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Nemoral species of Lepidoptera (Insecta) in Siberia: a novel view on
their history and the timing of their range disjunctions

V. V. Dubatolov & O. E. Kosterin
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Distributions in Siberia of nemoral lepidopteran species, trophically or cenotically
tied to broad-leaved (nemoral) forests or their phytocenotic derivates, display
seven main types of range: Amphipalaearctic; Europe — West-Siberia — Far-East
disjunctive; East-Europe — Altai — Far-East disjunctive; Altai — Far-East disjunc-
tive; South-Siberia — Far-East; Transbaikalia — Far-East; Europe — Transuralia.
An eastern origin can be traced for most of these species, with the exception of
the last-mentioned type. According to palynological data, a continuous belt of
broad-leaved forests was re-established during the Quaternary in North Eurasia
at least twice: at the beginning of the Late Pleistocene and in the Middle
Holocene. During the former the range of oak, as well as the fauna connected
with it, was continuous through the Palaearctic. There is no reliable evidence for
refuges of nemoral flora and fauna in Siberia during the last glaciation. We
assume that the period since the Late Pleistocene (Kazantseva) Optimum (about
100,000-110,000 years) was sufficient for taxonomic divergence to species rank
of western and eastern Palaearctic populations of Lepidoptera. During the
Holocene climatic optimum the lepidopteran nemoral fauna could expand into
a transpalaearctic distribution as a consequence of westward migration of east-
ern species due to an earlier optimum of broad-leaved forests in the eastern parts
of Asia than in West Siberia and Eastern Europe. Disjunctive types of nemoral
species range may have resulted from depletion of the forests with broad-leaved
trees in Central Siberia during the Subboreal period of the Holocene. Thus, they
should not be dated to the late Pliocene - early Pleistocene, as was done earlier.
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1. Introduction
1.1. General

The overwhelming majority of Lepidoptera are
phytophagous in the larval phase, and their com-
munities are closely associated with particular
vegetation types. This is especially clear for the
nemoral fauna, which inhabits broad-leaved
(nemoral) forests. We report an analysis of rang-
es in Siberia of lepidopteran species which can
be regarded as nemoral or as tied trophically or
cenotically to broad-leaved forests or their ana-
logues. We use the term ‘broad-leaved’ for trees
and forests of the nemoral complex, including the
oaks, ashes, elms, lime-trees, hornbeams, walnut,
etc. but exclude those of the so-called betular com-
plex, e.g. the birches, willows and poplars, which,
atleast in the Russian floristical and geobotanical
tradition, are called ‘small-leaved trees’.

Since broad-leaved forests proper are practi-
cally absent from most of Siberia, there are rather
few nemoral lepidopteran species, and their ranges
often have large gaps. The age of these gaps used
to be dated to the Pleistocene or to the end of the
Pliocene — which, to our opinion, is an overesti-
mate. There is reasonably rich literature on the
formation of the insect fauna of the taiga zone
(Florov 1955), as well as the postglacial migra-
tion of boreal species (Mikkola 1987, 1988, Mik-
kola et al. 1991). By contrast discussion of the
history and migrations of nemoral species in North
Eurasia has hardly begun (Kononenko & Mikko-
la 1992).

1.2. Broad-leaved (nemoral) trees in Siberia at
present

Zonal vegetation of relatively warm and humid
regions of the temperate zone of Eurasia is repre-
sented by broad-leaved deciduous forests (“hard-
wood® in North America) or mixed coniferous/
broad-leaved forests. For their characteristic flo-
ra the term ‘nemoral flora’ is widely accepted,
some authors using the phrase ‘nemoral forests’
for this vegetation type. In these forests the dom-
inants are genera, in Russian not so precisely
called broad-leaved trees, like oak (Quercus), elm
(Ulmus), lime or linden (Tilia), beech (Fagus),
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maple (Acer), ash (Fraxinus), hornbeam (Carpi-
nus), and walnut (Juglans). At present the broad-
leaved or mixed coniferous/broad-leaved forests
do not form a continuous belt in Eurasia, but oc-
cur in the western (Europe and to some extent
Asia Minor and Iran) and eastern (southern tem-
perate East Asia) parts of the continent. In the
west they are mostly represented by mono- and
oligo-dominant broad-leaved forest while in East
Asia they are mostly polydominant (oak, linden,
hornbeam, maple, elm, fir, spruce, Korean stone
pine) mixed coniferous/broad-leaved forests, re-
taining features of the ancestral Tertiary forests
of the so-called Turgai flora (Krishtofovich 1958,
Kleopov 1990). In the north of Eurasia the belt of
broad-leaved forests is interrupted by a sizeable
gap embracing practically the whole of Siberia,
while further south it is interrupted by the arid
regions of Central Asia and the Middle East.
The species composition of the Siberian de-
ciduous forest is strikingly poor. Only two gen-
era, Betula (birch, a few very closely related spe-
cies of aff. Betula alba L. s. 1.) and Populus (one
species, aspen, Populus tremula L.) are dominant
in the deciduous and mixed forests and forest-
steppe groves (Shumnilova 1962). In Russian these
forests are traditionally known as ‘small-leaved’,
which comresponds to the North American term
‘softwood’, while the flora connected with them
has been called a betular flora (Kleopov 1990).
Representatives of four other deciduous tree gen-
era common in Siberia either form only azonal
riparian stands (a number of willows (Salix) and
some poplars (Populus)), or are small trees of the
understorey (some other willow species, bird cher-
ry (Padus avium Miller), Siberian rowan tree (Sor-
bus sibirica Hedl.)). It is noteworthy that in NW
Eurasia the eastern border of such broad-leaved
species as the oak and maple and to some extent
elm and linden coincides with the relatively low
mountains of the Urals (Gorchakovskii 1968). A
key factor limiting the spread of the broad-leaved
species further eastward is the insufficient humid-
ity (Gorchakovskii 1968). Presently Siberia lacks
natural communities of such trees as maple, horn-
beam, beech, ash, and walnut. In West Siberia even
the arboreal alders (Alnus s. str.) are very rare: Al-
nus glutinosa (L.) Graeth. and A. incana (L.)
Moench. are very locally found in the western-
most parts only (Shemberg 1992), and in East
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Siberia the genus is represented by A. hirsuta
(Spach.) Turcz. ex Rupr. s. 1,

Forests of southern-taiga type which include
some broad-leaved tree species remain in Siberia
only very locally (Fig. 1). In the western West
Siberian Lowland elm (Ulmus laevis Pall.) pene-
trates from the Urals almost to Tyumen, and lime
(Tilia cordata L.) extends eastwards to the River
Irtysh, along which it extends south to Tara (Gor-
chakovskii, 1968). There is a large isolate of pure
lime forests (the so-called ‘lime island’) in the
foothills of the uplands of Gornaya Shoriya (the
southern Kemerovo Province). A few small iso-
lated growths of lime exist in the Provinces of
Kurgan, Novosibirsk, Tomsk, Altaiskii Krai, and
in the environs of Krasnoyarsk (Khlonov 1965;
Polozhii & Krapivkina 1985). In East Siberia (in
Southern and Eastern Transbaikalia), three spe-
cies of elm occur (Ulmus pumila L., U. macro-
carpa Hance, U. japonica (Rehd.) Sarg.), while
the westernmost isolated Mongolian oak (Quer-
cus mongolicus Fischer ex Ledeb.) is found on
the lower reaches of the River Argun’ (Kras-
noborov 1992). In addition the Siberian apple-tree
(Malus baccata Borkh.) occurs east of the south-
ern Baikal region (Kurbatskii 1988). As to be ex-
pected from the scarcity of broad-leaved forests
in Siberia, their characteristic insect fauna is great-
ly impoverished or altogether missing. The east-
ern boundary of the ranges of many European
nemoral species, as well as of the broad-leaved
tree species, coincides with the Ural mountains,
while there exist a greater number of western
boundaries for the Far Eastern species which pen-
etrate into Siberia.

1.3. Former conceptions of the Amphipalaearc-
tic disjunctions and the timing of their origins

The disappearance of the continuous broad-leaved
(nemoral) forest belt in Siberia and the subsequent
formation of disjunctive ranges of plant species
has traditionally been linked to the Pleistocene
glaciations (Matyushkin 1982). The nemoral spe-
cies remaining in Siberia were considered ‘Terti-
ary relics’ (Kuminova 1938, 1951, 1957, Peshko-
va 1984, Polozhii & Krapivkina 1985). Similar-
ly, numerous authors believed that many nemor-
al insect species survived the most severe spells
of the Pleistocene in South Siberian refuges, for
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instance Odonata (Belyshev & Haritonov 1978,
1982, Kosterin 1987), Diptera (Gorodkov 1979),
and Lepidoptera (Mikkola 1987). Accordingly,
the climatic deteriorations of the Pleistocene were
thought to be the driving force in forming the
disjunctive Amphipalaearctic species ranges
(with separate western and eastern ranges in Eur-
asia) of birds (Stegmann 1938, Matyushkin 1982),
Homoptera (Anufriev 1979), Lepidoptera (Zolo-
tarenko 1981, 1994, Korobeinikov et al. 1990,
Kononenko & Mikkola 1992), and jumping spi-
ders (Logunov 1996). Although the fact that Am-
phipalaearctic ranges are exhibited by taxa of dif-
ferent rank has already been recognized (Maty-
ushkin 1976) — from different genera within a
family to populations without even subspecific
differences — the date of the disjunctions was ei-
ther not investigated (ibid.) or was estimated spec-
ulatively without analysing thepPalaeontologi-
cal data. The formation of intrageneric disjunc-
tions, with clear-cut congeneric species in the
western and eastern parts of Eurasia, used to be
assigned a pre-Pleistocene date (Anufriev 1979).
For instance, in the Odonata such disjunctions
were believed to have formed in the Palacogene
(Belyshev et al. 1989), while younger (intraspe-
cific) disjunctions were considered to have re-
sulted from Pleistocene glaciations and climatic
deteriorations (Anufriev 1979). Unequivocal dat-
ing of such disjunctions requires an analysis of
palaeontological data (Eskov 1984), which are
unfortunately lacking in our case. However, the
assocations between the nemoral species and the
broad-leaved forest vegetation enables us to in-
fer a putative history of their ranges from that of
the corresponding tree species.

1.4. The history of forest vegetation in Siberia
in the Late Cenozoic

During the last 10-15 years Russian palaeobota-
nists and palynologists collected and summarised
vast amounts of material, but their conclusions
are still insufficiently known among zoologists.
These data require a complete revision of the
former view of the history of broad-leaved for-
ests in Siberia (Neischtadt 1957, Matveeva 1968,
Matyushkin 1982). Since most of these data are
published in Russian and often in publications
little known even in this country, we give here a
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short review of the history of forest vegetation in
Siberia from the end of the Neogene until the
Holocene.

The Neogene (the middle and upper part of
the Tertiary) was in general warmer than the Qua-
ternary. Thus, in the Pliocene, remnants of poly-
dominant broad-leaved forests of the Turgai flora
still grew throughout Siberia as far as the Chuko-
tka Peninsula (Belova 1985, Fradkina 1995). In
the Late Pliocene the climate became much cool-
er. Mountain glaciations and tundra appeared in
NE Siberia (Fradkina 1995), but a thermophilic
flora, including broad-leaved trees, still occupied
southern Siberia (Belova 1985). The latter includ-
ed such thermophilic tree genera as Tsuga, Celt-
is, Magnolia and Fagus, recently extant in the
southern temperate and subtropical regions of East
Asia, and also Juglans, Illex, Tilia, Carpinus, and
Acer; now found in Amurland as the most north-
erly part of their range. Many thermophilous trees
occurred in Kamchatka (Boyarskaya & Malaeva
1967, Rusanov 1967, Belova 1985), and accord-
ing to some records, the pollen of some broad-
leaved trees are occasionally found as far north
as the Kolyma River (Bespalyi 1984).

In the Russian stratigraphic nomenclature the
Quaternary is subdivided into three divisions: the
Eopleistocene (1.65 million to 800,000-700,000
years BP), Pleistocene (800,000-700,000 to
10,000 years BP) and Holocene (10,000 years BP
to the present) (see Table 1). The Eopleistocene
is poorly studied in Siberia, with only scarce in-
formation from West Siberia (Arkhipov & Volko-
va 1994), It began with the Gorno-Filino opti-
mum' . For this period no arctic or subarctic plants
have been recorded from the territory now occu-
pied by the middle taiga zone. On the other hand,
such broad-leaved trees as elm and linden were
widely distributed.> During this optimum, for-
ests comprising many thermophilic trees, includ-
ing Tsuga, Pterocarya and Fagus, occurred al-
most throughout Eastern Europe (Grichuk 1989).
Later, in the Talagaika period, the climate and
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vegetation zones in West Siberia resembled the
modern ones (Archipov & Volkova 1994),

During the Lower and Middle Pleistocene
large periodic climatic variations were recorded
for Siberia (Table 1), the warm periods being cool-
er than the interglacial optimum of the Upper
Pleistocene (Belova 1985, Arkhipov & Volkova
1994). Since these climatic changes took place in
the remote past, they are less relevant to the un-
derstanding of the formation of the recent species
ranges.

The Upper Pleistocene began with a very warm
Kazantseva Interglacial, corresponding to the
Mikulino Interglacial in the East European and
the Riss-Wiirm Interglacial in the West European
system (Table 1); it lasted from 120,000 to 95,000
years BP. According to palynological data, for-
ests comprising oak, elm, and linden occured
widely throughout South Siberia at this time (Be-
lova 1985, Arkhipov & Volkova 1994), apparent-
ly forming a continuous belt extending to 60° N
(to the Podkamennaya Tunguska River) (Fig. 9).
Even thermophilic Juglans and Tsuga grew on the
Khamar-Daban Mits. (the shores of Lake Baikal);
Tsuga was also quite abundant on the Chara Riv-
er in NE Transbaikalia (Belova 1985). The oak,
elms and linden ranged as well throughout NE
Mongolia, including the Hangai Mts. and perhaps
further west (Golubeva 1978, Shilova 1981). Var-
ious palynological studies (Belova 1985, Ba-
khareva 1985, Arkhipov & Volkova 1994) indi-
cate that during this period oak had a continuous
transpalaearctic range (Fig. 9). According to Men-
itskii (1982), the range of oaks of the Quercus
robur L. group was continuous in North Eurasia
as long ago as in the Miocene, but the very close
taxonomic relationship of the modern taxa
Q. robur L. (Europe and Asia Minor) and
Q. mongolica Fischer (temperate East Asia) sug-
gests, in our opinion, a more recent isolation.

After the Kazantseva Interglacial one of the
coldest periods of the Pleistocene in Siberia be-
gan — the Zyryanka Glacial — corresponding to

! Here we use the nomenclature for the periods of the Pleistocene accepted for Siberia, for its correspondence with the

East- and West-European systems see Table 1.

* Species names reported in some palynological works devoted to the Pleistocene and Holocene have been mechanical-
ly and from the recent flora, but in our sketchof the distribution of the broad-leaved forests in the Quaternary we
consider only their genera since the palaeopalynological methods often do not allow species identification (V. S. Volkova,
personal communication). Many recent tree species are relatively young and it is not so clear that they have diverged

on the species level in that remote past.
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the Valdai Glacial in Eastern Europe and the
Wiirm Glacial in Western Europe (Table 1). There
were, in fact, two subsequent glaciations, in Si-
beria called the Ermakovsk and Sartan, separated
by the Karginskii Interglacial (the Middle Valdai
in Eastern Europe and the Middle Wiirm in West-
ern Europe). In southern Central Siberia (the Kan
River mouth, the Irkut River, and the Khamar-
Daban Mits.) this interglacial was quite warm, with
birch and pine forests including some oak, elm
and, at the River Selenga, maple (Belova 1985).
Analysis of the pollen in food remains found in
the digestive tract of the Selerikan Horse — which
died in the Karginskii period and was found fro-
zen in the permafrost on the River El’ga in the
Indigirka River upper basin — revealed a rich flo-
ra including elm, hazelnut and spruce (Ukraint-
seva 1996), which can now be found only as far
south as in the Amurland. In the Karginskii peri-
od the broad-leaved trees most probably ranged
widely in the south of East Siberia, perhaps even
in Yakutia (Ukraintseva 1988). The data for West
Siberia are inconsistent: Arkhipov & Votakh
(1973) reported elm pollen in the upper Ob’ Riv-
er valley in the horizon corresponding to 40,000-
32,000 years BP, coinciding with the Karginskii
period. However, Arkhipov & Volkova (1994) lat-
er stated that pollen of broad-leaved trees have
not been found from this time in West Siberia. In
Eastern Europe, the broad-leaved trees extended
northwards to Petrozavodsk (Grichuk 1989). In
general, the Karginskii period in East Siberia was
much warmer than in Europe (Ukraintseva 1988).

In the opinion of most experts, during the cold-
est periods of the Pleistocene the Siberian land-
scapes differed from any recent ones in being very
cold and arid, somewhat analogous to the high-
lands of Inner Asia. The forest zone was entirely
missing (Arkhipov & Volkova 1994, Belova
1985). Small remnants of the dark-needle (spruce)
coniferous forests may have been retained in the
southernmost mountainous regions of Siberia
(Nazarenko 1990, 1992). The prevailing land-
scape combined the features of tundra and very
cryoxerophytic grassy communities of low pro-
ductivity, called steppoids (Kozhevnikov &
Ukraintseva 1992). In West Siberia the forestless
landscapes of dry tundra type extended as far south
as 56° N (Fig. 10), with xerophytic forest-tundra
present still further south (Arkhipov & Volkova
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1994). In the South of East Siberia there was no
evidence for forests, except for the forest-tundra
(Belova 1985).

Palaeopalynologists found in Siberia no trac-
es of broad-leaved trees during maximum glacia-
tion, although refuges of nemoral flora and fauna
have often been supposed to exist in the North
Altai and Kuznetskii Alatau Mts. (Kuminova
1957, Peshkova & Krapivkina 1985, Ermakov
1998), and in Transbaikalia (Bezrukova 1996).

A number of Russian scientists (Gorchako-
vskii 1968, Grichuk 1989, Esjunin et al. 1993)
assumed a refuge of some broad-leaved trees (oak,
lime) and the satellite invertebrate fauna to have
existed during the Sartan (Late Valdai, or Late
Wiirm) Glacial in the south-western foothills of
the Ural Mts, i.e. at the western border of Siberia.
Another, less well-known refuge has been as-
sumed to have existed at Samara, in the middle
reaches of the River Volga (Grichuk 1989). Ac-
cording to Grichuk, a meadowy forest-steppe with
oak, elm, and linden existed locally in the River
Dniestr basin, in the lower reaches of the River
Dnieper, the middle reaches of the Severnyi
Donets River, in the Volga River basin from Sa-
mara to Saratov, and in the southern Ural foot-
hills, or only 700 km from the continental ice sheet
(Fig. 10). According to Grichuk (1989), broad-
leaved and mixed coniferous/broad-leaved forests,
ranged south to the Crimea and the Caucasus.

On the other hand, according to Arkhipov &
Volkova (1994), in West Siberia the earliest for-
est vegetation in the form of forest-tundra com-
munities appeared as far as 1200 km from the ice
sheet (Fig. 10) The reconstructions by Grichuk
(1989) and Arkhipov & Volkova (1994) of the
vegetation of the maximum Late Valdai (Sartan
or Late Wiirm) Glacial do not correspond for the
western main slope of the Ural Mts. For the South
Urals Grichuk (1989) reconstructs a mixed small-
leaved/coniferous forest with participation of
broad-leaved tree species, while Arkhipov & Volk-
ova (1994) for the eastern main slope of both the
South and Middle Urals suggest tundra and for-
est-tundra. On the other hand, Arkhipov & Volko-
va's reconstruction corresponds to that of Belova
(1985) for southern East Siberia and to that of
Nazarenko (1990, 1992) for the Far East, both
suggesting only forest-tundra communities in
southern East Siberia. According to Moskvitin
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(1962), the permafrost in the Kalinin (Early Wiirm)
Glacial extended southwards to the Caspian Low-
land, the ‘Khvalynsk Sea’ coasts being occupied
by a dark-needle (spruce) taiga. Data on the pres-
ence of pollen of broad-leaved tree species in the
putative refuge of the South Urals during the
Wiirm may result from pollen re-sedimentation
(Volkova pers. comm.), other data may refer to
the Middle Valdai (Middle Wiirm, or Karginskii)
Interglacial (Smimov et al. 1990), when broad-
leaved trees occupied southern West Siberia
(Arkhipov & Votakh 1973), rather than to Late
and Early Valdai (Late and Early Wiirm) Glacials.
On the basis of the previous discussion, we doubt
the existence of forest refuges with broad-leaved
species in the South Ural Mts., adjacent to forest-
tundra in the West Siberian Lowland, and believe
that such refuges have not been proved beyond
doubt (see also Gorbunov & Olschwang (1991)).

After the discovery by Krylov (1891) of pure
lime forests, with many (32) nemoral herb and
grass species, on the Gornaya Shoria Mts. (the
Kemerovo Province), this so-called ‘lime island’
used to be considered as an undoubted refuge of
the nemoral flora in West Siberia (Krylov 1891,
Kuminova 1957, 1960, 1963, Ogureeva 1980,
Teplyakova 1988, Polozhii & Krapivkina 1985,
Kamelin 1998). Also regions occupied by the pe-
culiar plant community known as chernevaya taiga
are considered such refuges (Ermakov 1998). This
vegetation formation is characterised by fir and
aspen as dominants, with tall herbage enriched
with nemoral herbaceous species in the ground
layer, and so is considered to be subnemoral for-
est (ibid.). It grows on low uplands of Salairskii
Kryazh and Gornaya Shoria, in West and North-
East Altai and fragmentarily on the northern slopes
of the West Sayan, westernmost East Sayan, and
the Khamar-Daban Mts. (Epova 1956, 1961, Shu-
milova 1962, Polozhii & Krapivkina 1985, for a
map see Ermakov 1998). However, palynologi-
cal data cited above (Arkhipov & Volkova 1994)
suggest the absence of lime and other broad-leaved
trees during maximum glaciation at least in south-
ern East Siberia. Unfortunately, information on
the vegetation of the Gornaya Shoria and West
and North-East Altai during glaciations is so far
unavailable.

During maximum glaciations of the Late Pleis-
tocene, zonal forests existed ‘between the Turgai

and the Aral’ (Arkhipov & Volkova 1994), Ac-
cording to V. S. Volkova (pers. comm.) they cor-
responded to the recent northern taiga forests.
Hence, the forest zone shifted more than 10° south-
wards, as compared with its recent situation. For-
ests occupied the mountains of northern Central
Asia, with dark-needle forests in the North Tien-
Shan Mts. and broad-leaved ones in the West Tien-
Shan and Alai-Pamir Mts. (Nazarenko 1990,
1992). In the Far East the broad-leaved forests
remained in the present-day Japan (in that time
united with the continent), western Korea, and the
eastern Chinese coast (Nazarenko 1990, 1992).
An analogous refuge should have existed in Tran-
scaucasia, where in the Lenkoran Lowland an
extremely rich dendroflora of the Turgai type still
exists.

The amelioration of the climate began 17,000
years ago and led to the disappearence of the con-
tinental ice sheet (c.10,000 years BP) and to the
Climatic Optimum of the Holocene (c. 8,000—
6,000 years BP). Judging from recent Palaeobo-
tanical and palynological data, this period was
more humid and warmer than presently, so that
the tundra zone disappeared from the Eurasian
continent (Fig. 11). In South Siberia a powerful
expansion of the broad-leaved trees took place
(Belova 1985, Volkova & Belova 1980, Arkhipov
& Volkova 1994). While in Siberia the pollen of
such trees were absent in sediments dated to the
periods preceding and following the Holocene
climatic optimum, sediments from the optimum
do contain them throughout South Siberia, from
the present-day forest-steppe to the southern taiga
zone (ibid.). These were, first of all, pollen of
linden and elm, which were shown to occupy a
continuous belt from Europe to the Far East. Oak
had acquired a more restricted range (Fig. 11): in
West Siberia it extended eastwards to the River
Irtysh and the middle reaches of the River Ob,
and in the East it occupied the whole of Trans-
baikalia; in Mongolia however oak pollen has hith-
erto been found only in the NE part, on the River
Uldz-Gol (Vipper et al. 1978). Oak pollen has
been found in the upper reaches of the River Lena
(Belova 1985), but we consider the oak exist-
ence there to be problematic. There are no
Holocene records of oak pollen from the whole
Yenisei Basin; most probably oak was disjunct
in Central Siberia.
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Subsequent impoverishment of the forests
began in the Far East in the Atlantic period, and
in the Baikal Region and the Yenisei River basin
in the Late Atlantic — Early Subboreal period. In
southern West Siberia the climatic optimum be-
gan and ended later, with broad-leaved forests still
flourishing in the Subboreal period (Arkhipov &
Volkova 1994). The forests of elm, linden and oak
gradually disappeared from this territory during
the Subboreal and Subatlantic, but the process was
probably interrupted by one or two re-invasions
of these trees into the western West Siberian Plain.
Thus elm had disappeared from most of the plain
about 2,000-3,000 years BP (Arkhipov & Volko-
va 1994); oak and linden grew in the lower reach-
es of the River Irtysh (downstream from Tobolsk)
as recently as 900 years ago (Volkova et al. 1994),
while linden is still present there.

Hence during the Quaternary a continuous belt
of forests with a proportion of broad-leaved trees
was present at least twice: in the Pleistocene (Ka-
zantseva Interglacial) and the Holocene (Atlantic
and Subboreal). The Kazantseva Optimum (Riss-
Wiirm Interglacial) was much warmer than the
Holocene Optimum. Smaller expansions of broad-
leaved trees took place repeatedly during the Qua-
temary. Moreover the three interglacials under
consideration (Kazantseva, Karginskii, and the
Holocene) differed substantially in the degree of
development of the broad-leaved forest zone. In
the Kazantseva Interglacial oak had a continuous
range throughout Eurasia, while linden and the
elms extended north of 60° N. In the Karginskii
Interglacial the broad-leaved trees had an enor-
mous distribution in East Siberia as far as Yaku-
tia, but in West Siberia they occupied only the
extreme south and did not extend east of the Riv-
er Ob. In the Holocene, elm and linden had a con-
tinuous range not extending north of the River
Angara, while the western and eastern oaks did
not come into contact. So far there is no reliable
evidence for the existence at latitudes 50-55° of
nemoral flora refuges during the most severe gla-
ciations of the Pleistocene, at least in Siberia.
Broad-leaved forests existed at those times in the
Crimea, Caucasus, West Tien-Shan, and Alai-
Pamirs, and in North China, Korea and South Ja-
pan, but not in the Altai, Mongolia, or Transbaika-
lia, as earlier supposed.
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2. Materials and Methods

This paper is based on an analysis of the ranges of Lepidop-
tera species considered nemoral. Data on the foodplants of
these species (Table 2) were taken from numerous literature
sources, most importantly Kozhantshikov (1955); Seppénen
(1970); Higgins & Riley (1970); Tshistjakov (1984); Kors-
hunov & Gorbunov (1995), and our own data. We inferred
the species ranges first of all using the rich materials of the
Siberian Zoological Museum at the Institute for Animal Sys-
tematics and Ecology, Novosibirsk (the catalogues are now
available online at http://www.bionet.nsc.ru/szmn/
index.htme and http://www.geocities.com/Athens/Cyprus/
4397/szmn/index.htm), which cover the territory of Si-
beria and adjacent countries. Many of these materials
were collected by the first author (V. D.) during 25 years
of collecting on numerous expeditions (including three
joint Finnish-Russian expeditions) to many countries and
regions, namely Finland, Hungary, Turkmenistan,
Tajikistan, Kyrgyzstan, Kazakstan, Mongolia; and in Rus-
sia: the provinces of Nizhnii Novgorod, Saratov, Volgo-
grad, Astrakhan, Krasnodar, Novosibirsk, Altai and Tuva
Republics, the Provinces of Irkutsk, Chita, Yakutia, the
Province of Magadan, the Amur Province, Primorye, the
Sakhalin and Southern Kurile Islands. The second author
(0. K.) collected Lepidopera for 15 years in the Crimea,
Krasnodarskii Krai, Tadjikistan, Kazakhstan, the Prov-
inces of Omsk, Novosibirsk, Kemerovo, Krasnoyarsk,
Altai and Tuva Republics, the Provinces of Chita and
Magadan, and South Kamchatka. Apart from the rich
collections, these expeditions led us to a better under-
standing of the composition and existence of different
faunal elements in the various environments over this
vast territory. Especially fruitful in this respect were ex-
peditions to Kemerovo Province and, most of all, to the
basins of the Rivers Onon and Argun (Dubatolov & Ko-
sterin 1999a, b). The few gaps, mostly from outside Sibe-
ria, in our materials have been supplemented using the
main literature sources on Lepidoptera of the regions
considered, such as Lukhtanov & Lukhtanov (1994) and
Korshunov & Gorbunov (1995).

The data on the distribution of nemoral Lepidoptera
species were compared with equivalent data obtained by
palaeobotanists, e.g. Volkova & Belova (1980), Belova
(1985), Grichuk (1989), Arkhipiv & Volkova (1994),
Fradkina (1995); the works of Nazarenko (1990, 1992),
who compiled maps of the palacovegetation of the Far
East for a reconstruction of the history of the bird fauna,
were also very useful. These comparisons are presented
in this paper.

3. Results

Two categories of Lepidoptera species are here
referred to as nemoral. The first comprises those
with caterpillars which are mono- or oligopha-
gous on broad-leaved (nemoral) tree species, e.g.
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Table 2. Trophical connections of Siberian and amphipalaearctic nemoral species of Lepidoptera.

Range type Family Species Foodplants
Amphipalaearctic Nymphalidae Apatura iris L. Salix, Populus
Apatura iliaD. & S. Populus, Salix
Limenitis camilla L. Lonicera
Vanessa indica Herbst Urtica
Argyronome laodice Pall. Viola
Brenthis daphne Brgstr. Viola
Lycaenidae Nordnannia w-album Knoch mainly Ulmus
Endromididae Mirina christophi Stgr. Lonicera
Lasiocampidae =~ Malacosoma neustrium L. polyphagous
Notodontidae Stauropus fagi L. polyphagous
Lymantriidae Arctornis I-nigrum Mull. polyphagous
Arctiidae Rhyparioides metelkana Led. herbs and grasses
Oeonistis quadra L. lichens
Thyatiridae Habrosyne pyritoides Hin. Rubus
Tortricidae Choristoneura diversana Hbn. polyphagous
Choristoneura mirinana Hbn. Picea, Abies
Archips xylosteana L. polyphagous
Acleris cristana D. & S. Rosaceae
Hedya pruniana Hbn. Rosaceae
Cymolomia hartigiana Sax. Abies, Picea
Ancylis unculana Hw. Frangula
Gibberifera simplana F. R. Populus, Salix
Epinotia teneranaD. & S. Alnus, Betula, etc.
Gravitarmata margarotana Hein. Pinus, Abies, Picea
Rhyacionia buolianaD. & S. Pinus
Strophedra nitidana F. Quercus, some-times Betula
Gracillariidae Aristaea pavoniella Z. Aster
Plutellidae Ypsolopha vittella L. Ulmus, Fagus, Quercus, Lonicera
Prays fraxinellus Bjerk. Fraxinus, Alnus
Depressariidae Agonopterix paliorella Z. herbs
Europe - Nymphalidae Apatura metis Fir. Salix, Populus
West Siberia Arctiidae Rhyparioides metelkana Led. herbs and grasses
- Far East Geometridae Pseudobaptria corydalaria Graes. unknown
disjunctive Chloroclysta v-ata Hw. unknown
East Europe Epiplemidae Eversmannia exornata Ev. unknown
- Altai - Far
East disjunctive
Altai - Far Nymphalidae Limenitis sydyi Led. Lonicera, Spiraea
East disjunctive Limenitis helmanni Led. Lonicera, Spiraea
Mellicta plotina Brem. unknown
Noctuidae Acronicta major Brem. ?polyphagous
Euclidia dentata Stgr. ?Fabaceae
Leucapamea askoldis Obth. unknown
Sarcopolia illoba Btl. polyphagous
Spaelotis lucens Bl. ?herbs
Arctiidae Parasiccia altaica Led. lichens
South Siberia - Hesperiidae Pyrgus maculatus Brem. & Grey Rubus, Spiraea, efc.
Far East Papilionidae Pamassius stubbendorffii Mén. Corydalis
Nymphalidae Damora sagana Dbld. Viola unifiora
Lycaenidae Abhlbergia frivaldszkyi Led. Spiraea
Nordmannia prunoides Stgr. Spiraea
Sphingidae Hemaris radians Wik. ?Scabiosa
Saturniidae Calligula boisduvalii Ersch. Polyphagous
Notodontidae Cerura felina Btl. Salicaceae
Noctuidae Parascotia cognata Stgr. ?wood fungi
Acronicta lutea Brem. & Grey ?polyphagous

to be continued
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Range type Family Species Foodplants
Oligia leuconephra Hmps unknown
Transbaikalia - Papilionidae Sinoprinceps xuthus L Rutaceae, some Apiaceae
Far East Pieridae Aporia hippia Brem. Berberis
Nymphalidae Neptis thisbe Mén. Quercus
Neptis tshetverikovi Kurentz. Betula
Satyridae Kirinia epimenides Mén. herbs
Melanargia halimede Mén. herbs
Lycaenidae Neozephyrus japonicus Mrr. Alnus hirsuta
Favonius taxila Brem. Quercus
Favonius cognatus Stgr. Quercus
Fixsenia herzi Fixs. Malus baccata
Niphanda fusca Brem. & Grey fed by ants
Celastrina ladonides de |'Orza polyphagous, but
mainly Fabaceae
Saturniidae Actias gnoma Btl. polyphagous
Thyatiridae Neodaruma tamanukii Mtsm. Betula
Lasiocampidae Amurilla subpurpurea Btl. Padus, Sorbus
Notodontidae Notodonta dembowskii Obth. Betula, Tilia
Pterostoma griseurn Brem. Salicaceae, Maackia
Nerice davidi Obth. ?polyphagous
Arctiidae Amurrhyparia leopardinula Strand polyphagous
Phragmatobia amurensis Seitz polyphagous
Lymantriidae Ivela ochropoda Ev. ?Ulmus, ?polyphagous
Noctuidae Pseudoips sylpha BHi. Quercus, etc.?
Calocala agitatrix Graes. Malus, Padus
Calocala bella Btl. Malus
Catocala dula Brem. Quercus
Catocala deuteronympha Stgr. Ulmus
Catocala helena Ev. Ulmus
Catocala proxeneta Alph. unknown
Catocala streckeri Stgr. Quercus
Lygephila nigricostata Graes. unknown
Leucomelas juvenilis Brem. unknown
Hypostrotia cinerea Bil. fungi
Paragona multisignata Chr. unknown
Aventiola pusilla Bil. lichens
Phidrimana amurensis Stgr. unknown
Balsa leodura Stgr. Malus
Xanthia tunicata Graes. unknown
Europe - Papilionidae Pamassius mnemosyne L. Corydalis
Transuralia Pieridae Colias crocea Geoffr. in Fourcr. Fabaceae
Colias myrmidine Esp. Fabaceae
Satyridae Coenonympha leander Esp grasses
Coenonympha arcania L. grasses
Sphingidae Sphinx pinastri L. Pinus; sometimes - Abies, Picea
Arctiidae Epicallia villica L. polyphagous

elms or oaks. Numerous species which develop
only on particular broad-leaved trees can be found
in Europe and East Asia. In the Siberian fauna
Nordmannia w-album Knoch® (Lycaenidae),
which feeds on elm, is a good example of this
group. In addition, those species should be con-

al species).

sidered as nemoral in which the main part of the
range lies within the zone of the broad-leaved or
coniferous/broad-leaved forests where they pre-
fer nemoral habitats (phytocenologically nemor-

Seven types of ranges of the Siberian nemoral

The findings of N. w-album in West Siberia at Kurgan (Ionina, 1998) and at Isilkul, the Omsk Province (Korshunov,
1998), in our opinion, result from recent invasions of this species following artificial stands of Ulmus pumila.
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Lepidoptera species can be differentiated (details
of the ranges outside Siberia are not considered
here).

1. In some cases a species inhabits both the
western and eastern, but not the central regions
of the Palaearctic. This type of range is called
Amphipalaearctic; it consists of two large parts,
the European part (eastwards to the Urals) and
the Far Eastern part (from East Transbaikalia to
Japan) (Fig. 2). Well known examples are the two
species of Apatura, (A. iliaD. & S.and A. irisL.),
Limenitis camilla L., Argyronome laodice Pall.
(Nymphalidae), Malacosoma neustrium L. (La-
siocampidae) and Habrosyne pyritoides Hfn. (Th-
yatiridae).

2. Close to the previous type is a Europe —
West-Siberia — Far-East disjunctive range type
(Fig. 3), differing from the former by the pres-
ence of an isolated part in SE West Siberia. This
type is illustrated by Apatura metis Frr. (Nym-
phalidae), in West Siberia inhabiting only the val-
ley of the middle of the River Irtysh, Rhypario-
ides metelkana Led. (Arctiidae), occurring in the
steppes of North Kulunda at the town Karasuk;
and two species of Geometridae (Chloroclysta v-
ata Hw. and Pseudobaptria corylaria Graes.),
found in Siberia in the upper basin of the River
Ob. :

3. An East-Europe — Altai — Far-East disjunc-
tive range (Fig. 4) is found in one species Ever-
smannia exornata Ev. of the mostly tropical fam-
ily Epiplemidae, inhabiting the central and east-
emn parts of European Russia, SE West Siberia,
and the Far East (Dubatolov et al. 1994).

4. Another type of disjunct range (Dubatolov
& Zolotarenko 1996), called here the Altai — Far-
East type, occurs in two areas: a smaller one in
the SE part of West Siberia (including the Altai)
and the main Far Eastern area (Fig. 5). Such spe-
cies as Limenitis helmanni Led., L. sydyi Led.
(Nymphalidae), Acronicta major Brem., Leuca-
pamea askoldis Obth., Sarcopolia illoba Btl.,
Spaelotis lucens Btl. (Noctuidae), and Parasic-
cia altaica Led. (Arctiidae, Lithosiinae) do not
inhabit the territory from the East Sayan to West
Transbaikalia or, in some cases, to the Amurland;
in the Far East these species are associated with
broad-leaved forests. The absence of these spe-
cies in Europe and the presence of their close
relatives in East Asia make us suppose that they

have invaded West Siberia from the Far East.

Three other types of ranges show no disjunc-
tions:

5. A South-Siberia — Far-East range (Fig. 6),
exemplified by species common in the broad-
leaved forests of the Far East, and also found at
low altitudes in the mountains and elevations of
South Siberia, from the Altai and Gornaya Shoria
Muits. through the Sayan and Khamar-Daban Mts.
to S Transbaikalia. They are Pyrgus maculatus
Brem. & Grey (Hesperiidae), Parnassius stubben-
dorffii Mén. (Papilionidae), Damora sagana Dbld.
(Nymphalidae), Nordmannia prunoides Stgr., Ahl-
bergia frivaldszkyi Led. (Lycaenidae), Parasco-
tia cognata Stgr., Acronicta lutea Brem. & Grey,
and Oligia leuconephra Hmps. (Noctuidae). The
abundance of these species, as well as of those of
the previous type, is correlated with that of nemor-
al plant species in this region (including lime),
that will be discussed below.

Other nemoral lepidopteran species penetrate
into Siberia to a small extent only, either from the
East or the West:

6. The former, which show a Transbaikalia —

Far-East type of range, are found in the southern
taiga forests of Transbaikalia (Fig. 7): Aporia hip-
pia Brem. (Pieridae), Neptis tshetverikovi Kurentz.
(Nymphalidae), Kirinia epimenides Mén.,
Melanargia halimede Mén. (Satyridae), Ne-
ozephyrus japonicus Mrr., Fixsenia herzi Fixs.,
Niphanda fusca Brem. & Grey (Lycaenidae), Ac-
tias gnoma Btl. (Saturniidae), Hemaris radians
WIk. (Sphingidae), Neodaruma tamanukii Mtsm.
(Thyatiridae), Amurilla subpurpurea Btl. (Lasio-
campidae), and many Noctuidae.

7. Nemoral lepidopteran species with Europe —

Transuralia ranges, i.e. which penetrate from
Europe into Transuralia (the western extreme of
Siberia) (Fig. 8), to the Kurgan and eastern Chely-
abinsk Provinces, are less numerous. Such spe-
cies are Coenonympha leander Esp., C. arcania
L., (Satyridae), Epicallia villica L. (Arctiidae) etc.
One species, Parnassius mnemosyne L. (Papilio-
nidae), extends as far eastward as to Tyumen and
Tobolsk.

Species with Amphipalaearctic and Europe —
West-Siberia — Far-East disjunctive ranges are
now represented by different subspecies in the
West and East Palaearctic. Species with disjunc-
tive Altai — Far-East ranges either have or have
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not formed different subspecies in the West Sibe-
rian isolates. Thus, the subspecies Limenitis hel-
manni helmanni Led., L. sydyi sydyi L., Acronic-
ta major atritaigensa Dubat. & Zolot. inhabit SE
West Siberia, while L. helmanni duplicata Stgr.,
L. sydyi latefasciata Mén., and A. major major
Brem. have their ranges in East Asia. On the oth-
er hand, West-Siberian and Far Eastern specimens
of Sarcopolia illoba Btl., and Parasiccia altaica
Led. cannot be distinguished.

4. Discussion

4.1. Rates of divergence and timing of species
formation in Lepidoptera

‘We have to point out that in this work we consid-
er ranges of species, not of genera or families.
Although primitive Microlepidoptera are known
as early as from the Upper Jurassic and Creta-
ceous, the first Macrolepidoptera are reliably
known only from the Eocene-Oligocene. From the
Miocene mainly extinct genera and some recent
genera (Zygaena, Pontia, Aglais) exclusively rep-
resented by extinct species (one species known
for each) have been recorded (Kozlov 1988). The
Pliocene Lepidoptera are poorly known, but pal-
aeontologists assume that the first recent species
appeared in this period (Sukhacheva 1980). The
palaeontological record of the recent lepidopter-
an species begin in the Pleistocene, e.g. Achil-
lides cf. maackii Men. (Papilionidae) from Japan,
Aglia tau L. (Saturniidae) from Finland, Belenois
crawshayi Btl. (Pieridae) and Pseudonaclia puel-
la Bsd. (Syntomidae) from Zanzibar (Kozlov
1988). Thus, the formation of the recent species
of the higher Lepidoptera, a relatively young
group of insects, should be attributed to the late
Pliocene or, more probably, to the Pleistocene.
For this reason we consider the latter period as
the most important for the interpretation of the
recent species ranges, while an analysis of earlier
epochs would be necessary for understanding the
recent ranges of taxa of higher rank, such as gen-
era and families.

The importance of the Pleistocene as the peri-
od of formation of many recent species is sup-
ported by the local lepidopteran faunas of the

highlands of Southern Europe and Asia. There
are a number of closely related but different spe-
cies from many families, which inhabit different
mountain systems (e.g. the Alps and the Pyrenees)
or different parts of the same mountain systems
(e.g. different ranges of the Tien-Shan or Alai-
Pamir Mts.). There is no doubt that their diver-
gence occurred during the Pleistocene when cry-
ophylic insect species existed at low altitudes
during glacials, so that mountain systems could
exchange with these species, and were isolated
in highlands during interstadials, which allowed
allopatric speciation.

There are many species pairs separated by
more ancient barriers, for instance pairs of boreal
species of Lepidoptera, associated with the forest
zone, inhabiting Asia and North America. They
were territorially separated several million years
ago (Mikkola et al. 1991). However, the real pe-
riod of speciation in such species pairs may be
much shorter. The longevity of species should not
be confused with the time it takes for species to
form. It was shown that palaeontological data
mostly fit the so-called punctuated equilibrium
model, which implies that time of species forma-
tion is as a rule much shorter than periods of spe-
cies existence without noticeable changes (sta-
sis) (Gould & Eldredge 1977). Longevity of stat-
ic plant and animal species may attain 7-10 mil-
lion of years (Stanley 1982).

For univoltine species, even 100,000 years
may be sufficient for species divergence attain-
ing species rank, at least for Lepidoptera mono-
phagous on oak (see section 4.2). Five endemic
species of the genus Omiodes Gn. (=Hedylepta
Led.) (Pyraustidae: Pyraloidea), trophically re-
stricted to bananas, seem to have arisen on the
Hawaiian Islands after bananas were introduced
there by man about a thousand years ago (Zim-
merman 1960). In this case several thousand gen-
erations appeared to be sufficient for speciation
(Omiodes produces several broods a year).

Taking into account speciation rates, and re-
peated large-scale perturbations of the climate
and zonality in the temperate zones during the
Pleistocene, it can be concluded that, for a histor-
ical analysis of the distribution of recent nemoral
lepidopteran species, the most decisive events
were those of the Late Pleistocene and Holocene.
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The same opinion was expressed by Golovach
(1984), when analysing the ranges of the Diplop-
oda of the European part of the former USSR.

4.2. An attempt to reconstruct the history of
the nemoral Lepidoptera fauna of Siberia

In the first half of the Pliocene there existed a
continuous belt of mixed broad-leaved/coniferous
forests of a Turgai type in Eurasia (Baranov 1959,
cited in Matyushkin 1982). This provided condi-
tions for a wide transpalaearctic distribution of
lepidopteran species dependent on the broad-
leaved (nemoral) forests. Since the broad-leaved
tree species still extended as far north-east as to
the Chukotka Peninsula, there existed a possibil-
ity for exchange of nemoral species between Eur-
asia and North America. It disappeared in the Late
Pliocene, due to considerably cooler climate, when
in the Chukotka Peninsula the earliest tundra plant
communities developed in Eurasia (Fradkina
1995). The Beringian land ‘bridge’ between Asia
and North America lasted until the late Miocene.
In the Pliocene there was a strait between the con-
tinents. However, a narrow strait does allow ex-
change of strongly flying Lepidoptera. A good
example here can be the near identity, at a sub-
species level, of the lepidopteran faunas associat-
ed with the shrub tundra on both sides of the
present Bering Strait (Mikkola et al. 1991). In our
opinion, the time since the last Beringian land
connection in the Pleistocene (ca. 10 000 years
ago) would suffice for subspecific differentiation,
provided that no migration took place. In the Ear-
ly Pliocene both sides of the Bering Strait were
covered with broad-leaved forests, which in our
opinion was a pre-requisite for exchange between
the nemoral components of their lepidoptera fau-
nas and an obstacle for specific differentiation of
Asian and American populations of nemoral Lep-
idoptera.

At present there are characteristic nemoral
genera of Lepidoptera common to North Ameri-
ca and Eurasia, e.g.: Apoda Haw. (=Cochlidion
Hbn.) and Latoia Guer. (=Parasa Moore) (Lima-
codidae), Paramidea Kusn. (Pieridae), Habrosyne
Hbn. (Thyatiridae), Oreta Wik. (Drepanidae), Epi-
plema H.-S. (Epiplemidae), Malacosoma Hbn.
(Lasiocampidae), Saturnia Hbn., Antheraea Hbn.
and Actias Leach (Saturniidae), Sphecodina
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Blanch. and Proserpinus Hbn. (Sphingidae), Peri-
dea Steph. and Nerice Wlk. (Notodontidae), Idia
Hbn., Hypenodes Dbld., Dysgonia Hbn., Mocis
Hbn., Plusiodonta Gn., Eudocima Billb., Hypoc-
ala Gn., Pangrapta Hbn., Araeopteron Hmps.,
Eutelia Hbn., Raphia Hbn., Phlogophora Tr., Chy-
tonix Grt., Condica WIk., Balsa W1k. and some
others (Noctuidae). We excluded from this list
genera like Agrius Hbn. (Sphingidae) and Uteth-
eisa Hbn. (Arctiidae), which are well-known mi-
grants and capable of crossing oceans, and also
genera which inhabit boreal (taiga) forests. All
the genera listed are represented by different spe-
cies on different sides of the Pacific. On the other
hand, there are a number of species which have
Amphipalaearctic ranges in Eurasia (3 species of
Apatura E., Limenitis camilla L., Argyronome
laodice Pall., Malacosoma neustereustria L., and
Habrosyne pyritoides Hfn.), these species being
represented on both sides of the continent by only
slightly different subspecies. No doubt the con-
tacts between the nemoral faunas of both sides of
Eurasia were more recent than those between
Eurasia and North America.

The history of the Eopleistocene, Pleistocene,
and Holocene is a series of glaciations interrupt-
ed by warm interglacials (Table 1). During these
epochs the distribution of the broad-leaved tree
species and the corresponding nemoral faunas
changed cyclically: they repeatedly retreated to
southern refuges and were restored during inter-
glacials, sometimes as a continuous transpalae-
arctic belt. These processes were reconstructed for
the birds of the East Palaearctic by Nazarenko
(1982, 1992), who, however, did not notice clear
differences between the glacial cycles either in
severity of the climatic deteriorations or the de-
gree of amelioration of interglacials. But he point-
ed out that the resolution of the historical-bioge-
ographical method when reconstructing faunistic
events of the past “is limited in its effective use to
the 2-3 most recent glacial-interglacial cycles, i.e.
at most to the upper and middle parts of the Mid-
dle Pleistocene” (Nazarenko 1982, 1992).

To illustrate this as for nemoral Lepidoptera,
let us analyse the fauna trophically dependent on
oak. As noted above, the latest continuous Trans-
palaearctic range of oak was established in the
Kazantseva (Riss-Wiirm) Interglacial, about
130,000-100,000 years BP. Presently no Lepi-
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doptera species strictly monophagous on oak has
an Amphipalaearctic range. The only oak-eating
Amphipalaearctic species, Strophedra nitidana
F. (Tortricidae) (Danilevskii & Kuznetsov 1968),
can under some conditions develop on the birch
(Kennel 1921). Other oak monophages are repre-
sented by at least sibling species on the western
and eastern sides of Eurasia, e.g. Spatalia argen-
tina D. & S. and §. doerriesi Graes. (Notodonti-
dae), Catocala sponsaL. and C. dula Brem. (Noc-
tuidae), and Ancylis mitterbacherianaD. & S. and
A. nemorana Kuzn. (Tortricidae). These mono-
phages on oak are monovoltine and have under-
gone about 100,000 generations since the Ka-
zantseva Interglacial. This seems quite suffi-
cient for speciation in view of the tempo of spe-
cies divergence in Lepidoptera discussed above.

Sibling species, whose divergence can more
or less be attributed to isolation since the Kazant-
seva (Riss-Wiirm) Interglacial, can also be found
among Lepidoptera feeding on elm (Dicranura
ulmiD. & S. and D. tsvetajevi Schintlm. & Svir.),
and also among those feeding on some small-
leaved trees, shrubs and herbs.

The double Zyryanka (Valdai or Wiirm) Gla-
cial, which succeeded the Kazantseva Interglacial,
was most severe (Arkhipov & Volkova 1994), al-
though its ice-sheets occupied less area than dur-
ing the previous Samarov (Dnieper or Riss) Gla-
cial. The broad-leaved forests shrank to small ref-
uges in the extreme south of Europe, on the South
Crimea, the Caucasus, the mountains of Central
Asia, and the southern half of East Asia (Fig. 10).
These regions retained a nemoral lepidopteran
fauna.

After deglaciation, the last occurrence of a
continuous belt of forests with broad-leaved trees
was in the Middle Holocene. These were not poly-
dominant broad-leaved forests, but rather forests
of the southern taiga type which included linden,
elm and in some regions oak as subdominants.
The same tree species grew in the forest-steppe
zone (V. S. Volkova, pers. comm). This provided
conditions for a wide transpalaearctic distribution
of some lepidopteran nemoral species.

Those forests obviously contained species
which presently inhabit the northernmost forests
with broad-leaved trees and other elements of the
nemoral flora within the southern taiga zone of
the European part of Russia and the southern Far
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East. The closest analogue of the Siberian forests
with broad-leaved trees of the Middle Holocene
are, in our opinion, the southern taiga forests of
eastern Transbaikalia, which include up to three
species of elm (Ulmus) and the Mongolian oak
(Quercus mongolica Fischer ex Ledeb.), and
which have a Lepidoptera fauna enriched with Far
East nemoral species showing Siberian ranges of
type 6, i.e. not found elsewhere in Siberia. How-
ever, the forests of the Holocene Climatic Opti-
mum should have contained more nemoral plant
and animal species; for example, the fauna con-
nected with walnut (Juglans mandshurica Max-
im.) should have had a wider range, as this tree
reached the Khamar-Daban Mts. on the southern
Baikal coast (Belova 1985). In West Siberia the
remains of the Holocene Optimum communities
are found at Tyumen and Tobolsk, where elm and
linden survived up to the present while the butter-
fly fauna contains such nemoral species as Par-
nassius mnemosyne L. (Papilionidae) and Apatu-
ra iris L. (Nymphalidae).

Analysing the distribution of the nemoral lep-
idopteran species we can conclude that a consid-
erable part of these species at present have ranges
of the Amphipalaearctic, Europe — West-Siberia —

Far-East and Altai — Far-East disjunctive type
(Fig. 2-5); these species are exemplified in Ta-
ble. 2. By their trophic links almost all the nemoral
lepidopteran species in Siberia are either polypha-
gous or develop on poplars, willows, honey-suck-
les, some Rosaceae, fir, spruce, or on some herbs
(Table 2). Only a few of them are monophagous
on Ulmus (Table 2). This means that these spe-
cies, except for the elm-eating ones, are nemoral
only in a climatic or cenotic rather than a trophic
sense. Their foodplants are widely distributed
throughout South Siberia.

Those species which exhibit a continuous
South-Siberia — Far-East range (Fig. 6) are com-
mon in the broad-leaved forests of the Far East
and in Siberia in the ‘lime island’ of the upland of
Gornaya Shoria and in the chernevaya taiga of
the Altai, Kuznetskii Alatau, Sayan, and Khamar-
Daban Mts., which retain many nemoral plant
species (Krylov 1891, Kuminova 1957, 1960,
1963, Ogureeva 1980, Teplyakova 1988, Poloz-
hii & Krapivkina 1985, Epova 1956, 1961, Er-
makov 1998, Kamelin 1998). We date the nemor-
al refuges in these Siberian regions to after the
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beginning of the Holocene, as supposed by
Reverdatto (1940), in contrast to the authors men-
tioned above, who considered them to be pre-
glacial. The existence of the main of refuges was
conditioned by a combination of relatively low
latitude and moderate elevation of NW margins
of the Altai-Sayan mountain system, which at
present provide the maximum precipitation in
Siberia (up to 1500 /yr in the western foothills of
the Kuznetskii Alatau Mts.) and a deep snow cov-
er preventing the ground from freezing (Polozhii
& Krapivkina 1985).

As aresult of isolation following the last break-
up of a continuous Central Siberian belt of the
broad-leaved forests including elm and linden, no
more than 6,000-7,000 years after the Climatic
Optimum of the Holocene, the West Siberian and
Far Eastern populations of the nemoral Lepidop-
tera with disjunctive West-Siberia — Far-East rang-
es differentiated into separate subspecies (e.g.,
Limenitis helmanni helmanni, L. sydyi sydyi, and
Acronicta major atritaigensa in SE West Siberia,
versus L. helmanni duplicata, L. sydyi latefasci-
ata, and A. major major in the Far East). Butter-
flies with Amphipalaearctic and Europe — West-
Siberia — Far-East ranges (e.g. three species of Ap-
atura, Limenitis camilla, and Nordmannia w-al-
bum), are represented by poorly differentiated
subspecies in the West and East, probably of the
same age. Only mobile species like those of the
Lepidoptera were able to expand their ranges in
the Holocene Climatic Optimum and became
transpalaearctic. No species of the much less
mobile Diplopoda managed to establish an Am-
phipalaearctic range (Golovach 1984). They failed
to reach Europe from East Asia or vice versa.

The majority of Siberian nemoral species most
probably have an eastern origin. Amphipalaearc-
tic species of the genera Apatura and Limenitis,
and also those with disjunctive Altai — Far-East
ranges (Limenitis helmanni Led., L. sydyi Led.,
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Parasiccia altaica Led., Acronicta major Brem.,
and Sarcopolia illoba Btl,) have at present a much
wider distribution in East Asia than in the Euro-
pean or Siberian parts of their range. Some of them
(Apatura and Limenitis species), as well as some
species with continuous South-Siberia — Far East
ranges (e.g., Ahlbergia frivaldszkyi Led., and Nor-
dmannia prunoides Stgr.) have their closest rela-
tives in the fauna of East Asia. During the
Holocene Climatic Optimum an active westward
migration of the East Asian species probably took
place*. Since this period was rather short, only a
few species managed to reach Europe to form
Amphipalaearctic ranges later (Table 2). An in-
teresting case is the range of Eversmannia exor-
nata Ev., the only European representative of the
tropical/subtropical family Epiplemidae (some-
times combined with Uraniidae). Its main range
lies in the Far East, but it inhabits also SE West
Siberia and the central and eastern parts of Euro-
pean Russia (Fig. 4) (Dubatolov et al. 1994). Its
closest relatives occur in southern China, Nepal
and India (Inoue 1982, 1998°).

Most probably the so-called ‘Baikal Corri-
dor’ or ‘South-Siberian Corridor in the Lake
Baikal area’, through which, as suggested by
Mikkola (1987, 1988) and Matyushkin (1982),
animal species migrated in post-glacial times and
which is believed to have been situated south of
Lake Baikal, was in fact much wider, and for the
nemoral species occupied a territory north to 60°,
in which the forests with broad-leaved trees ranged
in the Holocene Optimum. The migration of bo-
real species could take place further to the north,
since most territory of Siberia north to the River
Yana, now covered with larch forests and forest-
tundra, was in the Atlantic period occupied by
dark-needle forests with spruce and fir (Neischtadt
1957, Khotinskii 1977).

The eastwards migrations of species from Eu-
rope cannot be traced in the nemoral higher Lepi-

*Here an East Asian origin of these species implies that they came to the West Palaearctic from East Asia in the Holocene.
Their very origin could be quite different. Probably they had become extinct in Europe during glaciations and then

expanded from refuges in East Palaearctic.

3 “Epiplema” fuscifrons Wrr., depicted in the cited work (pl. 138, f. 4), is similar to Eversmannia exornata Ev. both by
wing pattern and the structure of the signa of the female bursa and should be transferred to the genus Eversmannia Chr.
It is noteworthy that there are no close species in the Russian Far East or Japan. Morphological differences between the
Japanese/Amur species, attributed to the genus Epiplema H.-S. and Eversmannia exornata are very profound, no less
than of a tribal or subfamily rank. The study of the nominotypical species of the genus Epiplema is necessary for a
decisive solution of the generic attribution of all these species.
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doptera. Only species of the southern taiga were
able to penetrate eastwards, for e.g. Lemonia dumi
L. to the Amurland (Streltzov et al. 1997). Some
characteristic species of the European broad-
leaved forests reach the Urals (e.g. Pararge ae-
geria L. (Satyridae), Callimorpha dominula L.
and Euplagia quadripunctaria Poda (Arctiidae))
or Transuralia (e.g. Parnassius mnemosyne L.
(Papilionidae), Coenonympha leander Esp. and
C. arcania L. (Satyridae), Epicallia villica L.
(Arctiidae)). Two additional probably thermoph-
ic species, which demonstrate a preference to the
nemoral forest-steppe in Europe, Iphiclides po-
dalirius L. (Papilionidae) and Mellicta aurelia
Nick. (Nymphalidae), reach the West Altai through
birch groves within the steppe zone. Anyway, such
European-Transuralian species are much less nu-
merous than the Transbaikalian-Far Eastern ones,
listed in the first section of the paper and in Table
2.

The putative absence of eastward migrations
of nemoral Lepidoptera can most probably be ex-
plained by the fact that the maximum of expan-
sion of the broad-leaved trees in the eastern parts
of Eurasia took place earlier than in West Siberia.
In the Far East it happened in the Boreal period,
in East Siberia in the Atlantic period, and in West
Siberia in the Early Subboreal period. In the ear-
ly Subboreal period such forests were already
beginning to be depleted in the East. In the Late
Atlantic — Early Subboreal periods the European
nemoral lepidopteran species could be widely dis-
tributed over southern West Siberia, but the sub-
sequent depletion of the forests with broad-leaved
trees forced them to retreat, leaving outposts only
in the NW extremity of West Siberia.

Nazarenko (1992) came to similar conclusions
concerning the prevailing directions of expansion
of the nemoral birds of the East Palaearctic. We
should like to paraphrase the outstanding bota-
nist Kleopov (1990): “If we consider that in all
the coenocomplexes of the forest-steppe of Eu-
rope ... East Asian and, in part, North American
genetic relations are quite well expressed, one
cannot deny the tremendous role of the genetic
centres of the Holarctic adjacent to the Pacific
in the process of the formation of the recent flora
of Europe. These centres, especially the East
Asian ones, beginning in the middle Tertiary Pe-

riod, repeatedly sent migrational waves of vari-
ous historico-coenological elements to Europe®.
Our analysis shows that this is true for the nemor-
al species of Lepidoptera as well.

5. Conclusions

1. During the Quaternary interglacials, includ-
ing the Holocene, a continuous belt of forests
with broad-leaved (nemoral) trees occured at
least twice in Eurasia: in the Kazantseva (Riss-
Wiirm) Interglacials of the Pleistocene and in
the Atlantic and Subboreal periods of the
Holocene. At that time conditions existed for
a wide transpalaearctic distribution by latitu-
dinal migrations of lepidopteran nemoral spe-
cies. The Kazantseva Interglacial was warmer
than the Holocene Climatic Optimum, and this
was the last time when oak, together with the
fauna connected with it, had a continuous
transpalaearctic range.

2. The period after the Kazantseva Optimum
(about 100,000 years) seems to have been suf-
ficient for species-rank divergence of isolated
populations of Lepidoptera.

3. Hitherto there is no real evidence of the exist-
ence, at least not in Siberia, of refuges of
nemoral flora and fauna at latitudes 50-55° N
during the last, most severe, glaciations of the
Pleistocene. In those periods the broad-leaved
forests and their corresponding fauna had re-
treated to the Crimea, the Caucasus, lakes Aral
and Balkhash, the Tien-Shan Mts., Central and
South China, Korea, and South Japan, but
were not preserved in the Altai or Transbaika-
lia, as thought earlier. However, the existence
of a northern refuge of some broad-leaved trees
and the corresponding fauna in the foothills
of the southern Urals cannot be excluded.

4. During the Holocene Climatic Optimum a

transpalaearctic or nearly transpalaearctic
range was most probably acquired by nemor-
al lepidopteran species connected with Ulmus
or with non-broad-leaved deciduous trees
(birch, aspen, willows), shrubs and herbs, i.e.
mostly by cenotically nemoral species.

5. During the Holocene Climatic Optimum a
westward migration of the nemoral Lepidop-
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tera fauna took place from the eastern parts of
the Palaearctic; some species reached West-
emn Europe (Apatura species and Limenitis
camilla, etc.), one species (Eversmannia ex-
ornata) reached Eastern Europe, a number of
species (Limenitis helmanni, L. sydyi, Acronic-
ta major, etc.) the south-east of W Siberia, and
many species (Niphanda fusca, Catocala dula,
etc.) Transbaikalia. An opposite migration was
probably prevented by the fact that the
Holocene optimum of broad-leaved forests
occurred earlier in East Siberia than in West
Siberia.

6. We suggest that the formation of the recent
disjunctive (Amphipalaearctic, Europe — West-
Siberia — Far-East and Altai — Far-East) spe-
cies ranges resulted from the depletion in Cen-
tral Siberia of the broad-leaved forests in the
Holocene Subboreal period rather that in the
Late Pliocene — Early Pleistocene, as assumed
earlier. The refuges of the nemoral and sub-
nemoral flora of south-eastern West Siberia
and southern Central Siberia (the ‘lime island’,
‘chernevaya taiga’ of the Altai, Sayan and
Khamar-Daban Mts.) probably date to the
Holocene Climatic Optimum. This is why
these territories have no endemic nemoral spe-
cies, at least not of Lepidoptera.

7. The modern species ranges of Lepidoptera
were formed by rather recent landscape chang-
es in the Holocene.
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Fig. 1. Ranges of the broad-leaved tree genera present in Siberia (according to Khlonov, 1965; Gorchakovskii, 1968;
Polozhii, Krapivkina, 1985; Krasnoborov, 1992, Velichko, 1993, and others).
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