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Abstract
The genus Leptochiton Gray, 1847 is a paraphyletic group of small, pale, and usually deepwater chitons. They lack some of the
morphological shell characters that are important in the systematics of Polyplacophora, and species identification within this
genus is challenging. One species complex in the North Pacific includes at least 11 species that were historically synonymized or
confused with Leptochiton rugatus (Carpenter in Pilsbry, 1892). Scrutiny of ecological and biogeographical patterns has helped
to separate species lineages within this clade and support morphological diagnoses. Based on morphological and molecular
studies, a new species is described that was previously confused with both Leptochiton assimilis (Thiele, 1909) and Leptochiton
rugatus. This new species is widely distributed in the summer-warmed bays of the southern Primorye, Moneron Island, Northern
Japan, Kunashir, and the Yellow Sea. This species is at least ~8% different in the COI barcode region from Leptochiton rugatus
s.s. Morphological differences between the new species and closely related species are presented.

Keywords Chitons . Leptochitonidae . New species . Northwest Pacific

Introduction

Polyplacophoran molluscs, chitons, represent around 1000 liv-
ing species divided into two distinct orders: Lepidopleurida and
Chitonida. Lepidopleuran chitons are mainly found in deepwa-
ter environments, but a number of species are distributed in
shallow seas and even in the intertidal. This group is character-
istically small, pale in color, and a challenge for systematists
(Sigwart et al. 2011). Microscopic characters of the shells, girdle
scale, and radula are clearly diagnostic and can separate species;

however, so far, no morphological diagnosis has been found to
support clades within the paraphyletic genus Leptochiton. There
are over 120 species of LeptochitonGray, 1847 and one hotspot
for diversity in this genus is the North Pacific and particularly
the northwestern Pacific region (e.g., Sirenko 2017).

The species composition of the chiton fauna of the genus
Leptochiton in the NW Pacific Ocean from Sagami Bay to the
Bering Strait is quite rich (Sirenko 2017). There are eleven
known species of this genus in the region (Thiele 1909; Is.
Taki 1938; Jakovleva 1952; Klimova and Sirenko 1976;
Sirenko 1976, 1978, 1990, 1994, 2013, 2017; Sirenko and
Scarlato 1983; Saito 2000, 2017). Of these, five species live in
shallow water: Leptochiton assimilis (Thiele, 1909),
L. alascensis (Thiele, 1909), L. hakodatensis (Thiele, 1909),
L. lukini Sirenko, 1990, and L. rugatus (Carpenter in Pilsbry,
1892). Another six species live at great depths: Leptochiton
bat ial is Sirenko, 1979, L. belknapi Dall , 1878,
L. commandorensis Sirenko, 2017, L. fuliginatus (Reeve,
1847), L. incubatus Sirenko, 2017, and L. kaasi Sirenko, 1990.
Several of these species have ranges that extend to the northeast
Pacific, but understanding the range and biogeography of each
species and the group has been confounded by confusion over
their taxonomy (Sigwart and Chen 2018).

Many existing names were “lumped” under the epithet
Leptochiton rugatus in a major revision (Ferreira 1979). In
fact, Leptochiton rugatus represents a widespread species
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complex. Several of the subsumed names were subsequently
recognized as valid, whereas others have required new names.
While the species are superficially similar, there are sufficient
characteristics to separate them confidently based onmorphol-
ogy where microanatomical descriptions and SEM visualiza-
tions are available. The current state of taxonomy is such that
every similar Leptochiton specimen is identified as
“Leptochiton rugatus” sensu lato, unless it can be matched
to one of the lineages that have been recognized since the
revision of Ferreira (1979). Thus, we use Leptochiton rugatus
s.s. as restricted to material from the coasts of California and
Mexico in the region near the type locality in Baja California.
However, Leptochiton rugatus s.l. refers to other material
which has not yet been confidently associated with a well-
described species from the entire range of the species complex
across the North Pacific.

Among the NW Pacific Leptochiton fauna, four
shallow-water species (L. assimilis, L. alascensis, L.
lukini, L. rugatus s.l.) can be considered to belong to
a common group based on their morphological charac-
teristics. Members of this “assimilis”-like group have a
similar sculpture of the tegmentum in the region of the
central areas of the intermediate valves, a radula with
small, numerous teeth, and dorsal scales with longitudi-
nal ribs. Several species in this same group are found
off the Pacific coast of North America, including at
least one additional species: Leptochiton cascadiensis
Sigwart & Chen, 2018. The strong similarity in radula
and girdle characteristics often led to confusion in de-
fining species. At present, the range attributed to
Leptochiton rugatus includes the whole North Pacific,
but this is likely not being the true range of the
Leptochiton rugatus s.s. Another important point of con-
fusion is the species Leptochiton alascensis, which has
an ambiguous type locality (Sigwart and Chen 2018);
however, its inclusion here as a valid species in the
NW Pacific is recognized based on morphological com-
parisons with the type material. The type specimens of
Leptochiton alascensis represent a diagnosable distinct
morphology, although its type locality and therefore its
geographic range are not currently known.

Previous work also confused particularly Leptochiton
assimilis and L. rugatus, although they have significant
differences in the sculpture of the tegmentum, shape,
and ribbing of the dorsal scales, and the shape of the
central teeth radula, indicating that these are two differ-
ent species (Kaas and Van Belle 1994). Nonetheless,
Ferreira (1979) and later Kaas and Van Belle (1985)
decided to refer all Leptochiton rugatus–like specimens
found in Asia together with real Leptochiton assimilis to
Leptochiton rugatus, the species found off the coast of
North America. Leptochiton assimilis was subsequently
recognized as a valid species in a later volume of the

Monograph of Living Chitons (Kaas and Van Belle
1994). The species described here as new has been con-
flated with both Leptochiton assimilis (Is. Taki 1938,
Jakovleva 1952 and others) and Leptochiton rugatus.
At present, prior to the present study, the NE Pacific
is home to Leptochiton rugatus s.s., and the NW Pacific
Leptochiton fauna includes both L. rugatus s.l. and
L. assimilis.

Examination by the first author of the morphological fea-
tures of both Asian and North American specimens of L.
rugatus s.l. revealed several significant and consistent mor-
phological differences, which we describe here. The second
author had conducted molecular studies (Sigwart et al. 2011;
Sigwart and Chen 2018) which demonstrate that the records of
Leptochiton rugatus s.l. found off the coast of Asia are clearly
different from the species living off North America. Given the
combined evidence of morphological and molecular differ-
ences, we can describe it as a new species.

Material and methods

The material was collected for about 90 years in western and
eastern parts of the Sea of Japan in Vostok, Peter the Great and
Possjet Bays, near Moneron Island, near Kunashir Islands,
and in the Yellow Sea and was sent from Hokkaido and
Honshu by Hiroshi Saito. A total of 24 samples were collect-
ed, and about 250 specimens of this species were identified in
the collections of the Zoological Institute of the Russian
Academy of Sciences, St. Petersburg (ZISP).

The holotype of the new species and a comparative speci-
men of Leptochiton rugatus s.s. (identified based on morpho-
logical characteristics) from Baja California, Mexico (31° 35′
N, 116° 40′ W, collected by J McLean) were boiled for 5–7
min in 7%KOH solution to remove all organic material. Then
the valves I, IV, V, and VIII and half of the girdle cuticle
(perinotum and hyponotum) and half of the radula were used
for a study with a FEI SEM Quanta 250, while the remaining
half of the girdle and radula was put in Canada Balm to be
examined under a light microscope. Type specimens are kept
in ZISP. Taxonomy is based on Sirenko and Ivanov 2005,
Sigwart et al. 2011, and more recently published descriptions
of related species.

We used previously prepared shell sections to examine the
presence of growth rings in cross section, to determine the
approximate age of adult specimens of the new species. We
further used data for the cytochrome oxidase subunit 1 (COI)
fragment of mitochondrial DNA, which is commonly used as
a DNA barcode, to compare specimens we attribute to the new
species with other species in the same morphological group-
ing, based on previously published results (Sigwart et al.
2011; Sigwart 2017; Sigwart and Chen 2018).
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Taxonomy

Class Polyplacophora Gray, 1821
Subclass Neoloricata Bergenhayn, 1955
Order Lepidopleurida Thiele, 1909
Family Leptochitonidae Dall, 1889
Genus Leptochiton Gray, 1847
Type species: Chiton cinereus Montagu, 1803 (Linnaeus,

1767) = Leptochiton asellus (Gmelin, 1791) fide Lovén, 1846,
subsequent designation by Gray 1847.

Genus distribution: Worldwide, Carboniferous—recent.

Leptochiton subrugatus sp. nov.
http://zoobank.org/8738B668-1264-46D3-A02C-DAC25BB4ACCC
(Figs. 1, 2, 3, and 4)

Lepidopleurus assimilis; Is. Taki 1938: 328, pl. XIV, fig. 2
pl. XVI, figs. 5, 9–13, 15, pl. XVII, figs. 9–11; Kuroda and
Kinoshita 1951: 7; Huang and Xu 1964: 3; Jakovleva 1952:
55, fig. 16, pl. 1, fig. 4; Klimova and Sirenko 1976: 78, fig.
181; Sirenko 1976: 88 (non-Lepidopleurus assimilis Thiele,
1909, part)

Leptochiton assimilis; Sirenko and Scarlato 1983: 3;
Sirenko 1985: 347; Saito 1994: 94; 1995: 100; Saito and
Tsuchida 1998: 24; Saito 2000: 5, figs. 1a,b, 2017: 728, pl.
2, fig. 3 (non–Lepidopleurus assimilis Thiele, 1909, part)

Leptochiton (Leptochiton) rugatus; Ferreira 1979; Kaas
and Van Belle 1985: 85, fig. 37, map 15; Dell’Angelo et al.
1990: 32, fig. 2, pl. 1, figs. 1–6, pl. 2, figs. 1–7; Sirenko and
Ivanov 2005: Xu 2008: 456; Sigwart et al. 2011; Sirenko
2013: 148 (non–Lepidopleurus rugatus Carpenter in Pilsbry,
1892 part)

Leptochiton sp. 2; Sigwart and Chen 2018
Type material: Holotype (ZISP 2385) body length 9.0 mm

now disarticulated consisting of SEM stub of valves I, IV, V,
VIII, part of perinotum and radula, mount of part of
perinotum, radula, and vial with other valves.

Type locality: Sea of Japan, Possjet Bay, Novgorodskaya
Inlet, 42° 39′ 50″ N, 130° 40′ 51″ E, 1.2–1.8 m, old shells of
oysters.

Etymology: From Leptochiton rugatus which is morpho-
logically most similar.

Material examined: Sea of Japan, Peter the Great Bay,
Vostok Bay, 42° 54′ 01″ N, 132° 22′ 13″ E, 1.0 m, 13 spms,
body length 5.0–8.0 mm, 21.10.1930; 42° 44′ 30″N, 132° 50′
31″ E, 6.0–7.0 m, 1 spm, body length 4.0 mm, 17.08.1980,
leg. B. Sirenko; 42° 53′ 02″N, 132° 43′ 58″ E, 0.5 m, 63 spms,
body length 6.5–10.0 mm, 22.08.1980, leg V. Potin; 42° 53′
04″N, 132° 43′ 32″ E, 4.0–5.0 m, 102 spms, body length 3.0–
9.0 mm, 25.08.1980, leg. B. Sirenko; 42° 54′ 20″ N, 132° 45′
25″ E, 0.5–2.0 m, 7 spms, body length 6.0–8.5 mm,
03.09.1980, leg. B. Sirenko. 42° 53′ 20″ N, 132° 44′ 05″ E,
1.5–2.5 m, 22 spms, body length 6.0–8.5 mm, 06.08.1981,
leg. B. Sirenko; Vityaz Bay, 42° 35′ 52″ N, 131° 09′ 50″ E,

12.0 m, 2 spms, body length 3.5 mm, 19.07.1980, leg A.
Kafanov; Possjet Bay, 42° 36′ 54″ N, 130° 51′ 11″ E, 2.0–
4.0 m, 10 spms, body length 5.0–10.0 mm, 12.08.1971, leg.
B. Sirenko; 42° 38′ 52″ N, 130° 47′ 51″ E, 3.0–3.5 m, 4 spms,
body length 6.0–10.5 mm, 11.08.1981, leg. B. Sirenko; 42°
36′ 11″ N, 130° 51′ 04″ E, 7.0–9.0 m, 49 spms, body length
4.0–9.0 mm, 18.08.1981, leg. B. Sirenko; 42° 35′ 44″N, 130°
51′ 20″ E, 0.7–18.0 m, 39 spms, body length 3.5–9.2 mm,
07.09.1982, leg. B. Sirenko; Moneron Island, 46° 15′ 07″
N, 141° 14′ 08″ E, 0.2 m, 1 spm, body length 10.5 mm,
24.08.1972, leg. O. Kussakin; 46° 15′ 26″ N, 141° 12′ 17″
E, 3–4 m, 5 spms, body length 7.0–11.0 mm, 24.08.1972, leg.
B. Sirenko; 46° 14′ 57″N, 141° 12′ 10″ E, 0–1m, 1 spm, body
length 10.0 mm, 27.08.1972, leg. B. Sirenko; 46° 15′ 14″ N,
141° 12′ 03″ E, 30–32 m, 1 spm, body length 4.0 mm,
30.08.1972, leg. B. Sirenko; 46° 14′ 55″ N, 141° 12′ 15″ E,
5–7 m, 2 spms, body length 10.0 mm, 07.10.1972, leg. B.
Sirenko; 46° 15′ 14″ N, 141° 12′ 20″ E, 30 m, 3 spms, body
length 5.0–8.0 mm, 08.10.1972, leg. B. Sirenko; 46° 15′ 17″
N, 141° 14′ 10″ E, 20 m, 1 spm, body length 7.0 mm,
15.07.1977, leg. V. Lukin; South Kurile Islands, Kunashir
Island, 43° 49′ 02″N, 145° 24′ 08″ E, 21–26m, 3 spms, body
length 4.0–6.0 mm, 03.07.1969, leg. B. Sirenko; 44° 20′ N,
146° 22′ E, 5–8 m, 1 spm, body length 6.0 mm, 06.09.1972,
leg. B. Sirenko; 44° 20′ 01″ N, 146° 01′ 26″ E, 18–20 m, 6
spms, body length 6.0–9.0 mm, 07.09.1972, leg. B. Sirenko;

Fig. 1 Leptochiton subrugatus sp. nov., holotype (ZISP 2385), 9.0 mm. a
whole specimen, dorsal view; b lateral view
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Japan, Hokkaido, near Oshoro, 2.0 m, 10 spms, body
length 6.0–8.0 mm, 25.07.1983, leg. H. Hoshikawa; Yellow
Sea, near Tsingtao, 36° 03′ 57.78″ N, 120° 22′ 9.80″ E, 1.0–
2.0 m, 2 spms, body length 4.0–5.0 mm, 05.12.2016, leg. B.
Sirenko.

Diagnosis: Animal of a small size. Shell low elevated,
rounded. Intermediate valves almost rectangular. Tail valve
distinctly wider than the head valve, mucro anterior, posterior
slope almost straight. Tegmentum with rounded oval granules
arranged in radial rows in the head valve, in lateral and
postmucronal areas, and in longitudinal rows in the central
area of intermediate valves and the antemucronal area. Each
granule with five pores of aesthetes. Girdle narrow, dorsal
scales wide, curved, bluntly pointed with thickened base,
and 15–18 longitudinal ribs, ventral scales elongate oval with

six–nine longitudinal ribs in upper part. Central teeth of radula
long, narrow in the upper part and extended in the lower part,
and major lateral teeth with narrow unidentate cusp.

Description: Holotype 9.0 mm. Shell elongate oval, low
elevated (elevation ratio in valve V 0.28). Valves thin, round-
ed, not beaked, side slopes convex, lateral areas not raised, the
color of tegmentum white, the surface of tegmentum, and
scales covered with creamy environmental deposits.

Head valve semicircular, hind margin V-shaped.
Intermediate valves almost rectangular, anterior and posterior
margins in valves II–VII nearly straight, lateral margins
rounded. Tail valve distinctly wider than head valve, with
anterior mucro, antemucronal and postmucronal slopes about
straight. The ratio of the width of the tail valve to the width of
the head valve 1.14.

Fig. 2 SEM images of Leptochiton subrugatus sp. nov., holotype (ZISP 2385), 9.0 mm. a Valve I, dorsal view; b valve V, dorsal view; c valve VIII,
dorsal view; d valve IV, ventral view; e valve V, tegmentum sculpture in central area; f valve V, rostral view; g valve VIII, lateral view
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Tegmentum sculptured with rounded oval densely spaced
granules, arranged in implicit radial rows in the head valve, in
lateral and postmucronal areas, and in about 60 more or less
distinct longitudinal rows in the central area of intermediate

valves and in about 50 longitudinal rows in antemucronal area
of the tail valve. Each granule has one megalaesthete and four
micraesthetes.

Fig. 3 SEM images of Leptochiton subrugatus sp. nov., holotype (ZISP 2385), 9.0 mm. a dorsal and ventral scales andmarginal needles; b dorsal scales
and needles near suture; c dorsal scales; d ventral scales

Fig. 4 SEM images of Leptochiton subrugatus sp. nov., holotype (ZISP 2385), 9.0 mm. a, b Radula
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Articulamentum slightly developed, apophyses short,
narrow, width of apophyses about 2.5 times less than
the width of the jugal sinus. The entire ventral surface
of the intermediate valves with numerous pores except
for two wedge-shaped thickenings from the apophysis to
the apex. Pores arranged in a random manner; at the
edges of the valves, 2 and 3 rows of noticeably larger
pores.

Girdle narrow, dorsally covered with wide, curved, bluntly
pointed scales (75–80 × 60–65 μm near the base) with thick-
ened base and 15–18 longitudinal ribs, those near sutures lon-
ger (110 × 35 μm). Intersegmental area with long smooth
needles up to 215 × 24 μm. Marginal needles of two kinds:

like intersegmental needles but shorter up to 190 × 18 μm and
needles (100 × 20 μm) with 16 ribs around. Ventrally girdle
covered with elongate pointed scales (70–100 × 28 μm) with
6–9 longitudinal ribs.

Radula of holotype 3.1 mm long with 115 transverse rows
of mature teeth. Central tooth long, narrow in the upper part
and extended in the lower part, first lateral tooth long and
aliform, major lateral teeth with narrow unidentate cusp.

Twelve long and thin gills per side arranged from valve VI
to the anus.

Remarks: The similarity in the structure of the radula, the
sculpture of the shell, and the armament of the perinotum
among the new species, Leptochiton assimilis and

Fig. 5 SEM images of Leptochiton rugatus s.s., 9.5 mm. a Valve I, dorsal view; b valve V, dorsal view; c valve VIII, dorsal view; d valve IV, ventral
view; e valve V, tegmentum sculpture in central area; f valve V, rostral view; g valve VIII, lateral view
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Leptochiton rugatus, has long been the main reason for the
mixing of these three species (Taki 1938; Jakovleva 1952;
Sirenko 1976; Saito 1994, and others). However, as our re-
search of the available extensive material has shown, we have
three good species not only with different morphological fea-
tures but also with different attitudes to environmental factors.

Leptochiton subrugatus sp. nov. differs from L. rugatus
(Figs. 5 and 6) by having always anterior mucro, meaning that
the length of the antemucronal area is smaller than the length
of postmucronal area (vs mucro median or posterior or length
of antemucronal area is equal or larger than the length of
postmucronal area in L. rugatus); five aesthete pores in each
granule (vs seven pores in each granule in L. rugatus). COI
sequences attributed to Leptochiton rugatus s.s. (see Sigwart
and Chen 2018) are 7.6–8.6% different in pairwise compari-
sons to the sequences of the two available specimens of
Leptochiton subrugatus sp. nov.

The new species differs from Leptochiton assimilis and
Leptochiton alascensis by having bluntly pointed scales with

thickened base and 15–18 longitudinal ribs (vs sharply point-
ed scales with not thickened base and 5 and 7 longitudinal ribs
in L. assimilis and L. alascensis); ventral scales with 6 and 7
longitudinal ribs (vs ventral scales smooth in L. assimilis and
L. alascensis); and central tooth of the radula long (vs central
tooth of radula short in L. assimilis and L. alascensis). There
are no published sequences that can be confidently attributed
to either of these two species.

Leptochiton alascensis was studied by the senior author
(BIS) using syntypes which are kept in ZISP (the label reads:
Coll. Russo-amer, Dr Behse, 1856?). Leptochiton alascensis
differs from L. subrugatus by having one aesthete in granule
(vs five aesthete pores in each granule in L. subrugatus), nar-
row shape of dorsal scales with 5 and 6 ribs, short central teeth
of radula, distribution of granules in head valve in a random
manner (vs radial rows of granules in L. subrugatus), and
subcarinated valves.

Distribution: The Sea of Japan: Vostok, Peter the
Great and Possjet bays, Moneron Island, Southwest

Fig. 6 SEM images of Leptochiton rugatus s.s., 9.5 mm. a dorsal and ventral scales and marginal needles; b radula; c dorsal scales; d central and first
lateral teeth of radula
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Sakhalin, Kunashir Island, Hokkaido and North Honsu,
and the Yellow Sea.

Ecology and life history: The new species inhabits depths
from 0.2 to 30 m mainly on slightly silted rocky and stony
bottoms, often with an admixture of sand. The chitons feed on
detritus. In the digestive tract, in addition to detritus, there
were a few foraminifera and sand. Females with a body length
of more than 5.5 mm and gonads filled with eggs with a
diameter of 220–240 μm were observed in early September
in the open part of Possjet Bay.

Discussion

Temperature is apparently an important factor in this species’
distribution. Shallow-water lepidopleuran chitons may be tol-
erant of relatively wide ranges of temperatures in short-term
exposure, such as Leptochiton asellus, maintained experimen-
tally over a range from 10 to 20°C (Sigwart et al. 2011);
however, tolerance of extremes and overall temperature pro-
file in the long term will control species ranges. The known
localities for Leptochiton subrugatus sp. nov. range from –1.7
(in winter) to 24°C (in summer) and a salinity of 28–34, 5%.
However, we consider this to be a relatively warmwater spe-
cies. Although it is distributed in relatively high latitudes, the
localities in the northern part of its range depend on the sum-
mer warming of shallow waters or the penetration of
warmwater currents to the north. In Peter the Great Bay,
Leptochiton subrugatus sp. nov. lives at depths of 0.4–18 m,
apparently preferring depths of 2–8m.Moneron Island has the
largest depth range of the species, 0.2–30m, but even there the
chitons are most often found at depths of 1–10 m. Near the
coast of southwestern Sakhalin, this species lives at depths
from 5 to 10 m, and on the Kunashir Island from 5 to 21 m.
We speculate that in the latter three areas, warmwater currents
facilitate the distributional spread of Leptochiton subrugatus
sp. nov. to the north. Although it is not possible to measure
directly in this case, it nonetheless seems very likely that the
distribution of the species and the settlement of larvae are
controlled more by temperature than by depth per se. It is
difficult to compare with other species in the genus
Leptochiton, but this is commonly found in marine species,
where shallow-water species are distributed to much greater
depth in warm oceanic basins (e.g., Young et al. 1997).

In the Possjet Bay, the density of settlement of this species
can reach up to 100 ind./m2 which equates to a wet weight
biomass of up to 1.5 g/m2 as estimated by one of the authors
(BIS, unpub. obs.). This is also found in some other shallow-
water chitons; for example, Katharina tunicata (Wood, 1815)
in the order Chitonida, which is much larger (body size up to
12 cm), can occur at densities up to 100 ind./m2 (Dethier and
Duggins 1984). High density is more unusual for
lepidopleuran chitons, which usually occur in relatively low

abundance. The northeast Pacific lepidopleuran Leptochiton
cascadiensis occurs in dense but small and very isolated
patches, and this was speculated to be correlated with
brooding life history (Sigwart and Chen 2018). In the case
of the majority of chitons which are not brooders, high density
is associated with high resource provisioning and a strong
ecological function of chiton grazing (Dethier and Duggins
1984; Littler et al. 1995).

Despite the small size of the body, the age of Leptochiton
subrugatus sp. nov. can reach 10 years, based on our exami-
nation of shell thin sections. Their growth rate is apparently
low and the age at their maximum body size is 10 and 11 years.
Two other large-bodied chitons in the North Pacific have had
growth rates estimated using shell rings: maximum age of 17
years for Katharina tunicata and 40 years for Cryptochiton
stelleri (Middendorf, 1847), the largest chiton species (Lord
2012). Marine animals have indeterminant growth in terms
of volume, yet the rate of expansion of the valves in chitons
decreases with age (e.g., Baxter and Jones 1978; Lord and
Shanks 2012). The largest specimens of Leptochiton
subrugatus sp. nov., with a body length of 10.5–11.0 mm,
were collected in well-warmed bays of Peter the Great Bay
and at depths of up to 10 m near Moneron Island.

The taxonomic identification of this species resolves one
small part of the larger “Leptochiton rugatus” species complex
and demonstrates the importance of integrating molecular and
morphological evidence in systematics. Molecular sequence
data are still lacking for the majority of species in this clade,
and for the genus Leptochiton more broadly, which frustrates
efforts at wide-scale systematic revision (Sigwart et al. 2011).
Comprehensive revision must also include examination of the
morphological features from type material of all available
names. However, a comprehensive view of all possible mem-
bers of a clade is not needed to justify the diagnosis and de-
scription of a distinct new species. Two specimens of
Leptochiton subrugatus sp. nov. were included in previous mo-
lecular phylogenetic analyses of Lepidopleurida but previously
identified as Leptochiton rugatus (Sigwart et al. 2011). After
two other large-scale molecular studies contributed sequence
data for Leptochiton rugatus s.l. from the northeast Pacific
(Kelly et al. 2007; Layton et al. 2014), it became clear that these
represented multiple distinction lineages (Kelly et al. 2007;
Sigwart 2017). Three of these can be identified as Leptochiton
rugatus s.s., L. cascadiensis, and now L. subrugatus sp. nov.

The material in the present study is an example of this
complicated problem. Leptochitons from Vostok Bay, with
depths of 2–2.5 m, first were identified as L. assimilis
(Sirenko 1976), but later they were reidentified as L. rugatus
(Sirenko 1994: pp. 161–162). We now understand that
L. assimilis is a cold water chiton that inhabits the Sea of
Japan at depths from 40 to 50 m and deeper. Leptochiton
subrugatus is a warmwater species and lives in the same area
at depths less than 20–30 m (usually 2–8 m).

   64 Page 8 of 10 Marine Biodiversity           (2021) 51:64 



Untangling the biogeography of the Leptochiton rugatus
complex in the North Pacific will require further work and
especially molecular data for additional species lineages with-
in this group. From available results, it is clear that the higher
latitude lineages are more closely related to each other:
Leptochiton subrugatus sp. nov., Leptochiton cascadiensis,
and an undescribed species referred to (probably erroneously)
as Leptochiton alascensis by Layton et al. (2014), forming a
clade (Sigwart 2017). That analysis showed that this high-
latitude clade split from Leptochiton rugatus s.s. in the
Cretaceous, around 112 million years ago (95% confidence
interval: 163.9–65.5 Mya), whereas Leptochiton cascadiensis
and Leptochiton subrugatus sp. nov. share a common ancestor
dating to around 24 Mya (Sigwart 2017).

The members of this species complex have not only subtly
but also distinctly different morphology and clear genetic sep-
aration, as well as differing ecology and distribution ranges.
Leptochiton subrugatus sp. nov. was previously confused with
Leptochiton rugatus s.s. and the two species are indeed ex-
tremely similar, which is why molecular sequences and the
disjunct geographic ranges are also important parts of the evi-
dence to establish the new species name. Understanding the
range restrictions on species is critical for informing conserva-
tion actions and predicting the impacts of climate change (e.g.,
Butt and Gallagher 2018). Chitons, among other invertebrates,
are too often neglected in a conservation context (Hochkirch
et al. 2020). This issue was highlighted in the description of
Leptochiton cascadiensis, because of its patchy restricted dis-
tribution where a single localized disturbance event could inad-
vertently eradicate a local population (Sigwart and Chen 2018).
Here, the critical importance of temperature to the distribution
of a high-latitude species could also be a cause for concern.
Dependency on relatively warm waters in high latitudes does
not ensure that a species would be protected from stress of
global heating; for example, it may be especially vulnerable
to compete with other warmer water species shifting poleward.
The previous status quo starting in the 1970s (Ferreira 1979)
was to consider all Leptochiton in all coasts across the North
Pacific as “Leptochiton rugatus”. Recognizing, and protecting,
this group will require ongoing work to highlight the real di-
versity, one unique species at a time.
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