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ABSTRACT: Based on an analysis of quantita-
tive data on litter-dwelling spiders (124 species) of
the East European Plain oak forests (46 sites), 8
groupings are delimited differing in distribution
pattern. Two of the groupings reflect a zonal factor,
one referring to both western forest and Cisuralian
forest-steppe belts, and the other to forest-steppe
ranging from Moldavia to the Volga flow. Other
three groupings encompass polyzonal species dif-
fering either in the presence of centers of maximal
abundance (one “northern” and the other “south-
ern”) or in their absence. Further three groupings
are regional, being restricted to Moldavian, west-
ern forest-steppe, and Cisuralian oak forests, re-
spectively. Analysis of large-scale variation in
species assemblages allows to distinguish three
regional (Cisuralian, Moldavian, central Russian)
and one zonal line (between the forest and forest-
steppe belts), resulting in the area’s araneographic
regioning. Classification of the East European
Plain oak forests has been proposed as based on the
distribution of spider assemblages. Consideration
of the main phenological patterns permits discrim-
ination of three main historical components in the
region’s spider fauna (Fagetal, Betuletal, and
Quercetal), neatly corresponding to Kleopov’s
[1990] respective floral cenotic elements.

PE3IOME: Ha ocHoBe aHaJIH3a AaHHBIX KOJIH-
YeCTBEHHBIX YYETOB YHCJIEHHOCTH MOACTHIOYHBIX

naykoB (124 Buma) ny6pas Bocrouno-Eppomeii-
ckoii pauumbl (46 Touex c60poB) BbizenreHo 8
rpyNmUpOBOK, Pa3IMYAIOIMXCS [10 XapaKTepy pac-
npenenenusi. [{Be U3 3THX IPYNNHPOBOK OTPAXKAIOT
dakTop 30HANBHOCTH, OJAHa o6o3Hauasi Kak
3anagHblit CEKTOP JIECHOH 30HBI, TAK H IIPeAy paib-
CKyIO JlecocTenb, a Jpyras — JiecocTemb OT
Mounaasuu go [ToBomxkes. Emte Tpu rpynnupoBKu
BKJIIOYAIOT NOJTM30HAJIbHBIE BUbI, OTIHYAIONIHECS
1u6o HanuyueM, TU60 OTCYTCTBHEM LEHTPOB Hau-
Bbicurell miotHoctH (oaMH “ceBepHblit”, Apyroi
“joxubiit”). Cueaymoumue TPpH TPYNNHPOBKH
pervoHajbHble H COOTBECTBEHHO IIPHYPOYEHBI K
MOJIABCKMM, 3aMajHBIM JIECOCTENHBIM M IIpel-
ypaJibcKUM Ay6paBaM. AHATH3 IIHPOKOMACIITaGHOM
A3MEHYHBOCTH BHAOBBIX [PYNIHPOBOK II03BOJISIET
O4epTHTh TPH peruoHasbHbie (penypanbckuii,
MOJIAABCKHH M IEHTPAaJbHO-PYCCKHHl) H OMHY
30HaIbHYI0 (MeX/y 30HOM JIeCOB M JIECOCTENDIO)
JHHKHU, TO3BOJAOIIME INPOBECTH apaHeorpa-
¢dbuyeckue pailoHUPOBaHKEe paccCMaTpPHUBaeMoli Tep-
putopuu. Ha ocHOBe pacnpe/ieieHus rpy IHPOBOK
nayKoB npeasoxeHa Kiaccudukauus nybpas Pyc-
CKOlf paBHHMHBI. YYWTBIBas OCHOBHbIE (PEHONIOTH-
yecKHe THINbl NayKoB, B peTHOHa/lbHOH dayHe
NayKoB BBLAEJSIOTCS TPH TJIaBHbIE HCTOPHYECKHE
cocraasiomue (dareranpHasi, 6eTyreTanbHas M
KBeplleTaJbHasi), XOPOILO COrJacyIONHecs ¢ COOT-
BETCTBYIOUIMMHU LIEHOTHYECKHMHU (PIOPHCTHYECKUMH
anmeMeHTaMH, BbiaeasembiMu Kieomossim [1990].

1 Contribution N°. 4 to the project “Spatial variation in soil macrofauna communities of the East European oak forests in relation
to environmental factors”, sponsored by the former USSR Academy of Sciences.
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1. Introduction

The importance of investigations dealing with
geographic variation in local species assemblages is
beyond any doubt [Haila et al., 1987; Brown &
Kurzius, 1987]. There are two main approaches in
studying this problem. With respect to animals, one
is regional historical (or historico-faunistic), i.e.
classical historical zoogeography, and the other is
landscape-typological, or geozoological [Chernov,
1975, 1984]. Being relative in comparisons between
separate communities or ecosystems, differences
between both approaches become absolute when
typological units are dealt with at the level of
macrogeographic regions (e.g. vast heterogeneous
areas up to continents) [Chernov, 1975: 197].

The East European, or Russian, Plain is a great
and geologically highly heterogeneous area covering
most of eastern Europe. It extends from the Baltic
and Ciscarpathia in the west to the Ural Mountains
in the east (ca. 4,200 km), from Yamal and Kola
peninsulas in the north to the Black Sea and
Ciscaucasia (= Circassia) in the south (ca. 5,100
km). Being so huge, extremely diverse and display-
ing a classical pattern of latitudinal nature zonation,
with the belts, or zones, of tundra, taiga (= dark-
needled coniferous forests), mixed coniferous-broa-
dleaved forests, broadleaved forests, forest-steppe,
steppe and even semi-desert regularly succeeding
each other from north to south, the Plain has long
been known as a highly important arena for histor-
ical biogeographic studies.

Unlike our previous paper coping with the spider
fauna of the East European Plain’s oak forests as an
attempted reconstruction of the history of the entire
regional nemoral biome [Esjunin et al., 1993], we
shall focus here on the geozoological aspect of the
distribution of spiders over the Plain. In other
words, macrogeographic variation in spider species
and species assemblages restricted in the Plain to oak
forests is the subject of the present contribution.

Spiders have been chosen as model for such
studies due to their high levels of abundance,
particular species richness and pronounced impor-
tance in soil /litter macrofauna communities virtu-
aally everywhere. Oak forests have been chosen as
model, for Quercus robur L. in the Plain is known
to be the main, climax hardwood tree species
presumably fully corresponding to macroclimate of
the regional nemoral (= broadleaved forest s.1.)
biome [Razumovsky, 1981].

2. Study area

Our field survey has largely covered the most
mature, intact, mainly well-preserved oak stands
scattered over the entire Plain (Map 1) (see also
Esjunin et al. [1993] and Penev et al. [1994]). The
sampling sites were selected so as to be similar with
respect to two general aspects: (1) predominance of
Quercus robur and (2) moderate moisture conditions.
The moisture conditions were estimated from the
occurrence of a number of dominant mesophilous herb
species such as Aegopodium podagraria L., Carex
pilosa Scop., Asarum europaeum L., Stellaria spp.,
Polygonatum multiflorum L. (All.), Pulmonaria
obscura Dumort., and Galium odoratum (L.) Scop.
The state of the forest served as an additional
criterion, i.e. we tried to stick to the most mature and
well-preserved patches of oak forest in each locality.
Despite this, the sites varied considerably in habitat
conditions due to their sometimes vast geographic
distances or other local factors. To minimize the
possible effect of artifacts, we also used collecting
techniques identical both in design and in sample size,
and restricted the field work: to relatively short
periods mainly within May-June and from mid-
August to early October [Penev et al., 1994].

3. Sampling procedure and methods

Twenty samples of 25x25 cm each were taken at
each site according to the standard methods of soil
zoological investigations accepted in Russia [ Quanti-
tative methods..., 1987]. Soil macrofauna was sam-
pled from 10 cm thick soil layers on oilskin in the
field. However, as regards spiders, they largely
occurred in litter, thus making our studies chiefly
restricted to the forest litter-dwelling spider complex.

The samples were taken along short transects
(200-500 m, as a rule) within homogeneous forest
patches. In case of ravines, ten samples were taken
on plateau and the remaining ten on the adjacent
slopes. To reveal possible microhabitat variation,
the samples were taken randomly in consequent
series of 3 samples each and systematically within
series: the first sample just at an oak tree trunk, the
second one between trees under their canopy, and
the third one in a small forest “window” (but not in
a clearing).

The program BIODIV was used for group aver-
age clustering [Baev & Penev, 1991]. The divisive
classification procedure was performed with TWIN-

Map 1. Geographical locations of the study sites. Site numbers as in Appendix 1.
Kapra 1. l'eorpaguueckoe moaoxeHue u3yseHHbIx Toyek cbopos. Homepa Touek xak b ITpuaoskenun 1.
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SPAN [Hill, 1979]. More information about the
sampling sites and the methods of analysis applied
is derivable from Esjunin et al. [1993] and Penev et
al. [1994].

4. Material

Altogether, 153 spider species were revealed in
the litter of the samples in the East European Plain
oak forests [cf. Penevetal., 1994]. However, not all
of them can be attributed to the litter-dwelling
complex known to be well-isolated from spider
complexes of other biocenotic strata [Litvinava et
al., 1981]. Numerous spider species inhabiting sev-
eral vegetation strata use the litter as a site for
hibernation or occur there accidentally when fallen
down or moving between plants. Inclusion of such
species taken from the samples into the complex of
litter-dwellers is inadequate due to both ecological
and biochorological reasons, considerably misrepre-
senting the general patterns revealed with statistic
analyses sensitive to the presence of rare species.
Therefore, based on the ecology of separate spider
species, particularly with regard to those known
from the East European Plain [Pereleshina, 1928;
Pichka, 1965, 1974, 1984; Akimtseva, 1979; Stern-
bergs, 1979; Veselova & Mikhailov, 1986], the
following spider taxa/ecological groupings have
been excluded from consideration: all orbweaving
spiders (Araneidae, Metidae, Tetragnathidae: Tetra-
gnatha), as well as horto-, tamno-, and dendrobion-
tic Linyphiidae (Drapetisca, Linyphia, Neriene,
Pitiohyphantes), Theridiidae (Achaearanea, Di-
poena, Steatoda bipunctata, Theridion), Philodro-
midae, and Thomisidae (Misumena). The case of
Enoplognatha ovata deserves special attention, for
its juveniles are sometimes treated as a component
of the litter-dwelling spider complex [Stevenson &
Dindal, 1982]. However, certain particulars of its
ecology on the East European Plain [Pereleshina,
1928; Pichka, 1965, 1974], where its spiderlings are
active in the forest litter only during a short period
in the autumn, allow us to eliminate this species
from further analysis as well. As a result, a list
comprising 124 spider species taken from and defi-
nitely characteristic of the soil /litter samples in the
East European Plain oak forests has been compiled
separately for the spring and autumn [Penev et al.,
1994, appendices 4 & 5].

Another problem is determined by seasonal
changes in the spider population of the oak forest
litter stratum. To test the possibility of joint
treatment, we have compared spring and autumn
samples taken from the same sites (Tab. 1). The
significance of the difference in alpha-diversity of

the spring and autumn spider assemblages measurec
with the Shannon (Sh) index has been evaluated by
means of Student’s t-criterion [Hutcheson, 1970
Pesenko, 1982]. Besides, the rank distribution of the
species in each sample has been carried out using
Spearman’s rank correlation coefficient (r,).

As regards alpha-diversity, the samples appear t«
be generally similar. However, in three cases
significant differences between autumn and spring
samples were found. Spearman’s rank correlatior
coefficient displays quite a contrary pattern, witl
the values witnessing to that spring and autumr
samples were not significantly correlated, except foi
one case.

The results obtained seem to be biologically
explicable. Firstly, when comparing the spring anc
autumn species lists, only less than a half of the tota
(53 out of 124) turn out to occur throughout the
vegetation season. Whereas the 35 species recordec
solely in the spring can be met with in the autumr
as well, for the females of spring-breeding forms car
last as long as the vegetation season, amongst the 3¢
species reported solely in the autumn there is a large
group in which the adults are restricted to autumn
(e.g. Allomengea warburtoni, Bolyphantes alti-
ceps, Floronia bucculenta, Porrhomma pallidum,
Tapinopa longidens — see Wiehle [1956]). Second-
ly, the proportion of species groupings delimited as
to the distribution pattern in the East European
Plain oak forests (Tab. 2) demonstrates considerable
variation in the groupings’ faunal composition in the
spring and autumn samples. Domination of this or
that distribution pattern in the samples cannot fail
to affect the similarity between spider assemblages.
All this forces us to analyse the spring and autumn
samples separately, thus smoothing the effect of
seasonality.

5. Results

5.1. Distribution of litter-dwelling spiders in
East European Plain oak forests

To obtain a generalized pattern of spider species
distributions of the oak forest litter complex, the
sum quantitative data were treated with divisive
cluster technique [Jongman et al., 1987] by means
of the TWINSPAN program. Such an analysis allows
not only to outline range borders but also the areas
where the species are more abundant. The results are
presented in a TWINSPAN table (Appendix 1).
Based on this, 9 conventional species groupings are
distinguished.

(1) Species “restricted” to Moldavia (= Moldo-
va) and there displaying high levels of abundance
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Table 1.

Tabauya 1.

Comparison between spring and autumn samples taken in the same localities as to species diversity and rank
distribution.

CpaBHeHUe BECEHHUX M OCEHHUX YYETOB, IPOBEACHHBIX B OAHMX M TeEX K€ TOYKax cBOpoB 1o BUAOBOMY
Pa3HoObPa3uIO ¥ PAHTOBOMY PACIIPEACAECHWUIO.

Sampling dates Number of species
Sites - T, tSt
Spring Autumn Spring Autumn Total

4,5 V.88 1X.90 19 11 26 -0.103 3.517**

8,9 V-VI1.88 X.89 16 17 22 0.306 0.507
1213 V1.90 IX 89 12 17 22 0.333 0.648
17,18 V.90 IX.90 12 11 17 0.239 0.270
20,21 V.89 1X.90 14 9 21 -0.535* 1.382
27,28 V.88 1X.90 15 21 26 0252 0.465
4243 V1.91 IX.91 7 17 22 -0.313 2.818**
45,46 V1.91 VIII.88 10 16 21 -0.417 3.855*

Note: one asterisk (*) — P<0.05, two asterisks (**) — P<0.01, r, — Spearman’s rank correlation coefficient, tSt — Student’s
t-criterion of the difference between alpha-diversity of the two sites compared as measured with the Shannon function.

OG6oanauennsn: oana 3seagouxa (*) — P<0.05, ase 3peanouku (**) — P<0.0, r, — xoadpuLMeHT PaHTOBOH KOppeNAlHH
Cnupmana, tSt — kputepuii CTbiofeHTa t pa3sHOCTH Mexay anbda-pastoobpasuem B 06eMX CPaBHHBAEMBIX TOYKAX, OLEHHBAEMO
¢ nomouibio ¢ynkunn llennona.

Table 2.

Tabanuya 2.

Representation of various chorological spider groupings of the East European Plain oak forests in different seasons.
The number of species in the nominator, percentage in the denominator. Abbreviations as in Tab. 1.
[1peACTABUTEABCTBO PA3AMYHBIX XOPOAOTMYECKMX IPYNIMPOBOK Naykos Aybpas Bocrouno-Esponerickoit pasHuHs! 1o
pa3sHbIM ce30HaM. YMCAO BUAOB B UMcAMTEAE, MTPOYEHT B 3HameHaTere. ObosHayerma xak B Taba. 1.

Species groupings Abbreviation Spring Spring-Autumn Autumn
Moldavian
forest-steppe M 1/3 5/9 2/16
Forest-steppe S 15/43 4/8 2/16
Western forest-steppe SC 7/20 3/6 2/6
“Southern”
polyzonal Ps 3/9 5/9
Polyzonal P 3/9 14/26 3/8
“Northern PN 1/3 8/15 -
polyzonal
Forest NC 3/9 7/13 21/58
Forest & Cisuralian N - 5/9 3/8
Cisuralian u 2/6 2/4 3/8
Total 35/100 53/100 36/100
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(M, 8 taxa). Within the East European Plain, these
have not been found beyond Moldavian oak forests,
although some of them are known, e.g., from the
Caucasus.

(2) Species widespread within the forest-steppe
belt from Moldavia to the Volga River (§, 22 taxa).
Their maximal numbers are observed either in the
western (Phrurolithus festivus, Map 2A) or in the
central parts of forest-steppe (Abacoproeces salt-
uum, Panamomops mengei, Map 2B, C).

(3) Species largely occurring in the western oak
forests of the forest-steppe belt (S§C, 12 taxa). Their
maximum abundance is observed in the westernmost
sites (Micrargus herbigradus, Map 2D).

(4) Polyzonal species with inclination to the
southern sites (PSS, 8 taxa). This group combines
the species met with in oak woods of both forest-
steppe and coniferous-broadleaved forest belts. Their
maximal numbers seem to lie within forest-steppe
(Lepthyphantes flavipes, Diplocephalus picinus,
Map 2E, F).

(5) Polyzonal species sensu stricto (P, 19 taxa).
This seems to be a heterogeneous complex uniting
the species displaying various patterns of abundance
change in the region’s oak forests. The species have
been referred here that possess no distinct between-
site variation (Ozyptila praticola, Map 3A), reach
the maximal abundance levels in the western forest-
steppe oak stands (Ballus depressus, Map 3B), in
the belt of mixed coniferous-broadleaved forests
(Microneta viaria, Map 3C), in central southern
forest-steppe and northern steppe (Lepthyphantes
angulipalpis, Map 3D). Areas of increased numbers
can be bipolar (Ceratinella brevis, Map 3E) or
multipolar, i.e. covering several biomes at once
(Tapinocyba insecta, Map 3F).

(6) Polyzonal species with inclination to the
northern sites (PN, 9taxa). These occur in different
zones, but their maximal abundance is observed in
oak forests lying within the belt of mixed coniferous-
broadleaved forests (Macragrus rufus, Map 4A),
within the subzone of southern taiga (Robertus

lividus, Map 4C) or at the border between both
biomes (Gongylidium rufipes, Map 4D).

(7) Species restricted to or maximally abundant
within oak woods of the forest biomes (NC, 31 taxa).
Their particularly frequent representatives pene-
trate the forest-steppe zone through its central
regions up to the biome’s southern border (Macra-
rgus multesimus, Centromerus sylvaticus, Map 4E,
F).

(8) Species occurring in oak woods of both forest
biomes and Cisuralian forest-steppe (N, 8 taxa).
Their maximal numbers are largely either restricted
to the Cisuralian sites (Helophora insignis, Map 4B;
Bolyphantes alticeps, Lepthyphantes nigriventris,
Map 5A, B) or bipolar, with both Cisuralian forest-
steppe and western regions of the zone of mixed
coniferous broadleaved forests being the areas of
their increased abundance (Lepthyphantes mengei,
L. tenebricola, Map 5C, D).

(9] Species recorded solely in Cisuralian oak
forests (U, 7 taxa]. Their majority are known but
by a few specimens, with only a Glyphesis sp.
reaching high levels of abundance.

5.2. Classification of species assemblages

There are two main approaches in cluster ana-
lysis, agglomerative and divisive [Jongman et al.,
1987]. We used both approaches in separate analyses
of the spring and autumn samples as based on both
qualitative (presence/absence) and quantitative
data (species abundance in 20 samples per site).
Comparison of the results obtained reveals that
divisive methods better reflect the real patterns.
This is particularly evident concerning autumn
datasets. Agglomerative methods of analysis based
on both qualitative and quantitative data fail to
fully reveal the true particulars of Ural oak forests,
uniting them into a joint cluster with oak woods of
the central regions of the East European Plain (sites
40, 41, 45; Fig. 1b). Contrary to that, divisive
methods clearly demonstrate their special, isolated

Explanations to the symbols used in Maps 2-5: 1 — 1 ex/m?, 2 — 2-3ex/m?, 3 - 4-7ex/m?, 4 - 8-15 ex/m?, 5 - 16-24 ex/

m?.

e - -2

-3

-4

M-

Map 2. Abundance isopleths of Phrurolithus festivus (A), Abacoproeces saltuum (B), Panamomops mengei (C), Micrargus
berbigradus (D), Lepthyphbantes flavipes (E), and Diplocephalus picinus (F) in East European oak forests.

Symbols: 1 - 11ind. per sq. m, 2 - 2-3 ind. per sq. m, 3 - 4-7 ind. per sq. m, 4 - 8-15 ind. per sq. m, 5 - 16-24 ind. per sq. m.

Kapra 2. Wsonserst wucaennoctu Phrurolithus festivus (A), Abacoproeces saltuwm (B), Panamomops mengei (C), Micrargus
berbigradus (D), Lepthyphantes flavipes (E) w Diplocephalus picinus (F) b aybpasax Boctouso-Enponefickoit paBHMHSL

Obosnagenms: 1 - 1 3k3/m?, 2 - 2-3 3x3/M%, 3 - 4-7 ax3/mi, 4 - 8-15 ax3/m%, 5 - 16-24 ak3/m.
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Map 3. Abundance isopleths of Ozyptila praticola (A), Ballus depressus (B), Microneta viaria (C), Lepthyphantes angulipalpis (D),
Ceratinella brevis (E), and Tapinocyba insecta (F) in East European oak forests.

Symbols as in Map 2. :

Kapra 3. Msonaets uncaennoctw Ogyptila praticola (A), Ballus deptessus (B), Microneta viaria (C), Lepthyphantes angulipalpis
(D), Ceratinella brevis (E) u Tapinocyba insecta (F) B aybpasax Bocrouno-Esponefickoit paBHMHbIL

Obo3Havenns kak Ha Kapre 2.



Distribution and assemblage classification of spiders of East European oak forests 77




78

S.L.Esjunin, L.D.Penev, S.I.Golovatch




Distribution and assemblage classification of spiders of East European oak forests 79

T . y— —

Map 4: Abundance isopleths of Macrargus rufus (A), Helophora insignis (B), Robertus lividus (C), Gongylidium rufipes (D),
Macrargus mudtesimus (E), and Centromerus sylvaticus (F) in East European oak forests.

Symbols as in Map 2.

Kapra 4. Maomersi uucaersocry Macrargus rufus (A), Helophora insignis (B), Robertus lividus (C), Gongylidium rufipes (D),
Macrargus nudtesimus (E) wu Centromerus sylvaticus (F) » aybpanax Bocrouno-Enponeiickolt paBHuHB.

Obo3nauenns kak Ha Kapre 2.
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Map 5. Abundance isopleths of Bolyphantes alticeps (A), Lepthyphantes nigriventris (B), L. mengei (C), and L. tenebricola (D)
in East European oak forests.
Symbols as in Map 2.

Kapra 5. Msomets ancaensioctv Bolyphantes alticeps (A), Lepthyphantes nigriventris (B), L. mengei (C), and L. tenebricola (D)
B aybpasax BocrouHo-Esponeiickoit paBHuHBL

ORmauaustue vav wa Karra 7
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position (Fig. 2b). The same can be observed as
regards the spring dataset, this time concerning the
highly peculiar Moldavian oak forests (sites 10, 11,
13, 14; cp. Figs 1A & 2A). Besides, all quantitative
analyses are more preferable as being less dependent
on the presence of rare species. Thus, a division of the
spring assemblages of the forest-steppe zone into
“western” and “central” can be revealed only using
quantitative data (Fig. 2a), whereas the participa-
tion of rare species masks this border and produces
a single conglomerate. Hence, the data obtained by
means of quantitative divisive methods were basic
for our classification of the East European Plain oak
forests.

Virtually all methods of analysis applied reveal
two distinct regions, Ural and Moldavian (Figs 1a
& 2; Maps 6 & 7). The Ural oak forests are
characterised by the predominance of Helophora
insignis represented solely by spiderlings in the
spring. The pronounced peculiarity of these oak
forests is further reinforced in the autumn due to
Bolyphantes alticeps, Tapinopa longidens, Glyph-
esis sp., etc. On the other hand, besides the species
dominants characteristic of western forest-steppe as
a whole (Diplostyla concolor, Lepthyphantes flavi-
pes, Microneta viaria), the Moldavian oak stands
possess their own dominants (Harpactea saeva,
Hahnia nava). These forests are also peculiar in
having a set of forms occurring nowhere else [cf.
Esjunin et al., 1993], with Walckenaeria furcillata
and Atypus piceus being particularly indicatory for
the spring and autumn samples, respectively.

Most analyses of spider assemblages further
divide the remaining oak forests, this time latitudi-
nally, into forest belt (“northern”) and both forest-
steppe and northern steppe (“southern”) (Figs 1 &
2; Maps 6 & 7). The oak forests located within
northern steppe are only once clustered off the
forest-steppe set, in particular when qualitatively
analysed with agglomerative methods. Otherwise
they are always clustered jointly and even subdivid-
ed equally. Asaresult, the border (Map 7¢) between
the “northern” and “southern” oak forests is sub-
equal to the one drawn between the zones of mixed
coniferous-broadleaved forests and forest-steppe
[Gribovaetal., 1980]. The presence / absence datasets

provide a northerly shift of this border, perhaps due
to occasional northward penetrations of a few
“southern” spider species, but again only when
qualitatively analysed with agglomerative methods.

In addition to the above meridional borders
isolating the Moldavian and Ural oak forests (Map
7a, b), there is still one more subdivision of the
region’s western and central sites (Map 7d). This
border roughly coincides with the line connecting
Tver, Kursk and Kharkov, being differently ex-
pressed in the northern and southern site complexes
in the spring and autumn. In the spring dataset, it
is clearly traceable within the forest-steppe zone
(Figs 1a & 2a; Map 6A), whereas in the autumn only
within the forest zones (Figs 1b & 2b; Map 6b). In
general, differences between the western and central
sectors are significant. Thus, in the spring the spider
species dominating the oak forests west of the border
d are Enoplognatha ovata and Microneta viaria,
while Panamomops mengei and Hahnia ononidum
predominate more to the east. The same pattern
concerns species indicators (Fig. 2a: B, & B, groups).
In the autumn, the differences in the composition of
dominants become even more distinct. West of the
border d, a whole set of dominating species is
distinguishable, with Microneta viaria and Macra-
rgus rufus being the most common among them. East
of that border, there seem to be no dominant species,
solely Robertus lividus being somewhat more abun-
dant than the others at two sites only (16 & 23). The
same pattern is likewise observed as regards species
indicators (Fig. 2b). As noted above, distant south-
ern penetrations by boreal species are observed along
d (Map 3E & F). This is possibly due to historical
processes of regional faunogenesis arising from the
area’s equidistant position between both major
nemoral refuges in the Plain, i.e. Carpathian and
southern Ural [Esjunin et al., 1993].

Hence, based on analysis of the litter-dwelling
spider complex of East European Plain oak forests,
one zonal (between the forest and forest-steppe
belts) and three regional borders (Moldavian, cen-
tral Russian, and Ural) are distinguishable (Map 7).
When arranged according to their strength, the
following sequence can be drawn. The strongest line
seems to be the Ural one (Map 7a), followed by both

Figure 1. Group averaging clustering dendrogram of spider assemblages based on the Czekanowski-Soerensen similarity index

for abudance spring (A) and autumn (B) data.

Symbols: Oak forests of FS — forest-steppe, ST — steppe, BF — broadleaved forests belt, U — Cisuralian forest-steppe, W —
western, E — eastern, N — northem, S — southern, C — central.
Pucyroxk 1. AeHaporpamma cpeaHeB3BellIeHHOTO Pa3AeAeHUsA TPYIIMPOBOK [1ayKOB Ha 0CHOBe KoadxpuuenTa cXoAcTBa HekaHonckoro-

CepenceHa aaa BeceHHMX (A) u ocenHux (B) ydetos umcaensocTH.

Obo3navenus: Aybpasnt 3on FS — aecocrenn, ST — crermm, BF — mmpokoaucTsennsix aecon, Ul — IpeAypasscKoi aecocTeny,
W — zanasHas, E — Bocrounas, N — cesepnasn, S — woskHas, C — yeHTpasbHas 4acTu.
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r——— A — Ind.: Helophora insignis
Dom.: Helophora insignis

C — Ind.: Robertus lividus
— Dom.: Robertus lividus, Diplostyla concolor
Microneta viaria

~— p——— Bl ~ Ind.: Diplostyla concolor
Dom.: -

B2 - Ind.: Ceratinella brevis
—— Dom.: Diplocephalus picirus, Microneta viaria
Tapinocyba insecta

: Abacoproeces saltuuwn, Hahnia omonidum
Dom.: Diplocephalus picirus, Lepthyphantes flavipes
Micrometa viaria, Panamomops mengei

: Harpactea saeva, Walckenaeria furcillata
Dom.: Diplocepahalus picirus, Diplostyla concolor
Lepthyphantes flavipes, Micronata viaria

A — Ind.: Ceratirnella bravis, Tapinopa longidens
: Helophora imsignis, Microreta viaria

Bl -1 : Tapinocyba insecta, Robertus neglectus

Dom.: Diplocephalus latifroms, Diplostyla concolor
Lepthyphantes terebricola, Micrormeta viaria
Macrargus multesimus, Tapinocyba insecta

B2 - Ind.: Tapinocyba insecta
- Dom.: Centromerus sylvaticus, Micrometa viaria
Macrargus multesimus

B3 - Ind.: Bathyphantes nigrinus, Gogylidium rufipes

B4 ~ Ind.: Dicymbium tibiale, Bathyphantes nigrirus
Gongylidium rufipes
Dom.: Robertus lividus, Porrhomma pygmasum

Hygrolycosa rubrofasciata

.: Lepthyphantes flavipes
¢ Diplostyla concolor, Lepthyphantes flavipes
— Microneta viaria, Tapinocyba insecta

B f——— C2 ~ Ind.: Atypus piceus, Lepthyphantes flavipes
Dom.: Diplostyla concolor, Lepthyphantes flavipes
Micrometa viaria, Hahnia nava

Figure 2. Dendrograms for a divisive classification using the TWINSPAN algorithm for spring (A) and autumn (B) abundance
data of spider assemblages.

Species indicators (Ind.) as well as dominants (Dom.) are listed for each assemblage group. Borders between assembla;
(A-C) as well as site numbers as in Map 6. s
PucyHok 2. AeHApOrpaMMa PasAeAMTEABHON KAACCMUKALMM C UCTIOABIOBAHMEM aaropurma TWINSPAN pan pecemmux (A) u
ocennux (B) yueros aucaennocru naykos.

Buasi-unamkatops (Ind.) u aomuuants (Dom.) ITPUBEACHB! Ansl KaXKAOH Tpynnuposku. ['paHuys mexay rpynmuposkamu (A-
C) u Homepa Toyek cbopos kak Ha Kapre 6.
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Map 6. Borders between oak forest groupings as revealed upon analysis of spring (A) and autumn (B) abundance data of spider
assemblages using a divisive classification with the TWINSPAN algorithm.

Site numbers as in Map 1, symbols as in Fig. 2.

Kapra 6. I'panmysl Mexkay rpynmuponkamu Aybpas Ha OCHOBE aHAAM3A BECEHHUX (A) u ocennux (B) yueToB uMCAeHHOCTH MTAYKOR
¢ ucrmoas3obanuem aaroputma TWINSPAN.,

Homepa Touex copos kak Ha Kapre 1, ofo3nauenmns kak Ha Puc. 2.
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Moldavian (Map 7b) and zonal (Map 7c¢) lines.
Finally, the central Russian line (Map 7d), differ-
ently expressed in different seasons, is perhaps the
weakest among the araneographic borders of the
East European Plain oak forests.

6. Discussion

6.1. The main patterns of spider species choro-
logy in the East European Plain oak forests

Despite certain misrepresentations due to some
taxa rare in our samples (e.g. the extremely wide-
spread Erigone atra has joined the group of western
forest-steppe spiders), a species classification accor-
ding to their distributions over the East European
Plain oak forests still reflects the main patterns of
spider chorology of the nemoral biome.

Firstly, there are definitely zonal (S, SC, NC)
and definitely (sub)regional (M, U) species. A
regional aspect is likewise present in the distribution
of numerous polyzonal spiders, with their centers of
higher abundance restricted either to the western or
to the central, or to the eastern parts of the forest-
steppe zone.

Secondly, (sub)regionalism appears to be indis-
tinct in “northern” species, whereas a good number
of (sub)regional groupings are distinguishable
amongst the “southern” taxa (M, SC, U). This is
hardly explicable in terms of climatic changes [cf.
Penev et al., 1994], rather historical reasons serving
as the causal basis. Chernov [1975] already noted
that, from south to north, the proportion of zonal
species in animal communities in the Palearctic is
increased at the expense of regionally restricted
species.

Thirdly, the complex pattern of spider chorology
in the East European Plain oak stands is further
reinforced by the fact that oak woods are known to
be extrazonal communities within both taiga and
steppe zones. This determines the presence in the
northernmost and southernmost oak forests of spi-
ders uncharacteristic of oak stands lying in between.
Such species within the range of Quercus robur
mostly inhabit communities other than Querceta,
but join the latter only peripherally, i.e. in the north

and in the south. In terms of the general law of
ambiental smoothing [ Chernov, 1975], with the law
of station change [ Bei-Bienko, 1966] known to be its
particular case, such mesophilous silvicoles as Hah-
nia ononidum, Micrargus herbigradus, the hygro-
philous Trochosa spinipalpis, and the eurybitic
Pachygnatha degeeri occur under the canopy of
“southern” oak forests. Based on literature evidence
[Mikitiuk, 1981, 1984], a southerly penetration of
forest-dwelling spiders reaches as far as the insular
oak (= bairak) stands or artificial spinneys within
the subzone of southern steppes. At the same time,
the northernmost oak stands being largely restricted
to the southern, best insolated, slopes, their spider
faunules contain thermo- and /or xerophilous taxa
such as Phrurolithus festivus, Diplostyla concolor,
Agroeca brunnea, Euryopis flavomaculata, Thana-
tus sabulosus.

6.2. Classification of East European oak forests
as based on the distribution of spider assemblages

Based on an analysis of the spider litter-dwelling
assemblages, we classify the oak forests of the East
European Plain as follows.

1. Moldavian forest-steppe.

2. The zone of mixed coniferous-broadleaved
forests and southern taiga, with (a) western and (b)
eastern subregions.

3. Forest-steppe and northern steppe belts, with
(a) western and (b) central subregions.

4. Cisuralian forest-steppe.

It is of interest to compare the above pattern
of the araneography of the East European Plain’s
neméral biome with data of other authors. In
terms of a historico-faunistic approach to zooge-
ography, the entire spider fauna of the central
part of East European Plain has been considered
by Eskov [1988] as referred to the European
region, with only the Urals standing somewhat
apart and belonging to the transitional West
Siberio-Laplandian region. Out of other schemes
of the Plain’s regioning, Kuznetsov’'s [1950]
zoogeographic one as well as the classification of
forest-steppe oak forests first proposed by Milk-
ov [1950] and later modified upon theriographic

Map 7. Araneographic regioning of the East European Plain as based on spider assemblage distributions in oak forests.
Symbols: Double line — eastern range margin of Quercus robur [after Milkov & Gvozdetskii, 1976] Oak forests: A — Moldavian
forest-steppe, B1 — western and B2 — eastern coniferous-broadleaved forest belt and southern taiga, C1 — western and C2 — central

forest-steppe and northern steppe, D — Cisuralian forest-steppe.

Kapra 7. Apaneorpagmseckoe paiioHupoBatue Bocrouno-Esponeiickoii pasHuHb Ha OCHOBE PacIipeAeAeHs IPYIITMPOBOK ITayKoB

B Aybpasax.

O6o3Hagennsa: ABOWHAA AMHMS - BOCTOUHas rpaHMua apeaaa Quercus robur (mo: Muabkos, ['sosaeykuit, 1976). Aybpass:: A —
MOAARBCKas aecocTens, B1 — 3anasnas u B2 — BocTOYHAS YacTH 30H XBOMHO-IIMPOKOAMCTBEHHBIX AeCOB M 103KHOM Tair, C1 — 3amasnan
w CZ — yeHTpanbHas ASCOCTeNb M cepePHas cremb, D — mpeaypasbckas aecocTenls.
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Table 3.
Tabauya 3.

Comparison between zoochorological classifications of East European Plain oak forests
CorocTaBaeHme 300XOPOAOTMYECKUX Kaaccudukaimii Aybpas Bocrouro-Esporieiickoit paBHUHBL

after Kuznetsov, 1950 after Novikov, 1959 our data
[1Ib. Province of broadleaved and mixed
forests
Subregions: Easternforest
1. Central Russian —
2. Polish — Western forest
IV. Forest-steppe Forest-steppe
Subregions:
L
2. East Ukrainian Western forest-steppe
3. Dnieper-Volga 3. Central
4. Cisvolga Central forest-steppe

5. Transvolga

Cisuralian forest-steppe

4. Transvolga

6. Cisuralian

evidence by Novikov [1959] seem to be most
appropriate.

When compared, all these three schemes are more
or less similar, ours differing in a reduced number of
regional borders and the presence of a central
Russian line (Tab. 3). However, the latter line is not
purely araneographic, as revealed by entomological
and soil zoological evidence. Indeed, considerable
differences in the insect faunas of the oak woods left
of the Dnieper and those of the central forest-steppe
regions have long been noted [Arnoldi, 1953, 1965].
Besides, significant variation has been reported in
the abundance of soil faunistic complexes deriving
from the Moscow and Kursk areas, on one hand, and
the middle Volga flow and Voronezh Area, on the
other [Ghilarov & Chernov, 1975]. All these areas
lie on either side of the line, this being perhaps an
additional argument to its existence. In many cases,
the araneographic borders outlined here also coin-
cide with those drawn by geobotanists [e.g. Gribova
etal., 1980]. However, since no sites in our study are
restricted to the subzone of southern steppes, it
appears impossible to argue Astakhova’s [1978]
opinion that the spider faunas of the Plain’s northern
and southern steppe are markedly different.

Considering the reasons for such a variation
pattern of the spider assemblages of the East
European Plain oak forests, it is noteworthy that

only a single zonal border has been revealed, both
Moldavian and Ural regional borders being the
leading ones. This is perhaps evidence of a particular
role of historical factors in the formation of the
modern spider population of the Plain’s oak forests.
Thus, in explaining why the oak spider assemblages
flaniking the middle Volga flow (sites 39-41) are so
markedly different, climatic variation is hardly
significant enough to be seriously considered. The
same seems to hold true for the oak forests divided
by the Dniester (sites 8-14).

Nevertheless, climatic factors do affect the pat-
terns of spatial variation in the spider assemblages
of the Plain’s oak forests. For example, it seems
sufficient simply to refer here to the presence of both
an araneographic zonal line and zonal distribution
patterns. This problem deserves special attention
and has already been dealt with elsewhere [Penev et
al., 1994].

6.3. Determinism in spider phenological patterns

As noted above, the different seasonal repre-
sentation in species of various distribution patterns
(species groupings 1-9) in the East European Plain
oak forests is important. Numerous “southern” taxa
(22, S, SC) have been discovered solely in spring
samples, and some “northern” ones (24, NC, N)
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only in the autumn (Tab. 2). On the contrary, most
polyzonal species tend to be “multiseasonal”, being
met with both in spring and autumn samples (Tab.
2: PS, P, PN).

The above suggests considerable differences in
the phenology of the constituent taxa. Thus, the
problem arises to outline the degree of stability, or
determinism, of such phenological patterns in spi-
ders deriving from distant parts of their ranges.

Before going further, a clear distinction ought to
be drawn between the patterns of life history and
their modifications. The latter are known to be very
common, attracting special attention of specialists
[e.g. Broen & Moritz, 1963; Palmgren, 1972; Olive,
1981], particularly if the species under observation
display a shorter or longer breeding season in various
parts of the range.

Unlike such modifications, the term “life histo-
ry” focuses on the presence of active adults over
periods of similar thermal regimes. Let us exemplify
the above distinction by several phenologically
relatively well-studied species commonly occurring
in our samples.

In numerous spiders, e.g. Erigonella hiemalis,
Lepthyphantes tenebricola, Savignia frontata, adults
in western Europe, with its largely mild winters, are
met with almost throughout the year [Palmgren,
1976; Thaler et al., 1987; Sechterova, 1990; Heimer
& Nentwig, 1991], whereas in the mountainous
regions of the Urals, where the vegetation season is
restricted to three months only (June-August), they
occur but in July-September [Esjunin, 1991]. Their
maximal abundance is thereby observed usually
within the first half of the warm season. Hence, we
may regard such differences as modifications of a
single spring-autumn life history pattern.

The species we tend to call “winter” are perhaps
even more illustrative. For instance, in southeastern
Europe, Centromerus sylvaticus has been recorded
solely within the coldest months [Klimes & Spica-
kova, 1984; Weiss & Andrei, 1989], in central
Europe already within autumn to spring [Miller &
Obrtel, 1975; Thaler et al., 1987], in the Caucasus
within August to April [Tanasevitch, 1990], in the
Uralsexclusively in autumn [ Esjunin, 1991]. Hence,
a prolonged, moderately cold season seems to extend
the species’ period of breeding activity, whereas a
sharp fall in the mean winter temperatures (in the
Urals) restricts the activity to autumn. We seem to
face modifications of a single phenological pattern
from the typically “winter” to both “autumn-spring”
(extended) and “autumn” (shortened).

A similar pattern is observed in Tapinocyba
pallens in Europe. It occurs from autumn to spring in
central Europe [Thaler et al., 1987; Heimer &

Nentwig, 1991]. In the plain part of southern Fin-
land, this species is multiseasonal, with its activity
interrupted for only a very short time in the middle
of summer, and its maximal abundances are recorded
in October-November [Huhta, 1965, 1971]. In the
mountainous part of southern Finland, T. pallens
females are met with throughout the year, the males
still retaining the midsummer break. In northern
Finland, this species has been reported only within
the second half of summer and in autumn [ Palmgren,
1976]. Very similar phenologies are also known in
Asthenargus paganus, Bathyphantes gracilis, Cen-
tromerus arcanus, Helophorainsignis, Lepthyphantes
cristatus, Walckenaeria cucullata, Hahnia pusilla,
all presumably attributable to a “winter” pattern.

‘However, in some cases, phenological determin-
ism seems to be stronger, with no obvious modifica-
tions from the main pattern. Thus, Diplocephalus
latifrons occurs from spring to autumn in southeast-
ern [Sechterova, 1990] and central Europe [Thaler
etal., 1987] as well as in the Caucasus [ Tanasevitch,
1990]. Such seem also to be Lepthyphantes mengei,
Agroeca brunnea, Bromella falcigera, which appear
to be restricted solely to the warm season.

Hence, despite numerous lacunae in the know-
ledge of spider phenology, we may apparently state
that (1) throughout the species’ ranges, the main
patterns of life history remain the same; (2) modi-
fications of the life history are at best poorly
expressed in the species breeding solely in summer;
and (3) “winter” species seem to be purely “autumn”
in the extremely cold conditions of the Urals, tend
to become multiseasonal in northern Europe, finally
breeding only in winter in western-central Europe.

6.4. Historical background for spider phenolog-
ical determinism.

In botany, the fact of close interrelations be-
tween a plant species’ life cycle and the environmen-
tal conditions that determined its origin in the past
has long been affirmed [Diels, 1918, cited after
Kleopov, 1990]. Similar relationships can be pre-
sumed for animal species as well.

According to the famous Soviet botanist Y.D.
Kleopov whose ideas were published before the
World War II, but remained largely unknown until
the recent memorial publication [Kleopov, 1990:
263], “the development of ecological relations in
European forests amounts to both struggle and
interpenetration of three main cenological groups: a
shade, temperate, hygro- and thermophilous Fagetal;
a photophilous and more cold-resistant Betuletal; and
a photophilous and more thermophilous Quercetal”.
Based on the presumptions that (1) the Recent species
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have largely retained the features of their life cycle
that evolved under the impact of climatic factors in
their origin center(s) and (2) representatives of the
three historical biomes form the bulk of the Recent
European nemoral communities, we attempt to ex-
plain certain particulars in the distribution of spider
phenological patterns in terms of species origins.
However, from the very start we emphasize that this
attempt ought to be understood as highly preliminary
and generalized. .

In Europe, the humid thermophilous forests of
the Fagetal cenotic element (Kleopov’s term) are
perceived to have derived in the Pliocene from the
ancient Turgai flora supposed to have largely been
evergreen and non-seasonal. Accordingly, the repro-
duction strategies in the animals associated with
that type of biome are more likely to have been those
extended throughout the year’s warmer season, the
species mainly being meso- or hygrophiles.

“In Polar lands and elevated regions of moun-
tainous constructions, photophilous formations might
have evolved in the Tertiary... This complex is
termed here as Betuletal cenotic element, it repre-
sents the Arcto-Tertiary genetico-historical element
sensu A. Engler (1879-1882) and J. Podpera (1925)”
[Kleopov, 1990: 263]. A fauna restricted to a
Betuletal biota could have originated in the condi-
tions of constant cold. Animals deriving from such
areas are likely to have become adapted to the year's
coldest season. At the present, such seem to be
typical winter-breeding species, in certain particular
cases joined by autumn or autumn /spring taxa.

In the conditions of a Quercetal cenotic element
presumed to have been formed in the Mediterranean
(s.1.) inthe end of the Pliocene [Kleopov, 1990], the
leading factors determining species biology seem to
have been both aridity and warmth. Such animals
would typically breed over the warmest season, with
a more or less well-expressed inclination to xeroph-
ily. Their phenological modifications are likely to
have been spring-summer or summer-autumn spe-
cies. Perhaps spring ephemers join this group as
well.

It is quite natural to presume that each of the
cenotic / phenological groups should be somehow
restricted in range. Indeed, the species of a Quercetal
biota would rather display preponderance to the
Mediterranean. It seems next to impossible to there
attribute a Holarctic and /or even a boreal trans-
Palearctic species. On the contrary, species Betule-
tal in origin are more likely to be trans-Palearctic
and even Holarctic in distribution. Among Fagetal
elements, species can be supposed to be largely
European, although some ancient subboreal trans-
Palearctic ranges and amphi-Palearctic (= Euro-Far

Eastern) disjunctions can be possibly attributed to
that complex as well.

Based on the above, we distinguish three main
patterns of spider life cycle: (1) summer species
associated with a Quercetal cenotic element, charac-
terised by an inclination to the Mediterranean as
well as to thermo- and xerophily; (2) multiseasonal
species (spring-summer-autumn) representing a
Fagetal biome, thermo- and hygrophilous, with a
European or a subboreal trans-Palearctic distribu-
tion pattern; and (3) winter, Betuletal-biome, spe-
cies resistant to warmth deficit, with preponderance
to vast ranges (Tab. 4).

As one can notice (Tab. 4), multiseasonal spiders
are numerous in both “northern” and “southern”
species groups compared. So far as the ecological
preferenda of these forms are known, all are charac-
terised by meso-, hygro- or thermophily. “The
present-day climatic situation provides the victory
for the first group [i.e the Fagetal cenotic element],
that is why its representatives are most widespread
in the modern broadleaved forests despite their
being genetically most ancient” [Kleopov, 1990:
263].

The active penetration of Betuletal species into
the nemoral biome seems to have been possible due
to their preadaptation to cold. They might have
become ecologically diverged from there better
adapted Fagetal forms due to heterochrony. Their
southward penetration seems to be restricted by the
increasingly shortened cold season, the latter grow-
ing too short to ensure a breeding period free from
competition with the truely nemoral taxa.

Summer species characterised by thermo- and /
or xerophily can be apparently regarded as represen-
ting a Quercetal biome in our samples. Their
restricted number in this study might be due to the
fact that our survey covered solely mesophilous oak
stands. One can therefore expect their higher pro-
portions in the southern, xerophytous (= bairak),
oak forests.
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Table 4.

Tabauya 4.

Phenological and distribution patterns as well as ecological characteristics of spiders inhabiting oak forests within
the forest and forest-steppe zones of the East European Plain.

Tunsr deHoaornmu 1 apeasos M IKOAOTHYECKME XaPAKTEPUCTUKH NAYKOB, HACEASIOWMX AYOPaBbl B IIPEACAAX 30HBI ACCOB
u aecocreri Bocrouno-Esponefickoil paBHUHBL

Specf'es Phenological patterns
groupings
(s. Tab. 2) “summer” polyseasonal (spring-autumn) “winter”
‘s?;_'t_};::? Abacoproeces saltuum |E Moebelia penicillata E Syedra gracilis E
Bromella falcigera E |t |Panamomops mengei  |E
Trichoncus affinis E Tapinocyba biscissa E
Walckenaeria furcillata [E |t  |Trichoncus vasconicus  |E
Xysticus cambridgei E Trichopterna cito E |t
Phrurolithus festivus WP |X,t |Ceratinella scabrosa P
Cicurina cicur (7) P
Gonatium rubellum P |Hh
Neon reticulatus P |Hh
“ntzrr:lg)m ’ Centromerus sellarius  |E Asthenargus paganus E
Diplocepablus latifrons |E  |H |Dicymbium tibiale E |H
Lepthyphantes E  |Hh |Habnia pusila E [H
L. minutus (7) EA Lepthyphantes cristatus  |E
Erigonella hiemalis ES |H |Mioxena blanda E
Savignia frontata ES |H |Tapinocyba pallidup E |Hh
Agroeca brunnea P |Hh |Walckenaeria cucullata |E |Hh
Lepthyphantes mengei |P |Hh |Centromerus arcanus ES [H
Porrhomma pallidum ES |H
Walckenaeria obtusa ES |H
Dicymbium nigram WC|Hh
Bolyphantes alticeps P |Eu
Bathyphantes gracilis (7 ){H [H
Ero furcata H [H
Helophora insignis H [Hh
Centromerus sylvaticus |H |H

Abbreviations: Eu — Euryhygric, H — Hygrophilous, Hh — Hemihygrophilous, X — Xerophilous [after Huhta, 1971; Miller
& Obrtel, 1975], t — Thermophilous [after Thaler, 1985]. Distribution patterns: E — European, EA — European-American, WP
— western Palearctic, WCP — west-central Palearctic, ES — Euro-Siberian, H — Holarctic.

O6oanauennn: Eu — appururpo6uont, H — rurpodun, Hh — remururpodmn, X — xkcepodun [no: Huhta, 1971; Miller &
Obrtel, 1975], t — Tepmodun [no: Thaler, 1985]. Tunbi apeanos: E — esponeiickuii, EA — eBponeiicko-amepukanckuii, WP —
3anagHonaneapktdeckuii, WCP — sanagno-uentpanbHonaneapktuyeckuii, ES — esponeiicko-cubupceknit, H — ronapktuyeckuii.
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Appendix 1.

[Mpuaoskerne 1.

TWINSPAN table of the spider assemblages based on species abundances using the default-cut levels (0 2 5 10
20) (see also text).

Tabanyga TWINSPAN Aast rpynnmpoBOK MayKoB Ha OCHOBE YMCAGHHOCTM BUAOB C MCIIOAB3OBAHUEM YpOBHEwH
orpybaerns (0 2 5 10 20).

Vertical numbers above correspond to those in Map 1 and represent the sites. Numbers in the table are species abundance
estimates according to the above five levels. Letters on the right are species groupings.

Beprrkanbhbie uMdpbl Haa TabaHueli o6o3nayaloT TakoBble Ha KapTe 1 M cOOTBETCTBYIOT HOMEpPAM TOHEK c6opa MaTepHana.
Lindppbi B TabKIIE 03HAYAIOT OLEHKY YHCIEHHOCTH M0 BbillieyNOMAHYTO NATHOATbHOT HmIKae. BykBbl cripaBa - rpyNMUPOBKH BU/IOB.

Numbers of subregions from west to east
Homepa cy6perioHOB ¢ 3anasa Ha BOCTOK
1 2 } 3 4
Site numbers
Homepa Todyex cbopa
1111| _24_33333333__3_ 123 | __ 2212222112112 |444444
1234 | 57171782345046690000 | 2318955134780692 | 045623
Atypus piceus -2-- - 000000
Harpactea rubicunda 2-1- 000000
H. saeva 2421 - 000000
Centromerus serratus 1221 000000
Lepthyphantes mansuetus -11- 000000 M
Habnia nava 2432 -1 000000
Amaurobius pallidus 12—- 000000
Clubiona comta -1—— 000000
Tapinocyba biscissa 1—— 1- 000001
Neon reticulatus 1—— 1 000001
Walckenaeria furcillata 1--2| —-1 1 00001 S
Trichoncus affinis 1-22 | ———--3--2-121 00001
Brigittea vicina 3 1-22 00010
Bromella falcigera -1— 21 00010
Ceratinclla scabrosa ——| ———— 1-132 2 ---1--100010
Erigone atra o 1- 00010
Gonatium rubellum 2——— 00010
Micrargus herbigradus S 1-233—- 00010
Syedra gracilis -3 1 00010 SC
Thyreosthenius parasiticus 11-—- 00010
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Numbers of subregions from west to east
Homepa cybpernoHoB ¢ samaja Ha BOCTOK
1 2 [ 3 4
Site numbers
Homepa Touek cbopa
1111 | _24_33333333_3__ 123 | __ 2212222112112 |444444
1234 | 57171782345046690000 | 2318955134780692 | 045623
Troxochrus scabriculus 1 00010
| Pachygnatha degeeri 2-—— 00010
Pardosa lugubris 1 00010
Cicurina cicurea 11 00010
Ceratinella wideri -1 1 00011
Gongylidiellum latebricola 1 1-- 00011
Agyneta conigera -1 00011
Bolyphantes crucifer 1 00011
Trichoncus vasconsinus -1 00011
Clubiona pallidula -1 1 00011
Crustulina guttata ——==11-1-—-3 0010
Enoplognatha sp. 1 0010
Abacoproeces saltuum -——2| 1-—22232-13 1 0010
Moebelia penicillata 1 0010 S
Trichopterna cito 1 0010
Trochosa spinipalpis 1 0010
Haplodrassus soerenseni 1 - 0010
Xysticus cambridgei 1 0010
Entelecara acuminata - —2-11—1-1-11-— 0010
Habnia ononidum ————| 2-2-2341212-23——1—- -—-2-—-10010
Phrurolithus festivus - -2—12-11-1--1-2—1 1-— 0010
Panamomops mengei 1——| 113-234441-3-4-1 1 21--1-{0010
Walckenaeria antica -— 2-11-211—————- 221-11 [——12 1|0010
Dictyna uncinata —_—| ——— 1 11 2- 1-— 0011
Nigma flavescens 24 3—1-2-|2 0011
Diplocephalus picinus 2-24 | ——2242-33222442424-2 | 3——11-——-3212-2 |——2-- (0011
Pirata hygrophilus ——] ————— 111 1 0011 PS
Haplodrassus silvestris -1-1|-—- 1--12-211-2——— |—1-- 1 0011
Zora spinimana ——|-1-2 1 1——- 0011
Lepthyphantes flavipes 3433 | 31-23232--2-311241—— 43 0011
Ogzyptila praticola 1-—-2| ——2--22-———- 132-12— |——12— 22- 01
Ballus depressus 2 131-2 -1 1 1141 1101
Centromerus aequalis 2 32 -—3-—2-—-1-—=|-—— 01
Clubiona germanica 1 1— 01
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Numbers of subregions from west to east

Homepa cybpernoHoB ¢ 3amaaa Ha BOCTOK

1] 2 3 4
Site numbers
Homepa Touek cbopa
1111| _24_33333333__3__123 | __ 2212222112112 |444444
1234 | 57171782345046690000 | 2318955134780692 | 045623
Clubiona lutescens 1 1— 01
Trochosa terricola 1 2 2101
Tapinocyba insecta ——=1| 31— 1-22-222551-- 14122131 01
Walckenaeria atrotibialis 1 1-- 1-1{01
Maso sundevalli 1—| —-221-21 -1-1-2————————— |- 1—101 P
Microneta viaria 2554 | 53342-42-22245343423 |5455543-211———— 3-—1-1101
Agyneta rurestris 1-— 1 -—2—10
Ceratinella brevis -=1-| 111 3123--2 |---3-11--—-2-—-11-2133 |10
Thyreosthenius biovatus --1 -—11—10
Marpissa muscosa -1-- 1 10
Theridion pallens 1 1 10
Lepthyphantes angulipalpis 221 1 2 --133-2 1[10
Porrbomma pygmaeum 2 3—- 10
Trematocephalus cristatus -1 2 2 —-21 1112 10
Diplostyla concolor 143-| ————— 1-2144-- [14-24--22-232122 |1———1110
Clubiona caerulescens -1==] -1 —-11 1-——|2----2[110
Zora nemoralis 1 1 11110
Robertus lividus -8——| —-2——-1-=-----1-22-23 |232222214-2133--|212—-1 110
Bathyphantes nigrinus 2-21 2 2-211-1——|—~—— 110 PN
Macrargus rufus 11--| ——————-1-1--2212212- |5544321-——1-————|-11-—|110
Pachygnatha listeri ————]-—12 1-|-1-212——11-1——= | === 110
Anyphaena accentuata —— ] 1 2- 110
Gongylidium rufipes 1 2 21-222-1—— |—————- 110
Erigonella hiemalis 11— 11100
Lepthyphantes cristatus 1 -1-—1-——1--21- |- 11100
Porrhomma montanum 1 11100
Savignia frontata 1-- 11100
Hygrolycosa rubrofasciata 3—- 11100
Xysticus lanio 1— 11100
Dicymbium nigrum 31 1 11100
Erigone dentipalpis 1 1- 11100
Asthenargus paganus -1 11101
Centromerus arcanus -1-—1 11101
C. sellarius -2 11101
Diplocephalus latifrons 2 51---2 11101
Floronia bucculenta 1 11101
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Numbers of subregions from west to east
Homepa cybpernoHOB ¢ 3amaja Ha BOCTOK
1 2 3 4
Site numbers
Homepa Touex cbopa

1111| _24_33333333__3__ 123 | __ 2212222112112 | 444444

1234 | 57171782345046690000 |2318955134780692 | 045623
Porrbomma pallidum -1 11101
Walckenaeria cucullata -1 11101 NC
Clubiona terrestris 12 11101
Ero furcata -1— —-21 1-1 11101
Robertus insignis 1 11101
Allomengea vidua 1 11101
Bathyphantes gracilis 2 11101
Centromerus sylvaticus 1-—1 1-—- |2-33332212---2-1|1-3— (11101
Dicymbium tibiale 2 1—— 11101
Lepthyphantes minutus 1 11101
Macrargus multesimus --52222 1111101
Mioxena blanda —1 1 11101
Tapinocyba pallens 23 2-- 11101
Walckenaeria obtusa 1 11101
Pachygnatha clercki 2 1 11101
Zora armillata 1 11101
Euopbrys erratica 1 11101
Robertus neglectus 1 12 1 2 11110
Lepthyphantestenebricola 1 242 1 213 11110
Habnia pusilla -1 2-13 22- 11110
Bolyphantes alticeps -—1—1211-—1--2-3--- 111110
Agroeca brunnea —1-1——=1————— --1-—-1|11110 N
Helophora insignis —1 --22321222-————— 44351- (111110
Lepthyphantes mengei -2—1 2-4--1|111110
L. nigriventris 11-2-1--——-|2-21-1 111110
Euryopis flavomaculata -—=1-=1111111
Agyneta subtilis 1-111111
Glypbhesis sp. -1--12§111111
Lepthyphantes pallidus -1 -—11-11111111 U
Tapinopa longidens -1 -1 2-1—— (111111
Zelotes subterraneus -—1-1-|111111
Thanatus sabulosus 1 1111111

0000| 00000000000000000000 |1111111111111111 111111

0000| 11111111111111111111 | 0000000000000000 | 111111




