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Abstract A new species of Mandarina PILsBRY, 1894 (Pulmonata, Camaenidae),
Mandarina anijimana sp. nov., is described from Anijima in the Bonin Islands.
Although this new species and Mandarina chichijimana CHIBA, 1989 have similar
genital morphology, they can be discriminated by differences in color polymorphisms.
Genetic and paleontological studies support the idea that these species have evolved
independently on different islands. I suggest that their resemblance in genital morphol-
ogy results from convergent or parallel evolution in the two lineages.

Introduction

The land snail genus Mandarina P1LSBRY, 1894 is an example of the endemic
elements that have undergone remarkable radiation within the Bonin Islands.
Taxonomic studies of Mandarina have been done by various authors (e.g.
PiLsBRY, 1894, 1901, 1902; EMURA, 1943; MINATO, 1978; KUROZUMI, 1988;
CHIBA, 1989, 1991), and ten extant and five extinct species have been described.
However, discrimination of these species is difficult because of their high in-
traspecific variability. Mandarina chichijimana CHIBA 1989, an endemic species
of the Chichijima Islands, is the most problematic example.

Populations of M. chichijimana have been tentatively discriminated into
three morphotypes, forms A, B, and C, by CHIBA (1989). Living specimens of
form A occur on Anijima, form B occur on Chichijima and form C occur on
Ototojima. CHIBA (1989) reported the occurrence of form A in Pleistocene
deposits of Chichijima. However, basic patterns of color polymorphisms of form
A from Chichijima are clearly different from those of form A from Anijima, and
the former corresponds to that of form B from Chichijima (CHiBA, 1996). In
addition, snails with intermediate morphology between form A and B are found
in fossil samples from Chichijima (CHIBA, 1996). On the basis of electrophoretic
studies, form A from Anijima and form B from Chichijima are genetically
distinct. Average of the Nei’s genetic distances is 0.13, and this implies that
these form are genetically equivalent to different species status (THORPE, 1983;
WOODRUFF et al., 1988). In addition, the genetic distance between form A and
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form B exceeds the distances between form B and all other species of Mandarina
(CHIBA, 1991). In this paper, I describe form A of Anijima as a new species of
the genus, describe two other species that have been confused with this species,
and discuss the validity of treating genital morphology as a character for
distinguishing species. In addition, I discuss the possibility of parallel or con-
vergent evolution in shell shape and genital morphology in the populations of the
different islands. The specimens used are deposited in the Department of
Zoology, National Science Museum, Tokyo (NSMT) and in the Department of
Geology of the same museum (NSM).

Systematic Description

Order Stylommatophora
Family Camaenidae
Genus Mandarina P1LsBRY 1894

Type species: Mandarina mandarina SOWERBY, 1839.

Diagnosis: Shell solid, variable in shape. Shell medium to large (20~80
mm) with a large protoconch (approximately from 1/4 to 1/3 of diameter). Spire
high to low. Some species with umbilicus or sharp peripheral angle. Coloration
variable within each species, but commonly with 2—4 reddish brown bands or
without color bands. Penis cylindrical in shape, with thick sheath and without
penial appendix. Internal part of uppermost penis with verge. Internal penial wall
ornamented with several numbers of strongly or weakly folding pilasters.

Distribution: Bonin Islands (Mukojima, Nakodojima, Chichijima, Anijima,
Ototojima, Minamijima, Hahajima, Anejima, Meijima, Imotojima, Mukoujima,
Hirashima).

Mandarina anijimana sp. nov.
Figs. 1-1, 3-1, 4-1

1989. Mandarina chichijimana CHIBA; CHIBA, p. 231, figs. 5, 6a, 8.

Diagnosis: Medium-sized species of Mandarina characterized by shells with
flat spire and clear umbilicus (Table 1). Commonly shell has no color bands or
has two bands on light yellow background. Specimens with four bands are rare.
Penis small, uniformly thin; internal wall sculptured by 7-8 rows of regularly,
equilaterally folded pilasters from upper to basal portion; verge large, conical in
shape without any sculptures except for weak longitudinal and lateral regular
cords.

Description: Genital system with slender flagelum externally and with a
sharp and slender tip. Epiphallus uniformly thin. Penis uniformly thin and
covered by sheath at the basal portion. Usually, penis far thinner than vagina.
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Fig. 1. 1: Mandarina anijimana sp. nov., (NSMT Mo 70554) from a site 500 m northwest
of Mt. Mikaeri in Anijima. 2: Mandarina sp. (NSMT Mo 70559) from Hironezaki in
Ototojima. Scale bar=1cm.

Internally, penial wall are sculpted by 7-8 rows of regularly, equilaterally folded,
unmerging, equal size pilasters. Verge large, longer than wide, sculptured with
weak longitudinal and lateral regular cords.

Shell solid, medium in size. Spire low in height. Umbilicus clearly open.
Body whorl rounded or with weak peripheral angle. Aperture circular in shape.
Periostome moderately thick and slightly reflected. Base rounded and convex.
Shell with light yellow background, and commonly, bands completely missing or
present as narrow bands on the periphery and surrounding umbilicus. Specimens
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Table 1. Measurements (in mm) of Mandarina mandarina, Mandarina chichijimana, and
Mandarina sp. from Chichijima Islands. Abbraviations: D, shell diameter;
H, shell height; W, number of whorls; U, breadth of umbilicus.

Specimen D H w U H/D U/D

Mandarina anijimana n. sp.

NSMT Mo 70554 23.3 17.5 2.7 3.1 0.75 0.13

NSMT Mo 70555 24.0 18.6 2.8 3.0 0.78 0.12

NSMT Mo 70556 22.0 17.8 2.8 2.2 0.81 0.10
Mandarina chichijima CHIBA

NSM PM 15981 28.9 19.7 2.6 4.4 0.68 0.15

NSM PM 15982 28.8 19.8 2.5 4.2 0.69 0.14

NSMT Mo 70557 225 19.0 3.0 0 0.84 0

NSMT Mo 70558 252 19.5 3.0 0 0.77 0
Mandarina sp.

NSMT Mo 70559 25.7 21.8 3.2 1.8 0.85 0.07

NSMT Mo 70560 25.8 20.9 2.9 1.8 0.81 0.07

with four bands are also found, but they are rare relative to specimens with other
color patterns.

Comparison: Mandarina anijimana sp. nov. was tentatively treated as a
variant (form A) of Mandarina chichijimana in the study of CHiBA (1989)
because of close resemblance in their genitalia. The former has a longer penis
with more tightly folded pilasters than the latter, but the differences are minor.
Shells of M. anijimana are discriminated from living M. chichijimana by their flat
spire and clear umbilicus. The shell form of M. anijimana is similar to fossil M.
chichijimana, but the color patterns are different: specimens with missing color
bands or with two bands, commonly found in M. anijimana are never found in M.
chichijimana. The position of the peripheral angle of the former is consistently
lower than of the latter. Mandarina sp. that were described as a variant of M.
chichijimana can be descriminated from M. anijimana by the background color,
spire height and breadth of umbilicus.

Material: Holotype NSMT Mo 70554; paratypes, NSMT Mo 70555,
NSMT Mo 70556.

Type locality: A site 500 m northwest of Mt. Mikaeri (Anijima).

Distribution: Anijima.

Mandarina chichijimana CHIBA 1989
Figs. 2, 3-2, 42

1969. Mandarina mandarina (SOWERBY); HABE, p. 21. pl. 2, figs. 5-7.

1973. Mandarina mandarina (SOWERBY); HABE, p. 51, pl. 4, figs. 6-8.

1978. Mandarina mandarina (SOWERBY); MINATO, p. 38, 41, 49, figs. 1, 6-7.
1989. Mandarina chichijimana CHIBA; CHIBA, p. 231, figs. 5, 6a, 8.
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Fig. 2. 1: Mandarina chichijimana CHIBA, 1989 (NSM PMI15981) from John beach
(Pleistocene). 2: Mandarina chichijimana CHIBA, 1989 (NSMT Mo 70557) from John
beach. Scale bar=1cm.

Holotype: UMUT RM18415a (see CHIBA, 1989).

Type locality: Minamizaki (Chichijima).

Diagnosis: Medium-sized species of Mandarina characterized by shells with
wide range of shape variation. Shells with four color bands on a light yellow
background. Penis small, uniformly thin; internal wall sculptured by 7-8 rows of
regularly, equilaterally folded pilasters from upper to basal portion; verge large,

conical in shape without any sculptures except for weak longitudinal and lateral
regular cords.
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Fig. 3. 1: Genital morphology of Mandarina anijimana sp. nov. 2: Morphology of male
penis of Mandarina chichijimana CHIBA, 1989. Scale bar=1cm

Description: Shell solid, medium in size. Spire from low to high (Table 1).
Fossil specimens before 25 ka possess clear umbilicus, but it is missing in the living
specimens. Body whorl rounded or with peripheral angle. Aperture circular in
shape. Periostome moderately thick and slightly reflected. Base rounded and
convex. Shell with light yellow background and with four bands on the whorl.

Comparison: Shells with two color bands or without bands that are
common in M. anijimana are never found in the southern area of Chichijima.
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1 2

Fig. 4. Internal penial morphology of Mandarina anijimana sp. nov. (1) and Mandarina
chichijimana CHIBA, 1989 (2).

Although these color patterns are found in the populations of northern Chichi-
jima, their frequency is very low (CHIBA, 1996). Differences in the genitalia
between M. anijimana and M. chichijimana are negligible except for the length of
the penis and tightness of the foldings of the pilasters.

Material: paratypes, NSMT Mo 70557, NSMT Mo 70558, NSM PM
15981, NSM PM15982.

Distribution: Southwestern Chichijima.

Mandarina sp.
Fig. 1-2

1989. Mandarina chichijimana CHIBA; CHIBA, p. 231, figs. 8.

Diagnosis: Medium-sized species of Mandarina characterized by shells with
high spire and small umbilicus. Commonly shell has four bands on light pink or
orange background.

Description: Shell solid, medium in size with high spire (Table 1). Body
whorl rounded. Aperture circular in shape. Periostome moderately thick and
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slightly reflected. Base rounded and convex. Shell with light pink or orange
background, and, commonly, four bands present on the whorl.

Comparison: This species was described as a variant (form C) of M.
chichijimana. Shell form of this species is intermediate between M. chichijimana
and M. anijimana, but color of the background of the whorl is unique. Genital
morphology is unknown at present, and taxonomic position of this species is not
clear.

Material: NSMT Mo 70559, NSMT Mo 70560.

Distribution: Ototojima.

Discussion

Genital morphology has been regarded as an important character for de-
scriminating species and for inferring phylogenetic relationships in land snails
(e.g. EMBERTON, 1988). Mandarina chichijimana and M. anijimana are suffi-
ciently genetically distant to be conferred the rank of separate species (CHIBA,
1991), but their genital morphologies are very similar. In contrast to genital
morphology, color polymorphisms clearly discriminate these species (CHIBA,
1996). It is well known that color polymorphisms are influenced by en-
vironmental conditions, and brightness of background color or thickness of the
color bands may be very sensitive to changes in temperature and predation
pressure. However, when environmental differences are minor, composition of
the basic components of color polymorphism may be useful marker to identify
taxonomic units. Recent studies of carabid beetles suggest that perfectly identical
morphology of genitalia can evolve independently in different lineages (Su et al.,
1996). Resemblance of genitalia morphology in different populations does not
necessarily imply close phylogenetic relationships or conspecificity.

The three species M. chichijimana, M. anijimana, and M. sp. are endemic to
Chichijima, Anijima, and Ototojima, respectively. The similarity in shell shape of
populations of M. chichijimana and M. anijimana suggests that the similarity is
produced independently in distinct lineages in different areas. Other species of
Mandarina in the Chichijima Islands show similar patters. For example, Manda-
rina hirasei PILSBRY, 1902 has been recorded from Chichijima and Ototojima, but
Ototojima populations have shells with a color band which is absent in Chichijima
populations and in Mandaria io CHIBA, 1989 an ancestoral species of M. hirasei on
Chichijima. This suggests parallel evolution in shell shape. The results imply that
populations on these islands are restricted to their respective islands and have
been isolated to become different species.
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