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Boreolestes gen. nov., a new genus of carnivorous slugs
from Western Caucasus, and some considerations
on the phytogeny of Trigonochlamydidae (Pulmonata)
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ABSTRACT. Boreolestes gen. nov. with 2 species,
B. likharevi sp. nov. (type species) and B. sylvestris
sp. nov. from NW Caucasus is described. The
new genus is characterized by a very large mantle
covering most of animal back and by the presence
of a well-developed perivaginal gland. The new
genus is similar to cave-dwelling Troglolestes 1jo-
wvushkin et Matekin, 1965, but differs from the
latter by a well-pigmented mantle, presence of
perivaginal gland, and absence of vaginal accessory
ogan at the base of spermathecal stalk. It is
suggested that Trigonochlamydidae derived from a
zonitoid ancestor. An attempt has been made to
reconstruct the probable phylogenetic relationships
in Trigonochlamydidae.

A peculiar family Trigonochlamydidae consists
. of obligatory carnivorous slugs. Its range is of a
relict type, occuping Caucasus and adjacent terri-
tories of Iran and Turkey. Up to date, 7 monotypic
genera ofthe family have been known [Ljovuschkin,
Matiokin, 1965; Likharev, Wiktor, 1980; Schileyko,
1988]. Here we describe the eighth genus composed
of 2 species.

Systematic account

Trigonochlamydidae Hesse, 1882
Hesse, 1882: 32 (as subfam. Trigonochlamydina).

Trigonochlamydinae Hesse, 1882
Boreolestes Schileyko et Kijashko,
gen. nov.

Type species — Boreolestes likharevi Schileyko
et Kijashko, sp. nov.

Diagnosis. Preserved animals elongated-ovate,
rounded at both ends. Mantle very large, covering
nearly entire back of slug. Mantle surface covered
with vague or quite distinct small papillae. Pneu-
mostome situated *not far from posterior end of
mantle. Hood occupying somewhat less than 1/3
of mantle length. Upper surface of mantle strongly
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pigmented, leaden-colored; indistinct blotches with
whitish dots in centre seen at magnification. Horse-
shoe-like groove on mantle normally developed or
presented by only right branch. Orifice of genital
atrium situated slightly behind right tentacle base.

Eyes normally developed.

Shell composed of thickened nucleus and very
delicate, fragile spatula.

Throat length about 1/4 of body length. Nu-
merous retentors attached to throat obliquely-la-
terally, along one irregular line. Radula of normal
"carnivorous" type, but teeth relatively small. Jaw
rudimentary, transparent, exceptionally thin.

Lung cavity very small. Venation scarcely vi-
sible.

Reproductive apparatus without accessory or-
gans except for perivaginal gland. Penis sheath
absent.

The genus is similar to 7roglolestes 1jovushkin
et Matekin, 1965 in possessing a very large mantle
and in the absence of penis sheath and "sperma-
tophores" in penis. Boreolestes differs from Tiog-
lolestes in the presence of intensive pigmentation
of the mantle and perivaginal gland, the absence
of distinct papillae on the mantle surface and
additional vaginal sac at the base of spermathecal
stalk.

Distribution. NW Caucasus. 2 sp. Mollusks live
on open slopes under stones, at wet conditions.

Etymology. Boreo- (L., northern, indicating the
area of the genus at northern border of the family
range) plus -lestes (a robber, traditional ending of
generic names in Trigonochlamydidae). Gender
masculine.

[[Inaro3. DukcupoBaHHbIE XWUBOTHBIC YIIMHEHHO-
OBaJIbHON (POPMBI, 3aKpyIIEHHBIE HAa 000MX KOHIaXx. MaH-
THSI OYeHb OOJbIasi, 3aKPbIBAeT MOYTHU BCIO CIUHY XHU-

. BOTHOTO. nOBCpXHOCTb MaHTUU MOKpbITa HECACHBIMU WU

ye€TKUMU Tanuiiamu. [IHEBMOCTOM pacrojioxeH 013
3aJHEro Kpasd MaHTHUU. Kal'llOLLIOH 3aHUMAECT HEMHOTIO
MeHblle 1/3 IIMHBI MaHTUU. BepxHss MOBEpPXHOCTh MaH-
TUNU CWJIBHO TIIMIMEHTUPOBAHa, HWMEET CBUHLOBYIO OK-
packy, Npu YBEJIWYEHUU 3aMETHBI HEYETKHE IMSATHBIIIKK
c OenecbiMM TOYKaMM B LIEHTpE. 0 Oopozna
Ha MaHTUMU pa3BUTa HOPMaJIbHO WJIM TIPECACTAaBJCHA JIMIIb
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FIG. 1. Boreolestes likharevi sp. nov. Holotype. A — external appearance; B, C, D — shell

PUC. 1. Boreolestes likharevi sp. nov. T'onotun. A — BHewmnuit Bug;, B, C, D — pakoBuHa.

mpaBoii BeTBblO. OTBepcTME aTrpuyMa pacriojiaraercsl Io-
330 OCHOBAHUS TMPABOTO TJIA3HOTO IIyTIATbLIA.

[maza HOpManbHO pa3BUTHI.

PakoBuHa cocTtouT W3 cierka YTONIIEHHOTO sapa W
TOHKOM, XpYNKOM CraTybl.

I[motka 3aHumaer okono 1/4 miuHbl Tena. MHoro-
YUCJIEHHBIE PETEHTOPBbI TPUKPEIUISIIOTCS K TJIOTKE KOCO-
JIaTepaJibHO, BIOJb OAHOW NuHWUM. Pamyma HopmambHOTO
"XMITHOTO" THIA, HO 3yObl OTHOCUTEIBHO MaJleHbKUE.
YentocTs pynuMeHTapHasi, TMpo3payHasi, OYeHb TOHKas.

JleroyHast moJocTh OYeHb MasieHbKasi. BeHo3Hast ceTh
eie  3aMeTHa.

[MonoBo#t anmapat JWIlleH NPUAATOYHBIX OPraHOB,
KpoMe TIepUBarMHaJbHOW Xeje3bl. [leHuanbHBIN Yexomn
OTCYTCTBYeET)|.

Boreolestes likharevi
Schileyko et Kijashko, sp. nov.
(Figs. 1, 2)

Type locality — Oshten-Fisht Mountains, wes-
tern part of Great Caucasus, about 2000 m above

the sea level.

Material. NW Caucasus, Oshten-Fisht Mountains.,
west-facing slope of Mount Oshten, saddle, under stones,
June 24, 1997; coll. P.V. Kijashko (holotype and paratype);

— west-facing slope of Mount Oshten, environs of
Psheno-Dakh Lake, July 5, 1997; coll. P.V. Kijashko

(3 paratypes);

— west-facing slope of Mount Oshten, environs of
Psheno-Dakh Lake, isthmus between Mount Oshten and
Pshekha-su, July 5, 1997; coll. G.B. Bakhtadze (1 pa-

ratype).

Holotype and the paratype from the type locality
are stored in the Zoological Institute of Russian Academy
of Sciences (Saint-Petersburg), other paratypes are in
the Zoological Museum of Moscow State University,
Nos. Lc-23371, Lc-23372.

Description. Body length of preserved holotype
(the largest specimen) 10.6 mm.

Albumen gland bulky, of irregular shape. Sper-
moviduct capacious. Talon hidden among tissue of
albumen gland. Vas deferens tightly adhering to
penis. Penis rather long, internally with two broad
longitudinal pilasters covered with numerous mi-
nute papillae. Glandular pads and "spermatopho-
res" in penis absent. Penial retractor attached to
penis terminally. Free oviduct rather short, about
same length as vagina. Perivaginal gland well de-
veloped, surrounding the vagina and base of sper-
matheca. Spermathecal stalk short, slender, reser-
voir ovate.

Distribution. NW Caucasus (Oshten-Fisht Mo-
untains).

Etymology. The species is named in honour of
Prof. Ilya M. Likharev, who made a considerable
contribution to studying of land mollusks, slugs in
particular.
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FIG. 2. Boreolestes likharevi sp. nov. Holotype. A — reproductive tract and interior of penis; B, C — throat (B
— lateral view, C — dorsal view). AG — albumen gland; HG — hermaphroditic gland; P — penis; Pil —

pilasters inside penis; PR — penial retractor; PVG — perivaginal gland; R — retentors; RS — reservoir of
spermatheca; SOD — spermoviduct; VD — vas deferens.

PUC. 2. Boreolestes likharevi sp. nov. T'ojmotun. A — pelnpomyKTUBHBIA TpakKT W BCKPHITBIM IeHUc; B, C — miorka
(B — Bum cmpaBa, C — Bum co cnuHHOU cTopoHB). AG — GenkoBas xkene3a; HG — repmacdponutHast Xejesa;
P — menuc; Pil — mnwigcTpel BHYTpM II€HHUCA; — TeHMaNbHBIN peTpakTop; PVG — mepuBarvHaibHasI
xene3a; R — perenropsl; RS — pesepByap cemenpuemnuka, SOD — cmepmoBumykr; VD — ceMemnpoBom.

[[Imamo3. JInuHa Tena (HUKCUPOBAHHOTO TOJIOTUIIA
(camblii OosbiON 3K3eMruisgp) 10.6 MM.

benkoast >xenesa Oosbluasi, HENpaBWIbHON (OPMBI.
CriepMOBUIYKT 00BEMUCTHINM. Kamepa oriogoTBopeHuMsI
CKpbIla B TKaHSIX 0eJKoBOil XkeJyie3pl. CeMenpoBO IJIOTHO
npwieraeT K neHucy. [leHuc NOBOJIbHO AMMHHBINA, BHYTPU
C IByMs IIUPOKMMU TMUJISICTPAMU, TMOKPBHITBIMU MHOTO-
YUCIeHHBIMA MaJIEeHbKMMU ManuuiaMu. 2Kene3ucrbie moj-
WVIKA ¥ "criepMaTodopbl” BHYTPU TMEHUCA OTCYTCTBYIOT.
TNanopoii  peTpakTop KpenmuTcs K TMEeHUCY TEPMUHAIBHO.
CBOOOMHBIA STI1IEBO TOBOJIBHO KOPOTKUIA, MPUMEPHO TOM
K€ UIMHBI, 4TO M BaruHa. [lepuBarMHajibHasi >Xeje3a

XOpOLIO pa3BUTa, OKYTbIBAET BarMHy M OCHOBaHUE MpPO-
TOKa ceMernpueMHMKa. [IpOTOK cemenpueMHUKa KOpOT-
KW, pe3epByap OBAJIbHBIM. |

Boreolestes sylvestris Kijashko,
(Figs. 3, 4)
Type locality — environs of Ghooseriple, Mol-

chepa riverside (right tributary of Belaya River),
NW Caucasus.

Sp. nov.
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FIG. 3. Boreolestes sylvestris sp. nov. Holotype. A, B — external appearance; C, D, E — shell. Asterisk —

horse-shoe-like groove.

PUC. 3. Boreolestes sylvestris sp. nov. Tl'omotun. A, B — BHemmnuit Bug; C, D, E — pakoBuHa. 3BE3mouka —

NMOAKOBOBHIHAA 60p03ﬂa.

Material. NW Caucasus, Molchepa riverside (right
tributary of Belaya River), 6 km from Ghooseriple, mixed
coniferous-broad-leaved forest (Fagus orientalis, Abies nor-
dmanniana), July 1, 1998, coll. P.V. Kijashko (holotype
and 6 paratypes); — near the same place, July 2, 1998,
coll. P.V. Kijashko (13 paratypes).

Holotype and 5 paratypes are stored in the Zoological
Institute of Russian Academy of Sciences (Saint-Peter-
sburg), 6 paratypes are in the Zoological Museum of
Moscow State University, No. Lc-24424; 7 paratypes
are in the Museum of scientific collections of Zoological
department of Rostov State University.

Description. Body length of holotype (the lar-
gest specimen) 10.0 mm. Both branchs of horse-
shoe-like groove on mantle normally developed.
Surface of mantle covered with numerous, small,
distinct papillae.

Albumen gland irregularly triangular. Spermo-
viduct and talon as in B. likharevi. Vas deferens
not adhering to penis. Penis moderately long, in-
ternally with 2 longitudinal pilasters; inner surface
of penis and pilasters covered with minute papillae.
Glandular pads, and "spermatophores" inside penis
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FIG. 4. Boreolestes sylvestris sp. nov. Holotype. A — reproductive tract; B — interior of penis and vagina; C, D

— throat (C — lateral view, D — dorsal view). Abbreviations as in Fig. 2. Scale bars —- 1 mm.

PUC. 4. Boreolestes sylvestris sp. nov. [omotun. A — monoBoit ammapat; B — BHyTpeHHee CTpoeHME TMeHUca W
BaruHbl;, C, D — mrotka (C — Bum cinesa, D — Bumg co cnmHHOM cTopoHHl). O003HAaueHMS KaK Ha puc. 2.
MacmirabHble nuHelkn — 1 MM.

wanting. Penial retractor attached to penis at base
ofvas deferens. Free oviduct somewhat longer than
vagina. Upper portion of vagina markedly enlarged
and surrounded by perivaginal gland along with
base of short spermathecal stalk. Reservoir of sper-
matheca rather small, elongate.

Distribution. NW Caucasus (upper part of Be-
laya River basin).

[mammo3. Bun 6nusok B. likharevi, BHeuiHe OT/u-
yaeTcst GoNiee CBETNOM OKPAcKoOii, HaTMYMeM SBCTBEHHBIX
TAMATT Ha TOBEPXHOCTM MaHTHU (1axe Y (puKcHpOBaH-
HbIX 9K3EMILTAPOB) M TeM, YTO 00€ BETBM TTOIKOBOBUIHOI
60po3bl HOPMATTBHO Pa3BUThI. AHATOMWYECKY OTIIMYACTCS

IJIABHBIM 00Opa3oM TeM, YTO - BaTMHAa B OOJNAcTH TIepu-
BarvHaJbHOM ejae3bl 00pa3yeT 3aMeTHOE pacliupeHue|.

Discussion

Trigonochlamydidae are evidently a very pecu-
liar and ancient family. Its ancient age is indicated,
in particular, by the fact that seven of eight genera
ofthe family are monotypic (only Boreolestes con-
sists of 2 species), and the family is composed of
two subfamilies, one of which (Selenochlamydinae
Likharev et Wiktor, 1980) is also monotypic.

To reconstruct possible phylogenetic relation-
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FIG. 5. Possible phylogenetic relationships in Trigonochlamydidae. A — zonitid ancestor; B — Troglolestes; C —
Boreolestes; D — Parmacellilla; E — Trigonochlamys; F — Hyrcanolestes; G — Drilolestes; H — Lesticulus; 1 —
Selenochlamys. Asterisk — "spermatophores” inside penis.

PUC. 5. Bosmoxuble ¢unoreHeTnueckue cBs3d BHyTpM Trigonochlamydidae. A — 3oHUTOMIHBIA Tmpemok; B —
Troglolestes; C — Boreolestes, D — Parmacellilla; E — Trigonochlamys; F — Hyrcanolestes; G — Drilolestes; H

— Lesticulus; 1 — Selenochlamys. 3B&3mouxa —

ships among genera, we need to discuss the arche-
type of pre-trigonochlamydid organization. We
think that the family has originated from a zonitoid
ancestor for the following reasons:

1. The very unusual structures inside penis in
some Trigonochlamydinae are traditionally desig-
nated as "spermatophores”, but they are not ac-
tually spermatophores, because they are not tran-
sferred to a partner during copulation, and there
is no mechanism which could provide the transfer
of the "spermatophores" content to a partner.
Besides, it is unclear how the semen fluid could
get in this "spermatophore”. At the same time, the
penis of Spinophallus (Zonitidae) has conspicuous
structures inside [Riedel, 1960], which resemble
trigonochlamydid  "spermatophores”. Muratov
[1998, this volume] suggested that "spermatopho-
res" of such kind are filled with carbonate buffer
and probably supply the recipient spermatheca with
this buffer.

2. One of conspicuous characters of Zonitidae
is the presence of perivaginal gland. In species of
Boreolestes we have also found a well developed
perivaginal gland of quite traditional zonitid struc-
ture.

3. Both Zonitidae (at least, Zonitini and Oxy-

"ciepMatoopel” BHYTpU ICHMCA.

chilini) and Trigonochlamydidae usually have a
short spermathecal stalk lacking a diverticle.

4. Penial retractor in representatives of both
taxa is attached to penis (or to flagellum) terminally
or subterminally.

5. Although there are no obligatory predators
among Zonitidae, most of them are omnivorous
(not herbivorous), their radulae are of universal
type, and the closely related family Daudebardiidae
is composed of predators only.

6. Shells of many Zonitidae are thin and so-
metimes show a tendency to reduction down to
vitrinoid stage (Godwinia, Vitrinizonites). Likharev
and Wiktor [1980: 97], when discussing the origin
of Trigonochlamydidae, wrote: "Judging by their
internal shell, in which the nucleus is shifted left-
ward from longitudinal axis and growth lines on
the spatula are shifted to the right, these slugs...
originated from snails with succinoid shells". We
do not agree with this viewpoint, because, if we
imagine the stage of reduction next to that of
Vitrinizonites, we get a shell, much resembling those
of Daudebardia, and the next step would be the
trigonochlamydid shell.

7. In addition, skin of the upper surface of
cephalopodium of large Zonitidae often has char-
acteristic bluish-leaden color; back of cephalopo-
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dium of some Trigonochlamydidae (Parmacellilla,
Tngonochlamys, Hyrcanolestes, Dnlolestes) is simi-
larly colored

Schileyko [1982, 1986] suggested that Trigo-
nochlamydidae have ancient connections with
South African endodontoid genus Trachycystis be-
cause the penis of Trachycystis contains structures
that are somewhat similar to those of some Tngo-
nochlamydinae [Sirgel, 1980] This hypothesis,
however, contradicts the above-considered facts
and should be rejected

There are two groups in Tngonochlamydinae
(Fig 5) species with (rather) small mantle (Par-
macellilla, Tngonochlamys, Hyrcanolestes, Dnloles-
tes, and Lesticulus), and species with enormously
large mantle, covering most of animal back (Bo-
reolestes and Troglolestes) In the first group the
mantle may be either posterior (Parmacellilla) or
medial in position (rest genera) As the posterior
position of the mantle is probably an initial con-
dition (compare with Daudebardiidae which are
immediate derivatives of Zomtidae), Parmacellilla
is seemingly the most archaic member of Trigo-
nochlamydidae Besides, the shell of Parmacellilla
filipowitschi Simroth, 1910 retains the distinct traces
of spiral coiling (Fig 6)

The next stage of mantle transformation was its
shift forward, a state occurring in all other Tngo-
nochlamydinae Therefore, the median position of
the mantle is an advanced feature

Thus we consider Parmacellilla as the most
archaic genus ofthe Recent tngonochlamydid taxa
Selenochlamys, retaining the primitive position of
mantle, early deviated from Parmacellilla-hke li-
neage, lost the "spermatophores”, and changed the
internal structure of pemal tube [Likharev, Wiktor,
1980]

Tngonochlamys, having very small and shifted
forward mantle, is probably a more or less direct
descendant of Parmacellilla Dnlolestes is the next
stage of evolution, because it has somewhat enlar-
ged mantle, while retaining all main characters of
Tngonochlamys Hyrcanolestes has a peculiar char-
acter the penis sheath is attached to penis at both
ends This is undoubtedly a secondary character
and that is why we think that Hyrcanolestes is a
descendant of Dnlolestes Hyrcanolestes, Tngonoc-
hlamys and Dnlolestes are united by the presence

FIG 6 Shell of Parmacellilla filipowitschi Simroth, 1910
N Iran, Mazenderan Prov, near Meshkhed, right
bank of Babul River Naturhistonsches Museum Basel,
No 3960a

PUC 6 PakoBuna Parmacellilla filipowitschi Simroth,
1910 CeB HUpan, mpoB Mazennepan, 613 Memixena,
npaBblii Oeper p babyn My3seil ecrecTBeHHOI HC-
topuu, bazenb, No 3960a

of pemal sheath which is absent in all other Tri-
gonochlamydidae

Lesticulus is a highly specialized troglobiont slug
lacking coloration and eyes Nevertheless, it differs
anatomically from mentioned genera mainly by the
absence of "spermatophores” in the penis and penis
sheath This is probably a result of secondary
simplification, and this genus is historically con-
nected with some extinct forms closely related to
Dnlolestes

As it has been noted, Troglolestes and Boreolestes
have an enormous mantle and lack penis sheath
Hence, they are related to each other, although
the former is colorless and lives deeply in caves,
whereas the latter is normally pigmented and in-
habits open slopes (lives under stones) We suggest
that the succession of habitats indicates trjat Bo-
reolestes is an ancestor of Troglolestes Moreover,
Boreolestes is the only representative of the family
which retains penvaginal gland, an evidence of
origin of Trigonochlamydidae from zomtoid an-
cestor As far as the strange "additional sac" in
Troglolestes is concerned, it is unclear whether it
is a glandular organ Ifit is shown to be glandular,
this "sac" is probably a derivative of penvaginal
gland
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Onucanune Boreolestes gen. nov. U3 ceBepo-3aman-
Horo Kaskaza ¢ 2 Bugamu — B. likharevi sp.
nov. (TumoBoil Bum) u B. sylvestris sp. nov. Hosbrit
pOd XapaKTepu3yeTcsl OYeHb OOJIbIION MaHTHUEH,
3aKpBIBAIOINIEl TIOYTH BCIO CIIMHY XMBOTHOTO, U
MPUCYTCTBUEM XOPOIIO Pa3BUTOM NepUBArvMHAaJIbHOMI
Kene3bl. HOBBIM pon CHMIBHO HAOMMHAET IIelIep-
Horo Troglolestes Ljovushkin et Matekin, 1965, Ho
OTJINYAETCsl, MHTEHCUBHOI NUTMEHTAlIMEe MaHTHUH,
HaJIM4ueM IIepUBarvMHaJIbHOM KeJle3bl M OTCYTCT-
BUEM IOIOJHUTEIbHOTO BarvHaJbHOTO OpraHa IIph
OCHOBaHMM IIPOTOKa ceMemnpuemHuka. Ilpemmona-
raercst, 4rto Trigonochlamydidae mnpousonuim ot
30HUTOMAHOrO mnpenka. ChejgaHa ITONBITKA PEKOH-
CTPYMpPOBaTh BO3MOXHBIE (DMIIOTEHETUIECKNE CBSI3U
BHyTpu Trigonochlamydidae.




