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ABSTRACT

It is assumed that the species of the genera Boreochiton G.O. Sars, 1878 and Tonicella Carpenter, 1873 originated
in the North Pacific Ocean. The first representatives of these genera apparently penetrated into the northern
part of the Atlantic Ocean not earlier than the Pliocene. Fossil representatives from the Late Cenozoic deposits
of Europe, belonging to the genus Tonicella, have a sculpture of a tegmentum closer to the species of the genus
Lepidochitona Gray, 1821, which suggests their transfer to this genus.
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Koraa nepssie Buzasi poaoB Tonicella Carpenter, 1873 u Boreochiton G.O. Sars,
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PE3IOME

IIpeanonaraercs, 4To BUabl ponos Boreochiton G.O. Sars,1878 u Tonicella Carpenter, 1873 Bo3HMKIN B ceBep-
Hoit yactu Tuxoro okeana. IlepBble IpeCTaBUTENN ITUX POJIOB, TO-BUJUMOMY, TPOHUKJIHM B CEBEPHYIO YaCTh
Atnantuyeckoro Okeana He paHee minolena. Mickomaembie mpeiCTABUTENH, U3 TTO3[HEKANHO30MCKUX OTJIO-
xenuit EBpomnsr, orHocuMbie K poxy Tonicella, nMetoT cKyIbITy py TeTMeHTyMa 6oJiee GIU3KYIO K BUaM POjia
Lepidochitona Gray, 1821, 4to mpe/mosaraer nepeHeceHue UX B 3TOT POJI.

Kmouessie cioBa: Cenozoic, nckomaembie XuToHsbl, Lepidochitona, Tonicellidae
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When did the first Tonicella and Boreochiton

INTRODUCTION

All species of genera Boreochiton G.O. Sars, 1878
and Tonicella Carpenter, 1873 live in the Boreal and
Arcticregions, in the northern parts of the Pacific and
Atlantic Oceans and in the Arctic Ocean. The largest
number of species of these genera lives in the north
Pacific, from Japan and Baja California to the Chuk-
chi Peninsula in the Bering Sea (Kaas and Van Belle
1985; Clark 1999; Vendrasco et al. 2012). There are
three species and one subspecies of the genus Boreo-
chiton: B. beringensis beringensis (Jakovleva, 1952),
B. beringensis lucidus (Sirenko, 1975), B. granula-
tus (Jakovleva, 1952), B. jakovlevae Sirenko, 2016
and nine species of the genus Tonicella: T. marmorea
(Fabricius, 1780), T. squamigera Thiele, 1909, T. sub-
marmorea (Middendorff, 1847), T. zotini Jakovleva,
1952, T. undocaerulea Sirenko, 1973, T. lokii Clark,
1999, T. venusta Clark, 1999, T. insignis (Reeve,
1847), T. lineata (Wood, 1815) in the northern Pa-
cific. Only two species of these genera, B. ruber (Lin-
naeus, 1767) and T. marmorea, inhabit the Atlantic
and Arctic oceans. Such an uneven distribution of
the species of these two genera, with a clear predom-
inance of the number of chiton species in the Paci-
fic Ocean, most likely indicates the origin of the first
species of both genera in the Pacific Ocean. In fos-
sil deposits of the Pacific fauna, species of the genus
Tonicella were found in California (Tonicella. sp. cf.
T. venusta) in Pliocene beds (Vendrasco et al. 2012)
and in Pleistocene beds (T. lokii, T. sp.: Muhs et al.
2006, 2012), and in Japan (T lineata, Tonicella sp.), in
Pleistocene, Pliocene and Miocene beds (Itoigawa et
al. 1976, 1978, 1981, 1982), which also indicates their
sufficient antiquity.

The genus Tonicella has been mentioned in the list
of fossil chitons of Europe since 1978, when Janssen
(1978) moved Chiton tenuissimus Sandberger, 1859
(Rupelian, Middle Oligocene, Germany) to the genus
Tonicella. Since then seven fossil species have been
transferred to the genus or described as species of this
genus: Tonicella tenuissima, T. modesta (Rolle, 1862),
T. implumis Bielokrys, 1999, T. lira Cherns et Schwabe,
2017, T. redoniensis Dell’Angelo, Landau, Dingenen
et Ceulemans, 2018, T. nuda Dell’Angelo, Lesport,
Cluzaud et Sosso, 2020 and T. adunca Dell’Angelo,
Lesport, Cluzaud et Sosso, 2020. All these seven spe-
cies have been found ranging from Eocene to Mio-
cene deposits. A comparison of the number of modern
species of these genera in the Pacific and Atlantic
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Oceans indicates a significant dominance of Pacific
species, and it is most logical to assume the settlement
of the Atlantic by Pacific migrants. However, a com-
parison of fossil chitons that lived off the Atlantic and
Pacific coasts indicates an earlier appearance of spe-
cies of these genera in the Atlantic, rather than in the
Pacific Ocean. This article discusses this problem and
suggests a solution.

MATERIAL AND METHODS

The materials for this article were collections of
fossil mollusks from different parts of Europe and re-
cent mollusks in the Barents Sea and from near the
Pacific coast of Mexico. The fossil valves of B. ruber
were collected in Late Quaternary biocenoses, be-
tween Corsica and the Island of Capraia in the Medi-
terranean Sea, at depth 350—-500 m (Dell’Angelo and
Giusti 1997). The fossil valves of Tonicella redonien-
sis were collected in Miocene (Tortonian) deposits in
Saint-Clément-de-la-Place, France by B. Dell’Angelo.
The fossil valves of T. implumis were collected in Up-
per Eocene (Mandrikovka Beds) deposits, in Dnepro-
petrovsk, Ukraine by B. Sirenko. The fossil valves of
Tonicella tenuissima were collected in Oligocene de-
posits, Germany by B. Dell’Angelo. The specimen of
B. ruber was collected in Yarnishnaya Inlet, Murman
coast, the Barents Sea, at 4—6 m depth by B. Siren-
ko. The specimen of Tonicella marmorea was collect-
ed in Yarnishnaya Inlet, Murman coast, the Barents
Sea, at 18—20 m depth by B. Sirenko. The specimen
of Lepidochitona salvadorensis was collected in Ma-
jahua, Acapulco, Guerrero, Mexico, at 4—5 m depth
by A. Reyes-Gomez (Centro Universitario de Cien-
cias Biologicas y Agropecuarias, Departamento de
Ecologia Universidad de Guadalajara, México).

The recent specimens chosen for examination
under a scanning electron microscope (SEM) were
boiled in 7% KOH for 5-7 minutes and then boiled
twice in fresh water. After that, several valves (usu-
ally valves I, II, IV, V and VIII) were dried and
examined under a FEI SEM Quanta 250 scanning
electron microscope. The valves of fossil species af-
ter brushing were also examined under the electron
scanning microscope.

RESULTS AND DISCUSSION

Given the significant predominance of the num-
ber of species of both genera in the Pacific Ocean
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Fig. 1. Boreochiton ruber, Late Quaternary biocenoses between
Corsica and the Island of Capraia, the Mediterranean Sea,
350-500 m. A — valve I, dorsal view; B, C — intermediate valve,
dorsal view; D — valve VIII, dorsal view; E — intermediate valve,
structure of tegmentum in central area; F — intermediate valve,
rostral view; G — valve VIII, lateral view.

compared to the Atlantic Ocean, which was noted in
the introduction, it is logical to assume the appear-
ance of species of these two genera in the Atlantic
as a result of their migration from the Pacific Ocean
(Sirenko 1974). In this regard, it is worth discussing
the question of the time of this penetration. Accord-
ing to data on other species of mollusks, Pacific set-
tlers were first found in Red Crags beds of England
(Chatwin 1954; Gladenkov 1978; Dixon 1979; Go-
likov 1980) in the Pliocene. Earlier penetrations of
Pacific settlers into the Atlantic Ocean have not been
noted. It is assumed that Pacific migrants entered the
Atlantic Ocean through the Bering Strait along the
north of North America (Hopkins 1972). The oldest
find of B. ruber (Fig. 1) was recorded in Late Quater-
nary biocenoses in the Mediterranean Sea (Dell’An-
gelo and Giusti 1997), which does not contradict the
assumption about the penetration of the ancestors of
this species in the Pliocene from the Pacific Ocean.
Recent species of Boreochiton and Tonicella are
easily distinguishable from each other by the presence
of a large fenestral gland located under the posterior
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Fig. 2. Boreochiton ruber, Jarnishnaja Inlet, Murman coast, the
Barents Sea, 4—6 m depth. A — valve I, dorsal view; B — interme-
diate valve, dorsal view; C — valve VIII, dorsal view; D — inter-
mediate valve, ventral view; E — intermediate valve, structure of
tegmentum in central and lateral areas; F — intermediate valve,
rostral view; G — valve VIII, lateral view.

valves in the first genus and its absence in the sec-
ond genus. The valves of the species of both genera,
by which it is possible to determine whether they be-
long to a particular species, especially in fossil spe-
cies, have very slight differences. In both genera there
are species with a granular and smooth tegmentum.
One of the important feature of the tegmentum in
species of both genera is a well-marked difference in
size of the pore of megalaesthetes and micraesthetes
(Figs 2, 3).

The shape of the valves of seven fossil Europe-
an chitons belonging to the genus Tonicella (see In-
troduction) is similar to the shape of the valves of
modern species of Boreochiton and Tonicella. How-
ever, the microsculpture of the tegmentum in these
seven European species differs markedly from that
of recent species of these two genera. In European
fossils of Tonicella, all the pores of aesthetes have
approximately the same diameter (Figs 4—6), while
in recent species of Tonicella and Boreochiton there
is a noticeable difference between the large pores of
megalaesthetes and the small pores of micraesthetes
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Fig. 3. Tonicella marmorea, Yarnishnaya Inlet, Murman coast,
the Barents Sea, 18—-20 m depth. A — valve I, dorsal view; B —
intermediate valve, dorsal view; C — valve VIII, dorsal view;
D - intermediate valve, ventral view; E — intermediate valve,
structure of tegmentum in central area; F — intermediate valve,
rostral view; G — valve VIII, lateral view.

(Figs 2, 3). It should be noted that the fossil species
of the genus Tonicella have a valve shape similar to
the species of the genus Lepidochitona, known since
the Eocene in Europe. Moreover, in some species of
the latter genus, for example L. salvadorensis Garcia-
Rios, 2006 (Fig. 7) with a smooth tegmentum, there
is no difference in the pore sizes of megalaesthetes and
micraesthetes. Recent representatives of the genus
Lepidochitona include species with both granular and
smooth tegmentum, while all fossil European species
have only a granular tegmentum. And where did the
fossil species of Lepidochitona with a smooth tegmen-
tum go? Apparently these are the seven fossil species
that have been assigned to Tonicella and in which,
unlike other real species of Tonicella, there is no dif-
ference in the size of the pores of megalaesthetes and
micraesthetes. We propose to transfer these seven
known fossil species, with a smooth tegmentum and
with no difference in pore sizes of megalaesthetes and
micraesthetes, to the genus Lepidochitona.

The system of recent chitons is based on the use
of both external (the shape and sculpture of the shell

500 um

Fig. 4. Tonicella redoniensis, Miocene, (Tortonian). Saint-
Clément-de-la-Place, France. A — intermediate valve, dorsal view;
B — valve VIII, dorsal view; C — intermediate valve, ventral view;
D — valve VIII, ventral view; E — intermediate valve, structure of
tegmentum in central and lateral areas; F — intermediate valve,
rostral view; G — valve VIII, lateral view.

valves, the armament of the perinotum and hypono-
tum, the number and location of the gills, the location
of the gonopore and nephridiopore) and internal mor-
phological features (apophyses, insertion plates and
slits of the articulamentum, number and the shape of
the teeth of the radula) (Bergenhayn 1930; Van Belle
1983; Sirenko 2006). In fossil chitons, unfortunately,
of all the above set of features, only those associat-
ed with the shell remain (the shape and sculpture of
the valves as well as apophyses, insertion plates and
slits of articulamentum). Until recently, these fea-
tures were actively used, and it should be noted that
only macrosculpture was used in the sculpture of
shell valves (all kinds of ribs, pits, furrows, borrows,
grains, pustules, etc.). With the use of the scanning
electron microscope, it became possible to study the
microsculpture of various parts of the shell of chitons.
This microsculpture is created by numerous pores
of megalaesthetes and micraesthetes and associated
apical and subsidiary caps (Boyle 1974; Baxter and
Jones 1981, 1987, Gowlett-Holmes and Jones 1992;
Sirenko 1992; Eernisse and Reynold 1994).
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Fig. 5. Tonicella implumis, Upper Eocene, Mandrikovka Beds,
Dnepropetrovsk, Ukraine. A — valve I, dorsal view; B — interme-
diate valve, dorsal view; C — valve VIII, dorsal view; D — interme-
diate valve, structure of tegmentum in central area; E — interme-
diate valve, rostral view; F — valve VIII, lateral view.
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Fig. 6. Tonicella tenuissima, Oligocene, Germany. A — inter-
mediate valve, dorsal view; B — part of valve VIII, lateral view;
C - intermediate valve, structure of tegmentum in central and
lateral areas.

In the class Polyplacophora there are many spe-
cies of various genera (Ferreiraella Sirenko, 1988,
Leptochiton Gray, 1847, Parachiton Thiele, 1909,
Ischnochiton Gray, 1947, Stenosemus Middendorff,
1847, Tonicina Thiele, 1906, Chaetopleura Shuttle-
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Fig. 7. Lepidochitona salvadorensis, Majahua, Acapulco, Guerre-
ro, Mexico, 4—5 m. A — valve I, dorsal view; B — valve II, dorsal
view; C — valve V, dorsal view; D — valve VIII, dorsal view;
E — valve V, tegmentum sculpture in central and lateral areas;
F — valve V, rostral view; G — valve VIII, lateral view.

worth, 1853, Lepidochitona Gray, 1821, Boreochiton
Sars, 1878, Tonicella Carpenter, 1873) with the so-
called smooth tegmentum. Such recent species that
have a sufficient number of external and internal dis-
tinguishing features are not difficult to differentiate.
As our research has shown, in contrast to the recent
species, the definition of fossil species with a smooth
tegmentum is quite difficult if the features of mi-
crosculpture of the tegmentum are not used.

Doug Eernisse (pers. comm.) rightly believes that
North Atlantic T. marmorea and B. ruber are so sim-
ilar to their counterpart species in the North Pacific
that they are likely to be Pacific/Atlantic sister spe-
cies pairs and this helps reinforce the claim that the
two extant species have only recently invaded the
North Atlantic.

In conclusion, it should be emphasized that the Eo-
cene, Oligocene and Miocene European fossil species
previously attributed to the genus Tonicella should be
included in the genus Lepidochitona, which, since the
Eocene, was widespread in the Tethys Ocean, and the
first true representatives of the Tonicella and Boreo-
chiton genera were able to penetrate from the Pacific
Ocean to the Atlantic Ocean only in the Pliocene.
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