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CarcfsIscfunCef2 stfiscesieds, dfLsycf.

$ E V W Babiéf We supposed that relatively thermophy-
lous nemoral and subnemoral Lepidoptera species could not
survive during the Pleistocene climate coolings in Altai. Pres-
ence in the Altai foothills and Gornaya Shoria Mts. of an
endemic Hepialidae species, 7 UL R G L D (L@dsrér L18E3)
challenges this statement. We suppose that extinctions dur-
ing the Pleistocene climate coolings first of all concerned
those nemoral insect species which developed openly on
plants while species with ground-dwelling larvae, as in
7 Q X E,Ldadltl survive. This view is supported by pres-
ence in the Altai foothills of endemic subnemoral pedobiotic
species in other groups, such as ground beetles and ground
worms.

J _axf10tkjj Bris HjLobs s jHtfisizsy jidd, ubss bit-
tsE=Bdorj GJheor e d hzBkidstot ¢ edir yjhiz-
dCrern & Bsekd orydlt o atejdiw iz j2missydksora tEj-
Hildhd? o ¢ste0n diisow. tecfizistyisodj o HtejHeste+Wn ddlsow d
9 Attt Zstedd hHjBukEes odHO YiPEjSEr e n Slsti-
CstfievHse (Hepialidae), 7 UL R G L D (IQdererl 1858), &0
fittor2 aLed™H, tfieskdotejyudls stz bsojtexHikds.
e jHtfsE060 jds, st ov didte0dt ofs etejdiw tizj2Mistyjdser

ABEsHORAR HEEET BV &d tfsHe jecOis i tiej>H] ofjes i
Gidsste0t G j odHT ¢GOSR A, Siisstsrj BlsCterists ts0Lado0-
s 10 60his jddvn. W Otftesisde, adHT fis fiSts T Isds> dolzl did
o tftsye,j e jbdyodd, COS k2 7 Q X Eigsddd b >edls!. Clsts
Yiejrtfstsy jhd] YsHHjE de0sh sBlOndh o HisjHest"n
0tfOHMSEES dzisOw fizBd jdsste0d- & ' 6 JsBABHSE ™ = odHES o Higlz-
6dn Gtelztftfor >detslstr, GOt dte, MisdHd HEMHjO R Yjtad?.

,QWULGXFWLRQ

In 2010 12011, Dubatolov and Knyazev [2011] un-
dertook a study of distribution and morphology of a
little-known representative of the Hepialidae family de-

\u_ klechidzptera, Hepialidae, yjPijSerer j, sstSstienr, 7 UL R G L D GRSt JHjid]j,

scribed from West Altai, 7 U L R G L D(LeleteE, 1833)U
(Fig. 113). This species has been first collected by
A. Kindermann in West Altai foothills, between Ust6-
Kamenogorsk and Ustd-Bukhtarminsk (Kazakhstan) and
described in the first paper devoted to Lepidoptera of
Altai [Lederer, 1853]. Although 7 Q X E wdsHhidluded
into all relevant catalogues and atlases of early XX
century, its diagnostic characters, generic attribution,
position in the genus and the range remained unclear.
Only one and half century after description, Nielsen et
al. [2000] studied the type series and attributed the
species to the genus 7 U L RHzhn&, [1820]. Duba-
tolov, Knyazev [2011] clarified the species range and
described in detail its morphological characters and
differences from related species, which were not con-
sidered by Nielsen et al. [2000].

The results of this study lead us to a supposition
that this species is the only subnemoral lepidopteran in
Altai which does not fit the hypothesis of their relative-
ly recent recolonization [Dubatolov, Kosterin, 2000].
This point of view is substantiated below.

6XEQHPRUDO VSHFLHV RI /HSLGR
6LEHULD LQ WKH FRQWH[W RI WK
FODVVLILFDWLRQ DQG RULJLQ RI

Consideration of coenotic connectionof 7 QXELIHU
is difficult because of the lack of unified classification
of Siberian forests and internationally accepted nomen-
clature of their types. Generally, an international reader
is not familiar with vegetation of the vast territory of
Siberia, which is quite peculiar.

+HSLDOLGEL
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The term ¢gnemoralé refer to plant and animals spe-
cies associated with broad-leaved forests of the tem-
perate zone of Northern Hemisphere. However, not all
trees called broad-leaved in English can be considered
nemoral. Such trees as birch, poplars (mostly aspen,
3R S X O X V) ¥ddini IBvié E»-Bxist with conifers as
subdominants in the boreal zone and may exclude them
completely. As well as conifers, they are usually con-
sidered among boreal tree species and in Russian liter-
ature are often called ¢small-leaved treese (in spite of
their leaves not necessarily being small), while the term
¢broad-leavede is reserved for truly nemoral (temper-

ate) trees and forests of oaks, ashes, elms, lindens,
hornbeams, etc. [reviewed in: Dubatolov, Kosterin, 2000].
The forests of Siberia are almost exclusively represent-
ed by coniferous or taiga forests, mixed coniferous/
birch(/aspen) and, in the south, pure birch/aspen for-
ests. The two latter forest types were recently very
broadly classified, in a geographical sense, as hemibo-
real forests, to distinghush them from the boreal forests
S H Utalgd) [Ermakov et al., 2000], although their bore-
al floristic component is actually very scarce, if any
(N.N. Lashchinskiy, pers. comm.) . The nemoral broad-
leaved (temperate) trees are either absent from Siberia
or confined to very few relic isolates [Dubatolov, Kos-
terin 2000; Koropachinskiy, Vstovskaya, 2002]. Pres-
ently the Altai-Sayan Mountain System completely lacks
such broad-leaved trees as oaks, ashes, hornbeams,

alder (except for the bushy "X VKHNLD MhigiMsL FR YV D

not nemoral and is present in high mountains). EIms are
represented by 8 O P X'V SsA.Focn@rig groves only

in southern, steppe-desert foothills. Linden(7LOLD VLELU

L F)Oorests are found only in an isolate in Gornaya
Shoria Mts. in Kemerovo Province, colloguially known
as cthe linden islandé [Kuminova, 1951, 1957, 1960;
Khlonov, 1965; Ermakov, 1998; Ermakov et al., 2000;
Novgk et al., 2014]; besides, linden occurs as an admix-
ture to mixed forests near Krasnoyarsk. The so-called
cchernevaya taigae, with domination of Siberian fir

($ELHV \jlamlagpenkBR S X O X V ),Wihidd P X O D

occupies the most humid western foothills of Altai Mts.
and Kuznetskoe Upland (including Gornaya Shoria Mts.
where it embraces patches of linden forests) is consid-
ered a direct derivative and ecological analog of nemor-
al forest communities and was termed subnemoral for-
est [Ermakov, 1998]. (In a recent paper by Nov8k et al.
[2014], chernevaya tayga and the Shorian linden forests
are considered broadly among hemiboreal forests, al-
though they completely miss boreal species in herbage,
while the Siberian fir can hardly be called a boreal spe-
cies as well).

Since mid1XX century, some thermo- and hygro-

wR sRW\s HRhilegsspecies ¢f glants and animals presently exist-
(YHUVPDQQ LQ iagRR tire Altab8aya0 MeuntaivBysteswn isolation

PDOH JHQLWDOLffom thei¥ et Fange® HaDe- Medih lrepsatetlly sup-

posed to be ¢Tertiary relictse persisting in these plac-

I

ap ANITU~ ETATshev Haritonov, 1978, 1981; Mikkola, 1987]. Thus,

Kuminova [1951, 1957] attracted attention to a number

of nemoral species of herbaceus plants (suchas $VD U X P
HKURSDHXPYSHUXODL. R&ERWHEDMHD O XWHW

D@D )HVWXFD (0.LViD. @twy) lbcBurring, as
well as linden, in the Kuznetsk Upland in isolation
from their main European ranges and supposed them
to exist there since preglacial times [Khlonov, 1965].
Walter and Straka [1970] supposedly dated these iso-
late to the last interglaciation, and only Reverdatto
[1940] supposed these nemoral species to reach their
current Siberian isolated position as recently as in the
Holocene. It is noteworthy that the mentioned areas
are free from animal species obligatorily connected to
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nemoral forests. The Lepidoptera species which may

be called subnemoral inhabiting western and northern

foothills of the Altai-Sayan Mountain System have

been reviewed by Dubatolov, Kosterin [2000]. In the

cited work, arguments have been put forward that

these species could not have survived the Pleistocene

climate coolingsin thisregion LQ VLW X

& (i) environment of the open taiga/cryophyte forest-
steppe as reconstructed for the region for the glacial
times by paleopalinological methods was too harsh
for such relatively thermophylous species, and

O (ii)there are no species endemic for thisareaamong
nemoral and subnemoral Lepidoptera; some species
are represented by endemic subspecies at most (like

cies groups, range from Balkans in South-Eastern Eu-
rope via Asia Minor and the Caucasus to Western
Kopetdagh Mts. in Turkmenistan and probably to

Uzbekistan (Fergana); only the type species 7 VAOY LQD

(Linnaeus, 1761), enjoys west-central Palaearctic distri-
bution from England and Spain east to Lake Baikal [de
Freina, Witt, 1990; Sinev, Zolotuhin, 2008].

Formation of a new species is thought to take not
less than 1,000150,000 years [Zimmerman, 1960; Clarke

et al., 2001]. However, the known speciesof 7ULR GLD

differ substantially among each other (including from
7 Q X Ehthelddnitalia structure, at the level corre-
sponding to that observed in a number of vicariant
East-Asian/North American pairs of nemoral Lepi-

/ILPHQLWLYV KHO Bdie@2Q1B5X H O/R B {@dptera species which have diverged not later than the
V\G Léderer, 1853, OHOOLFWD SO R WIlo€rk [ Dubidiong Kadten| 2000]. Very preliminari-

Dubatolov, 1997, $FURQLFWD P D MR Uy, ie\Way ksthriate theditigny/dd divergence of 7ULR GLD

Dubatolov et Zolotarenko, 1996).

Therefore, the species considered should have ar-
rived to the Altai-Sayan Mountain System in post-
glacial time, the Holocene. The Altai-Sayan isolates of
some subnemoral species were supposed to be rem-
nants of the contiguous trans-Siberian ranges which
existed at the Atlantic time (the so-called climatic Opti-
mum of the Holocene) about 8 thousand years ago
[Dubatolov, Kosterin, 2000]. It is noteworthy that dur-
ing last decades, West Siberia has been colonized from

species as not less than one million years ago, that is

the warm and humid time when the ancestor of 7 Q XEL

| Hrédched Altai could be quite remote, up to the Neo-
gene. Most likely, 7 Q X Ehéadllbddd inhabiting the
Altai foothills or adjacent regions for not less than
several hundred of thousand years. This means that it
survived one or more glacial times. The Holocene mi-
gration of this species to Altai through arid and semiar-
id territories seems to be very unlikely. Note that related
species of 7 U L RHgln® are absent from Saur-Tar-

the west by additional subnemoral species: 0 D Q L R kadatai Mts., separated from Altai by the arid Alakol

M X U(WWrin&gud, 1758) [Knyazev, Kosterin, 2003; Ko-

Depression, and Tien Shan Mts., including the Dzhun-

sterinetal., 2007], $ UJ\UR Q R P HPal)ab, R7@GL). F garian Alatau, separated from the Saur-Tarbagatai Mts.

[Kosterin etal., 2007], and $ S D W X(UiBnakus| L738)
[Kosterin et al., 2007; Ivonin et al., 2012], the latter
having penetrated up to the north-western Altai [Yak-
ovlev et al., 2014]. This colonization is most probably
being driven by the recent climate warming, thus show-
ing how fast southern West Siberia may become en-
riched with subnemoral lepidopteran species.

The range of 7U L R G L D isQestEdiddHdIthe
foothills of West Altai and the so-called clinden is-
landé of Gornaya Shoria Mts (Fig. 4) [Dubatolov, Kn-
yazev, 2011] (Fig. 4). This is exactly the territory where
Kuminova [1951] revealed elements of herb and bush
flora of the European nemoral forests. Most of the
7 Q X E lrdrigdJis occupied by the subnemoral fir/
aspen ¢chernevaya taigae, while in ¢the linden islandé
nearly pure stands of linden occur. So, 7
pertained to most warm and humid areas of the moun-
tain system and may be characterized as subnemoral,
rather thermo- and hydrophilic species.

7LPLQJ RI WKH DUULYDO
RI7 QXEWMRUWUWY UHFHQW

Inits morphology, 7 Q X Hulite Hitters from oth-
er species of the genus 7 U L RHgbbdD, [1820] and has
no close relatives [Dubatolov, Knyazev, 2011]. Most of
other representatives of the genus, forming several spe-

by an arid depression of Dzungar Gates, although all
these mountains are inhabited by such a subnemoral
speciesas /LPHQLW LV L&leidd RPESIYI@tLnot
[V \ Gederer, 1853!) (Lepidoptera, Nymphalidae) also
present in Altai [Lukhtanov, Lukhtanov, 1984; Duba-
tolov, Kosterin, 2000].

7KH UHDVRQ Rl SHUVLR/GWQDQFH R
/TULRGLD OXERIVXEQHPRUDMPKYSFTWBY 6D\DQ ORXQWDLQ 6\V

WKH 3OHLWRFHQH

The above considerations seem to lead to a contra-
diction between inability of existence of a refugium for
nemoral and subnemoral flora and fauna in the Altai
foothills during the Pleistocene climate coolings, pro-
posed by Dubatolov, Kosterin [2000], and the sup-
posed persistence of 7 Q X EnlAlltdi Livhere it had to

QX Hy | spgyive the Pleistocene glaciations. It should be how-

ever noted that all nemoral and subnemoral species
analyzed by Dubatolov, Kosterin [2000] were species
which develop openly on vegetation. R.Yu. Dudko kind-
ly attracted our attention to several species of ground

NI AT

LEIES Qadiltihave persisted in the Altai Mts. during the
Pleistocene coolings and could not get there recently
from elsewhere. Thus, factors which have eradicated
thermophylous, openly developing from Altai could be
less crucial for ground insects able to hide in the soil
upper level.
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Situation with pedobiotic invertebrates in West Al-
tai in general looks quite different from that with sub-
nemoral Lepidoptera considered by Dubatolov, Koster-
in [2000]. For instance, the local fauna of earthworms
(Megadrilacea, Oligochaeta, Annelida) includes a num-
ber of endemic species from the genus (L V HNjalnD)
1877, Lumbricidae [Perel, 1979, 1984, 1985; Vsevolodo-
va-Perel, 1997; Blakemore, 2008], likethelarge ( P DJ
Q L I (S¥etdov, 1957), the species with arange in West
Altai nearly coinciding with that of 7ULRGLD Q
(Fig. 4). Such local endemic species should have sur-
vived the Pleistocene coolings L Q VThavi¥ among
relatively thermophylous animals, pedobiotic ones had
more chances to survive in West Altai during the gla-
cial times than openly living ones. Here one should
note that the caterpillars of temperate species of moths
of the family Hepialidae, to which 7 Q X bdldrigsy
inhabit soils [Gerasimov, 1952], that is also belong to

g . . LJ "LVWULEPUNRREQ DR IKMEIHHHU ~ EODFN
those pedobionts which should have suffer from cli- FLE,FOHMV,H@GD pDGQm&;B\P /XPEULFLGDH $QQ
mate coolings the least. JUD\ ILHOG DQG D FLUFOH E\ 3HUHO XSGEL

Which environmental factors could be most peril- RI WKH ,QVWLWXWH RI 6\WVWHPDWLFV DQG (FR
ous for the thermophylous fauna in the Altai western 1R ZERKY LE L°UAVN'\':'DT?<1)§7VDVALRD&¢@ B ONEHBIU  x-BIOA
foothills during the glacial times? The most effective of EDOAEELVMHOLD PDOQHWEBRY /XPEULFLGDH $QO
them could be occasional, sudden and perhaps pro- NADIA GTEA E EDOAIE il “APAEU ATITEIRA
longed frosts in summer. During glacial times, thehigh  TAOADPEAEAI "INOEOOOA NENOAIAOEEE E YETETAE
mountains of Central Altai were occupied by a huge *® ° - -TATREAEBDNE °INRNER

glacier [Dubinkin, Adamenko, 1968; Okishev, Petkevich,
1988]. In the Middle Pleistocene, when glaciation of
Altai reached its maximum, the Ukok Plateau supported
an ice shield; the mountains of Upper Biya basin were
covered with ice coat, while intermontane depressions
of Central and East Altai were filled with ice [Chernov et
al., 1998]. Such glaciers must have affected the climate
of the surrounding territory through occasional cold
winds. The sudden summer frosts could kill insects
living openly on vegetation, especially larvae which are
unable to actively move and hide. Herpetobiotic insects
could easily hide and survive frosts in the soil upper
level and under stones. At the same time the pedo-
bionts, including Hepialidae larvae, should be the least
vulnerable to sudden frosts. In Hepialidae, the imaginal
phase has a short lifespan, so the moth could be able to
complete the most vulnerable life cycle stage during
frostless periods; besides, the moths are able of active
search for shelters. At the same time, the soil-inhabited
caterpillars of 7 UL R G L D sl@@uidenot katk been
affected at all. Note that because of a very thick snow
cover in Gornaya Shoria, the soils in ¢linden islandé do
not freeze in winter allowing round the year activity of
pedobionts.

&RQFOXVLRQV

1. 7U L R G L DLe&lefdE, 1853)(_epidoptera, Hep-
ialidae) is the only hitherto revealed autochtonous sub-
nemoral species of Lepidoptera in the Altai-Sayan Moun-
tain System which survived one or more climate coolings
of the Pleistocene.

2. Nemoral/subnemoral Lepidoptera with openly liv-
ing larvae, being quite thermophylous, were unable to

survive the climate coolings in this area. At the same
time, the glacial times were not so ruinous for herpeto-
biotic and especially pedobiotic nemoral/subnemoral
species.

3. Sudden summer frosts probably were the main
factor which eliminated the subnemoral Lepidoptera
with openly living larvae from the Altai foothills during
the glacial times.
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