epipodium; three 
pairs of villose, purplish-brown epipodial ten-
tacles arise from the base of the epipodium, the 
two posterior pairs encircled by a white patch; 
a brown-capped papillar sense organ protrudes 
from the posterior base of each tentacle.

Radula rhipidoglossan (∞ + 5 + 1 + 5 + ∞) × 46 
(Fig. 8A, B). Central tooth with base very wide, 
lower quarter quadrangular, inflating abruptly 
and assuming a roughly conical shape tapering 
into a double neck, the anterior portion very 
narrow and attaching to the underneath of the 
crown, the posterior part flaring out and bending 
to continue anteriorly and form the crown; crown 
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small, with sharp, triangular mesocone and ser-
rated edges with about 5 small, sharp cusps. 
Lateral teeth becoming gradually larger, the basis 
flaring outwards, with outer margins rounded; 
crown of the first two laterals slightly larger 
than that of the central tooth, elongated, with 
mesocone triangular, sharp, endocone and ecto-
cone serrated, with three to four subequal cusps; 
third and fourth laterals with wider crowns, 
elongated and blunt mesocone, endocone and 
ectocone with two to three small cusps; fifth lat-
eral with large, quadrangular crown, mesocone 
rounded, endocone with one small, sharp cusp, 
ectocone with two cusps, the anterior strong-
est. Marginal teeth very narrow, the first five 
with long, narrow, tricuspidate crown, mesocone 
long and rounded, endocone and ectocone sharp; 
from the sixth marginal outwards the crown 
decreases gradually and the endocone and ecto-
cone become first bicuspid, then tricuspid and 
eventually pectinate.

Ecology  Specimens were found usually associ-
ated with algae in shallow waters. This is the 
most abundant of the trochoidean species in the 
Azores. The empty shells of this species are com-
monly occupied by specimens of the intertidal 
hermit crab Clibanarius erythropus (Latreille 1818) 
(Botelho & Costa, 2000).

Bathymetric range  Intertidal down to 80 m, more 
common between 3 and 25 m.

Geographic distribution E ndemic to the Azores, 
occurring on all islands (Ávila, 2005).

Fossil record R eported from Prainha outcrop 
(Pleistocene) (Santa Maria Island) (DBUA–F 2, 
59, 65, 134, 139, 140) (Ávila et al., 2002; Ávila, 
2005).

DNA Sequences  Partial sequences of the 16S 
rRNA mitochondrial gene (Genbank EF469254) 
and of the internal transcribed spacer 1 (ITS1) 
(Genbank EF469258).

Remarks  Nordsieck (1973: 12) described 
Jujubinus pseudogravinae based on specimens col-
lected at São Miguel Island (Ponta Delgada). 
His fig. 18 represents a juvenile. Although the 
description corresponds to the juveniles present 
at the DBUA collection, the figure is of poor 

quality and, in view of the taxonomic confusion 
surrounding this species, Nordsieck’s descrip-
tion was in need of reviewing. There are 82 
syntypes at the Senckenberg Museum from the 
type locality (Ponta Delgada, no date, no collec-
tor and not yet catalogued) (Ronald Janssen, in 
litt.), and a holotype was not designated in the 
original publication; therefore, a more detailed 
description of this species is provided. A total 
of 969 specimens from the type locality (Ponta 
Delgada) were examined as well as specimens 
from other localities of São Miguel, and several 
hundred specimens collected at other islands 
(Faial, Flores, Formigas, Graciosa and Pico).

Despite its name, Jujubinus pseudogravinae is 
by no means a close relative of Jujubinus gravi-
nae (Dautzenberg 1881). As correctly pointed by 
Cretella (1992) it belongs to the species group 
around J. exasperatus (Pennant 1777) (and was 
misidentified as this species by many authors). 
Jujubinus pseudogravinae can be distinguished 
by a series of shell characters, summarised in 
Table 1. Compared to J. pseudogravinae, the shell 
of J. gravinae is smaller, the early whorls have a 
unique, undulated and thick suprasutural cord 
which later loses the undulations, and has a 
lower height/diameter ratio. The intermedi-
ate spiral ridges are always smooth and only 
very fine growth lines are visible in the furrows 
between them. One of the spiral ridges of the 
first teleoconch whorl is very prominent giving 
the apex a scalar appearance. Jujubinus exaspera-
tus has a conical shell, with a very prominent 
carina and a flat base. Both the carina and the 
spiral ridges are granulose in all the whorls and 
the furrows between them are crossed by very 
sharp prosocline lamellae. The uppermost two 
teleoconch whorls have 3–4 even, spiral ridges. 
Jujubinus striatus (Linnaeus 1758) has narrower, 
regular, more numerous spiral ridges (about 12 
on the body whorl and 13 on the base) and lacks 
the prominent carina.

Genus Gibbula Risso, 1826

Gibbula delgadensis Nordsieck 1982 
(Fig. 3)

References for the Azores
Gibbula delgadensis Nordsieck 1982. Nordsieck, 
1982: 33, plate 15 (Ponta Delgada); Ávila, 2000a: 
53 (São Miguel); Ávila et al., 2000: 143 (São 
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Miguel); Ávila, 2003: 15, 17 (São Miguel); Segers, 
2002: 87 (Ponta Delgada, São Miguel); Martins, 
2004: 47, 50 (Ilhéu de Vila Franca do Campo).
Gibbula sp. 3. Macedo et al., 1999: 100 (Açores).

Type material  3 syntypes at the Senckenberg 
Museum from the type locality (Ponta Delgada, 
no date, no collector and not yet catalogued) (Dr. 
Ronald Janssen, in litt.).

Type locality  Ponta Delgada, São Miguel Island 
(Azores).

Material examined  Flores (DBUA 568), Formigas 
(DBUA 320, 332, 335, 340, 342, 343, 345, 350, 
353, 355), Graciosa (DBUA 057, 102), São Miguel 
(DBUA 117, 167, 695, 702/D, 703/B, 703/C, 708/I, 
715, 733, 735, 740–741, 766, 769, 772, 781–782, 
784–785, 787–789, 791).

Description (Fig. 3)  Shell up to 2 mm in height 
and 2 mm in diameter, conical, solid. Protoconch 
210–260 μm in diameter, smooth, with 1.1 whorls. 
Teleoconch with 4 convex whorls in adult spec-
imens, covered with fine spiral cords. Cords 
rounded, smooth, irregularly spaced, 3 on the 
first whorl and 9–11 on the body whorl. The 
middle cord is usually larger, giving the whorls 
a shouldered appearance. The lower spiral cord 
of the body whorl is also stronger, giving the 

shell a carinated profile. Base convex, with 8–11 
concentric ridges, equal or narrower than the fur-
rows. Umbilical area white with a deep, canalicu-
lated umbilicus. Aperture roughly quadrangular. 
Columella white, vertical or slightly prosocline. 
Outer lip thickened in the interior by a white 
callus and bordered by a dark line. Interior of 
the aperture nacreous. Colour of the shells cream, 
yellow-brown, brown, orange-brown, reddish or 
olive-green with white, brown or reddish flam-
mules on the spiral cords, often arranged in 
irregular, longitudinal bands. Furrows between 
the ridges usually with nacreous iridescence. 
The middle and the peripheral spiral cords are 
usually darker than the others. Colour of base 
similar or slightly darker than the body whorl. 
Operculum multispiral, very thin, almost trans-
parent and yellowish.

Animal whitish, with irregular red spots 
throughout the foot; sole of foot superficially 
bipartite longitudinally, dark yellow to white 
(Fig. 7C). Head yellowish-brown, becoming light 
brown on the neck and yellow on the snout, with 
a brown spot running down from the base of the 
eyestalk. Cephalic tentacles white, long, tapering, 
villose, the pedunculate black eyes protruding 
from their outer base; eyestalk whitish, with a 
brown stripe running along the outer side; two 
brown, narrow bands descend from the inner 
base of the tentacles and unite near the base of 

Table 1  Summary of the main differences between Jujubinus pseudogravinae, J. gravinae, J. exasperatus and 
J. striatus (Nordsieck, 1973; Cretella, 1992; Poppe & Goto, 1991).

 J. pseudogravinae J. gravinae J. exasperatus J. striatus

Aperture Quadrangular Subcircular Subquadrangular Subquadrangular
Profile of the shell High-conical Conical Conical, cirtoconoidal Conical or slightly 

cirtoconoidal
No. whorls protoconch 1.0 1.25 1.25 1.0
No. whorls teleoconch 7 6–7 6–9 7–8
Shell colour Variable, brown, 

orange-brown and 
olive-green, red or 
near black, with white 
or yellow flammules

Yellowish-cream, 
with pink, brown 
or greenish 
flammules

Light to dark red, 
purplish brown, 
greyish white or 
yellowish, always with 
traces of red or pink 
on the shell; white 
flammules sometimes 
present

Olive brown, 
greenish, cream 
or whitish, with 
brownish, chestnut 
or blackish 
flammules

Max. height (mm) 8–10 5–6 15 11–13
Max. diam. (mm) 5.5–6.5 4–5 7 7–8
Ratio height/diam. 1.33–1.37 (juveniles) 

1.50–1.70 (adults)
1.20–1.45 1.25–1.85 1.20–>1.60 
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Figure 3  Gibbula delgadensis. A Syntype, apertural view: NCSM. B Lateral view of spire and protoconch. 
C Apertural view. D Top view of spire and protoconch. E Apertural view. F Top view of protoconch. G Detail of 
the microsculpture of the last whorl. B–G: DBUA 741–1/127–1.
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the snout; neck lobes wide, rounded, translucent, 
with irregular whitish spots near their edge; 
three pairs of villose, white epipodial tentacles 
arise from the base of the epipodium; two brown 
papillar sense organs protrude from the posterior 
base of each tentacle.

Radula rhipidoglossan (∞ + 5 + 1 + 5 + ∞) × 33 
(Fig. 8C, D). Central tooth with base very wide, 
first gently widening, then inflating abruptly and 
assuming a roughly conical shape tapering into 
a double neck, the anterior portion very narrow 
and attaching to the underneath of the crown, the 
posterior part flaring out and bending to continue 
anteriorly and form the crown; crown very small, 
with sharp, triangular mesocone with irregular 
edges appearing weakly serrated. Lateral teeth 
becoming gradually larger, the basis flaring out-
wards, with outer margins of the first four teeth 
sharply bent, becoming gently rounded on the 
last; crown of the first lateral slightly larger than 
that of the central tooth, with mesocone, sharp, 
endocone with three and ectocone with four con-
spicuous, subequal cusps; second lateral similar 
to the first, the crown twice the size of that of 
the first lateral, cusps blunt; third to fifth later-
als with crowns becoming larger, elongated and 
blunt; mesocone, endocone and ectocone with 
three cusps. Marginal teeth very narrow, the first 
five with long, broad, tricuspidate crown, meso-
cone long and rounded, endocone and ectocone 
sharp; from the sixth marginal outwards the 
mesocone narrows gradually and the endocone 
and ectocone become first bicuspid, then tricus-
pid and eventually pectinatEcology Specimens 
were found usually associated to algae, under or 
over rocks.

Bathymetric range  Intertidal down to 30 m, more 
common in the first 10 m (Ávila, 2003: 17, fig. 3).

Geographic distribution E ndemic to the Azores, 
occurring in all three island groups.

Fossil record R eported by Ávila et al. (2002) and 
Ávila (2005) to Prainha outcrop (Pleistocene) 
(Santa Maria Island) (DBUA–F 45, 139).

DNA Sequences  Partial sequences of the 16S 
rRNA mitochondrial gene (Genbank EF469255) 
and 18S rRNA (Genbank EF469256), and of the 
internal transcribed spacer 1 (ITS1) (Genbank 
EF469257).

Gibbula magus (Linnaeus 1758)
(Fig. 4)

References for the Azores
Trochus magus Linnaeus 1767. Drouët, 1858: 29 
(São Miguel, Rosto do Cão).
Gibbula magus (Linnaeus 1758). Dautzenberg, 
1889: 63 (Faial, Horta, –15 to –20  m, Stn. 103, 
“Hirondelle”, 1887); Ávila & Azevedo, 1996: 106 
(Pico); Morton et al., 1998: 88, 144 (Azores); Ávila, 
2000a: 52–53 (São Miguel); Ávila et al., 2000: 143 
(São Miguel); Segers, 2002: 86 (Azores); Martins, 
2004: 50 (Ilhéu de Vila Franca do Campo).
Gibbula magus (Linnaeus 1767). Dautzenberg, 
1889: 63 (São Miguel, Rosto do Cão); Bullock, 
Turner & Fralick, 1990: 45 (São Miguel, Ponta 
da Galera; Queimada, Água d’Alto; Mosteiros; 
Calheta, Ponta Delgada; Ilhéu de Vila Franca); 
Morton & Britton, 1995: 70 (São Miguel, off Vila 
Franca do Campo).

Material examined  Faial (DBUA 410, 421, 422, 
424), Pico (DBUA 661, 670), São Miguel (DO 70; 
DBUA 021, 117, 167, 168, 169, 170, 604, 605, 607, 
608, 609, 614, 616, 618, 621, 624, 655, 676, 696, 709, 
717, 719, 731, 732, 734, 735, 737, 739, 784, 807).

Description (Fig. 4)  Shell height up to 12  mm, 
diameter 14 mm, depressed, solid. Height/diam-
eter ratios between 0.80–0.83 (juveniles) and 0.87–
0.91 (adults). Protoconch 210–260 μm in diameter, 
with 1.1 whorls, smooth. Teleoconch with 4 con-
vex whorls in adult specimens, covered with fine 
spiral cords. Cords rounded, smooth, irregularly 
spaced, 3 on the first whorl and 9–11 on the body 
whorl. The middle cord is usually larger, giving 
the whorls a shouldered appearance. The lower 
spiral cord of the body whorl is also stronger, 
giving the shell a carinate profile. Base con-
vex, with 8–11 concentric ridges, equal or nar-
rower than the furrows. Umbilical area white 
with a deep canaliculated umbilicus. Aperture 
roughly quadrangular. Columella white, verti-
cal or slightly prosocline. Outer lip thickened in 
the interior by a white callus and bordered by 
a dark line. Interior of the aperture nacreous. 
Colour of the shells cream, yellow-brown, brown, 
orange-brown, reddish or olive-green with white, 
brown or reddish flammules on the spiral cords, 
often arranged in irregular, longitudinal bands. 
Furrows between the ridges usually with nacre-
ous iridescence. The middle and the peripheral 
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Figure 4  Gibbula magus. A Apertural view. B Top view. C Lateral view of spire and protoconch. D Detail of the 
microsculpture of the last whorl. A–D: DBUA 424/120–2. E Apertural view. F Top view. G Top view of spire and 
protoconch. E–G: DBUA 168/118–1. H Top view of protoconch: DBUA 424/120–1.
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spiral cords are usually darker than the others. 
Colour of base similar or slightly darker than the 
body whorl. Operculum multispiral, very thin, 
almost transparent and yellowish.

Animal light brown, mottled with dark-brown 
irregular patches on the upper posterior half of 
the foot, lower portion of the foot with dense 
white spots over a pale background (Fig. 7D). 
Head light brown. Cephalic tentacles greyish, 
translucent, long, tapering, villose, the pedun-
culate blue eyes with black iris protruding from 
their outer base; eyestalk golden-brown; neck 
lobes rounded, translucent, with irregular whitish 
spots, right lobe wide, left one narrow, pointed; 
three pairs of long, villose, greyish epipodial 
tentacles arise from the base of the epipodium,; 
a white papillar sense organ protrudes from the 
lower base of each epipodial tentacle.

Radula rhipidoglossan (∞ + 5 + 1 + 5 + ∞) × 64 
(Fig. 8E, F). Central tooth with base very wide, an 
anterior portion narrowing to form the support 
of the crown, the posterior portion flaring out-
wards as it bends up to form the crown; crown 
relatively small, depressed posteriorly, with 
sharp, triangular mesocone with serrated edges 
on posterior half. Lateral teeth with bases slightly 
flaring outwards at about mid-length, outer mar-
gins of the posterior portion forming the crown 
expanded outwards; crown of the first lateral 
slightly about the same size as that of the central 
tooth, crown of the remaining laterals becoming 
progressively longer, the endocone with three 
sharp cusps, the ectocone with five conspicuous, 
cusps decreasing posteriorly. Marginal teeth very 
narrow, with long, falciform crown.

Bathymetric range  More common between 5 and 
20  m, in coarse gravel bottoms (Costa & Ávila, 
2001).

Geographic distribution  Scandinavia, Belgium, 
British Isles, Bay of Biscay, Portugal, Mediterranean, 
Madeira, Canary Islands and in all islands of the 
Azores (Ávila, 2005).

Fossil record R eported by Ávila et al. (2002) from 
the Prainha outcrop (Pleistocene) (Santa Maria 
Island) (DBUA–F 45, 91).

Remarks  The Azorean specimens (both fossil 
and recent) are much smaller than the European 
ones (25 to 35  mm in diameter; Poppe & Goto, 

1991: 80) (Fig. 4). The largest shell found in 
the Azores, was a fossil specimen (DBUA–F 91; 
1.32 × 0.99 cm) reported by Ávila et al. (2002: 349, 
Figs 15–16) from Santa Maria Island. This phe-
nomena (the dwarfism of insular specimens) was 
also reported by Simone (in press), in gastropods 
of the islands of the São Pedro and São Paulo 
archipelago (Brazil).

Family Calliostomatidae Thiele 1924
Genus Calliostoma Swainson 1840

Calliostoma lividum Dautzenberg 1927 
(Figs 5, 6)

References for the Azores
Trochus zizyphinus Linnaeus 1758. MacAndrew, 
1856: 119, 147 (misidentification) (Azores).
Trochus laugieri (Payraudeau 1826). MacAndrew, 
1856: 120, 147 (misidentification) (Azores, 7 to 
20 m).
Trochus conulus Linnaeus 1766. Drouët, 1858: 29 
(misidentification) (São Miguel).
Trochus (Ziziphinus) zizyphinus Linnaeus 1758. 
Watson, 1886: 696 (misidentification) (off Faial, 
80 to 150 m, Stn. 75, “Challenger”, 1873).
Trochus dubius Philippi 1844. Simroth, 1888 (mis
identification) (São Miguel, Ponta Delgada).
Calliostoma conuloides Lamarck 1822. Dautzenberg, 
1889: 62 (Faial, Horta, -15 to –20  m, Stn. 103, 
“Hirondelle”, 1887); Nobre, 1924: 82 (misiden-
tification) (São Miguel, Ponta Delgada); Nobre, 
1930: 59 (misidentification) (São Miguel, Ponta 
Delgada).
Calliostoma conulus (Linnaeus 1758). Dautzenberg, 
1927: 190–191 (between Pico and Faial, Stn. 226, 
130 m depth; Stn 882, 98 m depth).
Calliostoma conulus (Linnaeus 1758) var. livida 
Dautzenberg 1927. Dautzenberg, 1927: 191 
(Terceira (Sto. António, Stn. 594, 54  m depth), 
between Pico and Faial (Stn. 882, 98  m depth), 
between Pico and São Jorge (Stn. 1349, 1,250  m 
depth) and São Miguel).
Calliostoma sp. Azevedo & Gofas, 1990: 84 (Flores, 
Santa Cruz); Ávila et al., 2000: 143 (São Miguel); 
Ávila, 2003: 32–33 (São Miguel); Segers, 2002: 86 
(Azores); Ávila et al., 2004: 77 (Banco D. João de 
Castro); Martins, 2004: 50 (Ilhéu de Vila Franca 
do Campo).
Calliostoma zizyphinum (Linnaeus 1758). Azevedo, 
1991: 20 (São Miguel, Ribeirinha); Morton et al., 
1998: 144 (misidentification) (Azores).
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Figure 5  Calliostoma lividum. A Apertural view. B Apertural view. A, B: DBUA 766/123–1. C Apertural view: 
DBUA 698/126–1. D Lateral view of spire and protoconch. E Top view of protoconch. F Top view of spire and 
protoconch. D–F: DBUA 766/123–1. G Top view of spire and protoconch. H Top view. I Top view. G–I: DBUA 
356/128–1.
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Calliostoma cf. conulus (Linnaeus, 1758). Ávila, 
2000a: 53 (misidentification) (São Miguel).
Calliostoma lusitanicum Nordsieck & Talavera 
1979. Wirtz & Debelius, 2003: 165 (misidentifica-
tion) (Azores).

Type material  The type material was collected by 
Cap Chaves in São Miguel Island and consists of 
two samples with 12 shells, which are at RBINS, 
under the reference DC-RBINS I.G. 10591. These 
12 shells were classified by Dautzenberg (1927) 
as Calliostoma conulus var. livida (Fig. 6). There 
is also another sample not examined by the 
authors, with 2 shells from São Miguel Island, 
collected by Crosse & Drouët and classified in the 
Dautzenberg collection as Calliostoma conulus var. 
(without further indication) (Thierry Backeljau 
pers. comm.).

Type locality  São Miguel Island (Dautzenberg, 
1927: 191).

Material examined  Banco D. João de Castro 
(DBUA 813, 814, 839), Faial (ImagDOP s110-4, 
s225-19; DOP/ML 0003, 0021; DBUA 433), Flores 
(DBUA 557, 565, 579), Formigas (DBUA 330, 338, 
339, 355, 356, 362, 365), Pico (DBUA 668, 670, 672, 
677, 796), São Miguel (DO 16; DBUA 605, 634, 
651, 652, 654, 657, 675, 676, 682, 683, 688, 695, 696, 
697, 699, 712, 719, 724, 732, 738, 748, 755, 758, 766, 
767, 773, 776, 777, 779, 780, 781, 782, 783, 785, 787, 
789, 838).

Description (Figs 5, 6)  Adults up to 26  mm in 
height, 22  mm in diameter. Height/diameter 
ratios between 1.00–1.16 (juveniles) and 1.09–
1.29 (adults). Body whorl about 53% of total 

Figure 6  Calliostoma lividum, apertural views. All, Dautzenberg Collection (DC-RBINS, Brussels). A 21.1 × 17.9 mm. 
B 13.1 × 12.4 mm. C 19.4 × 16.3 mm. D 10.2 × 10.0 mm. E 22.8 × 11.1 mm. F 15.3 × 14.5 mm.
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height of shell, aperture 48%. Shell solid, opaque, 
conic and nearly straight-sided except in body 
whorl. Nucleus with rounded tip; protoconch 
with about 1 whorl, 270–320 μm across, and with 
typical hexagonal honeycomb reticulate pattern. 
Teleoconch with about 10 whorls in adult speci-
mens. First teleoconch whorl convex, with 3 spi-
ral cords, following whorls flat; up to fifth whorl 
with 4–5 granulated spiral cords and after fifth 
whorl with flatter cords, so on last whorls only 
very narrow furrows to be seen; these furrows 
unequal in size, irregularly spaced and more 
evident in lowest part of whorl. Body whorl 
sometimes somewhat concave in uppermost part 
and rounded at periphery. Base slightly con-
vex with same sculpture as body whorl. Whole 
shell, including base, crossed by numerous, vis-
ible, strongly prosocline growth lines. Umbilicus 
closed even in juveniles. Aperture of shell proso-
cline and always rounded. Outer lip thin, arising 
at the peripheral keel of the previous whorl. 
Columella prosocline, nacreous, bordered by a 
white callus, forming a denticle in its lowest part. 
Interior of the aperture nacreous with pink reful-
gence. Colour of shells apparently uniform dark 
grey-greenish but consisting of grey background 
with irregular blotches or tonalities of brown, 
greenish-brown and violet. Protoconch and first 
whorls of teleoconch with a more rose-violet 
tonality. Base same colour as body whorl.

Operculum multispiral, thin, yellowish-brown 
with the periphery white and covered by numer-
ous growth lines.

Animal reddish-brown with darker, longitu-
dinal striations along foot; sole of foot pinkish, 
edges white (Fig. 7E, F). Head and snout uniform 
brown. Cephalic tentacles brown, long, taper-
ing, pedunculate blue eyes protruding from their 
outer base; eyestalk brown; neck lobes wide, 
rounded, brown with whitish edge, fusing to 
foot at its mid-length and continuing posteriorly 
as a papillose epipodial crest that joins to dorsal 
edge of tip of the foot; four pairs of light-brown 
epipodial tentacles arise from each side of base 
of epipodium, the anterior-most longest, arising 
underneath the posterior junction of neck lobe, 
the remaining gradually diminishing in length 
posteriorly; a whitish papillar sense organ pro-
trudes from the ventral base of each tentacle.

Radula rhipidoglossan (∞+2)+ (1+4) + 1 + (4+1) 
+(2+∞) × 130 (Fig. 8G, H). Central tooth with wide 
base, abruptly tapering toward the neck; crown 

relatively wide, thin, tapering down into a sharp, 
long, triangular mesocone with finely serrated 
edges. First four lateral teeth with wide, thin 
base and very narrow, long, falciform, pectinated 
crown; fifth lateral tooth very strong, falciform, 
the crown rounded with weakly serrated rim, 
projecting downward as a strong blade with five 
denticulations, the posterior one strongest and 
gradually diminishing anteriorly. Marginal teeth 
very narrow, falciform, the first two with strong, 
non-serrated crown, maintaining the denticu-
lated, downward projection as present in the fifth 
lateral tooth; remaining lateral teeth, falciform 
with narrow, pectinate crown.

Ecology  Specimens were found usually over 
and under rocks, especially in vertical walls and 
are more active during night.

Bathymetric range  From low tide, where it is 
uncommon, down to 40 m depth. Although not 
a common species, it is more abundant between 
15–22 m depth (Ávila, 2003).

Geographic distribution E ndemic to the Azores, 
occurring in all three island groups.

Fossil record R eported as Calliostoma zizyphinum 
(Linnaeus 1758) for Lagoinhas outcrop (Santa 
Maria Island) by Callapez & Soares (2000: 314). 
Reported as Calliostoma sp., by Ávila et al. (2002) 
from both Prainha and Lagoinhas outcrops (Santa 
Maria Island) (DBUA–F 87, 138, 140).

Remarks  Dautzenberg (1927) referred to this 
species as a new variety of C. conulus, “Calliostoma 
conulus, Linné var. livida, nov. var.: Tandis que le 
C. conulus typique a une coloration jaune orangée 
plus ou moins foncée, cette variété est d’un gris 
livide, un peu rosé vers le sommet de la coquille”.

Calliostoma lividum is a very constant species 
in form, sculpture and colour of the shell. It has 
an average ratio height/diameter of 1.17 (mean 
of 35 specimens, ranging from 1.00 to 1.39), 
higher than that of Calliostoma conulum (mean 
of 1.11) or Calliostoma zizyphinum (ranging from 
1.00 to 1.04). The protoconch is similar to that of 
Calliostoma zizyphinum.

Calliostoma conulus has a very shiny, more 
or less dark orange-coloured shell. The first 
whorls are more granulose and the following 
ones usually smoother than in C. lividum. Also, 
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a suprasutural cord, usually with brown and 
white flammules, is always present. The basal 
periphery is angulated, with a prominent carina. 
The base has concentric brown lines with white 
spots, never present in C. lividum. The suture is 
channelled, in contrast with that of C. lividum and 
C. zizyphinum in which it is impressed.

Calliostoma zizyphinum has the upper part of 
the spire rather concave and more granulose 
than in C. lividum. The last whorls are more spi-
rally sculptured and a prominent broad carina is 
present in the periphery of the body whorl. The 
colour of the shell is also distinct and the number 
of whorls of the teleococonch may be up to  

Figure 7  Live Trochoidea of the Azores. A, B Jujubinus pseudogravinae. C Gibbula delgadensis. D Gibbula magus. 
E, F Calliostoma lividum.
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13 whorls, in contrast with just 10 in C. lividum 
and 10–11 in C. conulum.

Calliostoma laugieri (Payraudeau 1826) has 
similar shell colouration to C. lividum, but with 

conspicuous brown dots and flammules. Brown 
lines with white spots are also present on the 
base. The first whorls are less granulated and a 
suprasutura.l carina is evident. The average size 

Figure 8 R adula of the Trochoidea of the Azores. A, B Jujubinus pseudogravinae; C, D Gibbula delgadensis. 
E, F Gibbula magus. G, H Calliostoma lividum.
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(12  mm in height, Poppe & Goto, 1991: 74) is 
smaller than that of C. lividum.

Wirtz (2001: 135) shows a picture of a cal-
liostomatid species from Madeira which is very 
similar to the Azorean C. lividum. However, he 
identified it as Calliostoma lusitanicum Nordsieck 
& Talavera 1979, a species referred to in the 
CLEMAM database as Trochoidea incertae sedis, 
and thus a nominal taxon in need of reassessment. 
Wirtz & Debelius (2003: 165) also show a picture 
of the Azorean Calliostoma species and refer to 
it as Calliostoma lusitanicum reported from the 
Madeira, Selvagens and Canary Archipelagos, 
with a distinct brown yellow colouration and a 
more prominent suprasutural cord. The holo-
type of C. lusitanicum deposited in the Museo de 
Ciencais Naturales de Tenerife is here illustrated 
(Fig. 9).

Discussion

Six littoral species of Trochoidea are reported 
from the Azores, of which two are dubious 
records (Clanculus bertheloti and Gibbula umbilica-
lis), three are endemic (Jujubinus pseudogravinae, 
Gibbula delgadensis and Calliostoma lividum) and 

one has a wide distribution in the North Atlantic 
(Gibbula magus). There is therefore a high pro-
portion of endemic trochoideans in this isolated 
archipelago.

The four trochoidean species that are reported 
from the Azores are present in all the islands of 
the archipelago. The nine islands of the Azores 
are distributed in 3 groups (Western, Central 
and Eastern) with distances that range between 
about 240  km (Western-Central) and 170  km 
(Central-Eastern). These geographical distances 
seem to be within the dispersal capabilities of 
the Azorean trochoideans. Madeira archipelago 
is the next nearest landmass, but the 900 km that 
separate these archipelagos is apparently too 
much to permit genetic exchange.

It is well known that both the Trochidae and 
Calliostomatidae have larvae with a short pelagic 
life (Gofas, 2005). This fact probably prevents 
long-distance dispersal, but once in the islands, 
the “lucky” immigrants may establish viable 
populations and, due to the absence of genetic 
exchange with outer archipelago populations, 
differentiate from the putative continental (or 
other insular) source populations. This may be 
the reason for the high number of endemic spe-
cies of trochids s.l. in the Azores. Ávila (2005) 

Figure 9  Calliostoma lusitanicum (holotype; Museo de Ciencais Naturales de Tenerife). A Apertural view. 
B Bottom view.
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reported 354 shallow water marine mollusc 
species in the Azores archipelago. Of these, 22 
are pelagic species, and 5 are considered to be 
introduced (Cardigos et al., 2006) so there are 
327 benthic species presently living in the shal-
low marine realm of the Azores. The endemic 
element consists of 34 species (10.4%), with the 
Rissoidae accounting for almost half (16 species), 
followed by the Pyramidellidae (3 species), and 
the Trochidae, Caecidae and the Conidae (2 spe-
cies each). Eleven other families each contribute a 
single species to the Azores endemic component: 
Calliostomatidae, Cystiscidae, Elachisinidae, 
Ellobiidae, Eubranchidae, Gymnodorididae, 
Marginellidae, Muricidae, Tricoliidae and 
Triphoridae among the Gastropods, and the 
Neoleptonidae among the Bivalves.

Trochids are adapted to clean, clear waters 
and oceanic islands present a natural habitat 
for the group. Owing to the immense volume of 
ocean surrounding them, the Azores still enjoy 
nearly pristine water conditions. Their coast-
line, however, is narrow and fragile, and is fre-
quently threatened by runoff from land, mainly 
due to agricultural activities which leave the soil 
unprotected against heavy rains. Suitable habi-
tats, then, could rapidly disappear and their slow 
recovery may not prepare them in time for the 
next runoff, thus gradually weakening the health 
of their resident populations. The survival of 
the shallow-water trochid populations on these 
islands is, then, very dependent upon the per-
turbations imposed on the nearby land mass by 
human activity.

Acknowledgements

Jorge Medeiros is acknowledged for provid-
ing the SEM photos. We thank Ronald Janssen 
(Seckenberg Museum) for information about 
specimens of Gibbula delgadensis and Jujubinus 
pseudogravinae in the Nordsieck collection at 
the Senckenberg Museum. We also thank Eike 
Neubert (Senckenberg Museum, Frankfurt)  
for photographs of Gibbula delgadensis and 
Jujubinus pseudogravinae. We thank Francisco 
Garcia-Talavera for loan of the holotype of 
Calliostoma lusitanicum. We are grateful to 
Thierry Backeljau for information about 
the Dautzenberg collection held at RBINS 
(Brussels) and to Van Goethem for the loan of 

the Dautzenberg material. DNA sequences were 
obtained at RBINS facilities by the first author in 
2002 and 2003, financed by SYNTHESIS grants 
ABC-PD81 and ABC-PD93 (Access to Belgian 
Collections: European Community – Access to 
Research Infrastructure action of the Improving 
Human Research Potential Programme). S. P. 
Ávila was also supported by grants SFRH/
BD/5115/2001 and SFRH/BPD/22913/2005 
(FCT) from the Portuguese Government.

References

ÁVILA SP 2000a Sistemática e ecologia dos Moluscos 
(Gastropoda, Bivalvia e Polyplacophora) litorais em 
São Vicente, Capelas (São Miguel, Açores). Tese de 
mestrado. Universidade dos Açores. 113 pp.

ÁVILA SP 2000b The shallow-water Rissoidae 
(Mollusca, Gastropoda) of the Azores and some 
aspects of their ecology. Iberus 18: 51–76.

ÁVILA SP 2003. The littoral molluscs (Gastropoda, 
Bivalvia and Polyplacophora) of São Vicente, 
Capelas (São Miguel Island, Azores): ecology and 
biological associations to algae. Iberus 21: 11–33.

ÁVILA SP 2005. Processos e Padrões de Dispersão e 
Colonização nos Rissoidae (Mollusca: Gastropoda) dos 
Açores. PhD Thesis, Universidade dos Açores, Ponta 
Delgada. X + 329 pp.

ÁVILA SP, & AZEVEDO JMN 1996 Checklist of the 
marine molluscs of the littoral of Pico island (Azores, 
Portugal). Libro de Resúmenes XI Congreso Nacional de 
Malacología. Sociedad Española de Malacología: 106–
107.

ÁVILA SP, AZEVEDO JMN, GONçALVES JM, FONTES J & 
CARDIGOS F 1998 Checklist of the shallow-water 
marine molluscs of the Azores: 1 – Pico, Faial, Flores 
and Corvo islands. Açoreana 8: 487–523.

ÁVILA SP, AZEVEDO JMN, GONçALVES JM, FONTES J & 
CARDIGOS F 2000. Checklist of the shallow-water 
marine molluscs of the Azores: 2 – São Miguel 
island. Açoreana 9: 139–173.

ÁVILA SP, AMEN R, AZEVEDO JMN, CACHãO M & GARCíA-
TALAVERA F 2002 Checklist of the Pleistocene marine 
molluscs of Prainha and Lagoinhas (Santa Maria 
Island, Azores). Açoreana 9: 343–370.

ÁVILA SP, CARDIGOS F & SANTOS RS 2004 D João de 
Castro bank, a shallow-water hydrothermal-vent 
in the Azores: checklist of the marine mollusks. 
Arquipélago, Life and Marine Sciences 21A: 75–80.

ÁVILA SP, MADEIRA P, MENDES N, REBELO A, MEDEIROS A, 
GOMES C, GARCíA-TALAVERA F, MARQUES DA SILVA C, 
CACHãO M, HILLAIRE-MARCEL C & DE FRIAS MARTINS 
AM 2008 Mass extinctions in the Azores during the 
last glaciation: fact or myth? Journal of Biogeography 
35: 1123–1129. doi:10.1111/j.1365–2699.2008.01881.

ÁVILA SP, MADEIRA P, ZAZO C, KROH A, KIRBY M, 
DA SILVA CM, CACHãO M & DE FRIAS MARTINS 
AM 2009 Palaeocology of the Pleistocene (MIS 5.5) 



SP Ávila, JP Borges & AM de Frias Martins426

outcrops of  Lagoinhas and Prainha. Palaeogeography, 
Palaeoclimatology, Palaeoecology 274: 18–31.

AZEVEDO JMN 1990 Microgastrópodes. Expedição 
Açores 89. Ecologia e Taxonomia do Litoral Marinho. 
Relatório Preliminar 1: 54–59.

AZEVEDO JMN 1991 Estudo das comunidades mala-
cológicas fitais do litoral em São Miguel, Açores, 
IV+75pp. Provas de AP.C.C., Universidade dos Açores, 
Ponta Delgada.

AZEVEDO JMN & GOFAS S 1990 Moluscos marinhos 
litorais da ilha das Flores. In PRO-NATURA AZORICA 
(ed.) Relatórios e Comunicações do Departamento de 
Biologia. Expedição Científica Flores/89 (Relatório 
Preliminar) 18: 83–87.

BOTELHO AZ & COSTA AC 2000 Shell occupancy of 
the intertidal hermit crab Clibanarius erythropus 
(Decapoda, Diogenidae) on São Miguel Island 
(Azores). Hydrobiologia 440: 111–117.

BOUCHET P, FRýDA J, HAUSDORF B, PONDER WF, VALDéS 
A & WARéN A 2005 Working Classification of the 
Gastropoda. Malacologia 47: 239–397.

BULLOCK RC, TURNER RD & FRALICK RA 1990 Species 
richness and diversity of algal-associated micro-
molluscan communities from São Miguel, Açores. 
In MARTINS AM DE F (ed.) Proceedings of the First 
International Workshop of Malacology São Miguel, 
Azores. The marine fauna and flora of the Azore. 
Açoreana, Suplemento 2: 39–58.

CARDIGOS F, TEMPERA F, ÁVILA SP, GONçALVES J, COLAçO 
A & SANTOS RS 2006 Non-indigenous marine species 
of the Azores. Helgoland Marine Research 60: 1–10.

COSTA AC & ÁVILA SP 2001 Macrobenthic mollusc 
fauna inhabiting Halopteris spp. subtidal fronds 
in São Miguel island, Azores. Scientia Marina 65: 
117–126.

CRETELLA M 1992 A review of the living species of 
the genus Jujubinus Monterosato, 1884 (Gastropoda: 
Trochidae). La Conchiglia 264: 14–23.

DAUTZENBERG P 1889 Contribution à la faune mala-
cologique des Iles Açores. Résultats des dragages 
effectués par le yacht l’Hirondelle pendant sa cam-
pagne scientifique de 1887. Révision des mol-
lusques marins des Açores. Résultats des Campagnes 
Scientifiques du Prince de Monaco 1: 1–112.

DAUTZENBERG P 1927 Mollusques provenant des 
campagnes scientifiques du Prince Albert Ier de 
Monaco dans l’Océan Atlantique et dans le Golfe 
de Gascogne. Résultats des campagnes scientifiques 
accompliès sur son yacht par Albert Ier 72: 1–400.

DAUTZENBERG P & FISCHER PH 1896 Campagnes sci-
entifiques de SA. le Prince Albert Ier de Monaco. 
Dragages effectués par l’Hirondelle et par la 
Princesse Alice, 1888–1895. Mémoires de la Société 
Zoologique de France 9: 395–498.

DROUëT H 1858 Mollusques Marins des Iles Açores. 
Mémoires de la Société Académique de l’Aube 22: 
1–53.

GOFAS S 2005 Geographical differentiation in 
Clelandella (Gastropoda: Trochidae) in the 
Northeastern Atlantic. Journal of Molluscan Studies 
71: 133–144.

JEFFREYS JG 1883 On the Mollusca procured during the 
LIGHTNING and PORCUPINE expeditions 1868–
1870. Part VI. Proceedings of the Zoological Society of 
London: 88–115.

MACANDREW R 1856 Report on the marine testaceous 
Mollusca of the North-East Atlantic and neighbour-
ing Seas and the physical conditions affecting their 
development. Report of the British Association for the 
Advance of Science: 1–158.

MACEDO MCC, MACEDO MIC & BORGES JP 1999 Conchas 
Marinhas de Portugal. Editorial Verbo, Lisboa.

MARTINS AM DE F 2004 The Princess’ Ring. Islet of Vila 
Franca do Campo – S Miguel Island, Azores Archipelago, 
Portugal. Intermezzo-Audiovisuais Lda., Lisboa.

MORTON B & BRITTON JC 1995 Partitioning of shell 
resources by Aspydosiphon muelleri (Sipuncula) 
and Anapagurus laevis (Crustacea) in the Azores. 
In MARTINS AM DE F (ed.) Proceedings of the Second 
International Workshop of Malacology and Marine 
Biology. Açoreana, Suplemento 4: 65–77.

MORTON B & BRITTON JC & MARTINS AM DE F 1998 
Ecologia Costeira dos Açores. Sociedade Afonso 
Chaves, Ponta Delgada.

NOBRE A 1924 Contribuições para a fauna dos Açores. 
Anuario do Instituto de Zoologia da Universidade do 
Porto 1: 41–90.

NOBRE A 1930 Materiais para o estudo da fauna dos 
Açores. Instituto de Zoologia da Universidade do 
Porto, Porto.

NORDSIECK F 1973 The genus Jujubinus Monterosato 
1884 in Europa. Conchiglia 5: 6–7; 10–12.

NORDSIECK F 1982 Die europäischen Meeres-
Gehäuseschnecken. 2. Auflage. Gustav Fischer, 
Stuttgart.

NORDSIECK & GARCíA-TALAVERA F 1979 Moluscos 
marinos de Canarias y Madera (Gastropoda). Aula de 
Cultura de Tenerife. 208 pp., 46 pl.

O’LOUGHLIN EFM & ALDRICH JC 1987 An Analysis 
of shell shape variation in the painted topshell 
Calliostoma zizyphinum (L.) (Prosobranchia: 
Trochidae). Journal of Molluscan Studies 53: 
62–68.

OTERO SCHMITT J 1991 Sobre la presencia de Calliostoma 
conulus (L., 1758) (Mollusca: Gastropoda) en las 
costas gallegas. Iberus 10: 149–150.

POPPE GT & GOTO Y 1991 European Seashells 
(Polyplacophora, Caudofoveata, Solenogastra, 
Gastropoda). Verlag Christa Hemmen, Wiesbaden.

SEGERS W 2002 On some shallow-water marine mol-
luscs of the Azores. Gloria Maris 41(4–5): 84–104.

SIMONE LRL New Gastropods from São Pedro e São 
Paulo Archipelago, Brazil (Vetigastropoda and 
Caenogastropoda). Revista Papéis Avulsos de Zoologia 
(in press).

TITSELAAR FFLM 1998 A revision of the recent European 
Patellidae (Mollusca: Gastropoda) Part 1. The 
Patellidae of the Azores, Madeira, the Selvagens 
and the Canary Islands. Vita Marina 45: 21–62.

WATSON RB 1886 Report on the Scaphopoda and 
Gasteropoda collected by HM.S. “Challenger” dur-
ing the years 1873–1876. Reports on the Scientific 



Littoral Trochoidea of the Azores 427

Results of the “Challenger” Expedition 1873–76. 
Zoology 15: 1–756.

WIRTZ P 1995 Underwater guide Madeira Canary Islands 
Azores Invertebrates. Verlag Stephanie Naglschmid, 
Stuttgart.

WIRTZ P 2001 Madeira – A vida marinha. Editores 
Francisco Ribeiro & Filhos Lda., Funchal.

WIRTZ P & DEBELIUS H 2003 Mediterranean and Atlantic 
Invertebrate Guide. Conchbooks, Hackenheim.


