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ABSTRACT. The littorinine gastropods of the temperate southern continents were formerly classified
together with tropical species in the large genus Nodilittorina. Recently, molecular data have shown that
they belong in three distinct genera, Austrolittorina, Afrolittorina and Nodilittorina, whereas the tropical
species are members of a fourth genus, Echinolittorina. Austrolittorina contains 5 species: A. unifasciata
in Australia, A. antipodum and A. cincta in New Zealand, and A. fernandezensis and A. araucana in
western South America. Afrolittorina contains 4 species: A. africana and A. knysnaensis in southern
Africa, and A. praetermissa and A. acutispira in Australia. Nodilittorina is monotypic, containing only
the Australian N. pyramidalis. This paper presents the first detailed morphological descriptions of the
African and Australasian species of these three southern genera (the eastern Pacific species have been
described elsewhere). The species-level taxonomy of several of these has been confused in the past;
Afrolittorina africana and A. knysnaensis are here distinguished as separate taxa; Austrolittorina
antipodum is a distinct species and not a subspecies of A. unifasciata; Nodilittorina pyramidalis is
separated from the tropical Echinolittorina trochoides with similar shell characters. In addition to
descriptions of shells, radulae and reproductive anatomy, distribution maps are given, and the ecological
literature reviewed.
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The Littorinidae are among the most intensively studied
families of marine gastropods and their systematics has been
the subject of much research. As new techniques and tools
have become available over the past 30 years, systematists
have applied them to littorinids, with the result that the
classification of the group has been repeatedly updated and
refined. As late as 1970, the classification used by Rosewater
(1970) was one in which both species and genera were
defined principally by features of their shells. In the
following decade the use of reproductive anatomy,
morphometrics and electrophoresis began to result in
recognition of new species (Heller, 1975; Hannaford Ellis,
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1979). Information from scanning electron microscopy of
radulae, light microscopy of sperm and from fine dissection
was soon employed to redefine the traditional genera
(Bandel & Kadolsky, 1982; Reid, 1986), and a cladistic
analysis of the family was attempted (Reid, 1989). This
served as the basis of a phylogenetic classification that has
since become current in the systematic literature. Direct
sequencing of DNA is now routine, and molecular
phylogenetic trees have been produced for a few littorinid
clades, notably the genera Littorina (Reid et al., 1996) and
Tectarius (Reid & Geller, 1997). Recently, the phylogeny
and classification of the subfamily Littorininae was tested
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with DNA-sequence data, resulting in significant changes
to the scheme (Williams et al., 2003). Although changing
concepts of littorinid species and genera may be confusing
to non-systematists, these refinements represent progress
towards a phylogenetic system in which definitions of
species will be informed by genetics as well as morphology,
and generic groupings will accurately reflect evolutionary
relationships.

Among the littorinids most affected by changing
classifications are those that have become familiar under
the generic name Nodilittorina (Bandel & Kadolsky, 1982;
Reid, 1989). The taxonomic history of this group is complex
(Reid & Geller, 1997; Reid, 20024,b; see Taxonomic History
below). The name was introduced as a subgenus, for those
Littorina species with nodulose shell sculpture, paucispiral
operculum and unmodified aperture (von Martens, 1897).
It was first treated as a genus by Abbott (1954) who, in the
first anatomical account, noted close similarity with some
Littorina (Melarhaphe) species with smooth, striate shells.
Nevertheless, Rosewater (1970) retained an essentially shell-
based generic classification, placing only nodulose species
in Nodilittorina. Species with smooth shells were retained
in the large genus Littorina, although he created the new
subgenus Austrolittorina for those with penial anatomy
resembling Nodilittorina. With increasing emphasis on the
significance of radulae and anatomy, shell sculpture was
recognized as a poor guide to relationships, and Austro-
littorina was synonymized with Nodilittorina (Bandel &
Kadolsky, 1982). It was not clear that this was a natural
group, for in a cladistic analysis of available morphological
characters only one non-unique synapomorphy was
discovered, the colour pattern of the cephalic tentacles (Reid,
1989). However, this classification was widely adopted. The
most recent review listed 60 members of Nodilittorina, the
great majority of them distributed in the tropics (Reid,
2002b). A parsimony analysis of morphological characters
of all known Nodilittorina species produced a poorly
resolved tree, but suggested that a group of nine or ten
species, all occurring in the temperate regions of the
southern hemisphere, shared the apparent synapomorphy
of an additional loop of the egg groove through the capsule
gland in the pallial oviduct (Reid, 2002b). Furthermore, this
“southern-temperate group” was reconstructed as sister to
the northern-temperate genus Litforina, and nested within

Nodilittorina. This implied that Nodilittorina was not a
monophyletic clade, but because the phylogenetic
reconstruction was based on relatively few available
characters, the conclusion was tentative.

The suggestion of a group of southern-temperate
Nodilittorina species was of more than purely phylogenetic
and taxonomic importance. The species involved (two from
southern Africa, four from Australia, two from New Zealand,
two from the Pacific coast of South America) are abundant
members of the littoral fauna, well studied by marine
biologists (review by McQuaid, 1996a,b). Their possible
relationship raised interesting biogeographic questions of
the origin of similarities among the marine organisms of
the southern continents. Furthermore, a possible sister-
relationship with Littorina implied an antitropical
distribution pattern. The phylogeny of the entire subfamily
Littorininae was therefore reexamined with DNA-sequence
data, with surprising results (Williams er al., 2003). The
genus Nodilittorina was shown to be polyphyletic,
consisting of four distinct clades (Fig. 1) that must be
recognized as genera (because they are of equivalent rank
to other well established littorinid genera). The largest of
these (Echinolittorina) is composed of more than 50 species
of almost entirely tropical distribution. The southern-
temperate species fall into three groups: one distributed in
Australia, New Zealand and South America (five species of
Austrolittorina), a second in southern African and Australia
(four species of Afrolittorina) and a third in Australia alone
(the monotypic Nodilittorina sensu stricto). As a con-
sequence of these changing ideas of classification and
phylogenetic relationship, the common Australian species
“Littorina” unifasciata has, in just over 30 years, been
variously classified as Littorina (Melarhaphe), Littorina
(Austrolittorina), Nodilittorina and Austrolittorina. Recent
generic assignments are summarized in Table 1.

Significant changes have also taken place in the species-
level classification of the southern-temperate littorinines
(Table 1). The most recent monographic treatment of the
Indo-West Pacific Littorininae was that of Rosewater (1970).
His species concepts were broad and based to a large degree
on resemblances among shells. At least two nodulose species
of Echinolittorina were included in his description of
Nodilittorina pyramidalis, as pointed out by Reid (1989,
1992). Rosewater considered Littorina unifasciata to be a

Table 1. Summary of generic classification of southern-temperate Littorininae and species that have been confused with them. Generic
and subgeneric abbreviations used in this table: Af., Afrolittorina; Au., Austrolittorina; E., Echinolittorina; L., Littorina (but subgenus

Littoraria not abbreviated); N., Nodilittorina.

species Rosewater (1970) Reid (1989) Reid (2002a) Williams ef al. (in press)
pyramidalis N. pyramidalis pyramidalis N. (N.) pyramidalis  N. pyramidalis N. pyramidalis
trochoides N. pyramidalis pyramidalis N. (N.) trochoides N. trochoides E. trochoides

pascua N. pyramidalis pascua N. (N.) pascua — E. pascua

unifasciata L. (Au.) unifasciata unifasciata N. (N.) unifasciata N. (Au.) unifasciata Au. unifasciata

fernandezensis L. (Au.) unifasciata fernandezensis N. (N.) fernandezensis N. (Au.) fernandezensis Au. fernandezensis

antipodum L. (Au.) unifasciata antipodum
cincta L. (Au.) cincta

araucana L. (Au.) araucana

africana L. (Au.) africana

knysnaensis
praetermissa
acutispira

L. (Au.) knysnaensis
L. (Littoraria) praetermissa
L. (?Littoraria) acutispira

N. (N.) antipodum
N. (N.) cincta

N. (N.) araucana
N. (?E.) africana
N. (?E.) ?africana
N. (?N.) praetermissa N. (Au.) praetermissa
N. (?N.) acutispira

N. (Au.) antipodum
N. (Au.) cincta

N. araucana

N. (Au.) africana

N. (Au.) knysnaensis

Au. antipodum
Au. cincta

Au. araucana
Af. africana

Af. knysnaensis
Af. praetermissa

N. (Au.) acutispira Af. acutispira
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Fig. 1. Summary of molecular phylogeny of Littorininae, with
species-level relationships shown for Austrolittorina and
Afrolittorina, produced by Bayesian analysis of combined
sequence data from 28S, 18S, 125 and COI genes; nodes supported
by posterior probablities less than 85% have been collapsed.
Redrawn from Williams ez al. (2003). Numbers of species are
totals of known species for each genus (Williams et al., 2003,
used fewer taxa as exemplars of these genera, but they are believed
to be monophyletic); other genera are monotypic as shown.

temperate Pacific species with subspecies unifasciata,
antipodum and fernandezensis in Australia, New Zealand
and the Juan Fernadndez Islands respectively; these were later
listed as distinct species of Nodilittorina, but without
discussion (Reid, 1989). New data on egg-capsule
morphology (Rudman, 1996) and a full description of N.
fernandezensis (Reid, 2002a) supported this decision. The
status of the two southern African species has also been
disputed. Rosewater (1970) recognized both Littorina
africana and L. knysnaensis, but these were later
synonymized (Hughes, 1979; doubtfully by Reid, 1989),
before once more being listed as distinct (Reid, 2002b). Of
the ten southern-temperate littorinine species considered
here, the definitions of only three have remained unchanged
since the monograph of Rosewater (1970; see also Ponder
& Rosewater, 1979) (Austrolittorina cincta, Afrolittorina
praetermissa, Afrolittorina acutispira). Furthermore,
anatomical characters of eight of the species have not been
adequately described and illustrated; only Austrolittorina
fernandezensis and A. araucana have received a full
anatomical description (Reid, 2002a).

The aim of the present study is to present the first full
descriptions of the eight southern-temperate littorinines that
are poorly known anatomically, and to clarify their status
as distinct species. These are Nodilittorina pyramidalis,
Austrolittorina unifasciata, Austrolittorina antipodum,
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Austrolittorina cincta, Afrolittorina africana, Afrolittorina
knysnaensis, Afrolittorina praetermissa and Afrolittorina
acutispira. This will confirm the morphological characters
of the genera Nodilittorina, Austrolittorina and Afrolittorina
that were recently defined as a result of a molecular
phylogenetic analysis (Williams et al., 2003). In addition,
the large taxonomic and ecological literature on these
species will be reviewed and detailed distribution maps
given. For completeness, diagnoses of the two remaining
species of Austrolittorina are included (A. fernandezensis
and A. araucana), although these have been fully described
elsewhere (Reid, 2002a).

General discussion of the comparative morphology,
biogeography and evolutionary radiation of these groups
can be found in Reid (2002b) and Williams er al. (2003).
Although the genera Austrolittorina and Afrolittorina have
been clearly shown to be monophyletic clades by the
analysis of DNA-sequence data, their relationships (and
those of the monotypic Nodilittorina pyramidalis) with other
littorinine genera remain poorly resolved (Williams et al.,
2003). It is, however, possible that the southern oceans have
been a focus for the evolution of littorinines, and that these
genera are not merely offshoots of a predominantly tropical
radiation, contradicting earlier ideas (Reid, 1989). It is
unfortunate that none of the three genera considered here
has a pre-Pleistocene fossil record, so that hypotheses of
their biogeographic history remain speculative. Based on
imprecise molecular estimates of age, Williams et al. (2003)
suggested that the family Littorinidae was older than had
been supposed, and that Austrolittorina and Afrolittorina
were ancient genera that were present on the shores of
Gondwana as early as the Upper Cretaceous. This remains
to be tested by the discovery of new fossil material.

Material and methods

This study is based on examination of all material in the
collections of the following institutions: Australian Museum,
Sydney (AMS), Natural History Museum, London
(BMNH), National Museum of Natural History, Smithson-
ian Institution, Washington, DC (USNM), Muséum National
d’Histoire Naturelle, Paris (MNHNP), Institut Royal des
Sciences Naturelles de Belgique, Brussels (IRSNB),
Zobdlogisch Museum, Amsterdam (ZMA) and National
Museum of Wales, Cardiff (NMW). Additional material has
been examined on loan from the following: Natal Museum,
Pietermaritzburg (NM), South African Museum, Cape Town
(SAM) and Museum of New Zealand Te Papa Tongarewa,
Wellington (MNZ). All available primary type material from
these institutions was examined, and also from Tasmanian
Museum and Art Gallery, Hobart (TMAG), Staatliches
Museum fiir Naturkunde Stuttgart (SMNS) and Oxford
University Museum (OM). Other (almost entirely
secondary) type material is housed in additional museums:
Natur-Museum Senckenberg (SMF), Swedish Museum of
Natural History, Stockholm (SMNH), Museum of Com-
parative Zoology, Harvard University (MCZ) and Auckland
Museum (AM), but was not examined. Personal collections
were made in South Africa (1970-1972), Australia (1980—
1984), New Zealand (1981) and Chile (1998), and are
deposited in BMNH. In total, 650 samples were examined
of the eight species described here in detail (for the two
additional members of Austrolittorina, A. araucana and A.
fernandezensis, see Reid, 2002a).
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Shell dimensions were measured with vernier callipers
to 0.1 mm. Shell height (H) is the maximum dimension
parallel to the axis of coiling, shell breadth (B) the maximum
dimension perpendicular to H, and the length of the aperture
(LA) the greatest length from the junction of the outer lip
with the penultimate whorl to the anterior lip. Shell shape
was quantified as the ratios H/B and H/LA (relative spire
height, SH), and the range of these ratios is given. The
parietal area adjacent to the aperture may show evidence of
dissolution by the mantle edge, producing a crescentic
eroded area. In descriptions of shell sculpture, primary
grooves are incised spiral lines or grooves that are visible
on the early teleoconch whorls. On the spire the primary
grooves are counted between successive sutures, but on the
last whorl they are counted from the suture to the periphery
of the whorl (so that one or more extra grooves are visible).
If the periphery is not well marked, grooves are counted
over the entire last whorl, from suture to base. If present,
secondary grooves appear by interpolation, usually on the
penultimate or final whorl. The spaces between the grooves
are referred to as ribs, whether or not they are strongly
raised. Microstriae are fine incised spiral lines that cover
the entire surface and are visible only under low
magnification. The periphery is the junction between the
upper part of the final whorl and the base of the shell; is
usually marked by a slight angulation, or by an enlarged
rib. The suture generally runs one or two ribs above the
periphery, or is situated at the peripheral rib. Protoconchs
are rarely preserved; where possible the whorls were
counted as described by Reid (1996). The opercular ratio
describes the coiling of the operculum, and is the ratio of
two parallel measurements, the diameter of the spiral part
divided by the maximum length (Reid, 1996).

Living animals were relaxed in 7.5% (volume of hydrated
crystals to volume of fresh water) magnesium chloride
solution. Animals were fixed in 10% seawater formalin
buffered with borax, and stored in 80% ethanol. The most
important anatomical characters for taxonomic purposes are
the penis and oviduct; drawings of these were made by
camera lucida and drawing conventions are indicated in Fig.
3. For general accounts of the anatomy of littorinids see
Reid (1986, 1989, 1996). Sperm samples were removed
from the seminal vesicles of relaxed, living animals, fixed in
0.5% seawater formalin, examined immediately by light
microscopy, and drawn by camera lucida. Alternatively, sperm
were removed from specimens fixed and stored in formalin,
but not from material stored in ethanol (in which shrinkage
of paraspermatozoa by about 20% occurs, Reid, 1996).

Radulae are relatively uniform in these littorinine species
(with the exception of Afrolittorina acutispira) and therefore
not useful for identification. At least three radulae were
examined from each species. The relative radular length is
the total radular length divided by shell height. Radulae
were cleaned by soaking in a hypochlorite bleaching
solution at room temperature for about 5 min, rinsed in
distilled water, mounted on a film of polyvinyl acetate glue
on glass, allowed to dry in air, and coated with gold and
palladium before examination with a scanning electron
microscope. Unworn portions of the radula were viewed in
three orientations: in standard flat view from vertically above
the radula (to show shapes of tooth bases), at an angle of
45° from the front end (to show shape of tooth cusps), and
at an angle of 45° from the side (to show relief). The shape

of the rachidian (central) tooth was quantified as the ratio
of the total length (in flat view) to maximum basal width.
Numbers and relative sizes of cusps are not given for the
five central teeth in each row, because these do not vary:
three cusps on rachidian (largest central); four cusps on each
of lateral and inner marginal (largest is third from inside in
each case). All species show flanges on inside and outside
of base of outer marginal tooth.

Synonymies are not exhaustive, but attempt to list all
new names (including nomina nuda) and new combinations,
major taxonomic works and faunistic lists, standard
identification guides, and significant morphological
descriptions. One lectotype has been designated in a case
where syntypes were not conspecific, and one figure has
been designated as lectotype for a valid name.

Distribution maps were plotted from the material
examined, with the addition of literature records as
indicated, where these extend the known range and were
considered reliable. Localities are listed only when they are
range limits or are of other biogeographic significance.
Complete locality lists are available from the authors on
request.

Systematics

Littorinidae Anon., 1834
Nodilittorina von Martens, 1897

Littorina (Nodilittorina) von Martens, 1897: 204 (type Littorina
pyramidalis Quoy & Gaimard, 1833, by subsequent
designation, Abbott, 1954: 451).

Taxonomic history. The name Nodilittorina was introduced
by von Martens (1897) as a subgenus for those Littorina
species with nodulose shell sculpture, but lacking the many-
whorled circular operculum and apertural tooth character-
istic of Tectus (now Tectarius, see Reid & Geller, 1997). In
the influential classification of Thiele (1929; followed by
Wenz, 1938; Clench & Abbott, 1942), Nodilittorina
appeared as a subgenus of Tectarius, because of the narrow
rachidian tooth. It was first used as a full genus by Abbott
(1954), on the basis of comparisons of penes, radulae and
egg capsules of Nodilittorina tuberculata (Menke, 1828)
(now Echinolittorina tuberculata) with those of other
littorinids. He did also note the “Nodilittorina-like” penes
of Littorina (Melarhaphe) mauritiana (Lamarck, 1822) (a
misidentification of Austrolittorina unifasciata, see
synonymy of that species below) and L. (M.) ziczac (Gmelin,
1791) (now Echinolittorina ziczac), in the first indication
that Nodilittorina might include species without nodulose
shells. Nevertheless, in his monograph of Indo-Pacific
species, Rosewater (1970) still emphasized shell sculpture
above anatomical characters, and included only species with
nodulose or granulose sculpture in Nodilittorina. Smooth-
shelled species with penes resembling those of Nodilittorina
(i.e. with single mamilliform gland and adjacent glandular
disc, in terminology of Reid, 1989) were placed in a new
subgenus, Littorina (Austrolittorina). The first attempt to
revise the classification of littorinids taking into account
all available anatomical evidence was by Bandel & Kadolsky
(1982). The main features of their diagnosis of Nodilittorina
were: spirally striate, nodulose or granulose shell; pale basal
band in aperture; narrow rachidian tooth; pelagic egg
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Fig. 2. Nodilittorina pyramidalis: (A) Jervis Bay, NSW, Australia (BMNH 1928.4.30.55). (B, F) Great Keppel Island, Queensland,
Australia (AMS C089660). (C) Karuah, NSW, Australia (BMNH 20030388). (D) Alexandra Headland, Queensland, Australia (BMNH
20030389). (E) Long Reef, Collaroy, NSW, Australia (AMS C177413). (G) Lectotype of Littorina pyramidalis Quoy & Gaimard,
1833; Jervis Bay, NSW, Australia (MNHNP unreg.). (H) Lord Howe Island (AMS C089673).





































































































































