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ABSTRACT. The SEM image and description of the
Boucardicus leopardus radula is presented for the first
time. The radula appeared morphologically similar to
those of representatives of Alycaeidae. At the same
time representatives of Boucardicus differ significant-
ly from South-East Asian Alycaeidae. It is suggested,
that presently Boucardicus is not monophyletic and
includes representatives of different genera and possi-
bly families.

Introduction

The genus Boucardicus Fischer-Piette et Be-
doucha, 1965 contains 197 recognized species and
5 subspecies [Balashov, Griffiths, 2015], however,
the radula has not been illustrated or described
previously. In 2017 I obtained a well preserved
specimen of Boucardicus leopardus Emberton, 2002
from which the radula was extracted.

Materials and methods

The specimen was collected in primary rainfor-
est near GERP (Groupe d’Etude et de Recherche
sur les Primates de Madagascar) station, at 890—
1210 m altitude in Maromizaha Reserve, in Toama-
sina Province.

The radular characters were examined and pho-
tographed using scanning electron microscope
(SEM). Radula was extracted, prepared, and photo-
graphed by Yuri Kantor using the methods devel-
oped and described in Kantor and Puillandre [2012].

Results

The radula is taenioglossate, all teeth are sharply
cusped. The radular formula is 2-1-1-1-2 (Fig. 1A).
The central tooth (C) is triangular in shape with five
cusps at the cutting edge, practically equal in width
and length; however marginal cusps (mc) are some-
what longer than central ones (Fig. 1B). Lateral

tooth (L) is irregular spade-shaped, with five cusps
on the cutting edge: four cusps are almost equal in
size with the fifth marginal cusp being the smallest
(sc). The inner marginal (IM) tooth is broadly
spade-shaped with four cusps, of various size.
Fifth cusp is rudimental and present as broad and
narrow plate (p) (Fig. 1C). Central, lateral, and
inner marginal teeth are almost equal in width. The
outer marginal tooth (OM) looks like elongated
rake-like narrowing plate with three long pointed
cusps on the cutting edge.

Discussion

Originally the genus Boucardicus was described
without being assigned to a family. However, in the
discussion, the authors [Fischer-Piette, Bedoucha,
1965: 63] indicate the close alliance of the new
genus to the genus Acroptychia Crosse et P. Fis-
cher, 1877. In fact, the type species of the genus
Boucardicus (notabilis E. A. Smith, 1892; Fig. 2)
was originally described as Acroptychia. The genus
later [Fischer-Piette et al., 1993: 3] was assigned to
the family Cyclophoridae s./. Emberton [2001] clar-
ified the taxonomic position of the genus, assigning
it to the subfamily Alycaeinae. Egorov [2009: 7]
conditionally assigned the genus to the family Haine-
siidae and noted that the systematic placement of
the genus is unclear. The shell morphology had
proven to be unreliable for assessing the phyloge-
netic relationships of cyclophoroid gastropods, as
very similar constriction behind aperture can be
observed in different groups. Combined concho-
logical, radular, and anatomical criteria must be
used for this purpose. Egorov [2009] also suggest-
ed that the genus Boucardicus may contain repre-
sentatives of several families, in particular, assimi-
neids and diplommatinids. In support of this as-
sumption, the author points to the presence of a
paucispiral operculum (Fig. 3 F) in most species of
the genus, which is not characteristic of cyclo-
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FIG. 1. Radula of Boucardicus leopardus Emberton, 2002. A. Transversal row of teeth (C — central tooth, L — lateral teeth, IM
— inner marginal teeth, OM — outer marginal teeth). B. Dentition of teeth (mc — marginal cusps of the central tooth, sc —
smallest cusp of laterals). C. Dentition of inner marginal teeth (p — marginal rudimental plate-like cusp). D. general view of
the middle part of the radula.

PUC. 1. Panyna Boucardicus leopardus Emberton, 2002. A. ITonrepeunstii psy 3y6os (C — neHTpanbHbIi 3y0, L — nmarepanbHble
3y0b1, IM — BHyTpeHHUE MapruHaIbHBIE 3y0bl, OM — BHELIHNE MapriuHaibHble 3y0sl). B. 3a3yOpeHHOCTE pexyIero Kpas
3y00B (mc — KpaeBble 3yOIbl HEHTPATLHOTO 3y0a paylisl; SC — HANMEHBIIHH MaprHHAIBHEIN 3y0el] larepanbHoro 3yoa). C.
3a3yOpeHHOCTh BHYTPEHHUX MaprHHAIBHBIX 3y00B (p — INIAaCTUHYATHIA KpaeBoH pyauMeHTapHbIH 3yoerr). D. O0mwmii Bug
CpeIHel 4acTH paaysbl.

FIG. 2. Shell of Boucardicus notabilis (Smith, 1892): syntype of Acroptychia notabilis Smith, 1892, Tamatave, Madagascar,
purchased of E. Gerrard Jun., collected by A. Majastre, NHMUK 1891.11.5.13-14, courtesy of the Natural History
Museum, London.

PUC. 2. PakoBuna Boucardicus notabilis (Smith, 1892): cuntun Acroptychia notabilis Smith, 1892, TamaraBe, Manarackap,
kymwieHo E. Gerrard mi., cobpano A. Majastre, NHMUK 1891.11.5.13-14, doro the Natural History Museum, London.
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FIG. 3. The shell and operculum of dissected specimen of Boucardicus leopardus, Toamasina Province, Madagascar. A—E. Shell
(height of shell 8.0 mm, width of shell 7.4 mm). F. Operculum.

PUC. 3. PakoBHHA U KpBIIIEUKa HCCIIEOBAHHOTO dK3eMILIIpa Boucardicus leopardus, nposunis ToamacuHa, Manarackap. A—
E. PakoBuHa (BeicoTa pakoBUHBI 8.0 MM, mpuHa pakoBuHBI 7.4 MM). F. Kpbimeuka.

phorids, but common in assimineids, diplomma-
tinids and a number of other groups. However, it is
now become obvious that this assumption was
erroneous. The Boucardicus radula character un-
equivocally indicates its relationship to the genus
Alycaeus and that both genera belong to the same
group. The variety of types of opercula in different
species of the genus Alycaeus were shown by Foon
and Liew [2017: 7-8] using the example of Malay-
sian species of this genus. The radula of Boucardi-
cus leopardus Emberton, 2002 is quite similar to
that of Alycaeus conformis (Fulton, 1902), illustrat-
ed by Venmans [1956]. A common and unifying
feature in radulae of two species is the presence of
numerous approximately equal sized cusps on the
cutting edge of the central tooth, as well as its shape
(Fig. 1 D). The radulae of representatives of the
family Alycaeidae treated in the work of Venmans,
can be divided into three types, two of which are
similar to each other and are characterized by the
presence of cusps on the cutting edge of all the
teeth of the radula. The third type, of the type
species of the genus Alycaeus (Cyclostoma gibbum
Eydoux, 1838, non Draparnaud, 1805 = A. eydouxi
Venmans, 1956), differs from the others and, ac-
cording to Venmans, is characterized by the ab-

sence of cusps on the cutting edge of all radular
teeth. However, according to Pall-Gergely (pers.
comm.), the radula of Alycaeus eydouxi he studied
is fundamentally different from the radula depicted
and described by Venmans. Thus it is not clear
which species was studied by Venmans and it is
preliminary to conclude that radulae of Alycaeidae
is highly variable.

The similarity of conchological characters, such
as the presence of a constriction behind the aper-
ture, the general shell morphology, and the similari-
ty of the radula convincingly proves the relationship
of'the endemic Madagascar genus Boucardicus with
the Asiatic genus Alycaeus s. [. It is interesting to
note that constriction behind aperture in the species
of Boucardicus can be differently expressed in var-
ious species from distinct to obsolete or absent
(Figs. 2, 3 A-E). However, a significant difference
from typical Asian members of the family is the
absence of a suture tube and any other specialized
breathing shell-devices among the members of the
genus Boucardicus [Emberton, 2002; Pall-Gergely
et al., 2016]. This is yet another reason to empha-
size the necessity for the review of the composition
of the genus and its differential diagnosis. More-
over, Emberton [2001] states that “among 12 dis-
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sected species of Boucardicus, morphology of the
female reproductive system was extremely variable
(11 of 14 character states autapomorphic)”.

Considering above said, the genus Boucardicus
is most likely a member of the family Alycaeidae,
however it is different from its South-East Asian
genera and forms a separate branch.
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3ameuanust o panyne Boucardicus leopardus
Emberton, 2002 (Gastropoda: Cyclophoroidea: Aly-
caeidae) U CUCTEMaTHYECKOM IOJIOKCHUH POJIa
Boucardicus Fischer-Piette et Bedoucha, 1965

Poman ETOPOB
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PE3IOME. BriepBbie NpUBOAUTCS OMUCAHNE U MILTFOCT-
pamms paxynsl Boucardicus leopardus. YcTaHOBICHO,
YTO pajyia pacCMOTPEHHOTO BHJa OJIM3Ka 1Mo CTpoe-
HUIO K pazyaM npezcTaBuTeneii cemelicta Alycaeidae.
Taxoke mokaszaHo, yTo pecTaBuTeNu Boucardicus cy-
IIECTBEHHO OTIIMYAIOTCS OT IpencraBuTeneii Alycaeidae
u3 FOro-Bocrounoit Azuun. Brickazano npeamnonoxe-
HHE, 4TO B HacTodAllee BpeMs poa Boucardicus npen-
CTaBsIeT M3 ce0s COOPHYIO TpyMITy, BKIIOYAIOIIYTO
MIPEACTaBUTENCH pa3HbIX POAOB, & BO3MOXHO, U Ce-
MEHCTB.




