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Foreword

The 22" European Colloquium of Arachnology was held in the Bulgarian town of Blagoevgrad,
from 1-6 August 2005, accommodated in the buildings of the American University. The meeting
was organized by the Institute of Zoology and the National Museum of Natural History (both part
of the Bulgarian Academy of Sciences), under the aegis of the European Society of Arachnology
(ESA). Participations from 28 countries — 96 scientific delegates and 19 accompanying persons
attended the colloquium, which was officially opened by Dr Seren Toft — President of ESA, in
the presence of the university authorities. The traditionally week-long meeting involved four full
scientific days and a mid-week colloquium excursion. Including plenary sessions, there were 49
oral scientific presentations and 36 posters on display. The invited speakers gave thorough lectures
on fields such as paleoarachnology (Jason Dunlop), ecology (Jean-Piere Maelfait), systematics
(Matiaz Kuntner) and biogeography (Carles Ribera). The colloquium excursion took the partici-
pants to the region of the picturesque Melnik town and Rozhen Monastery, where except for the
cultural program, all delegates were given opportunities to collect spiders and other arachnids in
sandy and xerothermic sites. At the end of the excursion there was a reception in the wine cellar
of a house with typical Bulgarian architecture. The colloquium dinner took place in a traditional
Bulgarian restaurant where the guests tasted typical Bulgarian meals and listened (and danced)
to Bulgarian folk music. During Friday’s closing session prizes for the best student presentations
were handed out, and ESA representatives thanked the organizers for their work. The General
Assembly Meeting of ESA decided the next 23" Colloquium of Arachnology to be held in Bar-
celona, Spain in 2006.

The present volume presents the proceedings of the 22" European Colloquium of
Arachnology. It comprises 32 scientific articles by 61 authors and covers the following topics:
paleontology, morphology, taxonomy and systematics, ecology, biogeography, faunistics and
parasitology. We are very thankful to all referees for providing professional and timely reviews of
all manuscripts submitted for publication to Acta zoologica bulgarica. We hope that the diverse
topics of the articles and their high scientific quality will make this issue pleasant, interesting and
useful reading not only for all arachnologists but also to general ecologists and biologists.

The Organizing Committee members (Christo Deltshev, Petar Beron, Stoyan Lazarov, Plamen
Mitov, Gergin Blagoev, Pavel Stoev, Boyan Petrov, Toshko Ljubomirov, Mario Langourov, and
Silviya Tosheva) took on the task of all colloquium related duties. The logo and the web site were
created by Stanislav Abadjiev, to whom the organizers are especially indebted. Very important
for the social program and the accommodation was the help of Vlada Peneva (Central Labora-
tory of General Ecology, BAS), Velin Radenkov (St Kliment Ohridsky Sofia University), Rayka
Georgieva, Alexander Pulev (Blagoevgrad Regional Museum of History) and Nadya Afendova
(American University, Blagoevgrad). We express our gratitude to all that helped in the meeting’s
organization and proceedings publishing, as well as to the invited speakers and session leaders
for making the colloquium interesting and smoothly running. We especially acknowledge the
financial and kind support of the following companies and NG organizations: European Society
of Arachnology, Gradus — Panagyuriste, Amarea Ylsor — Sofia, Optics — Panagyuriste, Asen
Nikolov Foundation — Sofia, Bulgare Foundation — Sofia, Rajna Knyaginya — Panagyuriste, and
Nikola Kaymakov — Panagyuriste. To all those who attended the meeting we express our thanks
for the presentation of interesting lectures and posters, and for the all unforgettable moments that
we shared together. We look forward to meeting you again at the 23 Colloquium of Arachnol-
ogy in Spain.

Christo Deltshev
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IN MEMORIAM

KONRAD THALER

19" December 1940 - 11* July 2005

In the middle of the summer of 2005 we received the
sad and unexpected news of the death of our colleague
and friend Konrad Thaler. He died on the 11% of July
2005 when leading a student excursion in the Alps near
Innsbruck, the region he knew so well and which was so
much “his” territory. He was born in Innsbruck and has
lived there whole his life. He was preparing for his retirement early 2006 and making plans
how to continue with his work on spiders.

With Konrad Thaler we have lost not only a dear friend and good colleague but also a
leading arachnologist. His earliest publication on an arachnological subject dates from 1963.
It grew into a steady stream of papers on taxonomical and zoogeographical subjects, some
of which still are appearing posthumously. It shows how much he was taken in the middle of
active life. The Alpine fauna had his deep interest and he studied the spiders of that mountain
range as well as the harvestmen, myriapods and flies. He liked to work together with others
and thus his list of publications, recently published in the Arachnologische Mitteilungen 21,
comprises 220 papers many of which were written in cooperation with other arachnologists.
His “oeuvre” covers many different subjects which reflects his broad interest in biology.
He strongly contributed to the knowledge of the spider fauna of his own homeland Austria
in the first place, directly by studying the spiders himself as well as indirectly by inspiring
students and others to work on this group of animals. Gradually he was aiming at a complete
overview of the Austrian spider fauna which early this century resulted in his contribution to
the checklist of the spiders of several countries in central and western Europe on the internet.
Konrad hated to simply repeat old records and was only willing to include data when he was
convinced of their correctness. With his wife Barbara he undertook many trips to Greece
and published on the species they found there. His taxonomic work was also not restricted
to Austria but focussed on the European fauna. He also showed much interest in the history
of arachnology and loved to unravel ancient publications and carry out a thorough exegesis
of what the old masters wrote. He would be the last person to deny that he wanted to work
on spiders every available hour on every available day for as long as he could.

We all have loved Konrad with his gentle manners, such a gentleman and always help-
full. We could always rely on his enormous experience and knowledge of spiders and his
willingness to share it with others. He loved to work with students and train them to carry
out research properly. When visiting his office in the Zoological Institute in Innsbruck it soon
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became clear how many people were in frequent contact with him and sought his advice or
help. His laboratory always had that warm and pleasant atmosphere and was the inspiring
place for many projects. We will not easily forget him. Konrad participated in most collo-
quiums of the European Arachnological Society and also of the International Arachnological
Society, the former Centre International d’Arachnologie (C.I.D.A.), of which he acted as
president from 1986-1989.

At the General Assembly of the European Society of Arachnology during the 22" Col-
loquium on Arachnology in Blagoevgrad, Bulgaria, he was commemorated and a moment
of silence was duly respected as a farewell.

P. J. van Helsdingen
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New ideas about the euchelicerate stem-lineage

Jason A. Dunlop'

Abstract: Historically, various early Palacozoic arthropods have been assigned to the fossil stem-lineage
of Chelicerata. These include Trilobita and/or a number of extinct taxa belonging to the Arachnomorpha;
most of which resemble Xiphosura (horseshoe crabs). However, many of the characters supporting Arach-
nomorpha fail when applied to Arachnida or Pycnogonida (sea spiders). Pycnogonida resolve either as basal
Chelicerata or as sister-group to all other Euarthropoda. Furthermore, a new palacontological hypotheses
is reviewed here which identifies an assemblage of Cambrian ‘great-appendage’ arthropods (alternatively
named protochelicerates or megacherians) as potential stem-group chelicerates. Significantly, these fossils
have a robust pair of anterior head appendages and show a possible trend by which they became increasingly
raptorial — approaching the condition of the chelate chelicerae. Homology of appendages at the ‘head’ end
of arthropods remains highly controversial, but recent data suggests that chelicerae are homologous with the
(al) antennae. Thus in the scenario presented here euchelicerates did not lose (and indeed never had) long,
sensory antennae, but probably evolved their chelicerae from a leg-like pair of uniramous appendages. The
head region of the ‘great-appendage’ arthropods is not a prosoma, but may be segmentally homologous with
an anterior body region associated with four pairs of appendages occurring in pycnogonids, many mites
(Acari) and in arachnids with a divided carapace, or propeltidium.

Key words: Arthropoda, Chelicerata, stem-lineage, fossil, phylogeny, tagmosis

Introduction

Textbook accounts of Chelicerata usually recognise three major clades (or classes): Arachnida,
Merostomata and Pycnogonida. Arachnids and merostomes together form the Euchelicerata WEy-
GOLDT, PAauLus, 1979; the monophyly of which seems to be one of the most stable and convincing
results in arthropod phylogeny (GIrIBET, RiBERA 2000). Resolving euchelicerate ancestors from
the fossil record has proven more challenging. Extinct arthropods like trilobites, and a number
of other early Palaeozoic fossils which resemble both trilobites and horseshoe crabs, have often
been proposed either as the oldest record of chelicerates, or as members of their immediate
stem-lineage. Well preserved examples of these fossils often bear antennae — as opposed to che-
licerae — leading to the assumption that chelicerates must have lost their antennae in the course
of evolution (e.g. STURMER, BERGSTROM 1978). These putative stem-lineage chelicerates include
Trilobita (in particular the Olenellida group), Aglaspidida and Cheloniellida (see below). Some
of these fossils were traditionally grouped with chelicerates under the names Arachnomorpha
HEIDER, 1913 or Arachnata LAuTErRBACH, 1980. Nevertheless, the monophyly of Arachnomorpha
has proven difficult to justify, since many of its putative synapomorphies are at best only appli-
cable to trilobites (and similar-looking creatures) and horseshoe crabs — and not to arachnids and
pycnogonids (ScHoLtz, EDGECOMBE 2005).

Euchelicerata must have a sister-group. Among living taxa, Pycnogonida (sea spiders) remain
the strongest candidate by virtue of their chelate chelifores. However, recent studies (summarised
by DunLop, ARANGO 2005) have reduced the number of synapomorphies supporting the traditional

! Museum fiir Naturkunde der Humboldt Universitdt Berlin, Invalidenstra3e 43, D-10115 Berlin, Germany.
E-mail: jason.dunlop@museum.hu-berlin.de
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concept of Chelicerata (see below). Other authors resolved pycnogonids as sister-group to all other
(living) arthropods (e.g. ZrzAvY et al. 1998). With respect to fossil arthropods, an important new
hypothesis — reviewed here — has emerged (BousrieLp 1995, CHEN et al. 2004, CotTON, BRADDY
2004) which recognises a number of so-called ‘great-appendage’ fossil arthropods as potential
members of the chelicerate stem-lineage. The attractiveness of this new proposal is that if recent
data (see e.g. ScHorTz 2001, MittMANN, ScHoLTz 2003) showing the chelicerae and (al) antennae
to be homologous appendages is correct, there is no need to invoke the loss of antennae during
chelicerate evolution. Nor must we assume the transformation of a long, flagelliform, sensory limb
into a short, claw-like feeding limb. Starting from an ancestor with a fairly generalised anterior
head limb (cf. WaLozsEk et al. 2005), a logical sequence can be traced among these ‘great-ap-
pendage’ fossils whereby the first (al) head limb reduces or consolidates the number of articles
and becomes more compact and raptorial; eventually approaching the chelate condition seen in
horseshoe crabs and (basal) arachnids.

Results and Discussion

Major Issues in Arthropod Phylogeny

Arthropoda sensu lato is conventionally divided into the Euarthropoda and their stem. This stem-
lineage includes the Recent Onychophora (velvet worms), Tardigrada (water bears) and, probably,
Pentastomida (tongue worms). It also includes large, predatory extinct animals usually called
anomalocaridids (cf. Hou et al. 1995, CorLins 1996) and early onychophoran-like fossils usually
known as lobopodians; see e.g. RamMskoLD, CHEN (1998) for an overview of the latter. Relation-
ships among these stem-taxa remain largely unresolved, but there is clearly an accumulation of
arthropod characters grading towards the euarthropod condition: i.e. a fully sclerotised body with
legs attaching via a well-developed coxa (or basipod) and the beginnings of a recognisable head;
see e.g. Bupp (2002), BErGsTrROM, Hou (2003) and WALoSZEK et al. (2005) for recent discussions
and alternative evolutionary scenarios. Euarthropoda thus includes Chelicerata, Myriapoda, Hexa-
poda and Crustacea, as well as many extinct, fossil forms. Of these, Trilobita are the most familiar
by virtue of their high diversity (over 10,000 described species), long geological range (ca. 275
million years) and easily preserved, calcified exoskeleton. However, they are only one branch of
a much wider group of extinct euarthropods, most of which lack a mineralised exoskeleton and
are known primarily from a handful of localities yielding extraordinary preservation. Numerous
names have been applied to trilobites plus these similar-looking forms, of which Trilobitomorpha
STORMER, 1944 is probably the most widespread. The sub-group Arachnomorpha (see above) largely
encompass the most horseshoe crab-like of these trilobitomorphs. Indeed some arachnomorphs
were initially regarded as chelicerates and referred explicitly to Merostomata in their original
description (see e.g. WALcoTT 1912).

Three main hypotheses concerning relationships among the Euarthropoda can be found in
the current literature. In brief, a number of studies drawing heavily on palacontological data have
supported (Chelicerata + Crustacea). This TCC (trilobite-chelicerate-crustacean) or Schizoramia
hypothesis (Fig. 1) (e.g. Hou, BErGsTROM 1997, EMERSON, ScHrRAM 1997, WILLs ef al. 1998)
recognises the biramous limbs of chelicerates (and trilobitomorphs in general) and crustaceans,
as well as some similarities in their embryological development. Alternatively, some molecular
data supports (Chelicerata + Myriapoda). This Myriochelata or Paradoxopoda hypothesis (Fig. 2)
(e.g. MALLATT ef al. 2004 and references therein) has been recovered in a number of studies, but
so far has relatively little morphological support. Probably the most widely accepted recent result
based on combined morphological and molecular data (e.g. EDGECOMBE et al. 2000, GIRIBET et al.
2001) recognises (Euchelicerata + Mandibulata) (Fig. 3). The mandibulates encompass myriapods,

10
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Chelicerata
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Figs 1-3. Alternative hypotheses in the recent literature for the position of the Chelicerata (see text for de-
tails): 1 - Trilobita + Chelicerata + Crustacea, (= Schizoramia or ‘TCC’ clade); 2 - Chelicerata + Myriapoda
(= Paradoxopoda or Myriochelata); 3 - Chelicerata + Mandibulata. Hypothesis 3 seems to have the most
widespread support based on current data, although its proponents have, in most cases, not tried to integrate
fossil taxa into their analyses.

hexapods and crustaceans —all of which are united by a putatively homologous mandible (see e.g.
Scrortz 2001). The position of the Pycnogonida (sea spiders) relative to this scheme is discussed
below, but it is also worth noting that most of the studies yielding (Euchelicerata + Mandibulata)
or Myriochelata/Paradoxopoda have not tried to integrate fossil arthropods.

Trilobita and Chelicerata

Superficial similarities between trilobites (Fig. 4) and horseshoe crabs (Xiphosura) are self-evi-
dent. The fact that both the early instars of living horseshoe crabs and the adults of many fossil
xiphosurans express trilobite-like segmentation has also long been recognised (e.g. Lockwoob
1870). Even today the hatching instar of horseshoe crabs is called the ‘trilobite larva’. LANKESTER’S
(1881) classic paper firmly established the fact that horseshoe crabs were related to arachnids —and
not crustaceans. In LANKESTER’s studies, both xiphosurans and trilobites were included within
Arachnida; which he divided into a Nomomeristicia grade (euchelicerates and subsequently also
pycnogonids) where the segmentation is fairly stable, and Anomomeristicia (trilobites) where seg-
mentation is highly variable. LANKESTER’s scheme was not widely adopted, but trilobites continue
to be implicitly grouped with chelicerates — even in modern zoological textbooks (e.g. GRUNER
1993). Some cladistic analyses have also recovered (Chelicerata + Trilobita) (e.g. WHEELER et
al. 1993), albeit when the diversity of fossil arthropods was ignored and trilobites were the only
fossil terminal included.

Olenellid Trilobites

Raw (1957) considered chelicerates to be derived from a hypothetical ancestor of the so-called
olenellid trilobites. Olenellids (olenellines is some classifications) (Fig. 4) are a Cambrian group
whose most distinctive feature is the fact that the moulting, or facial, sutures of the cephalon
(= head shield) run around its margin, and not across the cephalon to form the so-called free
cheeks characteristic for other trilobite heads. Much of Raw’s evidence for his hypothesis has
been superseded by recent work on head segmentation and the homology of the anterior append-
ages. His paper also relied on a rigid concept of “‘merocyclism’ in which the postcephalic regions
of both trilobites and chelicerates could be characterised into regular patterns of either fifteen,
twelve, nine or six segments. Enough deviations from this scheme can be observed among both
euchelicerates and trilobites to regard this hypothesis with suspicion, but Raw did make some valid

11
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Figs 4-6. Sketch reconstructions of some of the putative members of the chelicerate stem-lineage previously
suggested in the literature: 4 - Olenellus thompsoni (Trilobita, Olenellida) after LauTerBACH (1980, fig. Sa);
5 - Aglaspis spinifer (Aglaspidida) after HEsSeLBO (1992, fig. 26-1); 6 - Cheloniellon calmani (Cheloniellida)
after STURMER, BERGSTROM (1978, fig. 2). Not to scale. These taxa form part of a wider group of arthropods
usually referred to as Arachnomorpha or Arachnata; the monophyly of which has recently been drawn into
question (ScHoLtz, EDGECOMBE 2005).

observations, such as the fact that chelicerates are more ‘primitive’ than mandibulate arthropods
by virtue of the fact that they still use most of their head appendages for walking.

LauterBacH (1980, 1983, 1989) recognised an Arachnata clade comprising chelicerates and
trilobites. Most controversially here, Trilobita was no longer considered monophyletic. Again the
olenellids were the key group and were separated off from the remaining trilobites. LAUTERBACH’S
Chelicerata was thus divided into (Olenellida + Chelicerata sensu stricto). Three rather complex
synapomorphies were proposed in support of this hypothesis: (1) a ‘prothorax’ of 15 segments
behind the cephalon, whereby if thoracic segments 1-2 have become incorporated into the che-
licerate prosoma then this character could effectively be scored as a 13-segmented opisthosoma,
(2) amacroplural third thoracic segment, i.e. the first opisthosomal segment in chelicerates should
be noticeably wider, and (3) a long, median spine on the 15" trunk segment of these trilobites,
implicitly homologous with the chelicerate telson. Lauterbach’s scheme — heavily based on his
own hypothetical groundplan constructs — has found little support in the literature; but see Ax
(1987) and WEvGoLDT (1998). It was explicitly rejected by Haun (1989), FOrRTEY, WHITTINGTON
(1989) and RamskoLp, EpGgEcoMBE (1991), all of whom articulated numerous autapomorphies
for Trilobita while drawing attention to the weakness of Lauterbach’s synapomorphies, such as
the fact that axial spines and macropleural segments have evolved in different places in different
trilobite taxa.

From a chelicerate perspective, the three proposed synapomorphies also deserve discus-
sion. A thorax of 15 segments (= an opisthosoma of 13 segments) has some merit in that there
are chelicerates, such as scorpions, apparently with 13 opisthosomal segments (DunLor, WEBSTER
1999). However, segment numbers are variable across the different euchelicerate orders and we
have no obvious way to determine which of these patterns represents the ancestral condition. The
median spine/telson homology is conceivable, but lacks explicit morphological support. Lots of
arthropods have a telson. A macroplural third segment (= opisthosomal segment 1) is by far the
weakest character. The trend, if anything, among chelicerates is to reduce or modify this segment;

12
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the narrow pedicels of spiders and some other arachnids being a case in point. Lauterbach offered
no clear example of an unequivocally ‘macroplural’ euchelicerate. In summary, none of his ole-
nellid/chelicerate characters are particularly convincing and better evidence for a monophyletic
Trilobita has been presented.

Aglaspidida

Aglaspidida (Fig. 5) are a group of mostly Cambrian arthropods, which (like trilobites) at least
superficially resemble horseshoe crabs. HesseLBo (1992) provided a valuable overview. The
monograph of Raasch (1939) referred Aglaspidida to Merostomata based on one well-preserved
specimen interpreted as showing six pairs of prosomal appendages, the first of which was suppos-
edly chelate. For this reason it is still possible to read about horseshoe crabs being classic ‘living
fossils’, unchanged since the Cambrian. In fact there are no unequivocal Cambrian horseshoe
crabs and a putative Ordovician stem-xiphosuran (or stem-chelicerate according to DUNLOP, SELDEN
1998) turned out not to be an arthropod at all (Moore, Brabppy 2005). The oldest unequivocal
Xiphosura are Silurian in age (e.g. MOoRE et al. 2005), while the oldest modern-looking crown-
group examples — assignable to the extant clade Xiphosurida — come from the Carboniferous
(ANDERSON, SELDEN 1997). On current evidence some arachnid orders (Acari, Opiliones, Pseudo-
scorpiones) with modern-looking Devonian representatives are better examples of ‘living fossils’
than horseshoe crabs.

Raasch’s merostome interpretation of Aglaspidida was widely accepted in the subsequent
literature (e.g. SToRMER 1944). The hypothesis that Aglaspidida are specifically the sister-group of
the remaining chelicerates owes much to the influential cladogram of WevyGoLDT, PAULUS (1979).
In this paper they broadly accepted Lauterbach’s hypothesis (see above), recognising a scheme of
the form (Trilobita (Olenellida (Aglaspidida + Euchelicerata)))). Aglaspidids and euchelicerates
were grouped together based on four putative synapomorphies: (1) reduced antennae, (2) chelate
chelicerae, (3) two thoracic segments fused to the head to form a prosoma and (4) a predatory
mode of life. However, in the same year BRrIGGs et al. (1979) re-examined the key specimen of
Aglaspis spinifer RaascH, 1939 from the Late Cambrian of Wisconsin, which was supposed to
show chelicerate characters. BRIGGs et al. concluded that in fact it had only four, or at most five,
pairs of head appendages and that the first pair was not demonstrably chelate. HesseLBO (1992)
confirmed this view, suggesting that the first pair of appendages were probably antenniform in
life. These studies thus undermine the first three synapomorphies, while the fourth relates to
behaviour and cannot be adequately tested in a fossil. Weygoldt and Paulus’s hypothesis still
commands some support in the literature (Ax 1987, WeyGoLpT 1998), while other authors have
resolved aglaspidids fairly close to the chelicerates (e.g. WiLLs 1996, WiLLS ef al. 1998, DunLop,
SELDEN 1998). Despite this apparent consistency in phylogenetic analysis, robust and unequivocal
synapomorphies exclusive to (Aglaspidida + Euchelicerata) are lacking.

Cheloniellida

Cheloniellida (Fig. 6) encompasses at least six Ordovician—Devonian arthropods which have also
been resolved as possible members of the chelicerate stem-lineage (e.g. STURMER, BERGSTROM 1978,
WIiLLs 1996, WILLs et al. 1998, DunLop, SELDEN 1998). All are oval arthropods which superficially
resemble isopod crustaceans. Well preserved examples have both anterior antennae and posterior
furcal rami. The best known example is Cheloniellon calmani BroiLi, 1932 from the Early De-
vonian Hunsriick slates of Germany. It was redescribed in detail by STURMER, BERGSTROM (1978)
who used radiographic techniques to reveal previously hidden characters, and who discussed its
possible affinities. In brief, the anterior head region of C. calmani includes antennae, a pair of
leg-like postantennal appendages and four pairs of strongly gnathobasic head limbs. This is fol-
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lowed by a trunk of biramous limbs with well-defined exopods, presumably acting as gills. Thus
C. calmani seems to approach the chelicerate condition of functional tagmosis into a ‘prosoma’
dominated by gnathobasic food-processing limbs and an ‘opisthosoma’ including respiratory ap-
pendage branches. However, C. calmani lacks chelicerae and in the homology scheme of Stiirmer
and Bergstrom has only five pairs of ‘prosomal’ limbs, not six as per euchelicerates, leading these
authors to suggest that it may be late representative of the trilobitomorph branch which gave rise
to the chelicerates.

Arachnomorphs and Their Antennae

Other arachnomorphs have also been proposed, usually rather speculatively, either as early che-
licerates or their relatives; see e.g. Corton, BRaDDY (2004) for a review. Yet there are difficulties
with the general Arachnomorpha / Arachnata concept. First, the limits of what actually belongs
within this group are not particularly stable. RAMSKOLD et al. (1997, p. 19) attempted to resolve this
by defining Arachnata as “...the most inclusive clade including Chelicerata but not Crustacea.”
while WiLLs et al. (1998, p. 74) stated that Arachnomorpha “...accommodates most non-bivalved
Cambrian problematica in addition to trilobites and chelicerates”. This leads neatly into the second
problem. For the most part arachnomorphs have not been characterised by unequivocal synapo-
morphies and were effectively defined as ‘not being crustaceans’. Brabppy, Cotton (2004) did
recover Arachnomorpha as a clade (rather than a paraphyletic grade), recognising three potential
synapomorphies (their characters 12, 17 and 48). The first was absence of a multiannulate shaft of
the exopod limb branch, with each article bearing setae; a reductive apomorphy, scored as present
in crustaceans. Second, was the lack of medially directed exopod setae, scored as an arachnomorph
plesiomorphy relative to their presence in crustaceans. Their final character was an anus opening
at the base of the arachnomorph telson, rather than within the telson itself. An anus opening within
the telson is, however, present in at least one fossil pycnogonid (cf. DunLop, ARaNGo 2005), thus
the latter character does not encompass all chelicerates as they are traditionally recognised.

Another problem is the fact that, unlike chelicerates, many fossil arachnomorphs preserve
very obvious antennae. A widespread assumption in the older literature was that trilobites were
the most ‘primitive’ arthropods, thus chelicerate ancestors were predicted to have had long, flagel-
liform, trilobite-like antennae. As part of this hypothesis, it was also assumed that the chelicerae
represent the second (so-called a2) head appendage, innervated from the tritocerebrum of the
brain, and that chelicerates had simply lost their (al) antennae. All this changed in 1998 with
studies of the distribution of Homeobox (Hox) genes in the head region of arthropods (DAMEN
et al. 1998, TELFORD, THOMAS 1998, review by ScHortz 2001). By lining up segmental expres-
sion patterns of homologous genes, these papers demonstrated that both the chelicerae and (first)
antennae of mandibulate arthropods are in all likelihood expressions of the same (al) head ap-
pendage. MiTTMANN, ScHoLTZ (2003) found further evidence in the horseshoe crab brain to support
this hypothesis. They described the commissure of the cheliceral ganglion as running primarily
in front of the stomodaeum, which strongly implies that the chelicerae are innervated from the
deuterocerebrum — like the (al) antennae of insects and crustaceans — and not the tritocerebrum
as previously assumed. BoxsHALL (2004: 257-261) provided a further detailed review of the diver-
sity of character states (and terminologies) observed for the uniramous (al) appendage (ranging
from antennae to chelicerae) in fossil and Recent arthropods, and current controversies in their
interpretation. Further palaecontological work supports the idea that it is most parsimonious to
assume that stem-chelicerates did not have antennae (Moorg 2005).

Waroszek, DunLop (2002) and Cotton, BRaDDY (2004) noted pycnognid and arachnomorph
fossils bearing putative precheliceral structures which might represent vestiges of the ‘missing’(al)
antennae. However, ScroLtz (2001) mentioned potentially homologous frontal processes in front
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of the (al) antennae in some crustaceans. Developing this line of thought, ScrorTz, EDGECOMBE
(2005) questioned the interpretation of at least some of the fossils reported to have precheliceral
appendages while proposing a novel, but controversial, scheme of ‘primary’ and ‘secondary’
antennae. Here the ‘primary antennae’ are interpreted as homologous with the protocerebral
antennae of Onychophora, which in their scheme became largely lost in the evolution towards
the euarthropods. The ‘secondary’ (al) antennae or chelicerae are, by contrast, demonstrably
deuterocerebral in origin (see above) and thus not homologous with onychophoran antennae. If
Scholtz and Edgecombe are correct, structures like crustacean frontal processes and precheliceral
structures in fossil chelicerates and their stem-lineage could (when present) potentially be vestigial
remnants of these protocerebral ‘primary’ antennae. Further discussion is beyond the scope of
the present paper, but on current data the cheliceraec = (secondary) antennae model appears the
more robust hypothesis.

The End of Arachnomorpha?

Schortz, EngeEcoMBE (2005) explicitly rejected Arachnomorpha as a clade, outlining arguments
against the features traditionally used to ally trilobites (and certain other trilobitomorphs) with
chelicerates; see these authors for details. In summary, they argued that most of the proposed
arachnomorph characters — including trilobation, a broad head shield with genal spines and a
rather soft ventral side to the body — are at best relevant only to trilobites and horseshoe crabs and
are largely absent (or inapplicable) in arachnids and pycnogonids. On these grounds trilobites,
aglaspidids, cheloniellids, etc. would have to be excluded from the stem-lineage of Chelicerata;
an opinion which the present author largely supports. Scholtz and Edgecombe proposed (like
Boupreaux 1979) that trilobites, and related forms, actually belong on the mandibulate stem-
lineage, whereby their sensorial (al) antennae offers a potential synapomorphy for (Trilobita
+ Mandibulata); differing, in their hypothesis, from the short, raptorial (al) chelicerae of the
euchelicerates and pycnogonids.

Pycnogonida

Pycnogonid affinities were reviewed by DunLop, ARANGO (2005) who summarised the literature
to date and recognised three main historical hypotheses: (1) chelicerates, (2) crustaceans, or (3)
unrelated to all other arthropod groups. Affinities with crustaceans were mostly based on crude
similarities in the larvae, and in detail the crustacean nauplius larva and pycnogonid protonym-
phon are evidently rather different. There are no convincing synapomorphies for (Pycnogonida +
Crustacea) and this relationship has not been recovered in any recent analyses. Other authors (e.g.
HEepGpeTH 1947) emphasised the uniqueness of pycnogonid morphology, using this as evidence
against affinities with any other arthropod group. Characters like the pycnogonid proboscis and
the reduced body with organ systems displaced into the legs are indeed unusual, but they are
autapomorphies and tell us nothing about sister-group relationships.

Recent studies, including both morphological and/or molecular data, essentially favour one
of two competing hypotheses. The first is the traditional (Pycnogonida + Euchelicerata) (Fig.
7), which was supported by three synapomorphies: (1) chelate chelicerae, (2) loss of antennae
and (3) a body divided into a prosoma and opisthosoma. There are also further potential syn-
apomorphies in the circulatory system and in embryology. Yet of the traditional characters, only
chelicerae stand up to scrutiny; see e.g. Waroszek, DunLop (2002) for details. Loss of antennae
is just an alternative character state for presence of chelicerae (see above). Yet even the homol-
ogy of chelicerae (euchelicerates) and chelifores (in pycnogonid terminology) has recently been
questioned based on neuroanatomical data (MAxMEN et al. 2005). These authors suggested that the
pycnogonid chelifores are innervated from the protocerebrum and are thus topologically anterior
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Chelicerata Cormogonida

Mandibulata Pycnogonida Euchelicerata Pycnogonida Euchelicerata Mandibulata

- chelate chelicerae - labrum

- brain embraced by dorsal vessel - nephridia
- intersegmental tendons

- gonopore on body ?

7 8

- ovarian / embryological characters ?

Figs 7-8. Alternative positions for the Pycnogonida (sea spiders) recovered in recent cladistic analyses:
7 - sister-group of Euchelicerata; 8 - sister group of Euarthropoda. Synapomorphies potentially supporting
each of these models were discussed in detail by DunLop, ARANGO (2005).

to the position of the (al) chelicerae (see above) which are innervated from the deuterocerebrum,
as shown by MiTTMANN, ScHortz (2003). If Maxmen ef al. are correct, one of the key characters
supporting Chelicerata in its traditional sense would fail and pycnogonid chelifores would be in
a homologous position to the ‘primary’ antennae postulated by SHortz, EnGECOMBE (2005) and/or
the protocerebral antennae of Onychophora (see above). Nevertheless, a recent test identifying
Hox gene distributions in pycnogonids (JAGER et al. 2006) does not support the Maxmen et al.
scenario, but rather supports the hypothesis that chelifores = chelicerae; both in the al position as
elaborated above. Further comments on this controversial and rapidly evolving field are beyond
the scope of the present paper.

The puzzling ‘extra’ (7%) limb pair in the pycnogonid prosoma is resolved by a simple
count of appendages. This reveals that the ‘prosoma’ and ‘opisthosoma’ of pycnogonids are not
segmentally homologous to those of euchelicerates (ViLroux, Waroszek 2003, and references
therein). Pycnogonids have a cephalosoma bearing four pairs of appendages (chelifores, palps,
ovigers, walking leg 1) plus a trunk with three (rarely four or five) pairs of walking legs and a
short tail end (abdomen) bearing the anus. Some fossil forms retain a few limbless segments, and
in one case a telson, behind the legs. Thus a simple prosoma-opisthosoma division, in which the
prosoma has six pairs of limbs, also fails to support the traditional concept of Chelicerata.

The alternative model (Fig. 8) is (Pycnogonida + (Euchelicerata + Mandibulata)), a scheme
first articulated by Zrvary et al. (1998), who united euchelicerates and mandibulates in a clade
called Cormogonida ZrvarY, Hypsa, VLASkoVA, 1998. This they defined on the synapomorphy
of a gonopore on the body, rather than on the leg bases as in pycnogonids. The problem here is
that appendicular gonopores have long been accepted as a convincing sea spider autapomorphy.
Nevertheless, other studies have also recovered pycnogonids in a basal position relative to all
other (living) euarthropods (EpGECOMBE ef al. 2000, GIRIBET ef al. 2001). Characters absent from
pycnogonids and potentially synapomorphic for euchelicerates and mandibulates include a labrum,
nephridia and intersegmental tendons. Yet, identifying ‘missing’ characters as plesiomorphic or
apomorphic in pycnogonids is complicated by the numerous reductive trends seen in their body
and organ systems.

ViLroux, Waroszek (2003) also noted that the three-limbed protonymphon of pycnogonids
is shorter than the four-limbed ‘head larva’ interpreted by these authors as characteristic for early
Euarthropoda. This head larva is observable in, for example, trilobites and stem-group crustaceans,
whereby the shorter nauplius is a later development of the crustacean crown-group. Perhaps pycno-
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gonids represent a more plesiomorphic grade of organisation, hatching with a three-limbed larva?
In this hypothesis the remaining, more derived, euarthropods would have in their ground pattern
the synapomorphy of a four-limbed head larva — which was subsequently modified in modern
arthropod groups. For example euchelicerates hatch more precociously. Their first instar closely
resembles the adult form, thus they no longer express a true larval stage of development.

In summary, it is presently difficult to resolve between pycnogonids being basal chelicer-
ates or basal euarthropods and further studies directed specifically at this question would be
welcome.

‘Great-Appendage’ Arthropods: Stem-Chelicerates?

So what is the sister-group of Euchelicerata? Using a construction morphology approach Grass-
HOFF (1978, p. 277) argued that the chelicerate grade of organisation must have arisen when their
ancestors transformed the first appendage into something able to both detect and grasp food. In a
rather obscure and poorly-known paper, BousrieLD (1995) compared feeding appendages in early
fossil arthropods. He proposed that the distinctly raptorial head limbs in some specific arachno-
morphs (see above) like Yohoia tenuis Warcott, 1912 (Fig. 9) from the famous Burgess Shale of
Canada and Jianfengia multisegmentalis Hou, 1987 (Fig. 10) from the slightly older Chengjiang
(or Maotianshan-Shale) fauna of China were effectively precursors of the chelicerae. These two
genera were reassigned by Bousfield to the higher taxon Protochelicerata STorRMER, 1944 — al-
though this name was originally proposed to encompass some quite different genera — redefined as
animals with semi-chelate, preoral appendages composed of 4-5 articles, plus three more pairs of
biramous head limbs used for walking. Protochelicerates sensu Bousfield were effectively placed
on the lineage leading up to chelicerates (BousriELp 1995, Fig. 7.), and indeed something similar
was found by BriGas, FOrTEY (1989) when one compares those arthropods which resolved close
to chelicerates in their early cladistic analysis.

CHEN et al. (2004) and CotToN, BRADDY (2004) recently arrived independently at essentially
the same hypothesis. They recognised a series of so-called ‘great-appendage’ arthropods which
they resolved cladistically on the direct stem-lineage leading towards chelicerates. Their examples
of these ‘great-appendage’ arthropods include (as in Bousfield’s scheme) Yohoia and Jianfengia
as well as other Maotianshan-Shale fossils like Parapeytoia yunnanensis Hou et al., 1995, For-
tiforceps foliosa Hou, BERGSTROM, 1997 (Fig. 11) and Haikoucaris ercaiensis CHEN et al., 2004
(Fig. 12). It should be noted that interpretations of Fortiforceps are controversial, specifically in
the Hou and Bergstrom description explicit antennae in front of the great-appendage were recog-
nised; an interpretation not accepted by e.g. CHEN ef al. (2004) who found no such structures in
the nevertheless similar-looking Haikoucaris.

Yet, what these remarkable creatures all have in common is a ‘head’ region apparently bear-
ing at least four pairs of appendages, the (?) first of which has around five articles and is relatively
robust, somewhat raptorial and presumably played an active role in grasping prey. The other head
limbs, and the limbs of the segmented trunk, are biramous with a leg-like endopod and a flap-like
expopod bearing marginal spines or setae (Figs. 9-12). Chen et al. and Cotton and Braddy differed
slightly in the details — the latter also using the name Megacheria Hou, BEGsTROM, 1997 for these
taxa — but their main conclusion was that these arthropods can be arranged in such a way on the
chelicerate stem-lineage that they show a general trend towards a more claw-like head limb (Fig.
13). Thus ‘protochelicerates’ or ‘megacherians’ would probably represent a paraphyletic series of
stem-taxa, rather than a monophyletic clade. Implicit in this hypothesis is of course the homol-
ogy of the ‘great-appendage’ with the chelicera — but see Bupp (2002) and MAxXMEN et al. (2005)
for an alternative perspective whereby the ‘great-appendage’ and perhaps also the pycnogonid
chelifore are effectively ‘precheliceral’. If the ‘great-appendage’ is homologous with the chelicera
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Figs 9-12. Sketch reconstructions of selected ‘great-appendage’, ‘protochelicerate’ or ‘megacherian’ arthro-
pods recently suggested as members of the chelicerate stem-lineage: 9 - Yohoia tenuis after DUNLOP, ARANGO
(2005, fig. 6); 10 - Jianfengia multisegmentalis modified from Hou 1987 (fig. 10); 11 - Fortiforceps foliosa
modified from Hou, BERGSTROM (1997, figs 33C, 35); 12 - Haikoucaris ercaiensis after CHEN et al. (2004,
fig. 3). Not to scale. Note that in some cases earlier descriptions were quite poor and/or other authors have
reconstructed these taxa slightly differently; sometimes even with ‘precheliceral’ appendages. Nevertheless a
large, probably raptorial head appendage does seem to be a consistent and genuine feature of all of them.

then Chen et al. regarded the chelicerae and their forerunners as the (al) appendage, while Cotton
and Braddy preferred the traditional, but now less well-supported, (a2) interpretation.

The advantage of this ‘great-appendage’ = chelicerae hypothesis is that if the Hox gene
and (most) neuroanatomical data is accepted, we have a scenario whereby the chelicerae evolved
through a series of ancestors with increasingly chelate anterior head appendages. There is no need
to invoke either the loss of antennae or the transformation of a long, sensory appendage into a
short claw. Chelicerae need not be “...profoundly modified antennules.” sensu BoxsHALL (2004,
p. 260) if they evolved from ambulatory rather than a sensorial first head limbs. This remains an
area of much controversy since we do not know for sure what the original (al) limb was like in
the (eu)arthropod common ancestor: a leg, an antenna or a claw? The fossil data can be ambiguous
or open to alternative interpretations. As a possible outgroup, the Maotianshan-Shale arthropod
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Euchelicerata

arachnids &
Offacolus 'merostomes’

? Pycnogonida
- exopods lost on
most walking legs

para_phyleuc - gills / lungs borne on flat,
stem-lineage of plate-like opercula (exopods)
'great-appendage’
arthropods

- first head limb fully chelate (i.e. chelicera)
- endopods on trunk limbs largely reduced

- first head limb becomes shorter
and more claw-like

- first (a1) head limb
somewhat raptorial

Fig. 13. A tentative scenario for euchelicerate origins illustrating the major transformations in limb morphol-
ogy implied by the new ‘great-appendage’ arthropod hypothesis. See text for details.

Fuxianhuia protensa Hou, 1987 — itself once considered an early chelicerate (WiLLs 1996) — was
recently restudied by WaLoszex et al. (2005) in combination with some similar fossils. These Fux-
ianhuia-like fossils may resolve just below the euarthropod grade of organisation, although different
authors have disagreed quite fundamentally on the number and position of its head appendages (cf.
WiLLs 1996, Hou, BERGSTROM 1997, ScHoLTz, EDGECOMBE 2005, WALOSZEK et al. 2005).

Fuxianhuia and its relatives have, at least in the WaLoszek et al. (2005) hypothesis, a relatively
short, somewhat leg-like (al) appendage. If the same were true of the last common ancestor of
the Euarthropoda, this fairly simple anterior limb could conceivably evolve in various directions:
including a long, sensory structure, as per trilobites, or a more raptorial one, via the ‘great-ap-
pendage’ arthropods, to the chelicerae. Thus whether antennae evolved once (ScHoLTz, EDGECOMBE
2005) or multiple times (WaLo0szex et al. 2005) remains to be resolved. Likewise, it is too early
to rule out the possibility that claw-like limbs also developed in more than one lineage since this
is clearly an adaptive character with a clear functional advantage — witness the almost certainly
parallel development of (sub)raptorial pedipalpal claws for prey-capture in groups like scorpions
and whipscorpions. Yet in the ‘great-appendage’ arthropods we now have one group of early fossil
arthropods which (probably) lack antennae, which have raptorial feeding limbs instead, and thus
appear to be excellent candidates for the animals which ultimately gave rise to the arachnids.

Missing Links?

These ‘great-appendage’ arthropods still differ in significant ways from euchelicerates, retaining
for example plesiomorphic features like biramous limbs along the entire length of the body. If the
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hypothesis that they are stem-lineage chelicerates is correct we would still expect to find some
‘missing links’ bridging this morphological gap, whereby the more anterior limbs lose the exopod
and become primarily adapted for walking while the posterior ones are either lost completely
or modified into plate-like, gill-bearing opercula. The enigmatic Silurian fossil Offacolous kingi
ORR et al., 2000 might be such a missing link. These authors reconstructed this probable early
chelicerate from computer images of serial sections through the nodules which encase them and
discovered that most of its prosomal appendages are still biramous. This suggests a more basal
grade of organisation than xiphosurans which have only one biramous limb pair (the 6%) bearing
the flabellum (Fig. 12).

Interestingly, the ‘great-appendage’ arthropods lack clear tagmosis into a prosoma and
opisthosoma and express a head region probably bearing four pairs of appendages, including the
raptorial pair. This ‘head’ in the chelicerate stem-lineage associated with four limb pairs is poten-
tially segmentally homologous with the cephalosoma of pycnogonids (ViLroux, WaLoszek 2003,
see also above), to the propeltidium of the carapace in some arachnids and the proterosoma region
characteristic for many mites (see also DunLopr, ARANGO 2005, fig. 5). Thus the ‘great-appendage’
hypothesis might alter interpretations of polarity for a number of arachnid characters.

A Final Word: Sanctacaris

Finally, one of the most famous candidates for the oldest chelicerate is Sanctacaris uncata BrRiGGs,
CoLLins, 1988 from the Burgess Shale; a fossil which has entered the popular literature (e.g.
GouLp 1989) as an arachnid ancestor. In the original description it was specifically referred to
Chelicerata on account of: (1) a head with at least six pairs of appendages, (2) a cardiac lobe, i.c.
a swelling on the head shield such as that seen in horseshoe crabs, (3) division of the body into
a putative prosoma and opisthosoma and (4) an anus on the last trunk segment. A common criti-
cism of this interpretation is the fact that it lacks chelicerae (or antennae for that matter), although
BoxsHALL (2004) suggested that chelicerae might be present, but indistinct. Bupp (2002) has even
proposed that the ‘six’ pairs of prosomal limbs are just outgrowths from the articles comprising a
single pair of ‘great-appendages’ (see above). Arachnomorph cladograms (e.g. WiLLs ef al. 1998)
generally did not resolve Sanctacaris as sister-group of Chelicerata, drawing its affinities into
question. Interestingly, what Wills ef al. did recover was Sanctacaris close to Yohoia. Bearing in
mind the new position proposed for Yohoia on the chelicerate stem-lineage, and the possibility
that Sanctacaris has ‘great-appendages’ too, a new look at the affinities of Sanctacaris is clearly
warranted. Its interpretation as a stem-lineage chelicerate may yet prove to be correct, albeit for
different reasons to those proposed in the original description.
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HoBu HNACH 3a NPCAMICCTBCHUIUTC Ha CYXCIIMICPATUTC
Jic. [[vHion

(Pe3rome)

B ncropuuecku miaH pa3iIMYHU PaHHONAJIEO30MCKH apTPONOAM ca OWIIM CMATAHU 3a
npenmectseHuiy Ha xenuneparure (Chelicerata). Cpen Tsix ca Tpusioourure (Trilobita) u pocnnan
BUJIOBE, IPUHAIEKAIIM KbM Arachnomorpha, moBeueTo oT KOMTO Hanono0sBaIy kcudo3ypure
(Xiphosura). Bbrpeku ToBa, MHOTO OT Oene3uTe, MOAKPENSIIN TakcoHa Arachnomorpha, He
M3/IbpKaT Ha IIPOBEPKa, KOraTo ca MpuitoykeHu KbM Arachnida u Pycnogonida (MopckuTe nasium).
[TukHOTOHUIMTE CE OKa3BaT MM B OCHOBAaTa Ha XeJHMIEPaTUTe WM KaTo CECTPHHCKA Ipyra Ha
Bcuuku ocraHaim eyaprpornoau (Euarthropoda). B Hacrosmara cratus e mpeacraBeHa HOBa
MaJICOHTOJIOTMYHA XHUITOTE3a, OIIPEIEIIIIA Ipyrara OT KaMOPHUHCKH ,,romsiMon3aaTbanu’ (great-
appendage) apTporoau (HOCEI HaMMEHOBAaHHETO MPOTOXENIUIIEPATH WM MeTaXepruaHH), KaTo
MOTEHIMAIHN TPEeIIECTBEHUIN Ha Xenuierapute. OT 3Ha4eHHe €, 4e Te3U )KUBOTHHU Ca UMAJIH
JIBOIKa TOJIEMH M3/IaTHIM Ha TIPEHATA YacT Ha IJlaBaTa, KaTo ce HaOio1aBa TeHICHIMSL, TIPH KOSITO
Te ce MPEBPBIIAT BCE [TOBEYE B XBATATEIHH, TaKa TPUOIMKABANKHY CE 10 ChCTOSHUETO Ha XEJIAaTHHUTE
XeJIHIepH. XOMOJIOKHOCTTA Ha Pa3IMYHUTE M3AaThIM Ha Kpas Ha IlaBaTa Ha apTPOIIOJHTE €
MHOTO JJUCKYCHOHEH BBIIPOC, HO ITOCIIETHUTE JTAHHH TI0Ka3BaT, e XEJIULEPUTE Ca XOMOJDKHHU C a
aHTeHuTe. B mpeacraBeHus1 MoJeN, eyXeNuIepaTuTe HUKOTa He ca 3aryOBalu ABJITH, CEH30pHH
AQHTEHHH (BCHITHOCT HE Ca NMAaJIM TAaKHBa), @ HAH-BEPOSITHO Ca Pa3BIUIH XEIULIEPUTE CH OT JABOMKa
KPaKoIogo0HH, eIHOPaMEHHU M3aThIM. [1aBOBaTa 4YacT Ha TOISIMOU3AATHYHUTE apTPOTIONH HE
€ MPo30Ma, a € BEPOSTHO CETMEHTHO XOMOJIOXKHA Ha Ta3M IpelHa YacT Ha TSUIOTO, KOSTO HOCH
YETHPHTE JBOMKH U3PACTBLH ITPU ITMKHOTOHHUIUTE, TOBEYETO aKapH U IIPH apaxHUIUTE C pa3/ielicH
Kaparakc WIK IPONEeNTHINYM.
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Assembling the Tree of Life—Phylogeny of Spiders: a review
of the strictly fossil spider families

David Penney', Paul A. Selden'

Abstract: The project Assembling the Tree of Life (AToL)—Phylogeny of Spiders is an ambitious, collab-
orative, six-year project, which aims to construct a robust cladogram for all spider families. The resulting
phylogeny will be based on morphological, molecular, behavioural and palacontological data. Fossil spiders
are not considered in current systematic catalogues. As a first step to compiling the required palacontological
data for the AToL project, this paper reviews all previously described fossil spider families. To date, twenty
strictly fossil spider families have been described. One has subsequently had extant species discovered
(Archaeidae), others have been synonymized with extant families (Acrometidae, Adjutoridae, Arthrodic-
tynidae, Mithraeidae, Mizaliidae), some are valid taxa (Permarachnidae, Juraraneidae, Lagonomegopidae,
Baltsuccinidae, Ephalmatoridae, Insecutoridae, Protheridiidae, Spatiatoridae) and others are in need of
revision (Arthrolycosidae, Arthromygalidae, Pyritaraneidae, Inceptoridae, Parattidae). None of the fossil
specimens attributed to Archacometidae are spiders.

Key words: amber, Araneae, fossil record, palacontology

Introduction

The project Assembling the Tree of Life (AToL)—Phylogeny of Spiders is an ambitious six-year
project funded by the US National Science Foundation (NSF), which aims to construct a robust
cladogram for all spider families (HormiGA et al. 2004; http://research.amnh.org/atol/files/in-
dex.html). The resulting phylogeny will be inferred from a character matrix of unprecedented
dimensions (>20 million cells) and will consist of morphological, molecular, behavioural and
palaeontological data. Including fossils in such a large-scale and multi-disciplinary approach sets
an important precedent for future projects on other groups. Although taxonomically subequal to
Recent specimens, some fossils, particularly those in amber, are often preserved with life-like
fidelity. Strictly fossil families may share character states with extant families and help resolve
their correct placement in the resulting phylogeny. The fossil taxa from extinct families will be
scored as far as possible and included in the data matrix. More importantly, fossils form a means
by which the final tree can be calibrated over geological time, by providing minimum dates for the
observed phylogenetic dichotomies. The age—clade congruence of the tree can be used to provide
additional support for the final phylogeny.

As afirst step to compiling the required palacontological data, this paper reviews all previ-
ously described strictly fossil spider families. Early reviews of the spider fossil record (ScuDDER
1886, 1891, PETRUNKEVITCH 1955) were based on different classification schemes to that which
exists at present. In addition, the taxonomy of many earlier workers clearly warrants reassessment
(see discussion in SELDEN 1993a). Since these earlier works, many more fossil spiders have been
described and recent reviews (e.g. SELDEN 1993b, 1996, SELDEN, PENNEY in prep.) included fossils
from both extant and extinct families but at most provided ‘first and last’ occurrence data, and thus

! School of Earth, Atmospheric and Environmental Sciences, The University of Manchester, Manchester,
M13 9PL, UK. E-mails: david.penney@manchester.ac.uk, paulselden@mac.com
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did not provide complete species listings for each family. The aim here is to update these works
by presenting a complete list of all species (including holotype repository data) originally placed
in strictly fossil spider families and by commenting on their current taxonomic status.

The Strictly Fossil Spider Families

Occasionally, fossil spiders are described that do not show enough features to assign them to extant
families, yet new genera are erected e.g. Palaecouloborus SELDEN, 1990, Macryphantes SELDEN,
1990, Attercopus SELDEN, SHEAR, 1991 (in SELDEN et al. 1991), Triassaraneus SELDEN, 1999 (in
SELDEN et al. 1999) and Argyrarachne SELDEN, 1999 (in SELDEN ef al. 1999). The temptation might
be to assign these taxa to new fossil families based on plesiomorphic characters as was done for
example by Eskov (1984) with the family Juraraneidae. Because of a lack of autapomorphic fea-
tures, the temptation then is to synonymize these metataxa (sensu SmitH 1994) with the closest
available extant taxa, thus generating an awkward circular argument, not to mention unnecessary
feeble names. For geologically old fossils, synonymizing these metataxa with extant taxa will
increase the hypothesized range extensions for related taxa when constructing evolutionary trees
(see PENNEY et al. 2003: Fig. 2), thus reducing the overall parsimony of the tree, whereas metataxa
can be placed as ‘ancestral’ lineages. New material examined in light of previously described
specimens may demonstrate that previously unplaced genera belong in extant families, e.g. Pal-
aeouloborus belongs in Uloboridae and Macryphantes in Tetragnathidae (SELDEN, PENNEY 2003).
Thus, the authors are happy to retain the currently unplaced (in terms of family) fossil spider taxa
as incertae sedis within the systematic limits of their original taxonomic assignment.

Abbreviations: AMNH = American Museum of Natural History, New York; BA = Baltic
amber; BSPHGM = Bayerische Staatssammlung fiir Paldontologie und Historische Geologie,
Miinich; CCU = Crosby Collection of Cornell University; F1 = Florissant Shales, Colorado; G =
Institute and Museum of Geology and Palacontology of the Georg-August-University, Gottingen;
LUM = Lille University Museum; MCZ = Museum of Comparative Zoology, Harvard; MfN =
Museum fiir Naturkunde Institut fiir Paldontologie, Humboldt Universitdt zu Berliny MGUH =
Mineralogical and Geological Museum, Copenhagen; NHM = Natural History Museum, London;
NMP = Prague National Museum; PCFK = personal collection of F. Kernegger, Hamburg; PCJW =
personal collection of Jorg Wunderlich, Hirschberg-Leutershausen; PIN = Palacontological Institute
of the Russian Academy of Sciences, Moscow; PIP = Palacontological Institute, Paris; SMUC =
Sedgwick Museum, University of Cambridge, UK; UMMP = University of Michigan Museum of
Paleontology; YPM = Peabody Museum of Yale University; * = type species of the genus.

Palaeozoic Families

Remarks: All verifiable Palacozoic spiders belong to the suborder Mesothelae or show more
plesiomorphic character states (Eskov, SELDEN 2005). A monograph on Palaeozoic spiders is in
preparation by PAS, in which the taxonomy of the numerous genera used for Palacozoic mesotheles
will be clarified. Therefore, the taxonomic status of these families has yet to be challenged.

Family ARCHAEOMETIDAE PETRUNKEVITCH, 1949
(Fig. 1)
Age: Carboniferous (Westphalian B-Westphalian C)
Current status: Not valid, the fossils are not spiders

Species originally included: Archaeometa nephilina Pocock, 1911* (Fig. 1), Coseley, Dud-
ley, UK (holotype sex not mentioned, originally described from the personal collection of Mr W.
Egginton, current specimen location NHM In. 31259); A.? devonica STorRMER, 1976, Alken-an-
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der-Mosel, Germany (holotype sex unknown SMF); Arachnometa tuberculata PETRUNKEVITCH,
1949*, Coseley, Dudley, UK (holotype sex not mentioned NHM 1. 13917); Eopholcus pedatus
Fritsch, 1904*, pyrite of Nyfany, Czech Republic (holotype sex not mentioned NMP CGH 3184,
Inv. 835). Each of the above species is known from a single specimen.

Remarks: PETRUNKEVITCHS (1949, p. 107) diagnosis of this family — ‘ Arachnomorph spiders
with prograde legs, and segmented abdomen’ seems bizarre, considering the former character is
widespread in arancomorphs [arachnomorphs] and the latter is plesiomorphic in Araneae and
lost in Opisthothelae. The diagnosis and composition of the family was repeated in the Treatise
(PETRUNKEVITCH 1955), and no formal changes have yet been made. However, Selden and Shear
studied A. nephilina and A.? devonica, and concluded (SELDEN et al. 1991) that they are not spiders,
let alone arancomorphs. Subsequent study of Arachnometa and Eopholcus (PAS, unpublished)
has indicated that these, too, show no diagnostic characters of Araneae, and the latter genus shows
none of the diagnostic characters of the family.

Family ARTHROLYCOSIDAE FritscH, 1904

Age: Carboniferous (Westphalian B)-Permian (Capitanian)
Current status: Valid, but poorly defined and in need of revision

Species currently included: Arthrolycosa antiqua HARGER, 1874%* (holotype sex indetermi-
nate YPM No. 161), Francis Creek Shale, Mazon Creek, USA; 4. danielsi PETRUNKEVITCH, 1913
(holotype sex not mentioned, originally described from the personal collection of Mr L.E. Daniels,
current specimen location UMMP 7219), Francis Creek Shale, Mazon Creek, USA; Focteniza
silvicola Pocock, 1911*, Coseley, Dudley, UK (holotype sex not mentioned, originally described
from the personal collection of Mr W. Egginton, current specimen location NHM In. 31245). See
also remarks under Arthromygalidae.

Remarks: Considered a family in the suborder Mesothelae by PETRUNKEVITCH (1949: 275),
and accepted by Eskov, SELDEN (2005) who described an isolated carapace, which they assigned
to Arthrolycosa. Petrunkevitch rediagnosed this family as mesotheles with a distinct eye tubercle;
modern mesotheles have an eye tubercle, so the family is poorly defined.

Family ARTHROMYGALIDAE PETRUNKEVITCH, 1923
(Fig. 3)
Age: Carboniferous (Westphalian B—Stephanian)
Current status: Valid, but poorly defined and in need of revision

Species currently included: Arthromygale fortis (FritscH, 1904)*, Rakovnik, Czech Republic
(holotype sex not mentioned NMP CGH 1937, Inv. 804); A. beecheri (FritscH, 1904), Rakovnik,
Czech Republic (holotype sex not mentioned NMP CGN 1939, Inv. 805); Protocteniza britan-
nica PETRUNKEVITCH, 1949%*, Coseley, Dudley, UK (holotype sex not mentioned NHM In. 14015);
Protolycosa anthracophila RoeMER, 1866, Upper Silesia (holotype sex unknown; this specimen
was in Wroctaw but is now lost [since WWII]); P. cebennensis LAURENTIAUX-VIEIRA, LAUREN-
TIAUX, 1963, couche Le Pin, La Grand’Combe, Cévennes, France (holotype sex unknown LUM);
Palaranea borassifoliae FritscH, 1873*, Bohemia, Czech Republic (holotype sex not mentioned
NMP); Geralycosa fritschi Kusta, 1888* (Fig. 3), Rakovnik, Czech Republic (holotype sex not
mentioned NMP CGH 1943 and 1945, Inv. 811); Kustaria carbonaria (Kusta, 1888)*, Rakovnik,
Czech Republic (holotype sex not mentioned NMP CGH 1933, Inv. 806); Rakovnicia antiqua
Kusta, 1884*, Rakovnik, Czech Republic (holotype sex not mentioned NMP CGH 610, Inv. 8§10);
Eolycosa lorenzi Kusta, 1885*, Rakovnik, Czech Republic (holotype sex not mentioned NMP
CGH 1941 and 1948, Inv. 809).
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Species no longer included: Palaeocteniza crassipes Hirst, 1923*, Rhynie Chert, Scotland
(Devonian) (holotype sex not mentioned NHM In. 24670) (=?trigonotarbid exuvium).

Remarks: Considered a family in the suborder Mesothelae (e.g. PETRUNKEVITCH 1949:
275). PEtrUNKEVITCH (1913) referred all Carboniferous spiders to Arthrolycosidae Fritsch, 1904
but, in 1923, he erected Arthromygalidae to accommodate the Carboniferous taxa listed above,
and distinguished them from Arthrolycosidae by their eye arrangement. PETRUNKEVITCH (1953)
placed Palaeocteniza crassipes and Eolycosa lorenzi in ‘ Aranei incertae sedis’, but in the Treatise
(PETRUNKEVITCH 1955) he listed both under Arthromygalidae, the former doubtfully. Subsequent
work (SELDEN et al. 1991) has shown that Palaeocteniza crassipes HIRsT, 1923 is most likely a
moulted exoskeleton of a juvenile trigonotarbid and hence removed it from Araneae. The other
genera can mostly be considered as spiders belonging to Mesothelae, but study of the specimens
(PAS, unpublished) shows that Petrunkevitch’s eye characters are quite fictitious.

Family PERMARACHNIDAE Eskov, SELDEN, 2005
Age: Permian (Cisuralian)
Current status: Valid

Species currently included: Permarachne novokshonovi Eskov, SELDEN, 2005*, Koshelevka
Formation, Russia (holotype ?exuvium part and counterpart, PIN 4909/12).

Remarks: Easily distinguished from all other mesotheles by the presence of an elongated,
cylindrical, multisegmented, distal article of one of the spinnerets (Eskov, SELDEN 2005).

Family PYRITARANEIDAE PETRUNKEVITCH, 1953
(Fig. 2)
Age: Carboniferous (Westphalian B—Westphalian C)
Current status: Valid, but poorly defined and in need of revision

Species currently included: Dinopilio parvus PETRUNKEVITCH, 1953, Chislet Colliery, Can-
terbury, UK (holotype sex not mentioned NHM In. 37101); D. gigas FritscH, 1904* (Fig. 2),
Rakovnik, Czech Republic (holotype sex not mentioned NMP CGH 1949, Inv. 816); Pyritaranea
tubifera FritscH, 1899*, Nyfany, Czech Republic (holotype sex not mentioned NMP CGH 3170,
Inv. 775).

Remarks: PETRUNKEVITCH (1953) erected this family for supposed araneomorphs with
laterigrade legs (cf. Archaeometidae, above) and segmented abdomens. The former character is
widespread in Araneae, whilst the latter is plesiomorphic in spiders and would suggest Mesothelae.
More recent study of these specimens (PAS, unpublished) indicates that Dinopilio parvus and
Pyritaranea tubifera could be spiders but are too poorly preserved to assign to family, whilst D.
gigas is most likely a large mesothele.

Mesozoic Families

Family JURARANEIDAE Eskov, 1984
Age: Jurassic (Middle?)
Current status: Valid, but possibly synonymous with Araneidae

Species currently included: Juraraneus rasnitsyni Eskov, 1984*, Buryat, Siberia (holotype,
male part and counterpart, PIN 3000/3000).

Remarks: WuNDERLICH (1986: 95, 138) proposed that this family might be synonymous with
Araneidae, but did not formally synonymize them. The original diagnosis of the family was not
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Figs 1-4. Holotypes of non-amber fossil spiders: 1 — Archaecometa nephilina Pocock, 1911 (Archacometidae);
2 — Dinopilio gigas Fritsch, 1904 (Pyritaraneidae); 3 — Geralycosa fritschi Kusta, 1888 (Arthromygalidae);
4 — Parattus resurrectus SCUDDER, 1890 (Parattidae). Scale lines: approximately 1 mm.

based on unique apomorphies but on a combination of morphological characters found in other
araneoid families (Eskov 1984).
Family ARCHAEIDAE KocH, BERENDT, 1854
Age: Jurassic (Callovian—Kimmeridgian)-Recent
Current status: Valid

Species originally included (i.e., when known from fossil species only): Archaea hyperoptica
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MENGE, 1854 (holotype female lost, possibly in MfN [KEiLBacH 1982: 180]); 4. incompta MENGE,
1854 (holotype female lost); A. laevigata Koch, BERENDT, 1854 (holotype juvenile MfN MB.A
1083); A. paradoxa KocH, BERENDT, 1854* (holotype male/female lost); A. sphinx MENGE, 1854
(holotype juvenile lost); Baltarchaea conica (KocH, BERENDT, 1854)* (holotype juvenile lost).

Remarks: Although no longer a strictly fossil family Archaeidae is included here because
it was first described from fossils in Baltic amber, with extant species discovered in Madagascar
and South Africa a quarter of a century later (PickARD-CAMBRIDGE 1881). WUNDERLICH (2004:
780) considered A. incompta, A. laevigata and ?A. sphinx to be synonyms of 4. paradoxa. A.
hyperoptica was placed as the type species of Foarchaea FORSTER, PLATNICK, 1984 (not accepted
by Eskov 1992, but accepted by WunDERLICH 2004). A. conica was transferred to the new genus
Baltarchaea Eskov, 1992 in the family Mecysmaucheniidae by Eskov (1992). This genus was
placed in Archaeidae: Archaeinae by WuUNDERLICH (2004). Fossil species are also known in Cre-
taceous amber from Burma (PENNEY 2003), from the Jurassic of Kazakhstan (Eskov 1987), and
the family has been recorded in Tertiary amber from Paris (PENNEY 2006a). WUNDERLICH (2004)
described new fossil taxa from Baltic amber and reported the presence of this family in Eocene
amber from the Ukraine (Rovno).

Family LAGONOMEGOPIDAE Eskov, WUNDERLICH, 1995
Age: Cretaceous (Aptian—Campanian)
Current status: Valid

Species currently included: Burlagonomegops eskovi PENNEY, 2005%, Burmese amber (ho-
lotype juvenile AMNH Bu-707, paratype juvenile AMNH Bu—1353); B. alavensis PENNEY, 2006,
Spanish amber (holotype juvenile MCNA 8635 [CRLV 03]); Grandoculus chemahawinensis
PENNEY, 2004*, Canadian amber (holotype juvenile, MCZ A 5000); Lagonomegops americanus
PENNEY, 2005, New Jersey amber (holotype juvenile, AMNH NJ-556 [KL-297]); L. sukatchevae
Eskov, WUNDERLICH, 1995*, Siberian amber (holotype juvenile, PIN 3311/564, location currently
unknown, K. Eskov, pers. comm. 2004).

Remarks: This family is currently known only from juvenile specimens and is characterized
by having cheliceral peg teeth and large eyes situated antero-laterally. G. chemahawinensis has
such an eye arrangement, but is sufficiently different from the other genera in many other features
that it may belong to a new fossil family (PENNEY 2004).

Cenozoic Families

Family ACROMETIDAE WunDERLICH, 1979
Age: Tertiary (Eocene)
Current status: Not valid, a synonym of Nesticidae or Synotaxidae

Species originally included: Acrometa cristata PETRUNKEVITCH, 1942*, BA (holotype male
NHM In. 18724 [Klebs 481, No. 13408], four paratype males NHM In. 18713 [Klebs 467, No.
13430], In. 18728 [Klebs 485, No. 13458], In. 18750 [Klebs 508, No. 13453], In. 18752 [Klebs
510, No. 13461]; A. samlandica (PETRUNKEVITCH, 1942), BA (holotype juvenile female NHM In.
18943, one exuvium NHM In. 17629); A. minutum (PETRUNKEVITCH, 1942), BA (holotype juvenile
SMUC No. C 6650); 4. robustum (PETRUNKEVITCH, 1942), BA (holotype juvenile CCU No. 8);
A. setosus (PETRUNKEVITCH, 1942), BA (holotype male NHM In. 18118); A. succini (PETRUNKEV-
1mcH, 1942), BA (holotype female NHM In. 18943); Anandrus inermis (PETRUNKEVITCH, 1942),
BA (holotype male NHM In. 18743 [Klebs 501, No. 13441]; A. infelix (PETRUNKEVITCH, 1950)*,
BA (holotype male MCZ 7002); 4. quaesitus (PETRUNKEVITCH, 1958), BA (holotype male M{N
[zoology] no number assigned); A. redemptus (PETRUNKEVITCH, 1958), BA (holotype male MGUH
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9995); Cornuanandrus maior WUNDERLICH, 1986, BA (holotype male PCJW no number assigned):
Pseudoacrometa gracilipes WUNDERLICH, 1986, BA (holotype male BSPHGM no number assigned,
paratype male PCJW no number assigned).

Remarks: Acrometa PETRUNKEVITCH, 1942 and Anandrus MENGE, 1856 (sub Elucus PE-
TRUNKEVITCH, 1942) were originally placed in Araneidae (Metinae) and Theridiosomatidae
respectively by PETRUNKEVITCH (1942). PETRUNKEVITCH (1958) placed both genera in Araneidae.
WunpERLICH (1979) considered Acrometa a tetragnathid and to be synonymous with the extant
genera Metella FAGE, 1931, Pimoa CHAMBERLIN, IVIE, 1943 and Louisfagea BrigroLi, 1971. This
synonymy was rejected by BrignoL1 (1979) and Metella and Louisfagea are now considered junior
synonyms of Pimoa (Pimoidae) (e.g. PLatnick 2006). WunDpERLICH (1986) revised Acrometa and
Anandrus and synonymized Theridiometa PETRUNKEVITCH, 1942, Liticen PETRUNKEVITCH, 1942,
Eogonatium PETRUNKEVITCH, 1942 and Viocurus PETRUNKEVITCH, 1958 with Acrometa (WUNDERLICH
1986: 131). WunpERLICH (1986: 124) suggested Acrometidae might be closely related to Nesticidae
or Malkaridae. The family was considered a synonym of the former by Eskov, Marusik (1992)
and of Synotaxidae (separated from Theridiidae by FORSTER ef al. 1990) by WUNDERLICH (2004:
1195) based on the structure of the male pedipalp. WunperLIcH (2004: 1822) reported the presence
of A. cristata in Eocene amber from the Ukraine (Rovno).

Family ADJUTORIDAE PETRUNKEVITCH, 1942
(Fig. 5)
Age: Tertiary (Eocene)
Current status: Not valid, synonymous with Zodariidae and Sparassidae

Species originally included: Adjutor mirabilis PETRUNKEVITCH, 1942* (Fig. 5), BA (holotype
juvenile female NHM In. 18945); A. deformis PETRUNKEVITCH, 1958, BA (holotype juvenile fe-
male PIP no number assigned); Adjunctor similis PETRUNKEVITCH, 1942%*, BA (holotype juvenile
female NHM In. 18085); Admissor aculeatus PETRUNKEVITCH, 1942%*, BA (holotype juvenile
female NHM In. 18946).

Remarks: LEHTINEN (1967: 397) proposed araneoid affinities for this family based on the
figures and descriptions of Petrunkevitch, all of which were based on juvenile specimens. Wun-
DERLICH (1984), without elaboration, placed the subfamily Adjutorinae in Zodariidae: ?Zodariinae
(see also WuNDERLICH 1986: 23, 2004: 1702), and the subfamily Adjunctorinae in Sparassidae:
Eusparassinae (see also WUNDERLICH 1986: 29, 2004: 1702). Adjunctor PETRUNKEVITCH, 1942 is
not a junior synonym of Sosybius KocH, BERENDT, 1854 as proposed by WUNDERLICH (1986: 29)
(WunDERLICH 2004: 1702).

Family ARTHRODICTYNIDAE PETRUNKEVITCH, 1942
(Fig. 6)
Age: Tertiary (Eocene)
Current status: Not valid, synonymous with Dictynidae

Species originally included: Arthrodictyna segmentata PETRUNKEVITCH, 1942%* (Fig. 6), BA
(holotype juvenile NHM In. 18950).

Remarks: The holotype and only known specimen is juvenile, incomplete and poorly pre-
served (PETRUNKEVITCH 1942). Based on the figures and description by PETRUNKEvITCH (1942),
LEHTINEN (1967: 397) considered the correct placement of this taxon problematic. The family
was synonymized with Dictynidae by WUNDERLICH (1984); see also WUNDERLICH (1986: 24). This
synonymy was considered tentative by WUNDERLICH (2004: 1428). A formal redescription of the
type material is in preparation by DP.
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Figs 5-8. Holotypes of amber fossil spiders: 5 — Adjutor mirabilis PETRUNKEVITCH, 1942 (Adjutoridae);
6 — Arthrodictyna segmentata PETRUNKEVITCH, 1942 (Arthrodictynidae); 7 — Baltsuccinus flagellaceus
WuNDERLICH, 2004 (Baltsuccinidae); 8 — Praetheridion fleissneri WunDerLICH, 2004 (Protheridiidae). Scale
lines: approximately 1 mm.
Family BALTSUCCINIDAE WuNDERLICH, 2004
(Fig. 7)
Age: Tertiary (Eocene)

Current status: Valid, but warrants independent assessment (original publication not peer-
reviewed)

Species currently included: Baltsuccinus flagellaceus WUuNDERLICH, 2004* (Fig. 7), BA (ho-
lotype male PCJW F40/BB/AR/BAL; B. similis WUNDERLICH, 2004, BA (holotype male G 359).

Remarks: Placed in the Araneoidea, but its systematic position within this superfamily is
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unclear (WunperLicH 2004: 1130). The original diagnosis was primarily a list of plesiomorphic
characters. A diagnostic apomorphy may be the bipartite paracymbium with a large, heavily sclero-
tized, trough-shaped portion and a separate long, slender setose branch (WunDerLICH 2004).

Family EPHALMATORIDAE PETRUNKEVITCH, 1950

Age: Tertiary (Eocene)
Current status: Valid

Species currently included: Ephalmator bitterfeldensis WUNDERLICH, 2004, BA (Bitterfeld)
(holotype male MfN 569); E. calidus WuNDERLICH, 2004, BA (holotype male PCFK 8/38); E. de-
bilis WUNDERLICH, 2004, BA (holotype male PCJW F337/BB/AR/EPH); E. distinctus WUNDERLICH,
2004, BA (holotype male PCJW F338/BB/AR/EPH, paratype male PCJW F592/BB/AR/EPH);
E. ellwangeri WunDEeRLICH, 2004, BA (holotype male PCJW F557/BB/AR/EPH); ?E. eximius
PeTRUNKEVITCH, 1958, BA (holotype juvenile female MGUH 9988); E. fossilis PETRUNKEVITCH,
1950*, BA (holotype male MCZ 7882, paratype male MCZ 7188); E. kerneggeri WUNDERLICH,
2004, BA (holotype male PCFK 196/94); E. petrunkevitchi WuNDerLICH, 2004, BA (Eophalmator
a lapsus calami) (holotype male PCJW F322/BB/AR/EPH); E. ruthildae WunDERLICH, 2004, BA
(holotype male PCJW F321/BB/AR/EPH, paratype male F336/BB/AR/EPH); E. trudis WuN-
DERLICH, 2004, BA (holotype male PCJW F339/BB/AR/EPH, three paratype males in a single
piece of amber F340/BB/AR/EPH); E. turpiculus WUNDERLICH, 2004, BA (holotype male PCJW
F325/BB/AR/EPH).

Remarks: WunDERLICH (1986: 26) provided a revised diagnosis of this monogeneric family
and WunpEerLIcH (2004: 1559) revised Ephalmatoridae suggesting that E. eximius PETRUNKEVITCH,
1958, described from a juvenile, was misplaced in this family. Unfortunately, WunpEerLicH (2004) did
not provide a distinct diagnosis based on autapomorphic characters, but gave a combined diagnosis
and description, which was based on the combination of a large number of different characters.
LEeHTINEN (1967: 397) was unable to place this family, but WunperLicH (2004) proposed that it might
be most closely related to Corinnidae, Zodariidae, Nicodamidae or Chummidae. The only known
female specimen from this family was described, but not named by WunperricH (2004: 1570).

Family INCEPTORIDAE PETRUNKEVITCH, 1942
Age: Tertiary (Eocene)
Current status: Not valid, possibly synonymous with Agelenidae

Species originally included: Inceptor aculeatus PETRUNKEVITCH, 1942*, BA (holotype juvenile
CCU number 5); I. dubius PETRUNKEVITCH, 1946, BA (holotype female AMNH 26267).

Remarks: The original description of this family was based on a single juvenile specimen
with no unusual outstanding features. LEHTINEN (1967: 397) was unable to place this family, but
WunpEerLIcH (1984) synonymized it with Agelenidae: Ageleninae. WUNDERLICH (1986) retained
this view but suggested these fossils may also have affinities with Zodariidae. This family was
not mentioned by WunDerLICH (2004) and is in need of revision.

Family INSECUTORIDAE PETRUNKEVITCH, 1942
Age: Tertiary (Eocene)
Current status: Valid, but possibly synonymous with Pisauridae

Species currently included: Insecutor aculeatus PETRUNKEVITCH, 1942*  BA (holotype juve-
nile female NHM In. 18741 [Klebs 499, No. 13456], paratype juvenile/?female NHM In. 18723
[Klebs 480, No. 13447]); I. mandibulatus PETRUNKEVITCH, 1942, BA (holotype juvenile female
NHM In. 18742 [Klebs 500, No. 13456], paratype juvenile female NHM In. 18721 [Klebs 478,
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No. 13434]); ?1. pecten WUNDERLICH, 2004, BA (holotype male PCJW F644/BB/AR); 1. rufus
PeTRUNKEVITCH, 1942, BA (holotype juvenile female NHM In. 18123) ?/. spinifer WUNDERLICH,
2004, BA (holotype male PCJW F642/BB/AR, paratype male PCJW F643/BB/AR).

Remarks: PETRUNKEVITCH (1942) considered this family most closely related to Pisauridae.
Additional specimens were described/mentioned by PETRUNKEvITCH (1956, 1958), including a ma-
ture male of 1. mandibulatus (AMNH 26258: 2), but its conspecificity is uncertain (WUNDERLICH
2004: 1526). LEnTiNen (1967: 397) was unable to place this family, but WunperLicH (1984, 1986:
25) synonymized it with Agelenidae: Ageleninae and WunperLIcH (2004: 1524) provided a revised
diagnosis, without discernable autapomorphies and proposed that it might be synonymous with
Pisauridae, but nonetheless maintained it as a separate family. The males described by WUNDERLICH
(2004) were only tentatively placed in /nsecutor. WunDeRLICH (2004: 1525) suggested that Thyelia
KocH, BERENDT, 1854 may be a senior synonym of /nsecutor PETRUNKEVITCH, 1942 but was unable
to locate the type material of Koch and Berendt required to confirm this. The systematic status of
this family is unclear.

Family MITHRAEIDAE KocH, BERENDT, 1854

Age: Tertiary (Eocene)
Current status: Not valid, synonymous with Uloboridae

Species originally included: Androgeus militaris KocH, BERENDT, 1854, BA (holotype male
M{N MB.A 1111 [cabinet P1287, drawer 115]); 4. triqueter KocH, BERENDT, 1854*, BA (holotype
male MfN MB.A 1112 [cabinet P1287, drawer 115]).

Remarks: PETRUNKEVITCH (1955: 152) was unable to place Androgeus KocH, BERENDT,
1854 in any known family, but later considered Mithraeidae to be synonymous with Uloboridae
(PETRUNKEVITCH 1958). WUNDERLICH (1986: 27) synonymized Androgeus with the extant uloborid
genus Hyptiotes WALCKENAER, 1837 and transferred A. militaris to Eomysmena PETRUNKEVITCH,
1942 (Theridiidae).

Family MIZALIIDAE THORELL, 1870
Age: Tertiary (Eocene)
Current status: Not valid, synonymous with Oecobiidae
Species originally included: Mizalia rostrata Koch, BERenDT, 1854*, BA (holotype male

lost, not found in collection of MfN). M. truncata MenGE, 1854, BA (holotype sex and location
unknown).

Remarks: The family was erected for the genus Mizalia KocH, BERENDT, 1854, which had
originally been placed in Theridiidae. The only species formally listed in this family by THORELL
(1870) was M. rostrata. Some other species listed in Mizalia by KocH, BERENDT (1854) had been
transferred from this genus by MENGE (1854) prior to the erection of the new family. PETRUNKEVITCH
(1955: 152) was unable to place Mizalia KocH, BERENDT, 1854 in any known family. Mizaliini was
considered a tribe in Oecobiidae: Urocteinae by WUnDERLICH (1986) and as a subfamily of Oeco-
biidae by WUNDERLICH (2004: 831). WuUNDERLICH (1986) synonymized Paruroctea PETRUNKEVITCH,
1942 with Mizalia and WunperLIcH (2004) described the new Baltic amber species M. gemini
WunDERLICH, 2004 and M. spirembolus WUNDERLICH, 2004.

Family PARATTIDAE PETRUNKEVITCH, 1922
(Fig. 4)
Age: Tertiary (Eocene)
Current status: Valid, but probably synonymous with a lycosoid family
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Species currently included: Parattus evocatus Scupper, 1890, F1 (holotype female MCZ
Scudder Coll. No. 12005 [renumbered 66]); P. latitatus Scupper, 1890, F1 (holotype sex not
mentioned MCZ Scudder Coll. No. 9823 [renumbered 67]); P. oculatus PETRUNKEVITCH, 1922,
FI (holotype female MCZ Scudder Coll. No. 118); P. resurrectus Scupper, 1890* (Fig. 4), Fl
(holotype male MCZ Scudder Coll. No. 1081 [renumbered 64], paratype female MCZ Scudder
Coll. No. 8459 and 8282 [renumbered 65]).

Remarks: Because the specimens are poorly preserved, this ecribellate, entelegyne family
was originally diagnosed by the ‘unusual’ eye arrangement as follows: eyes round, in two rows
of four, anterior subequal and fairly equidistant, posterior eyes considerably smaller, with PME
between and slightly behind the AME (see PETRUNKEVITCH 1922: Fig. 19). Petrunkevitch did not
consider that taphonomic processes may have may have caused these specimens to be preserved
in a manner requiring a careful interpretation of the eye arrangement. Re-examination of the type
species demonstrated that what Petrunkevitch considered to be the anterior eyes are actually the
posterior eyes and vice versa. Although currently considered a valid family, these spiders are
actually lycosoids; a revision is in preparation.

Family PROTHERIDIIDAE WunbpERLICH, 2004
(Fig. 8)
Age: Tertiary (Eocene)

Current status: Valid, but warrants independent assessment (original publication not peer-
reviewed)

Species currently included: Praetheridion fleissneri WUNDERLICH, 2004* (Fig. 8), BA (ho-
lotype male PCJW F42/BB/AR/PRO); Protheridion bitterfeldensis WUNDERLICH, 2004, BA (Bit-
terfeld) (holotype male PCJW F250/BB/AR/PRO); P. detritus WunDERLICH, 2004, BA (holotype
male PCJW F44/BB/AR/PRO); P. obscurum WUNDERLICH, 2004, BA (holotype male PCJW F252/
BB/AR/PRO); P. punctatum WunDerLIcH, 2004, BA (holotype male PCJW F251/BB/AR/PRO);
P, tibialis WunDERLICH, 2004*, BA (holotype male PCJW F38/BB/AR/PRO).

Remarks: WunperLIcH (2004: 1134) was unsure of the correct systematic placement of
this family but suggested it might be most closely related to Theridiidae, based on leg autotomy
(coxa—trochanter), palpal structure and the presence of a tarsal comb on leg 4.

Family SPATIATORIDAE PETRUNKEVITCH, 1942
Age: Tertiary (Eocene)
Current status: Valid

Species currently included: Spatiator praeceps PETRUNKEVITCH, 1942%, BA (holotype
female NHM In. 18760 [Klebs 518, no. 3761], an additional male NHM In. 18761 [Klebs 519,
no. 3764]).

Species no longer included: Adorator brevipes PETRUNKEVITCH, 1942, BA (holotype male
NHM In. 18716 [Klebs 474, No. 13455]); A. samlandicus PETRUNKEVITCH, 1942, BA (holotype
male NHM In. 18144) (=Zodariidae).

Remarks: WunDERLICH (1984) placed Spatiatorini as a tribe in Palpimanidae s./. Stenochili-
nae, but WUnDERLICH (1986: 21) considered it a valid family and provided a revised diagnosis.
Spatiatorids are easily identifiable by the following combination of characters: carapace long
with a distinctly raised caput, cheliceral peg teeth, spineless legs and spatulate setae on the tarsi
and metatarsi of legs 1 and 2. However, these characters are widespread in Palpimanoidea and a
formal diagnosis based on distinct apomorphies is warranted. WunDerLICH (2004: 767) proposed
that this family was most closely related to the New Zealand family Huttoniidae which had a
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broader distribution in the past, evident from fossils in Cretaceous Canadian amber (PENNEY,
SELDEN 2006). The genus Adorator was misplaced in Spatiatoridae because of the presence of leg
spines and the lack of spatulate setae, and based on pedipalp structure it belongs in Zodariidae
(WunDERLICH 2004: 1592).

Concluding Remarks

To date, twenty strictly fossil spider families (including Archaeidae which was originally described
as a fossil family) have been described and the expectation is that more await discovery and de-
scription. Of these families, one (Archaeidae) had extant species discovered subsequently and it
is not unreasonable to expect that a similar situation may occur again, highlighting the need for
neontologists to consider palacontological data when describing new higher taxa because they
may already be known as fossils. Of the Palacozoic families, none of the specimens attributed
to Archaecometidae are spiders and of the remaining families all but Permarachnidae are poorly
defined and in need of revision. However, at this stage it would appear that they consist solely of
primitive mesothele spiders. The Mesozoic families as currently delimited are acceptable, although
the discovery of new material may demonstrate that Juraraneus belongs in Araneidae.

The majority of strictly fossil spider families described from the Cenozoic, were established
primarily by Petrunkevitch, who often based his new taxa on juvenile specimens. This is the
case for the families Adjutoridae, Arthrodictynidae, Inceptoridae and Insecutoridae and the type
specimens require formal systematic scrutiny before the validity of these families (including their
proposed synonymies) can be determined. Ephalmatoridae and Spatiatoridae, also established
by Petrunkevitch have been revised by WunDERLICH (1986, 2004) and are currently considered
valid, although the systematic affinities of the former are unclear. The families Baltsuccinidae and
Protheridiidae were recently described by WuNperLIcH (2004) and have not yet been critically
assessed. The following fossil families have been synonymized with extant taxa: Acrometidae =
Synotaxidae, Mithraeidae = Uloboridae, Mizaliidae = Oecobiidae; and recent unpublished data
have shown that Parattidae are lycosoid spiders.
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CbcTaBsiHe IbPBO HA )KUBOTA — (DUIIOTEHHS Ha MasUTe:
npenie] Ha U3IsUIo (OCUITHUTE CeMECcTBa

. Ilenu, I1. Cenoen

(Pe31ome)

“Assembling the Tree of Life (AToL): Phylogeny of Spiders” e ambumno3sa, mecTronumiHa
Iporpama, Iesila U3sCHIBaHEeTO Ha QUIIOTEHUATA Ha MAsIUTE Ype3 ChCTaBIHE HA POIOCIOBHO
I5PBO, BKITIOYBAIIO BCHYKU U3BECTHU CEMEHCTBA. 3a OCHIIECTBSBAHETO HA IIPOSKTa € U3TOTBEHA
TabnHIa, ChIbpKAIa MOP(OIOTHYHH, MOJIEKY/SIPHH, IOBEACHYECKH U ITaICOHTOJIOT MYHHU IAHHH.
Twit kaTo nocera GpoCHITHUTE MAsUU He ca OMIH pa3IekIaHH B ChBPEMEHHHTE CHCTEMATHYHU
KaTaJIO3H, HACTOSIATa CTAaTHs IIPaBH IIPETIe]] Ha OMICAHNUTE 0 MOMEHTa OT ()OCHITHATA JICTOITHC
20 cemetictBa. OT 14X, ceMeiicTBo Archaeidae e HAaCKOPO OTKPUTO C pEIEHTEH MPEICTaBUTEN, a
Acrometidae, Adjutoridae, Arthrodictynidae, Mithraeidae u Mizaliidae ca cHHOHUMHI3UpPaHH CHC
ChBpeMeHHH ceMeiicTBa. Criopes aBTOpHUTe BaIMIHN TaKCOHH ca: Permarachnidae, Juraraneidae,
Lagonomegopidae, Baltsuccinidae, Ephalmatoridae, Insecutoridae, Protheridiidae, Spatiatoridae,
a Arthrolycosidae, Arthromygalidae, Pyritaraneidae, Inceptoridae, Parattidae TpssOBa ma Opaar
npepasriienani. HuTo enuH oT pocuitHuTe BUIOBE, IPHUYUCIICHH KBM ceMercTBO Archacometidae
HE ¢ MasK.
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Ultrastructure of dermal and defence glands in
Cyphophthalmus duricorius JOSEpPH, 1868
(Opiliones: Sironidae)

Melanie Gutjahr', Reinhart Schuster’, Gerd Alberti'

Abstract: The structure of dermal glands and defence glands is described in a species of Cyphophthalmi.
The dermal glands consist of different cell types that discharge their secretion into a microvilli bordered
cavity before reaching the cuticle-lined duct system. The paired sac-like defence glands are composed of
an excretory channel, a non-secretory area and a secretory area. These three parts are characterized by a
different arrangement of cells. The secretory area includes a number of glandular units, probably derived
from dermal glands, producing a heterogeneous secretion that is discharged via numerous small ducts into
the wide cuticle-lined lumen.

Key words: Cyphophthalmi, defence gland, dermal gland, ozophore

Introduction

The Cyphophthalmi represent a subgroup of small, ,,mite-like* Opiliones of about 115 species liv-
ing in caves and leaf litter (Moritz 1993, GIRIBET 2000, GIRIBET, BOoYER 2002). They are regarded
by some authors as closely related to Palpatores (Cyphopalpatores; e.g., MARTENS et al. 1981,
MaRTENS 1986), whereas others consider them as the most early derivative Opiliones constitut-
ing the sister group to all other Opiliones (GIRIBET ef al. 1999, 2002, KaraMaN 2005). The first
view was mainly based on morphological characteristics of the ovipositor and penis. In contrast
the second interpretation used aside of numerous morphological characters also molecular data
sets. Furthermore, Opiliones are placed differently in cladograms depicting arachnid phylogenies.
For example, some authors consider them closely related to Acarinomorpha (Ricinulei and Acari;
e.g., WEyGoLDT, PauLus 1979a, b, PauLus 2004), whereas others suggested a more or less close
relationship to Scorpiones (e.g., HAMMEN 1989, SnuLtz 1990, WHEELER, HAYASHI 1998, GIRIBET
et al. 2002). Evidently, much more has to be learnt about these arachnids until it is possible to
reach generally accepted conclusions.

In the frame of a general study on cyphophthalmic ultrastructure we present here preliminary
results on two glandular systems using Cyphophthalmus duricorius (Sironidae): dermal glands
and defence glands. Further glands such as coxal glands (nephridia) and the male tarsal glands
are currently under investigation and further opilionid taxa will also be included.

Material and Methods

The individuals of Cyphopthalmus duricorius JoserH, 1868 were collected from leaf litter in Styria
(Austria) by R. Schuster in May 2005. The study is based on 10 adult specimens of both sexes. For

!nstitute of Zoology and Museum, Ernst-Moritz-Arndt-University Greifswald, Johann-Sebastian-Bach-Strafie
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transmission electron microscopy (TEM) examinations the cyphophthalmids were cut between
prosoma and opisthosoma with a razor blade in buffered glutaraldehyd (2.5% glutaraldehyd in
0.1M phosphate buffer, pH 7.2). The tissues remained in the fixative for one night. After washing
the material in 0.1M phosphate buffer (two times), it was postfixed in osmium tetroxide (2%), and
then washed in phosphate buffer (three times) again. Before embedding in Spurr’s resin (SPURR
1969) the material was dehydrated in graded ethanols (from 60 up to 100%). Ultrathin sections
were made with a Leica Ultracut UCT, and then stained with uranyl acetate and lead citrate. Ob-
servations were done with a transmission electron microscope Zeiss EM 10 A.

For scanning electron microscopy (SEM) one animal was dissected in a phosphate buffer
(same as above) for studying the defence glands. The sample was then transferred into the fixa-
tive (see above), and then treated like the material for TEM until the dehydration in pure ethanol.
Afterwards the sample was transferred in amylacetate and critical point dried with a BAL-TEC
CPD. Subsequently, the material was covered with palladium-gold by using the Polaron Mini
Sputter Coater SC 7620. The sample was studied with a scanning electron microscope LEO DSM
940 A.

Results
No structural differences between the sexes were observed with regard to the glands studied.
1. Dermal glands

The integument of C. duricorius is richly invested with small dermal glands on the dorsal side
of the body as well as on the ventral side. The gland openings are distributed irregularly with a
maximum density of 8 openings per 100 um?. These glands consist of a set of three types of cells:
secretory, collar and canal cells which are surrounded by intercalary cells (Fig. 1A).

The secretory cells (Fig. 1A-C), are rather large, containing a prominent nucleus, which
is surrounded by numerous cisternae of rough endoplasmic reticulum, free ribosomes and mito-
chondria. The mitochondria (0.1-0.4 um in diameter) are round, sometimes elongated, located
mainly in the distal part of cells. Small lipid droplets were also observed. Golgi bodies produce
distinct, densely staining granules (0.5-2.1 pm in diameter). A different distribution of granules
was found depending on the secretory activity of the cell. In early stages there are round or oval
granules differing in their electron density. In late stages a number of the electron lucent granules
merge and fill almost the whole cell. The apex of the secretory cell bears microvilli (1.0 -1.8 um
long), which extend into a funnel-shaped cavity, called secretory reservoir, where the secretion
accumulates (Fig. 1A, B).

The collar cell surrounds the secretory cells of each gland and a small part of the proximal
part of the canal cell (Fig. 1A). The collar cell contains rough endoplasmic reticulum, mitochon-
dria and granules. Its nucleus is situated at the base. Golgi bodies and lipid droplets are present as
well. The granules (0.5-0.7 um in diameter) of the collar cell are surrounded by a distinct mem-
brane. Similar to the secretory cells, also the collar cell bears microvilli (Fig. 1A, B). However,
in contrast to the secretory cells, the microvilli are shorter (0.2-0.4 um long). A distinct marginal
fold is connecting the secretory cells and the collar cell (Fig. 1A, B). This fold stabilises this area
as it anchors the glandular cells (secretory cells + collar cell). The fold includes densely packed
microtubules encircling this area of the reservoir (Fig. 1B).

The microvilli border encloses the secretory funnel-shaped reservoir. The contents of the
reservoir pass through a canal formed by a canal cell. Although the canal can be divided in two
strikingly different parts, it seems that the duct is composed of one canal cell only. The proximal
part of the canal cell (0.1 um long) has a thick but less dense cuticle of a peculiar fine structure.
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Fig. 1. The dermal glands. A: Glandular unit of a gland. Both, the secretory and the collar cell form a
microvilli border, which extends into the secretory reservoir. B: The connection between the secretory cell
and the collar cell is characterized by marginal folds provided with many microtubules. The linking of the
collar cell to the proximal canal cuticle is provided by a peculiar attachment zone (arrows). The proximal
beginning of the duct is wide open. C: Detail of the secretory cell. Note the Golgi bodies and secretions. D:
Longitudinal section through the canal of a dermal gland. The canal cell is surrounded by intercalary cells.
The proximal beginning of the duct is closed. Inset: SEM figure of the orifice of a dermal gland (arrow) in
the surface cuticle next to a smooth tubercle. E: The proximal beginning of the canal with the collar cell
linked to the canal cell by septate junctions.
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Its electron-lucent inner (i.e., adjacent to the lumen) layer projects into the reservoir lumen. The
canal cell is proximally linked by septate junctions with the collar cell (Fig. 1E). The collar cell
attaches to the cuticle by a peculiar junction (comparable to hemidesmosomes) (Fig. 1B). The
distal part of the canal cell (Ilength about 0.3 um) is provided with a thin but dense cuticle. It
seems that the thin cuticle of the distal part is interlocked in the thick cuticle of the proximal part
composing a valve like structure. The canal surrounded by the canal cell is distinctly narrowed in
this region before extending to the surface. Near the orifice, the cuticle of the distal canal merges
with the integument cuticle. The duct terminates at the surface with a small opening surrounded
by tiny cuticular lips arranged in a rosette like manner (Fig. 1D).

2. Defence glands

In C. duricorius, as in other Cyphopthalmi, the openings of the sac-like defence glands are located
on dorsolateral elevations, the ozophores (Fig. 2A). They are approximately 110 um high. The
slit-like opening is located under a small lid-like protuberance (Fig. 2B, C) and measures about
20 pm. The glands are composed of a short excretory canal, a distal non-secretory part and a
proximal secretory part.

Examined by TEM, the secretory slit is bordered by a cuticle forming a thick and externally
smooth dorsal lid that overhangs the ventral border (Fig. 2B). Starting from the secretory slit, the
cuticle becomes thinner towards the excretory canal (Fig. 2 D). At this part muscles are attached
to the canal (Fig. 2E, F). Likely, the muscles play an important role for the opening of the glands
and consequently for the expulsion of the secretory products. The excretory canal continues to the
non-secretory part and finally to the secretory part. Both regions are composed of an epithelium,
covered by a thin cuticle. The flat epithelium of the non-secretory area is composed of cuticle-sup-
porting cells only. Characteristic for the non-secretory part are the foldings of the wall. Because
of'this feature we propose a division of the non-secretory area in to three parts. In the first part the
intima shows simple ridges (Fig. 2F); in the second part regular folds are present (Fig. 2G) and,
finally, in the third part close to the secretory area the intima is strongly and irregularly folded
(Fig. 2H). These differences may reflect the different rigidity of the cuticle of the three regions.
The cuticle-supporting cells of the non-secretory part are provided with ovoid nuclei and glycogen
granules. Other cell organelles like small mitochondria (0.2 um in diameter) were more obvious
in the second and third part of the non-secretory area. In the last part of the non-secretory area
muscles are also present (Fig. 2H). The secretory part extends into the interior of the body as a
rather wide large sac (Fig. 2A). This part of the gland is more complex. Like the non-secretory
part, the secretory part of the defence glands is also characterized by many folds of the wall (Fig.
21). These folds are stronger here than in the non-secretory part. Contrary to the excretory canal
and the third part of the non-secretory area, no muscles have been observed in the secretory area.
The wall of the secretory part consists of secretory cells and duct cells, forming glandular units,
and cuticle-supporting cells. The secretory cells consist of an ovoid nucleus (0.4 pm in diameter),
numerous cisternae of rough endoplasmic reticulum, many mitochondria, lipid droplets and gran-
ules. The mitochondria are elongated and are mostly concentrated at base and at apex of the cell.
The granules are either electron-lucent or electron-dense. The lucent granules are smaller (0.07 um
in diameter) while the dark granules (0.07-0.1 pm in diameter) are larger. The dark granules were
more often observed and sometimes appeared in groups of two or three granules. Furthermore,
lysosomes were observed in the secretory cells. The cells of the secretory part are connected to
each other by interdigitations and bear many microvilli projecting into an elongated cavity (Fig.
2]). The duct cells begin at this cavity (Fig. 2J, K). The duct cells are similar to those of the dermal
glands. But the thick, less dense cuticle is not seen. The cuticle-supporting cells of the secretory
area contain an elongated nucleus, some small mitochondria and glycogen granules. The lumen
of the defence gland may contain sometimes a heterogeneous secretion (Fig. 21).
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100 pm

Fig. 2. The defence gland. A: SEM figure of the ozophore with the defence gland. B: Lid-like structure of
the opening of the ozophore.C: SEM view of the secretory slit of the defence gland. D: Secretion in the
excretory canal next to its exit. E: Longitudinal section through the excretory canal showing the muscle
attachment. F: Wall of the first part of the non-secretory area. G: The second part of the non-secretory area
with regular folds. Mitochondria (arrows) are located under the folds. H: Third part of the non-secretory
area with irregular folds. Note the muscles under the epithelium. I: The secretory part of the glandular sac
with some microvilli bordered cavities of the glandular units. J: The secretory cells are linked to each other
by interdigitations (asterisks). K: Ducts are also observed in the secretory epithelium.

Abbreviations: ¢ = cuticle, d = duct, dg = dense granules, g = lucent granules, 1d = lipid droplets, lu = lumen,
ly = lysosomes, mi = mitochondria, mu = muscles, mv = microvilli, nu = nucleus, ss = secretory slit.
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Discussion

1. Dermal glands

Numerous dermal glands are known from a number of Opiliones. They may help to modify in-
tegumental properties. Sometimes these secretions serve for camouflaging (e.g., Trogulidae). In
Cyphophthalmi these glands are very frequent but rather inconspicuous because their openings
are very tiny and usually covered by a thin film of secretion. Hence they have not been often
recognised (e.g., MARTENS 1979, HamMEN 1989). In Sironidae it seems likely that the secretions
help to keep the surface hydrophobic.

The dermal glands correspond to the class 3 glands according to the classification of NoIroT,
QUENNEDY (1974). This type of glands is composed by different cells. The secretory cell is extruding
its secretion products into a microvilli bordered cavity from where the secretion passes within the
cuticle-lined duct towards the exterior. The similarity of the ultrastructure of these dermal glands
with the glands of the male adenostyle (tarsal gland) described by MARTENS (1979) from the same
species is remarkable. The occurrence of secretion in the secretory and collar cells demonstrate
that both cell types have a secretory activity. Their products are released into a funnel-like cavity
lined by microvilli, which are formed by the secretory and collar cells. In the secretory cells, the
formation of the granules runs through different stages. Before extrusion into the secretory reser-
voir, the granules merge into larger granules, which are electron-lucent. The proximal beginning
of the duct is provided with a distinct probably sealing structure which may be involved in the
control of the expulsion of the secretions.

2. Defence glands

The defence, repugnatory or scent glands are present in all Opiliones. In the Cyphophthalmi these
glands are located between the second and third pair of legs on the dorsolateral side of the body on
specific elevations, called the ozophores (JUBERTHIE 1970, GIRIBET et al. 2002). The defence glands
are considered first to provide chemical defence against putative predators. It is possible that their
secretion is released as fine sprays or as a droplet (JUBERTHIE 1976, MARTENS 1978, HOLMBERG 1986).
In some studies the secretions have been suggested to be used for territorial marking (JUBERTHIE
1976) or as alarm pheromones (MAcHADO et al. 2002). The chemical composition of the defence
secretion was known for the Laniatores and Palpatores (Expa et al. 1985, Jongs et al. 1976). In a
recent study the composition of the gland secretion of Cyphophthalmus duricorius was reported
by RaspPo1NIG et al. (2005) for the first time of a species of Cyphophthalmi.

It seems evident that the defence glands are derived from dermal glands: The lid-like structure
covering the opening is simply an enlarged tubercle of the surface cuticle, the body of the gland is
provided with a (cuticular) intima, and the glandular units found in the secretory part correspond
largely in structure with the dermal glands. Discharge of the secretion may be achieved by an
increase of haemolymphic pressure. Alternatively, it could be that the gland is kept constantly
under pressure and the muscles attaching to the non-secretory part may serve as dilators of this
part releasing the secretions when stimulated. No sphincter muscles have been seen. Thus cuticle
properties may be responsible for keeping the opening closed when undisturbed. The appearance
of a huge number of mitochondria is probably evident for the high activity of the defence glands.
Together with the presence of the microvilli bordered cavities in the secretory part, an effective
transport of secretions may be assumed.

The defence glands of Cyphophthalmi, described by Janczyk (1956) and JUBERTHIE (1961)
by light microscopy, are ultrastructurally rather similar to those of Phalangiidae (CLawson 1988), a
family belonging to the Palpatores, a taxon regarded by GIRIBET et al. (1999, 2002) as paraphyletic.
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The similarity of these glands in Cyphophthalmi and “Palpatores” may seem to support a taxon
“Cyphopalpatores” as suggested by MARTENS et al. (1981) and MarTENs (1986). However, since
the peculiarities of these glands of other Opiliones than Cyphophthalmi and Phalangiidae are not
known, such a conclusion would be overhasty and further studies have to be awaited.
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VYnrpacTpykTypa Ha JEPMATHATE U 3AIIUTHUTE JKIIC3U TIPH
Cyphophthalmus duricorius JosepH, 1868
(Opiliones: Sironidae)

M. I'vmsap, P. [Llycmep, I Anbepmu

(Pe3iome)

B crarusita ce omucBa yCTPOWCTBOTO HA JEPMAIHUTE W 3AIUTHUTE JKJIC3U MPH CCHOKOCEIa
Cyphophthalmus duricorius. JlepMaJlHUTE KJI€3U C€ CHCTOAT OT PA3TMYHH IO THUM KIETKH,
KOWUTO M3Mpa3BaT CEKPETUTEe CH B Nepu(epHU KyXMHH C MUKPOBUIJIH, MPEIU Ja JOCTHTHAT
KyTHKYJIHaTa KaHallHa cucTema. J{Boiikara 3aiuTHH XkJie3u ¢ TopOooBHHA (OpMa ca ChCTaBEHH
OT €IUH EKCKPETOPEH KaHall, eJHa HeCEKPEeTOpHa W eJHa CeKpeTopHa obiactu. Te3u Tpu
YaCTH C€ XapaKTepU3UpaT ¢ pa3NudyHa mojpeada Ha kieTkute. CekperopHaTa 001acT BKITIOUYBA
HAKOJIKO KJIE3UCTH YUAaCTbKa, KOUTO MPOU3BEKIAT XETCPOIrCHHU CEKPETHU U 110 BCAKA BEPOATHOCT
MPOM3IIN3AT OT JePMallHUTE Jkie3n. Te3u Kie3n OTACNAT CEKPETUTE CH Ype3 MajKH KaHalu,
BOACIIHN B IIMPOKUA KYTUKYJICH JTYMCH.
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Lengthening of embolus and copulatory duct: a review of an
evolutionary trend in the spider family Sparassidae (Araneae)

Peter Jiger'
Dedicated to Dr Manfred Grasshoff on occasion of
his 70th anniversary and in memory of
his contributions to the functional morphology of
the spider family Araneidae

Abstract: The phenomenon of lengthening copulatory structures in the spider family Sparassidae is reviewed.
One can distinguish between a diversifying type and a lengthening type, but admitting that there may be
combinations and transitions between these cases. Some 55% of 662 species examined show clearly that
the embolus and/or copulatory ducts are lengthened in comparison with the ancestral species, whereas only
in 8% there is no noteworthy lengthening of these structures. Different types of lengthening are recognised:
‘tegular coil’, ‘distal coil’, ‘distal screw’, the irregular or combination type, and the so-called ‘functional
lengthening’. In these types uniformity of the copulatory structures prevails, although diversifying elements
may occur albeit rarely. Combined morphological changes, occurring in the course of evolutionary length-
ening, are considered as being dependent on functional constraints. The position of the embolus’ tip may
play an important role in this context. Understanding of functional and evolutionary aspects may enlighten
possible mechanisms which trigger the phenomenon.

Key words: spider genitalia, copulatory organs, tip of embolus, evolutionary mechanisms, types of length-
ening, functional constraints, huntsman spiders

Introduction

In spiders, as in other terrestrial arthropods, copulatory structures have been developed which
allow direct sperm transfer (in contrast to indirect sperm transfer in marine or fresh water organ-
isms). Male spiders exhibit copulatory organs on their second pair of appendages: the pedipalpi
are modified as gonopods. Females have either rather simple receptacula seminis (Mygalomor-
phae and haplogyne Araneomorphae) or frequently a complex duct system in front of the genital
opening (entelegyne Araneomorphae). Considering the fact that copulatory organs are present
only in the last stage of an individual and used for a short time only, and for a restricted purpose,
it seems to be most likely that the evolution of these structures may be largely independent from
external conditions, e.g. such as climate, habitat, prey animals or others. Both structures in males
and females are acting during copulation as one functional unit and are therefore dependent on
each other with respect to evolutionary changes of their parts (as in upper and lower jaws in ver-
tebrates) (GRASSHOFF 1975; see also Kraus 1995, 1998). Apparently, this also seems to be true, if
the structures (embolus, copulatory ducts) are in the process of changing their length in the course
of evolution, as the lengths of these structures in males and females are changed accordingly. This
length-changing occurs, among others, in the spider family Sparassidae, which is represented by
about 1000 species worldwide (PLatnick 2005). Representatives of one subgroup of this fam-
ily, the Deleninae from the Australasian region, exhibit extremely long emboli and copulatory

! Arachnology: Research Institute Senckenberg, Senckenberganlage 25, D-60325 Frankfurt am Main,
Germany. E-mail: Peter.Jaeger@Senckenberg.de
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ducts (Figs 1-2). From examination of these copulatory organs, several questions arise, ¢.g. which
mechanisms are responsible for such a trend of lengthening', what is the proximate and what
the ultimate causation? What advantages or what functional economisation could lengthening
genitalia provide for animals of lineages with such an evolutionary trend, such that these have
been selected in the evolutionary processes? Have modifications of the mating behaviour been
established, as known from e.g. Staphylinidae (Gack, PEscHkE 2005)?

The phenomenon of lengthening genitalia has been addressed only by few authors in the
past: Comstock (1910) simply described different types of spider pedipalps and gave standardised
names for individual parts. WieaLE (1961) suggested that for longer female ducts, the emboli
would stay for a longer time during the copulation and, by this delay, the transfer of sperm would
be secured. Wiehle recognised different types of emboli (‘Einfiihrungs-Embolus’ and subtypes,
‘Anschluss-Embolus’) whereas looking for this phenomenon in different spider families. HeLs-
DINGEN (1972) put this subdivision into perspective and considered it an ‘oversimplification’. This
author dealt with a striking case of lengthening copulatory structures in the family Linyphiidae.
He investigated functional aspects of male palp and female epigyne in fixed copulae and used the
results for a systematical re-classification of four genera (HELSDINGEN 1965, 1969, 1970). JocQUE
(1998) claims that lengthening of the embolus (as described in e.g. JocQuk 1990, JocquE, BAEHR
1992, Jocqut, Szuts 2001, JocQuE, BosseLaERs 2005) is one of the possibilities for spiders to
increase their complexity of the genitalia, in what he calls the “mating module”, implying that
genital complexity is linked to ecological specialisation.

Before addressing the questions mentioned above, the trend of length-changing genital
structures within a particular group (here: Sparassidae) should be investigated for comparison
purposes, in order to get an idea of its importance and structural influence on the evolutionary
history of the recent species composition.

Material and Methods

During the past ten years, 662 of the 793 Sparassidae species, with male sex known, were examined,
i.e. about 83%. Some 546 (69%) with known male sex, have been used here. Legends of draw-
ings or indications in the text should be a sufficient reference. Male and female copulatory organs
were investigated and drawn, using stereomicroscopes (Leica MZ 16, Wild M8) and compound
microscopes (Zeiss, Leica DMLS), all with camera lucida attachments. Female epigynes were
cleared with 96% lactic acid if necessary; epigynes with membranous parts were either cleared
very carefully or not treated with lactic acid, since it can change the position of individual parts.
Only male copulatory organs were used for taking measurements (length of embolus, position
of tip of embolus). Female epigynes are only referred to in a more general manner or in single
cases (e.g. Heteropoda LATREILLE, 1804). Relative length of emboli and lengthening respectively
were measured in comparison to a reference length of an assumingly basal state (short embolus).
An arising point in a 6-0’clock-position, for instance, is considered plesiomorphic for many taxa
within Sparassidae. To make positions of the embolus’ tip comparable, i.e. to compensate for
differently shaped pedipalps, the tegulum including all its appendices were fitted into a rectangle
as in Fig. 29. The relative position of the tip was calculated with: co-ordinates of the embolus’ tip
being the relative length and width of the rectangle. Additional measurements were taken from
suitable original drawings, i.e. if the cymbium was drawn in a ventral view and the parts were
unambiguously identifiable. All measurements were carried out only for those emboli being in
the resting position (i.e. bulbs were not expanded). Single females were assigned to one of the

! For evidences supporting the hypothesis that copulatory structures lengthen and do not shorten in the proc-
ess of evolution, see first paragraph of discussion.
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categories, when the internal duct system showed evidence of belonging to one of the lengthening
types, even though a conspecific male was not known (e.g. in Heteropoda).

A species was identified as belonging to the lengthening type, when either the gradual
character states of the embolus or of the copulatory ducts with respect to their length in different,
related species appeared (Fig. 1), or if in a single species a distinctly elongated embolus pointed to
a derived state. In contrast, emboli with different shapes or with new features such as apophyses
and without any evidence of lengthening, were assigned to a so-called diversifying type (Figs
3-6). These assignments are partly supported by females with copulatory ducts of the same or of
a similar length. Species without characters of one or other group were noted as questionable.

Beregama (4)
9-15

{ Delena (4)
Holconia (9) 8.5
Isopeda (21)  75-11.5

} Neospurassus Isapedelia (18) 75-11

; (18)

Em.:'efe]:z ()] Pa-’flai“; (1) D{;?‘f;;‘“ 2 -”2.:.“5'2’ ST 180 —

Fig. 1. Male pedipalps of different species of the subfamily Deleninae from Australia, showing different
lengths of distal coils of the embolus, here interpreted as ‘lengthening type’. All illustrations by HirsT (1989,
1990, 1991a, 1991b, 1992, 1993, 1995, 1997, 1999), exception: Neosparassus and Delena (by HICKMANN
1967). Arrows point to lengthening within the subfamily (horizontal) and within the particular genus (verti-
cal), but are not interpreted as direct detector of phylogenetic relationship. Numbers in parentheses behind
genus names indicate species numbers, ranges below genus names number of coils observed within the
particular genus.

Lach

Fig. 2. Distal coils of the embolus of an unde-
scribed Neosparassus sp., lateral view, showing
organisation of the twenty coils in three spirals.
The outer coil was compassed to make inner
coils visible.
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5

Figs 3-6. Male pedipalps of different undescribed Pseudopoda species from Yunnan, showing different
shapes and sizes of emboli, here interpreted as ‘diversifying type’. Emboli shaded.

Results

In total 364 species (55%) of 662 species examined were considered belonging to a lengthening
type of copulatory structures. In contrast only 54 species (8%) exhibit a clearly diversifying type
of emboli (e.g. Pseudopoda JAGER, 2000 cf. Figs 3-6, Anaptomecus Simon, 1903, Sparianthina
Banks, 1929, Prusias O.-P. CAMBRIDGE, 1892 ad part., Olios WALCKENAER, 1837 ad part.). Two
hundred forty-five species could not be assigned to one of the two categories and remain question-
able until further work. Generally, lengthening can take place at the tip (e.g. in Holconia THORELL,
1877) or at the base (e.g. in Heteropoda) of the embolus. Moreover, both types can occur together
(e.g. in Pandercetes L. Koch, 1875; compare JAGer 2002: fig. 173). Beside these, different types
of lengthening were also recognised.

Different types of lengthening

In the ‘tegular coil’- type the base of the embolus is shifted in the course of evolution around the
tegulum, the tip of the embolus remains almost in the same position (Figs 7-8). This type occurs in
Heteropoda (180 species), Barylestis SIMON, 1910 (9), Yiinthi Davies, 1994 (8), Polybetes SIMON,
1897 ad part. (8), Damastes SivoN, 1880 (17), Gnathopalystes Ramsow, 1899 ad part. (7), Tychicus
Smvon, 1880 (5) and Prychia L. KocHh, 1875 (4) (total number of species: 238). Maximal length-
ening of the embolus constitutes 200% additional length. The ‘distal coil’- type is characterised
by a lengthening at the tip of the embolus, which during the process remains in almost the same
position, with the embolus tightly circling around a central point (Figs 11-12). It is realised in the
Deleninae (11 genera, 105 species), Clastes WALCKENAER, 1837 (1), Palystes L. Koch, 1875 ad
part. (6), Remmius StMON, 1897 (5), Rhitymna SoN, 1897 ad part. (10), Sarotesius Pocock, 1898
(1) (total number of species: 128). Emboli exhibit a maximal lengthening of 900%. Representa-
tives of one genus (Olios ad part., i.e. former Pelmopoda Karsch, 1879 spp.; 10 species) exhibit a
distal screw with a maximum of 120% additional length (Figs 14-15). The embolus’ tip is circling
around its straight length axis and the embolus is lengthened at its tip retrolaterad. In Pseudopoda
ad part. (20), Pandercetes (18), Olios ad part. (10), Palystella LAWRENCE, 1928 (4), Microrchestris
LAWRENCE, 1962 (2), Cebrennus Sivon, 1880 (13) the embolus is lengthened at the base and at its
tip irregularly (i.e. with no distinct shape, such as a circle, spiral, etc.) or in combination (Figs
18-19; total species number: 67; maximal lengthening: 350 % additional length).
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/

Figs 7-12. 7-8 - Male pedipalps of Heteropoda species representing the ‘tegular coil’ type; 7 - Heteropoda
sp., 8 - Heteropoda cyperusiria BARRION, LITSINGER, 1995. 9-10 Female internal duct systems of Heteropoda
species belonging to the same lengthening type of males (tegular coil) but show different pattern of lengthen-
ing: 9 - Heteropoda lunula (DoLESCHALL, 1857), 10 - Heteropoda cyperusiria BARRION, LITSINGER, 1995. 11-12
Male pedipalps of Deleninae species representing the ‘distal coil’ type: 11 - ‘Olios’ coccineiventris (SIMON,
1880), syntype, 12 - Deleninae sp. Note the shorter tibia in males with longer embolus in both types and the
shape of cymbium changed in Heteropoda cyperusiria. Emboli shaded. 8, 10 from JAGER, BARRION (2001).

A special type of lengthening occurs in
the okinawana-group of the genus Sinopoda
JAGER, 1999: the embolus is reduced in its
width, the embolic apophysis is reduced and
the shape of the embolus changes from an
‘S’ to a semi-circle (Figs 20-24). Since it is
assumed that the reduction of hindering parts
(i.e. broad base, distal embolic apophysis,

Fig. 13. Cross section through female copulatory organ of ~S-shaped tip) allows an insertion of longer
Holconia sp. from Australia (stained with Azan-Heiden- parts, this type is called functional lengthen-
hain, 8um) showing space saving type of windings in ing. This assumption is slightly supported by
membranous copulatory ducts (ducts arranged in tiers the internal duct system of the female spiders:
partly folded). Preparation and photo by M. Reinke. in the species with functionally longer emboli

the ducts are more strongly bent to the dorsal
side (Figs 25-26), which could be explained as a better accommodating the longer emboli. How-
ever, this group exhibits some apomorphies (reduced ventral part of RTA, distinct brush of hairs
at the base of RTA, body size reduction; JAGER, ONo 2002) which polarise the gradual change in
direction to the reduced embolus and thus an assumed functional lengthening. Species with as-
sumed derived structures occur in the most eastern part of the distribution range (Japan) of this
species-group (see also legend of Figs 22-26).

Lengthening may occur in a group exhibiting generally diversifying copulatory structures
as e.g. in the genus Pseudopoda (Figs 3-6). In this case only parts of the embolus are lengthened
(e.g. Pseudopoda martensi-group, see JAGER 2001: 124, fig. 84) and it is called here secondary
lengthening.
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Figs 14-17. 14-15 - Male pedipalps of Olios species representing the ‘distal screw’ type: 14 - Olios sp.,
15 - Olios punctipes SIMoN, 1884; 16-17 - Female internal duct systems of Olios species belonging to the
same lengthening type: 16 - Olios nigrifrons (SiMoN, 1897), 17 - Olios sp. Note that a straight (functionable)
screw is only realisable in the distal part of the pedipalp. Emboli shaded.

18 \ 19

Figs 18-19. Male pedipalps of Pseudopoda spp. from Japan representing an irregular type of lengthening:
18 - Pseudopoda kasariana JAGER, ONo, 2002; 19 - P, spirembolus JAGER, ONo, 2002. Emboli shaded. 18-19
after JAGER, Ono (2002).
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Figs 20-26. 20-24 - Male tegula with appendices of Sinopoda species of the okinawana-group represent-
ing the ‘functional lengthening’ type: 20 - S. hamata (Fox, 1937), holotype from Sichuan Prov. (China),
conductor omitted, 21 - S. fasciculata JAGER, Gao, Fe1, 2002, holotype from Guizhou Prov. (China), 22 - S.
wangi SONG, ZHu, 1999, syntype from Jiangxi Prov. (China), 23 - S. albofasciata JAGER, ONo, 2002, holotype
from Tokashiki Isl. (Japan), 24 - S. derivata JAGER, ONo, 2002, holotype from Tokara Isl. (Japan). Note that
embolic apophysis (arrows) and basal width of embolus are reduced and shape of embolus is changed from
s-shaped to semi-circular, and note the geographic gradient (reduction from West to East). Emboli shaded.
25-26 - Female internal duct system of Sinopoda spp. of the okinawana-group: 25 - S. hamata (Fox, 1937),
26 - S. tanikawai JAGER, ONo, 2000. Note that the right vulva is more strongly bent and could accommodate
theoretically a longer embolus inserted. 21-22 after JAGER et al. (2002), 23-24, 26 after JAGER, Ono (2002).

Uniformity within one type

Within one type of lengthening the copulatory organs appear rather uniform, i.e. without diversi-
fying elements. Only in relatively rare cases are new structures found, such as new apophyses at
the tegulum, conductor or embolus. One such example occurs in the genus Heteropoda: H. javana
Smvon, 1880 and some related species (Fig. 27; JAger 2002: fig. 61), which exhibit an apophysis
arising from the conductor in conjunction with an unusually shaped RTA (in comparison with
the common form of the RTA in Heteropoda spp. which is supposed to be plesiomorphic for
this genus). Other examples occur in Heteropoda boiei (DoLEsCHALL, 1859) with an additional
tegular apophysis (Fig. 28), and the different genera of the Deleninae in Australia, which are
distinguished among other characters by their differently shaped tegular apophyses and embolic
sclerites (HIRsT 1990).

In females, usually the same type of lengthening of copulatory ducts were observed within
one type of lengthening of the corresponding embolus (e.g. Olios spp., Figs 16-17). Only within
Heteropoda were different types recognised (Figs 9-10). Thus, females apparently may provide
a morphological basis for recognising subgroups (sublineages) within one trend of lengthening
emboli of males.
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Combined morphological changes

Within a certain lineage, species with
longer emboli exhibit additional mor-
phological features which changed
either in size or shape. In several cases
the tibia is often shorter than in species
with longer emboli (Heteropoda spp.,
Figs 7-8; Deleninae, Figs 11-12; Pseu-
dopoda spp., Figs 18-19). Moreover the
shape of the cymbium also changed,
e.g. is transformed from having more
straight or slight concave retrolateral
margins, to having strongly concave
retrolateral margins in a ventral view for

\ 1\\ A \:tg\ Y / Heteropoda species (Figs 7-8). When the

\ \ = // ‘\‘:}:\\\‘ l embolus is lengthened and requires more
= i o AW [ space, the tegulum is reduced or shifted
yf;*\ A ~.  mostly in direction of the basal half of

\_ 1// the palp (Deleninae, Figs 11-12). The

27 | ' 28 latter phenomenon may also occur in

cases of species with a diversifying type
of embolus (Bhutaniella, JAGER 2001:
fig. 54b; Sparianthina spp., unpubl.
observations).

Figs 27-28. Male pedipalps of Heteropoda spp. showing di-
versifying elements within the otherwise uniformly developed
bulbs of the ‘tegular coil’-type: 27 - Heteropoda dagmarae
JAGER, VEDEL, 2005, holotype, with apophysis at the base of the
conductor (arrow), from JAGER, VEDEL 2005; 28 - Heteropoda In a few cases the RTA becomes
boiei (DoLEscHALL, 1859) with a tegular apophysis (arrow), longer in species with longer emboli,
from JAcer 2001. either by shifting the RTA base proxi-

mad, or by increasing the length at the
tip distad (e.g. Deleninae, Figs 11-12; Cebrennus rungsi JAGER, 2000, C. aethiopicus SiMoN, 1880,
see JAGER 2000: figs 34, 49). Furthermore, in few cases, the membranous part of the tibia-tarsus
joint is extended more onto the tibia part (Deleninae: Eodelena HoGG, 1902 => Beregama HirsT,
1990, Figs 11-12, Heteropoda, Figs 7-8, Olios ad part., Figs 14-15).

Position of embolus’ tip

In male copulatory organs the position of the embolus’ tip appears, in many lineages, to be strik-
ingly constant. To check this first impression, the position of this tip in different species (n = 546)
within the Sparassidae, were measured. Results are shown in Figs 29-30. The tip of the embolus
is situated, in most cases (95.4%) in the distal half of the constructed rectangle, and also in most
species (72%), is situated in the retrolateral distal quarter (e.g. in Heteropoda). In contrast, there
are only 4.6% of the species with the embolus ending in the basal half, and just 0.4% in the pro-
lateral basal quarter. In fact, in the latter case there is a large area, in which no tip of an embolus
was situated, i.e. in general the emboli end more to the distal or retrolateral directions.

Discussion

In the opinion of the author copulatory structures are lengthening in the process of evolution. It
arises the question, why it should not run the opposite way, i.e. evolve from long to short. Here,
some evidences are listed, which support the ‘lengthening-hypothesis’. One of the main arguments
is that it seems unlikely that species in different (sub)lineages (e.g. in the Deleninae, Fig. 1) with
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Figs 29-30. 29 - Rectangle constructed for measuring position of embolus’ tip; 30 - Position of embolus’
tip from 546 species of Sparassidae (of 793 with males known). Prolateral half 130 spp. (24%), retrolateral
half 416 spp. (76%), basal half 25 (4.6%), distal half 521 (95.4%); Basal prolateral quarter 2 spp. (0.4%),
basal retrolateral quarter 23 spp. (4.2 %), distal prolateral quarter 128 spp. (23.4%), distal retrolateral quarter
393 spp. (72.0%).

long emboli and long copulatory ducts have evolved independently and then have been shortened
and resulted by chance in species with very similar, convergently developed short structures. In
contrast, it seems more likely that those species with shorter structures are derivatives of one stem
species and represent the initial point for lengthening in different lineages. There exist more such
examples from further subfamilies, e.g. Heteropodinae, and Sparassinae. Another example, sup-
porting the idea of lengthening copulatory structures, is the Sinopoda okinawana-group (for details
see paragraph ‘functional lengthening’ in subchapter ‘Different types of lengthening’). A further
strong argument is of more hypothetical nature: considering the high percentage of species with
long copulatory structures, it seems likely that there are mechanisms - yet unknown - triggering
this kind of evolutionary process. If so, it would wonder, when this process could be reversed
by the same mechanisms. One could ask, why species with short emboli are still present in the
recent fauna, if the trend of lengthening and its mechanisms are so strong. But species composition
is not a question of evolution alone, but also of post-evolutionary, ecological mechanisms, e.g.
such as competition. However, for most of the aspects and thoughts presented here, it does not
matter, whether the embolus and the copulatory ducts are lengthening or shortening in the evolu-
tion. For instance, the assumed combined morphological changes seem to be present anyway, no
matter whether structures have been lengthened or shortened, and should be considered in future
research, e.g. in phylogenetic analyses.

When considering the more derived states, i.e. those with a definitely long embolus and
copulatory ducts, e.g. in the Deleninae, it is surprising that so little attention has been paid to this
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striking phenomenon. No attempt has been made as yet, to explain the mechanisms behind the
trend, either by looking for immediate or long-term causes. Although the present paper cannot
provide any explanations in this respect, it does bring the phenomenon into sharp focus. The
simple recognition of the trend is important for taxonomic descriptions, systematic sorting as well
as for phylogenetic analyses, regarding the secondary effects it might have (see under ‘combined
morphological changes’).

Because the phenomenon occurs in different spider families, the results obtained in the
Sparassidae may serve as an example and may help to understand evolutionary mechanisms in
these other families. I do not think that the results of one analysis may apply to all spider fami-
lies as was done by WIEHLE (1961), as longer emboli and the corresponding structures in female
spiders may have different causations. It may be useful for an organism to shift the spermathecae
away from the close contact with the outside environment as it occurs in some Mygalomorphae,
to prevent dehydration, bacteria infection or simply leakage. However, it is not likely that the
same cause can be called upon to explain the development of more than 10 coils as is the case in
the Deleninae. Moreover, it makes more sense to look at causal effects within one group with a
large range of embolus types (here: Sparassidae), since the same structures may be used differ-
ently in non-related groups (RTA anchored in epigastric furrow in Sparassidae, but in epigyne in
Gnaphosidae; pers. observ., SENGLET 2004).

Different types of lengthening

Different types of lengthening structures which occur in different, but not closely related taxa,
may point to general constraints, which, in the course of evolution, are effective and stabilise such
a type of “increasing complexity” (sensu JocQUE 1998). Apparent differences in species numbers
and maximal lengthening of copulatory structures among the Sparassidae, lead to the question,
whether the recent diversity of this family can be explained by this phenomenon? The example
of the distal screw may show that, at least, part explanations can be found looking for functional
constraints of the different types: the screw of Olios species is lengthened by circling around its
length axis and by extending the length of the embolus in a retrolateral direction. The space for
doing so is limited to the dorsal half of the bulb, as the embolus length axis has to remain straight,
as only then a screw is functionable. According to the females’ genitalia, the male screw is in-
deed screwed into the copulatory ducts of the female. In this case a bent screw could not work,
neither for a real screw, nor for a screw in spiders’ copulatory organs. We can presume that the
bauplan of the ancestors of copulatory structures - once established in the course of evolution of a
spider - restricts the subsequent evolutionary events in their evolutionary changes. Even if there
was a strong evolutionary pressure for long copulatory structures in these Olios species-group, the
development of a screw cannot be reversed. Thus, the development of a screw in the copulatory
organ of this species group delimits its relative evolutionary output - i.e. results a fewer number
of species — in comparison with other lineages without such (morphological) restrictions, e.g.
with a distal coil and a higher maximal lengthening as e.g. in Deleninae.

The maximum length of a male embolus can also be delimited by restrictions in the particular
female: a male embolus with a potential of maximal lengthening of for instance 200%, cannot
lengthen further if the female duct system is restricted to 100% and could not accommodate the
additional lengthened structures of the male. On the other hand, one explanation for the strongly
lengthened emboli and ducts in the Deleninae may be a combination of two different factors:
1. the male distal coil of the embolus provides a system of lengthening which has no strong struc-
tural restrictions (i.e. tip of the embolus remains almost in the same position, while evolutionary
lengthening and space saving type of coiling, backed up by the similar-shaped conductor, allow
for a high number of coils; in comparison with the distal screw of Olios spp., the distal coil is
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also restricted in its shape [only a circular coil is insertable in the case of several windings]. But
this restriction does not decrease but increase the output with respect to the number of possible
coils). 2. Additionally, the female duct system represents the rare case of being membranous and
thus space saving, facilitating strong coiling within a restricted space (Fig. 13). The same number
of coils would need a lot more space in the sclerotised form as in e.g. Heteropoda spp., as these
cannot be folded, apart from the fact that sclerotised coils have thicker walls per se.

Uniformity within one type

Within one type of lengthening, the copulatory organs were distinctly uniform (e.g. Deleninae,
Heteropoda). Diversifying appears, but apparently in fewer cases in comparison with lengthen-
ing events. In Deleninae, genera are distinguished by the shape of the tegular apophysis and the
basally situated embolic sclerite (e.g. HIRsT 1990). Based on the fact that Hirst distinguished
genera by means of these diversifying elements, a ratio of about 1:10 is observed (11 genera, 105
species). This means that lengthening events occur 10 times more frequently than diversifying
ones. A similar ratio is present in Heteropoda: from the total number of species (n=180) less than
10% (n=14) show diversifying elements, i.e. tegular apophyses, conductor apophyses or embolus
modifications. A scenario which would explain this ratio is that the lengthening type develops
faster than the diversifying one, i.e. produces more functionable variants within a specified time
period. The apparent higher degree of freedom with respect to evolutionary changes in the copula-
tory traits in females of Heteropoda species, may be explainable by proximate causations of the
individiual development of these structures in the ontogeny. Investigations in this field would be
interesting, but may be also complex to carry out.

Combined morphological changes

The observed morphological changes, in combination with an elongation of an embolus, may
be explained by functional constraints based on copulatory mechanics. No investigations were
conducted, so far, for this topic in the Sparassidae, whereas results of ‘frozen copulations’ were
described in Gnaphosidae (SENGLET 2004) and Pholcidae (UHL ef al. 1995, SENGLET 2001, HUBER
2002). In the latter cases investigated, exclusively diversifying types were present, i.e. no conclu-
sions about the phenomenon on lengthening can be drawn. In respect of combined changes in
tibia length, or different cymbium shapes, the observations made in the Sparassidae are backed
up by observations in e.g. Zodariidae (Palfuria panner JocQUE, 1991, P. spirembolus SzUTs, Joc-
QUE, 2001: SzuTs, JocQUE 2001a; Australutica moreton JocQUE, 1995, A. quaerens JocQuE, 1995:
Jocqut 1995), Salticidae (Bacelarella tentativa Szuts, JocQUE, 2001, B. tanohi SzuTs, JOCQUE,
2001: SzoTs, JocQuE 2001b, JocQuE, SzoTs 2001) and Lamponidae (4sadipus humptydoo PLATNICK,
2000, 4. yundamindra PrLatNick, 2000: PLatnick 2000). Although a thorough analysis for each
family or genus or even species group would be necessary for making statements, the examples
may by seen as evidence for this trend of combined changes in other families (at least within the
RTA-clade). However, the results shown here for the Sparassidae indicate that similar combined
changes found in other taxa and their utilisation for systematical purposes may be viewed in a
different perspective.

Position of embolus’ tip

A similar position for the embolus’ tip within one type of lengthening, and also among less closely
related taxa, may point to a functional constraint, which inhibits a considerable shifting of the tip,
since the behavioural, as well as morphological changes, to accommodate this shifting may be too
intricate. Distinctly different positions within an assumed monophyletic lineage (e.g. in the sub-
family Sparianthinae) on the other hand may point to a polyphyly or to different sublineages. The
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position of the tip is considered here as just providing indications for further investigations.

A similar result, in respect of the position of the embolus’ tip, is observed in other spider
families, especially those from the RTA-clade: Philodromidae, Gnaphosidae, Lamponidae,
Thomisidae, Salticidae, Corinnidae, etc. Constraints, in respect to functional morphology of the
particular pedipalps or copulatory mechanics in male-female interaction, may explain why an
embolus tip obviously cannot be situated in certain positions. It may have something to do with
the fact that the RTA is fixed during the copulation and subsequent movements are possible only
in a mechanically restricted frame, due to the automatic haemolymph pressure driven expansion
of the haematodochae (as described in HuBer 2004). The typical embolus tip position for particu-
lar taxa, may act as additional diagnostic character, e.g. in Sinopoda and Pseudopoda, mostly in
the prolateral distal quarter of cymbium, in Heteropoda, Deleninae, etc. in the retrolateral distal
quarter of cymbium and so on. Once recognised as typical for a group an unusual position of an
embolus tip can indicate a special systematic position for a particular species, e.g. basal or derived
within the stem group.

Future studies should focus on a broad-range comparison within the family, i.e. to fix couples
during copulation, and to show where the spermatophor opening is situated during copulation,
which glandular parts of the female duct system are secreting to which part of the copula, and
where the sperm mass is deposited. Results may enlighten mechanisms in the course of the evo-
lution which are responsible for the process of lengthening, described above, and, partly, for the
recent composition of species.
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VYrbmkaBaHe Ha eMOOJTyca U KOIMyJIaTOPHUS KaHa: Tperiie]
Ha EBOJIIOIMOHHA TEHACHITUS NP MasIUTE OT CEMENCTBO
Sparassidae (Araneae)

1L ﬁezep

(Pe31ome)

Pasrenan e peHOMEHBT Ha yABbIDKaBaHE Ha KOITYJIATOPHUTE CTPYKTYPH ITPH MAsALUTE OT CEMEHCTBO
Sparassidae. OmnpeneneHu ca pa3lTUYHA TUIOBE HA MOIM(HIMpaHe W HA yIbDKaBaHe, HO CE
JIOITyCKAT M KOMOMHAMK U Tpexoan Mexny Tax. [Ipu 55% ot n3cnenBanute 662 BHIa SICHO ce
BIDK[IA, 4 eMOOITYCHT H/MJIH KOIYJIATOPHUTE KAaHAIH Ca YBJDKCHH B CPaBHEHHE C TPapOUTEIICKUTE
BUJIOBE, OKAaTo camMo mpu 8% He € yCTaHOBEHA EJIOHTAIMA Ha Te3H CTPYKTypH. PasrpanndeHu
ca CIeTHHUTE THUIIOBE HA yIBJDKaBaHE: “‘TeryJaapHa ciupana’, “aucTaiHa criupaia’, “TUCTaTHO
BUTIIO”, HETIPABWJICH MJIM KOMOMHHUPAH THII, ¥ TAKa HAPEUCHOTO “‘(PyHKIIMOHAIHO H3IbJKaBaHe .
KomOmHMpanuTe MOpGHOIOrHIHI U3MEHEHHS, CTAaBaIH B ITPOLIeca Ha eBOIIOIMOHHOTO HApaCTBaHe,
BEPOSITHO 3aBUCAT OT (DYHKIMOHAIHUTE OTpaHUYEeHUS. B Ta3n Bpb3Ka, MOJI0KEHHETO Ha Kpas Ha
emMOoyca MOXXe J1a Urpae BakHa pois. M3scHABaHeTO Ha (QYHKUMOHAJIHUTE W EBOJIOLUOHHU
ACIIeKTH Ha pa3nIekaaHus GEHOMEH MOXe J1a Pa3Kpue MEXaHU3MHTE, KOUTO IO OTKIIFOYBAT.
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Four new species of the genus Aelurillus SimoN, 1884
(Araneae: Salticidae)

Galina N. Azarkina'

Abstract: Four new species of Aelurillus, A. afghanus sp. n. (northeastern Afghanistan), 4. balearus sp. n.
(Balearic and Canary islands), 4. bosmansi sp. n. (Spain) and A. cypriotus sp. n. (Cyprus) are diagnosed,
illustrated and described. A new combination, 4. stanislawi (PrROszYNsK1, 1999) (ex Rafalus), is proposed,
and 4. minutus AZARKINA, 2002 is synonymized with 4. stanislawi. The unknown female of A. stanislawi is
also described. Distributional maps are provided for all species.

Key words: spiders, Aelurillus, Rafalus, taxonomy, new species, synonymy

Introduction

Five species of the spider genus Aelurillus from the Mediterranean region, Levant and Central Asia
are treated in this paper. Four of them are described as new to science. One species, 4. afghanus
sp. 1., is described from a single female from northeastern Afghanistan; both 4. bosmansi sp. n.
and A. cypriotus sp. n. are described from single males; and 4. balearus sp. n., is described from
both sexes. Very problematic in taxonomic respect is the group of A. v-insignitus (CLERCK, 1757)
comprising a lot of synonyms. The species Aranea punctata OLIVIER, 1789 (from France), Aranea
litterata WALCKENAER, 1802 and Attus quinquepartitus WALCKENAER, 1805 (both from France),
Aranea navaria MARTINI, GOEZE: In LiSTER (1778) and Salticus nidicolens O. P.-CAMBRIDGE, 1861
(from England), are considered as junior synonyms of A. v-insignitus (THORELL 1869, see pp. 377-
381), but the type material of these species is yet to be re-examined. The material of A. cypriotus
sp.n. has been previously identified as A. v-insignitus (CLERCK, 1757).

Material and Methods

This paper is based on both museums’ collections and on the material newly collected from Spain.
A total of 19 specimens were examined. Specimens for this study were borrowed from and after
the study housed in the following museums and personal collections: AMNH = American Museum
of Natural History, New York, USA (N. Platnick); CBAR = Centro di Biologia Ambiental, Baixa
da Banheira, Portugal (P. Cardoso); HECO = Hope Entomological Collection, Oxford, UK (J.
Hogan); HUJI = The Hebrew University of Jerusalem (Zoological Department), Israel (G. Levy);
MHNG = Museum d’Histoire Naturelle, Genéve, Switzerland (P. Schwendinger); NMP = National
Museum of Prague, Czech Republic (A. Kurka); PCIM = the personal collection of J. Murphy,
Hampton, UK; RBINS = Royal Belgian Institute of Natural Sciences, Brussels, Belgium (L. Baert);
SNHM = Senckenberg Natural History Museum, Frankfurt am Main, Germany (P. Jiger); ZMTU
= Zoological Museum of the Turku University, Turku, Finland (M. Saaristo). Abbreviations used
in the text: AME - anterior median eyes, ALE - anterior lateral eyes, PLE - posterior lateral eyes,

! Siberian Zoological Museum, Institute for Systematics and Ecology of Animals, Siberian Branch of the
Russian Academy of Sciences, 11, Frunze Street, Novosibirsk 630091, Russia. E-mail: gazar@ngs.ru

63



EurorEAN ARACHNOLOGY 2005

Fm - femur, Pt - patella, Tb - tibia, Mt - metatarsus. The measurements of leg segments are in the
following sequence: femur+patellattibia+metatarsust+tarsus. All measurements are in mm. The
leg spination is after Ono (1988).

Taxonomy

Aelurillus afghanus sp. n.
Figs 1-5
Material examined: Holotype $ (NMP), Eastern Afghanistan, Prov. Nergrahar, 12-20 km

SE of Jalalabad, 600 m a.s.l., 7 March 1966, Coll. Povolny & Tenora; — Paratype: 1 ¢ (NMP),
Afghanistan, Prov. Nergrahar, Jalalabad Nimla, 2 May 1963.

Diagnosis: This species is similar to A. nenilini AzarkiNa, 2002, but differs in having smaller
epigynal wings, which are situated markedly below the upper part of the copulatory pores, also
in having a compact and small epigynal pocket (Fig. 3) and stronger meandering spermathecae
(Figs 1, 4) (cf. Azarxkina 2002, and Figs 1, 3-4).

Etymology: The species is named after Afghanistan, the type locality.

Description: Female (Holotype): Carapace 2.0 long, 1.8 wide, 1.0 high at PLE. Ocular area
1.0 long, 1.1 wide anteriorly and 1.0 wide posteriorly. Diameter of AME 0.4. Abdomen 3.9 long,
2.5 wide. Cheliceral length 0.7. Clypeal height 0.2. Length of leg segments: I 0.9+0.6+0.6+0.4+0.4;
110.9+0.6+0.6+0.5+0.4; I1I 1.5+0.7+0.9+0.9+0.6; IV 1.4+0.7+0.9+1.1+0.7. Leg spination: I: Fm
d 1-1-3; Tb pr 1-1, v 2-2-2 ap; Mt pr and rt 1-1, v 2-2 ap. II: Fm d 1-1-4; Tb pr 1-1, v 2-2-2 ap;
Mtprandrt 1-1, v2-2 ap. III: Fm d 1-1-4; Ptprand rt 1; Tb d 1-0-0, pr and rt 0-1-1, v 1-0-2 ap;
Mtd 1-1-0, prand rt 1-0-2, v 1-1-2 ap. IV: Fm d 1-1-1; Pt pr and rt 1; Tb d 1-0-0, pr and rt 0-1-
1, v 1-0-2 ap; Mt d 1-1-0, pr 1-1-2, rt 1-0-2, v 1-1-2 ap. Coloration: carapace brown, with dark
brown eye field, covered with adpressed white scales and without a colour pattern (Fig. 2). Hairs
around eyes white. Clypeus and cheeks yellow-brown, covered with short white hairs. Chelicerae

Figs 1-4. Aelurillus afghanus sp. n.: 1 — spermathecae, dorsal view; 2 — female, body pattern; 3 — epigyne,
ventral view; 4 — diagrammatic course of the insemination ducts. Scale lines: 0.1 mm (1, 3), 1 mm (2).
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Fig S. Distribution map of Aelurillus afghanus sp. n.

and sternum yellow-brown. Abdomen grey-yellow, dorsum yellow, covered with silvery hairs
and thin brown spines and with an indistinct pattern of brown spots. All legs brown-yellow, with
brown stains and half rings, covered with white hairs. Palps yellow, covered with long white hairs.
Structure of epigyne and spermathecae as in Figs 1, 3-4.

Remarks: Only one species of Aellurilus, A. logunovi, has hitherto been recorded from Afghani-
stan (LocuNov, ZamMaNPOORE 2005). From Afghanistan neighbour territories - Himachal Pradesh
(North India), two further species have been recorded. All of them are clearly different from the
new Afghan species.

Aelurillus balearus sp. n.
Figs 6-16

Material examined: Holotype & (AMNH), Spain, Balearic Islands, Mallorca, Arta, Cala
Estreta, rocky, pine scrub, 8 April 1985, Coll. J. A. Murphy; — Paratypes: 2 &' 1 @ (AMNH),
same locality as holotype; 1 @ (PCIM), 1 & (AMNH), Albutera marsh, 8-16 April 1975, Coll. J.
A. Murphy; 1 & (PCIM), Ibiza Island, Puig de Sabina, 200 m a.s.L., dry scrub hillside, 16 April
1980, Coll. J. A. Murphy; 1 § (MHNG, JC-98/11), Canary Islands, Fuerteventura, Morro Jable
(S of the island), 80 m a.s.l., on the ground in the port, desert slope with sandy vegetation, under
stones, 18 November 1998, Coll. C. Lienhard.

Diagnosis: This species is close to 4. lucasi but the male has different body coloration: the
carapace has a clear pattern of short white scales (Fig. 6). The terminal apophysis has poorly ex-
tended teeth (Figs 10, 12-13, 15) vs. well-extended teeth in A. /ucasi (WUNDERLICH 1995); epigyne
with wide epigynal pocket (Figs 11, 14), vs. narrow and small epigynal pocket (ScumipT 19774,
see Fig. 11; ScamipT 1977b, see Fig. 17; Scumipt 1980, see Fig. 6).

Etymology: The species is named after Baleares.

Description: Male (paratype from Arta, Mallorca): Carapace 2.5 long, 1.9 wide, 1.5
high at PLE. Ocular area 1.15 long, 1.5 wide anteriorly and 1.4 wide posteriorly. Diameter of
AME 0.4. Abdomen 2.0 long, 1.6 wide. Cheliceral length 1.0. Clypeal height 0.2. Length of
leg segments: I 1.1+0.7+0.7+0.6+0.5; 1I 1.2+0.8+0.75+0.4+0.5; III 1.6+0.9+0.9+1.0+0.65; IV
1.5+0.7+1.0+1.2+0.6. Leg spination: I: Fm d 1-1-5; Pt pr 1; Tb pr 1-1-1, rt 1, v 1-1-2 ap; Mt pr
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Figs 6-15. Aelurillus balearus sp. n.: 6 — male, body pattern; 7 — male palp, ventral view; 8 — same, lateral
view; 9 —male face; 10 — embolic division, ventral view; 11 — epigyne, ventral view; 12 — embolic division,
dorsal view; 13 — same, prolateral view; 14 — spermathecae, dorsal view; 15 — embolic division, retrolateral
view. Scale lines: 0.1 mm (7-8, 10-15), 1 mm (6).

and rt 1-1, v 2-2 ap. II: Fm d 1-2-5; Pt prand rt 1; Tb d 1-0-0, pr 1-1-1, rt 1-1-0, v 1-1-2 ap; Mt
prandrt 1-1, v2-2 ap. III: Fm d 1-3-5; Pt prand rt 1; Tb d 1-0-0, pr and rt 1-1-1, v 1-0-2 ap; Mt
d 1-1-0, pr and rt 1-0-2, v 2-2 ap or 1-1-2 ap. IV: Fm d 1-2-2; Pt prand rt 1; Tb d 1-0-0, pr and rt
1-1-1-1, v 1-0-2 ap; Mt d 1-1-0, pr 1-1-2, rt 1-0-2, v 1-1-2 ap. Coloration: carapace brown, with
dark brown eye field and with a pattern of white adpressed scales (Fig. 6). Clypeus brown, covered
with short thick brown-yellowish hairs (Fig. 9). Chelicerae dark brown. Abdomen yellow-grey;
dorsum black, with a pattern of brown, brownish and white hairs. Legs yellow-brownish, with
brown stains and half-rings, covered with dense short white hairs. Femur I ventrally with long
dense white hairs and a bunch of black hairs, retrolaterally with two bunches of black hairs. Palpal
femur without ventral knob, yellow, proximally brown, densely covered with white hairs. Palpal
structure as in Figs 7-8, 10, 12-13, and 15.

Female (paratype from Albutera, Mallorca): Carapace 3.0 long, 2.3 wide, 1.5 high at PLE.
Ocular area 1.2 long, 1.6 wide anteriorly and 1.5 wide posteriorly. Diameter of AME 0.4. Ab-
domen 3.1 long, 2.7 wide. Cheliceral length 1.0. Clypeal height 0.2. Length of leg segments: I
1.4+0.8+0.9+0.5+0.5; I1 1.4+0.8+0.75+0.5+0.5; 111 2.2+1.0+1.0+0.9+0.9; IV 1.9+0.9+1.0+1.3+0.8.
Leg spination: I: Fm d 1-1-2; Tb rt 1-1-0, v 1-1-2 ap; Mt v 2-2 ap. II: Fm d 1-1-2; Tb rt 0-1, v 1-
1-2 ap; Mt v 2-2 ap. III: Fm d 1-2-3; Pt pr 1; Tb pr and rt 0-1-1-0, v 0-1-2 ap; Mt d 0-1-0, pr and
rt 1-0-2, v 2-2 ap. IV: Fm d 1-1-1; Pt rt 1; Tb pr and rt 0-1-1-0, v 1-0-2 ap; Mt pr and rt 1-1-2, v
1-1-2 ap. Coloration: carapace brown, dorsum densely covered with short white scales and dark
spines, without specific pattern or similar to those of males but paler. Clypeus dark brown covered
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Fig. 16. Distribution map of Aelurillus balearus sp. n. (circle) and A. bosmansi sp. n. (square).

with short white scales. Sternum brown. Abdomen grey-yellow, dorsum with a variegated pattern
of brown, brownish and white hairs. All legs yellow, densely covered with white scales, with
brown stains and half-rings. Palps yellow, covered with white hairs. Epigyne and spermathecae
as in Figs 11, 14.

Remark: This is the first record of genus Aelurillus for the Balearic Islands.

Aelurillus bosmansi sp. n.
Figs 16-26

Material examined: Holotype & (RBINS), Spain, Murcia, Totana W., Sierra de la Tercia,
300 m a.s.l., stones in maquis, 4 April 1996, Coll. R. Bosmans.

Other materials: delurillus blandus: 1 3 (CBAR, Ne 1756) Portugal, Porto Prov., Recarei,
ca. 41°09°N, 8°24°W, 22.10.1944 (collector unknown). 2 &' 2 @ (ISEA) Spain, Perales de Tajufia,
Madrid, ca. 40°14°N, 3°21°W, 24.09.2003 (A. Jiménez-Valverde). 1 & (ZMTU) Greece, Rhodes
City, on dry field along seashore, 28.05.1973 (P.T. Lehtinen); 1 @ (SNHM, Ne 2043) Crete, “Ebene
von Akrotiri”, 26.05.1930 (C.F. Roewer).

Diagnosis: This species is close to 4. blandus described from Spain (material examined),
but differs in the following set of characters: coloration of clypeus and cheeks (white cheeks and
clypeus (Fig. 20) vs. brown clypeus and white cheeks in A. blandus (Fig. 27)); smaller body (Fig.
17), and specific shape of embolic division (cf. AzarkiNa 2002).

Etymology: The species is named after the collector, R. Bosmans.

Description: Male: Carapace 2.5 long, 1.7 wide, 1.2 high at PLE. Ocular area 0.9 long, 1.4
wide anteriorly and 1.3 wide posteriorly. Diameter of AME 0.4. Abdomen 1.9 long, 1.8 wide.
Cheliceral length 0.6. Clypeal height 0.2. Length of leg segments: I 1.2+0.8+0.8+0.6+0.5; 11
1.2+0.740.7+0.6+0.5; 11T 1.7+0.8+0.9+0.9+0.6; IV 1.4+0.7+0.8+1.1+0.5. Leg spination: I: Fm
d 1-1-5; Pt prand rt 1; Tb pr 1-1-1, rt 1, v 2-2-2 ap; Mt pr and rt 1-1, v 2-2 ap. II: Fm d 1-2-5;
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Figs 17-26. Aelurillus bosmansi sp. n.: 17 — male, body pattern; 18 — male palp, ventral view; 19 — same,
lateral view; 20 — male face; 21 — femur of leg I, retrolateral view; 22 — embolic division, prolateral view;
23 —same, ventral view; 24 — same, dorsal view; 25 — same, retrolateral view; 26 — palpal femur, retrolateral
view. Scale lines: 0.1 mm (18-19, 22-25), 0.5 mm (26), 1 mm (17), 5 mm (21). Aelurillus blandus (SIMON,
1871): 27 — male face.

Ptprandrt 1; Tb pr 1-1-1, rt 1, v 1-1-2 ap; Mt pr and rt 1-1, v 2-2 ap. III: Fm d 1-3-5; Pt pr and
rt 1; Tb d 1-0-0, pr and rt 1-1-1-1, v 1-1-2 ap; Mt d 1-1-0, pr and rt 1-0-2, v 1-1-2 ap. IV: Fm d
1-2-5; Ptprand rt 1; Tb d 1-0-0, pr and rt 1-1-1-1, v 1-0-2 ap; Mt d 1-1-0, pr 1-1-2, rt 1-0-2, v
1-1-2 ap. Coloration: carapace black, dorsally covered with white scales, posterior part of the eye
field (about one-forth) with white scales (Fig. 17). Clypeus and chelicerae dark brown. Clypeus
and the lateral sides of carapace covered with long white hairs (Fig. 20). Abdomen brown-grey,
dorsum brown-black, covered with yellowish silver scales (Fig. 17). Legs yellow-brownish, with
brown stains. Femur I ventrally with long dense yellowish hairs, retrolaterally with two bunches
of brown hairs (Fig. 21). Tibia, metatarsus and tarsus I brown. Tibia with two pairs of pro- and
retrolateral dark brown stains. Femur II ventrally covered with dense yellow hairs, retrolaterally
and distally with a bunch of dark brown hairs. Palpal femur yellow, proximally dark brown, cov-
ered with long white hairs (Fig. 26). Patella and tibia yellow, cymbium light brown, with white
hairs. Palpal structure as in Figs 18-19, 22-25.

Aelurillus cypriotus sp. n.
Figs 28-37
Material examined: Holotype: & (AMNH), Cyprus, 27-29 April 1982, Coll. A. Stubbs. The

exact locality is not specified on the label. On the map (Fig. 37) it is indicated with a question
mark in the center of the island.
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Figs 28-36. Aelurillus cypriotus sp. n.: 28 — male, body pattern; 29 — male palp, ventral view; 30 — same,
lateral view; 31 — male face; 32 — palpal femur, retrolateral view; 33 — embolic division, retrolateral view;
34 — same, dorsal view; 35 — same, prolateral view; 36 — same, ventral view. Scale lines: 0.1 mm (29-30,
33-36), 0.5 mm (32), 1 mm (28).
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Fig. 37. Distribution map of Aelurillus cypriotus sp. n.

Diagnosis: Having similar body coloration the new species resembles A. v-insignitus (Fig.
28), but differs from it in the absence of two longitudinal white stripes (the carapace of holotype
is in poor condition). By the structure of the embolic division, the new species is close to A.
m-nigrum, but differs in having a simpler apical part of the terminal apophysis, without the top
membrane (Figs 33-36).
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Etymology: The species is named after Cyprus, the type locality.

Description: Male: Carapace 1.9 long, 1.5 wide, 1.0 high at PLE. Ocular area 0.9 long, 1.2
wide anteriorly and 1.2 wide posteriorly. Diameter of AME 0.35. Abdomen 1.6 long, 1.3 wide.
Cheliceral length 0.7. Clypeal height 0.15. Length of leg segments: I 1.0+0.65+0.6+0.4+0.4; 11
1.0+0.6+0.55+0.4+0.4; I11 1.4+0.7+0.7+0.8+0.6; IV 1.3+0.6+0.7+0.8+0.55. Leg spination: I: Fm
d1-1-5;Ptpr1; Tbd 1-0-0, pr 0-1-2-0, rt 1, v 1-1-2 ap; Mt prand rt 1-1, v 2-2 ap. II: Fm d 1-2-5;
Ptprandrt 1; Tb d 1-0-0, pr 1-1-1, rt 0-1-1-0, v 1-1-2 ap; Mt pr and rt 1-1, v 2-2 ap. III: Fm d
1-2-5; Ptprand rt 1; Tb d 1-0-0, pr and rt 1-1-1, v 1-0-2 ap; Mt d 1-1-0, pr and rt 1-0-2, v 1-1-2
ap.IV: Fmd 1-1-4; Ptprand rt 1; Tb d 1-0-0, pr 1-1-1, rt 1-1-1-1, v 1-0-2 ap; Mt d 1-1-0, pr 1-1-
2,1t 1-0-2, v 1-1-2 ap. Coloration: carapace brown, with dark brown eye field. Eye field covered
with brown and whitish scales, having the same pattern as in A. v-insignitus (Fig. 28). Carapace
in poor condition therefore its dorsal colour pattern is not clear. Lateral parts of carapace covered
with thin white hairs. Clypeus and cheeks covered with thin transparent-white hairs (Fig. 31).
Hairs around anterior eyes yellowish-white. Abdomen yellow-grey, dorsum dark brown, with a
broad medial white stripe (Fig. 28). Legs yellow. Femora of all legs with dark brown stains api-
cally. Patella, tibia, metatarsus and tarsus brownish. Palpal femur with a ventral knob, covered
with white hairs (Fig. 32). Palpal structure as in Figs 29-30, 33-36.

Remarks: The eye field of A. cypriotus has a double V pattern similar to that in A. v-insignitus.
However, the new species has a different shape of the embolic division (like that in A. m-nigrum) and
tibial apophysis (see Fig. 30). ProszyNski (1971) described two forms of A. v-insignitus — “black”
and “grey”, both having a visible double V pattern on the eye field and high dorsal lateral tibial
apophysis (PrROszyNsk1 1971, see Figs 8-10, 13, 16, 18-21), but the structure of the embolic division
and the shape of tibial apophysis are also different in 4. cypriotus sp. n.

Aelurillus stanislawi (PrOszyxsk1, 1999) comb. n.

Figs 38-41

Rafalus stanislawi PrOszyNsk1, 1999: 96-98, Figs 22-26; 2003: 162-163, Figs 659-666.
Aelurillus minutus AzarRkINA, 2002: 258-259, Figs 64-71 (DJ3) New Synonym

Material examined: Rafalus stanislawi: Holotype & (HUJL, No. 15193), Israel, Be’er Sheva
[= Beer Sheva, = Beersheba], Mash’abbim [= Mashabbim, = Mashabbe Sade], ca. 31°01°N,
34°47’E, pitfall traps, 15 May 1991, Coll. Y. Lubin. — Paratypes: 3 33 (HUJI, No. 15413) Israel,
Be’er Sheva [=Beer Sheva, = Beersheba], Mash’abbim [= Mashabbim, = Mashabbe Sade], ca.
31°01°N, 34°47’E, pitfall traps, 12 June 1991, Coll. Y. Lubin; 1 & (HUJI, No. 15414) Israel, Be’er
Sheva [=Beer Sheva, = Beersheba], Mash’abbim [= Mashabbim, = Mashabbe Sade], ca. 31°01°N,
34°47°E, pirfall traps, 12 June 1991, Coll. Y. Lubin. Aelurillus minutus: Holotype & (NHBS),
Syria, 3 August 1989, Coll. T. Blick. Non type material: 1 3 (ISEA), Syria, 07 April — May 1907;
1,1 Q (HECO, 19/9/6034), Ethiopia, Eloa Dancalia, on rocks and grass.

Diagnosis: The male is diagnosed in PROszyNsK1 (1999, sub Rafalus s.) and AzarRkINA (2002,
sub Aelurillus minutus). The female of this species is similar to 4. improvisus, but differs in

Figs 38-40. Aelurillus stanislawi comb. n.: 38 — epigyne, ventral view; 39 — spermathecae, dorsal view;
40 - diagrammatic course of the insemination ducts. Scale lines: 0.1 mm (38-39).
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v2-2ap. II: Fmd 1-2-4; Tb pr 1-1, v 1-1-2
ap; Mt pr 1-1, v 2-2 ap. III: Fm d 1-2-4; Pt
prandrt 1; Tb d 1-0-0, pr 1-1-1-1, rt 1-1-1,
v 1-0-2 ap; Mt d 1-1-0, pr and rt 1-0-2, v 1-
1-2 ap. IV: Fmd 1-1-2; Ptprandrt 1; Tod 10—
1-0-0, pr 1-1-1, rt 1-1-1-1, v 1-0-2 ap; Mt d } ;
1-1-0, pr 1-1-2, rt 1-0-2, v 1-1-2 ap. Color- J
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and thin brown setae, which are more dense ~ Fig. 41. Distribution map of 4. stanislawi comb. n.

on the eye field. Clypeus and cheeks brown-

yellow, covered with white hairs. White hairs around anterior eyes. Chelicerae brown. Sternum
yellow. Abdomen yellow, dorsum brown, covered with yellowish hairs and brown setae, with an
indistinct pattern: a yellow medial stripe and brown transversal and yellow stripes. Legs brown-
ish-yellow, covered with white hairs. Palps yellow, with white hairs and brown setae. Epigyne
and spermathecae as in Figs 38-40.

Distribution: Levant and Ethiopia (Fig. 41, AzarkiNa, 2002, Fig. 71, sub 4. minutus).

Remarks: Rafalus stanislawi was described from male specimens collected in Israel, while 4.
minutus from a single male found in Syria (cf. PROszyNsk1, 1999, AzaRKINA, 2002). After care-
ful examination of the type specimens of R. stanislawi and direct comparison with the type
of A. minutus and the non-typical specimens from Syria and Ethiopia it became clear that R.
stanislawi should be transferred to the genus Aelurillus, whereas A. minutus is undoubtedly its
junior synonym. We propose here the following new taxonomic alteration: Aelurillus stanislawi
(PrOszyNsk1, 1999) comb. n. = A. minutus AzARKINA, 2002 syn. n. The female of A. stanislawi is
herewith described for the first time.
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YeTupu HOBU BUAA nasiiiu oT poa Aelurillus Stmon, 1884
(Araneae: Salticidae)

I Azapxuna

(Pe3rome)

OnucBar ce YeTHPH HOBU BUJIa CANTUITUIHY Tasiy oT pox Aelurillus StMoN, 1884: A. afghanus ot
CesepoustoueH Adranuctat, 4. balearus ot baneapckure u Kanapckure octposu, 4. bosmansi
ot Ucnanus u A. cypriotus or Kunep. [Ipemuioxxena e HoBa komOuHanws — Aelurillus stanislawi
(PrOszyNski, 1999) (ex Rafalus), a BunwT A. minutus AZARKINA, 2002 ot Cupusi, € CHHOHUMH3HPAH.
3a bpBH BT CE OITICBA )KEHCKATa Ha BUa A. stanislawi. BCHIKU HOBU TAKCOHH Ca MITIOCTPHPAHH,
a pas3MpOCTPAHEHHUETO UM € TIPECTABEHO HA KapTH.
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Typhochrestus longisulcus sp. n., a new spider species from the
Crimean Peninsula, Ukraine (Araneae: Linyphiidae)

Valery A. Gnelitsa'

Abstract: A new linyphiid spider, Typhochrestus longisulcus sp.n., found in broad-leaved forests in the
Crimean Peninsula, Ukraine, is described and illustrated. The new species is most closely related to Tjy-
phochrestus digitatus (PiIckARD-CAMBRIDGE, 1872) and Typhochrestus inflatus THALER, 1980 but it is well
distinguished from both by the peculiar form of the palps, epigyne and vulva.

Key words: spiders, taxonomy, Typhochrestus longisulcus sp.n., Ukraine

Introduction

The genus Typhochrestus SiMoN, 1884 is currently known to comprise 29 species distributed
mainly in the Mediterranean region with some exceptions in Central Europe and North America
(Prarnick 2006). Here, we describe a new, quite distinct species found in forest habitats in the
Crimean Peninsula, SW Ukraine, thus increasing the number of the species to 30.

Materials and Methods

The specimens were collected using a hand-held suction sampler. The determination was made
using binocular microscope MBS-10, drawings were made using camera lucida. The material
is currently preserved in the Zoology Department of the Sumy Teacher’s Training University
(STTU). Abbreviations of the names of the palpal structures follow Hormica (2000): ARP — anterior
radical process, E — embolus, EM — embolic membrane, P — paracymbium, PT — protegulum, R
—radix, St — subtegulum, T — tegulum, Tp — radical tailpiece. Other abbreviations in the text are:
Fe — femur, Pt — patella, Ti — tibia, Mt — metatarsus, Ta — tarsus, Tr — position of the metatarsal
trichobothria. All measurements are in mm.

Taxonomic part

Typhochrestus longisulcus sp. n.

Material examined: Holotype: male, Ukraine, Crimea, Pheodosia Distr., Caradag Nature
Reserve, 20° northwest slope, 15.10.2003, V. Gnelitsa leg.; - Paratype: female, Kirov Distr., ravine
to the north of the Big Agarmysh mount 01.05.2003, V. Gnelitsa leg. (STTU).

Etymology: to emphasize the presence of long postocular sulci on the carapax.
Diagnosis: Typhochrestus longisulcus sp. n. is most closely related to Typhochrestus digitatus
(P1ckARD-CAMBRIDGE, 1872) and Typhochrestus inflatus THALER, 1980 based upon the morphology

of the palp. The males of the new species clearly differ in their palp area especially by the short
and heavy anterior radical process with skew cut apex; wide and flat distal piece of embolus;

: Sumy State Teacher’s Training University, 87, Romenskaja street, 40002 Sumy, Ukraine.
E-mail: gnelitsa@mail.ru

73



EUrROPEAN ARACHNOLOGY 2005

Fig. 1. Typhochrestus longisulcus sp.n.: a-c - male palp, lateral, ventral and median views, respectively;
d - palpal tibia, dorsal view; e - epigyne, ventral view; f - vulva. Scale lines: 0.1 mm.

palpal tibia configuration and the form of carapace with unusually elongated postocular sulci.
The female is distinguished by the peculiar shape of the epigyne and vulva.

Description: Male: Total length: 1.30. Carapace (Fig. 2 c, d): yellow-grey, length: 0.66;
width: 0.49. Chelicerae with 4 teeth on their promargins, retromargin with 3 closely-spaced teeth.
Sternum with shiny surface, dark grey; length: 0.36; width: 0.32; distance between the posterior
median eyes is more than the PME diameter; Tibial spines 2: 2: 2: 1. Abdomen: dark grey, mo-
notonous. Palp: see Fig. 1 a, b, ¢, d.
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V. Gnelitsa: New Typhochrestus from Crimea

Fig. 2. Typhochrestus longisulcus sp.n.: a—b - female carapace, dorsal and lateral views; c—d — male carapace,
dorsal and lateral views. Scale line: 0.1 mm.

Legs Fe Pt Ti Mt Ta Tr
I 0.47 0.15 0.43 0.31 0.27 0.43
I 0.41 0.15 0.38 0.28 0.24 0.43
111 0.34 0.14 0.28 0.26 0.22 0.37
v 0.49 0.15 0.49 0.34 0.25 -

Female: Total length: 1.47. Carapace (Fig. 2 a, b): dark yellow-grey; length: 0.66, width: 0.51.
Sternum yellow-grey with darker margins; length: 0.31, width: 0.28. Chelicerae with 5 teeth on
their promargins; posterior median eyes is the PME diameter apart. Tibial spines 2: 2: 2: 1. Abdo-
men black, monotonous. Epigyne and vulva are presented in Figs 1 e and 1 f, respectively.

Legs Fe Pt Ti Mt Ta Tr
I 0.48 0.17 0.42 0.29 0.27 0.46
I 0.43 0.15 0.35 0.27 0.25 0.42
111 0.36 0.15 0.27 0.25 0.19 0.40
v 0.55 0.18 0.48 0.34 0.25 -
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Ecology: The male was found in the soil and grass of broad-leaved forests of Quercus
pubescens, Fraxinus sp., Pyrus elaeagnifolia with Jasminum fruticans, while the female was
collected in the same habitat in forests of Quercus petraea, Carpinus sp., Fagus sp., Populus sp.
with Corylus sp., Sambucus sp. and Euonimus sp.

Acknowledgements: I thank Dr. Y. Marusik (Magadan, Russia) and M. Kovbljuk (Simferopol, Ukraine) for
supplying me with some publications essential for this study.
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Typhochrestus longisulcus — HOB Buj nask oT KpuMckus
MoIyocTpoB, YkpaiiHa (Araneae: Linyphiidae)

B. I'nenuya

(Pe3rome)

B crarusra ce onncsa HOBUAIT 3a Haykara tuHU(UKIeH nasik Iyphochrestus longisulcus, HamepeH
B IIMPOKOJIMCTHU TopHu Ha Kpumckust noimyocTpoB. Bunst e 0nusbk g0 Bunosere 1. digitatus
(PickARD-CAMBRIDGE, 1872) u T. inflatus THALER, 1980, HO ce pa3nnyaBa OT TSX 110 XapaKTepHaTa
(hopma Ha mannuTe, EMUrMHATa U BYJIBaTa.
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On the taxonomic position of the East Asian species of the
genus Ummidia THORELL, 1875 (Araneae: Ctenizidae)

Joachim Haupt'

Abstract: Original webspiders like Mygalomorphae or Mesothelae may cause some taxonomical problems,
because the morphological characters usually used among Araneomorphae may not allow a clear distinction
of these species. This is the case even in female receptacula where differences may be slight or a great vari-
ability may exists in a single population. A critical review on the history of synonymization and a comparison
of the biology of East Asian Ummidia species leads to a new classification: The two species known from
Japan and from Taiwan are members of the genus Conothele. The way they construct their short, superficial
burrow is entirely identical with the species of Conothele. Members of the genus Ummidia differ consider-
ably in their behaviour: they dig burrows in the soil.

Key words: spiders, Mygalomorphae, Conothele fragaria new comb., Conothele taiwanensis new comb.

Introduction

In many studies on the Japanese spider fauna the ctenizid Ummidia fragaria (DoNiTZ, 1887) is
mentioned (CHIKUNI 1989, KiM et al. 1995, YAaGINUMA 1986, YosHIKURA 1987). But does this spe-
cies really belong to the genus where it is placed now? The original genus name Pachylomerus
was changed into Pachylomerides by STRaND (1934) in cause of preoccupation (BoNNET 1954-
1959) and was synonymized with Ummidia by Denis (1938). On this occasion the type material of
U. fragaria may not have been checked.

Material and Methods

East Asian species of Ummidia fragaria (DoN1TZ, 1887) (type material) and U. taiwanensis Tso,
Haupr, Zau, 2003 from Nantou county (Taiwan) were studied and compared to undescribed ma-
terial from Thailand (Thanboke Khoranee Nat. Park) and material of Conothele arboricola from
Neu-Pommern / New Britain, i.e. an island close to the East coast of New Guinea. For comparative
purposes representatives of Ummidia aedificatoria (Westwooobn, 1840) and U. audouini (Lucas,
1835) were examined. U. fragaria, U. aedificatoria, U. audouini, U. taiwanensis and Conothele
arboricola are deposited in the Zoological Museum of Humboldt University (Berlin). U. taiwan-
ensis is also deposited in the National Museum of Natural Science (Taichung, Taiwan).

Results

Originally a new Japanese ctenizid species was described under the name of Pachylomerus fragaria
Donitz, 1887. This genus name still exists as the subfamily name ‘Pachylomerinae (Raven, 1985)°.
ROEWER (1954) states that all species of the genus Pachylomerus are found under the name Pachy-
lomerides since STRAND (1934) changed the name in that way in cause of preoccupation. It has to

! Institut fiir Okologie, Technische Universitit Berlin, Franklinstrasse 28/29, D-10587 Berlin, Germany.
E-mail: hptjeiic@mailbox.tu-berlin.de
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be kept in mind, that this genus was synonymized with Ummidia by Denis (1938) (BonNET 1954-
1959), a fact which was not mentioned by Roewer. In the past, various characters were pointed
out to distinguish the genera Ummidia and Conothele. RAVEN (1985, p. 145) lists that trochanters
I and II should be distinctly notched in Ummidia, but not in Conothele. This character was used
by recent authors to classify a new species from Taiwan (Tso et al. 2003).

When observing the living spiders, it is quite obvious that certain habits are entirely differ-
ent: The representatives of the genus Conothele construct a rather durable and short superficial
home. It is always parallel to the surface of the ground and its silken sheet is covered with items
of the surrounding, i.e. bark, moss, soil and debris. Instead, representatives of the genus Um-
midia dig a burrow inside the soil, which is generally vertical to the soil surface and is several
centimeters long.

Discussion

It has been questioned whether the establishment of two genera ‘Ummidia’ and ‘Conothele’ is
necessary at all, as characters used to distinguish the two genera proved to be variable (MAIN
1985). Besides, both genera also have some characters in common, i.e. the dorso-distal bristles on
the third metatarsus are situated in a row. Moreover, they are allopatric, Conothele being confined
to South East Asia, New Guinea and the islands East of New Guinea, as well as Australia, while
Ummidia appears in the New World and in the Mediterranean region.

The biology of Conothele was described by MAIN (1957), its burrow also by Pocock (1898)
and CroME (1962). By no means representatives of Conothele are rare spiders. Otto Heinroth
collected plenty of specimens between December 1900 and May 1901 in what was at that time
Herbertsh6h, Neu-Pommern (now Gazelle Peninsula, New Britain). MamN (1985) states that “within
Australia, Conothele is the most widespread genus of Ctenizidae...”.

Observations on the burrow digging behaviour of Ummidia were published by MOGGRIDGE
(1873), PickARD-CAMBRIDGE (1908), BAcELAR (1927, 1933), BuchLi (1962) and CovLE (1981). In
all cases members of the genus Ummidia are described to dig a burrow in the soil. At present, the
behavioural difference in burrow construction between the genera Ummidia and Conothele seems
to be the best means to distinguish both genera. Herewith, I propose the following taxonomic
alterations: Ummidia fragaria (DoNitz, 1887) = Conothele fragaria (Donitz, 1887) comb. n. and
U. taiwanensis Tso, Hauprt, ZHu, 2003 = Conothele taiwanensis (Tso, Haupt, Znu, 2003) comb.
n. Moreover, this also fits to the geographic distribution of the genus which extends from Japan
through Taiwan, South East Asia and New Guinea to Australia.

Key for identification of the two genera
1. Posterior opisthosoma soft and normal, Tibia III dorsally excavate..........cccocerenenenenennn. .2
2. Burrow in the soil, Mediterranean region and America.............c.c....c.coueeeeenneee.. . Ummidia

- Short superficial burrow, parallel to the surface, on trunks, etc. Paired claws of legs I-I1I with one
short tooth. Indo-Pacific region.................ccoiiiiiiiiiiiiii . Conothele

Acknowledgements: | am grateful to Dr. J. Dunlop (Humboldt Universitit zu Berlin, Museum fiir Naturkunde)
for loaning me specimens, to J. Kovoor (Montreuil) for providing some literature, as well as to the anonymous
referees for their useful suggestions.
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BbpXy TaKCOHOMUYHHMS CTaTyC Ha U3TOYHOA3UATCKUTE BUIOBE
ot pox Ummidia THORELL, 1875 (Araneae: Ctenizidae)

HU. Xaynm

(Pa3iome)

Crarusra pasmiekaa HIKOW CHIIECTBYBAIlM TAKCOHOMHUYHHU TPOOIIEMH TPH MUTAIOMOpGhHHUTE
nasu ot pox Ummidia. Cnen KpUTHYCH TIperiie]] Ha UCTOPHUATa Ha CHHOHUMH3HPAHETO Ha
M3TOYHOA3UATCKUTE BUAOBE OT POAa M 0COOSHO ciie/] 3CiIeIBaHe Ha TAXHATa OMONIOTHS, aBTOPBT
CTHTa [T0 N3BOJa, 4e BunoBere Ummidia fragaria n Ummidia taiwanensis BCHITHOCT IPHHAJICIKAT
kbM pox Conothele n pemnara HoBute koMOuHaIn - Conothele fragaria comb. n. u Conothele
taiwanensis comb. n. OCHOBaHHE 32 TOBa My JlaBa Haii-Beue (DaKTHT, Ue U ABaTa BUA KOHCTPYHpAT
KbCU, TOBBPXHOCTHH TYTNKH, KOETO € XapaKTEpHO 3a MPEICTABUTEINTE HA TO3H POJ.
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A new spider species, Harpactea samuili sp. n., from Bulgaria
(Araneae: Dysderidae)

Stoyan Lazarov!

Abstract: A new species, Harpactea samuili sp. n. (Araneae: Dysderidae), is described and illustrated with
male and female specimens collected in Bulgaria (South Pirin Mountain, Kresna Gorge, Rupite). The male
palps of this species are similar to these of H. srednogora DiviTROV, LazAROV, 1999 but embolus is long,
falcate and apically pointed.

Key words: Harpactea samuili sp. n., maquis, South Pirin Mountain, Rupite

Introduction

The Dysderidae, a rather species-rich spider family in the Mediterranean countries, shows remark-
able diversity in southeastern Europe, and especially on the Balkan Peninsula (PLatnick 2006,
DeLtsHEV 1999). However, in terms of the taxonomy and faunistics, there are still quite a few
regions remaining insufficiently investigated. One of these is Bulgaria, where in the last decade
several new species were discovered and described (see e.g. DimiTRov, LAzAROV 1999, LAaZAROV
2006). This process is very likely to continue also in the future. The current paper provides a de-
scription of a new species of Harpactea, which was recently discovered in southwestern Bulgaria,
in the frames of a scientific project aiming at the inventory of the maquis habitats.

Material and Methods

The material was collected by pitfall trapping. The traps were filled with 4 % formalin and emp-
tied once a month. The colour of the new species is taken from alcohol and formalin preserved
specimens. All measurements used in the description are given in mm. The measurements of the
legs are taken from the dorsal side. The total length of the body includes chelicerae.

Taxonomy

Harpactea samuili sp. n.
Figs 2-6

Material examined: Bulgaria: South Pirin Mountain, Sveti Iliya Hill near Kalimantsi Vil-
lage, 450-510 m alt., maquis (Quercus coccifera association), male holotype, 5 male and 1 female
paratypes, 10 May - 1 June 2002; male paratype, 1 - 22 June; male and female paratypes, 5 May -
4 June, leg. M. Langourov & S. Lazarov. — Struma Valley, Rupite near Kozhuh Hill, 120 m alt.,
male paratype, 24 May 1997, leg. M. Serafimova. — Kresna Gorge, May 1997, leg. Ch. Deltsheyv,
male paratype (Fig. 1).

Depository: The holotype, 1 male and 2 female paratypes are deposited in the Muséum
d’histoire naturelle, Genéve, 1 male paratype - in the National Museum of Natural History, Sofia.

! Institute of Zoology, Bulgarian Academy of Sciences, 1, Tsar Osvoboditel Blvd., 1000 Sofia, Bulgaria.
E-mail: slazarov(@zoology.bas.bg
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Fig. 1. Distribution map of H. samuili sp.n.

The remaining 5 male and 2 female paratypes are preserved in the collection of the Institute of
Zoology, Sofia.

Etymology: Named in honour of the Great Bulgarian Tsar Samuil.

Diagnosis: The new species is morphologically close to H. srednogora DimiTROV, LAZAROV,
1999 but differs in having long, falcate and apically pointed embolus (Figs 2-5, 7, 8). Females
are very similar to the other Harpactea species but there are differences in the shape of epigyne
(Fig. 6).

Description: Male: Total length 5.9; prosoma length - 2.9, width - 2.2; abdomen length
- 3.0. Carapace and chelicerae - red-brown, sternum - red-orange; abdomen - whitish. Legs - red-
orange. Legs’ measurements:

Leg Femur Patella Tibia Metatarsus Tarsus Total
I 1.13 0.9 1.33 1.14 0.6 5.1

I 1.39 1.1 1.39 1.0 0.54 5.42
I 1.39 0.5 1.48 1.1 0.5 4.97
v 1.8 0.6 1.82 1.6 0.6 6.42

Legs’ spines: Coxae: I, II - without spines, III - 3 dorsal, IV - 4-5 dorsal. Femora: I - 4
prolateral, IT - 4-5 prolateral, III - 4 pairs dorsal, IV - 10 dorsal. Patellae: I, II - without spines,
HI-IV - 1 dorsal. Tibiae: I, II - without spines, III-IV - 2-3 whorls of spines. Spines on metatarsi
as on tibiae; all tarsi without spines.

Palp (Figs 2-5): Bulbus - globular, conductor - lamellate, embolus - long, falcate and api-
cally pointed.
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Female: Total length 6.25; prosoma length - 2.15, width - 1.6; abdomen length - 4.1. The
vulva is illustrated in Fig. 6.

Legs’ measurements:

Leg Femur Patella Tibia Metatarsus Tarsus Total
I 1.15 0.9 1.35 1.15 0.6 5.15
I 1.45 1.1 1.4 1.0 0.55 5.5
I 1.45 0.6 1.5 1.1 0.5 5.15
IV 1.9 0.7 1.85 1.6 0.6 6.65

Figs 2-6: Harpactea samuili sp. n.: male palp: 2 — retrolateral view; 3 — retroventral view; 4-5 — bulb,
retroventral view; 6 - vulva, dorsal view. Scale lines: 0.4 mm.
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Figs 7-8: H. srednogora DiviTrROv, LAZAROV, 1999 (specimen from Zemen gorge, Bulgaria): male palp:
7 — retrolateral view; 8 — retroventral view. Scale line: 0.2 mm.

Discussion

According to the classification of DEELEMAN-REINHOLD (1993), H. samuili sp.n. belongs to the group
D, i.e. the H. rubicunda (C.L. KocH, 1838) species complex. The new species is most similar to
H. srednogora but differs in the shape of the embolus.

Distribution and habitats: The new species has been found in SE Bulgaria, inhabiting screes
and dry stony areas covered with bushes at 270-510 m alt.

Acknowledgements: I would like to express my gratitude to Dr Mario Langourov, PhD student D. Chobanov,
MSec. K. Ivanov, MSc. M. Serafimova and PhD student Nikolay Simov for their assistance in collecting the
material. I am very much obliged to Dr C. Deltshev and Dr P. Stoev for their helpful comments and discus-
sions on the earlier draft of the manuscript. The research was supported by project B-MU-1106/01 of the
Ministry of Education and Science and by Gradus Company - Panagyurishte.
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Hog Bun nasik - Harpactea samuili, ot boirapus
(Araneae: Dysderidae)

C. Jlazapos

(Pe3rome)

B cratmsara ce ommcBa HOBUSAT 3a HaykaTa mask Harpactea samuili, ymoBeH Ha xbiiMa CBeTH
Wnmst 630 mo c. Kammmannu B [Tupun, B KpecHerckoTto neduie u B MecTHOCTTA ,,PymmTe” 1o
BynkaHa Koxyx. Toit e Mopdonoruuno 6mu3ek 1o H. srednogora, HO ce pa3nndaBa OT HETO IO
(hopmara Ha eMOOITyca — CHPIOBHIHO U3BUT M 320CTPCH aITMKAIIHO, BMECTO 0a3allHO pa3IBOCH.
Bunbt npeamounTa OTKPUTH, CYyXH U 00paciii ¢ XpacTajamy CKaJld U CUTICH.
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Ground spiders of the genus Taieria FORSTER, 1979 in New
Zealand: taxonomy and distribution (Araneae: Gnaphosidae)

Viladimir 1. Ovtsharenko', Mariya M. Fedoryak®, Boris P. Zakharov'

Abstract: The genus Taieria FORSTER, 1979 includes six species: T. erebus (L. Koch, 1873); T elongata, T.
kaituna, T. obtusa and T. miranda - found in New Zealand and described by ForsTer (1979); and 7. titirangia,
anew species from the South Island, New Zealand. For the first time T erebus has been found on the South
Island (recorded previously only on the North Island), and for the first time 7. elongata has been recorded
on the North Island (known before only on the South Island). Maps with the distribution of six species of
Taieria on the South and North Islands are included.

Key words: spiders, Gnaphosidae, Taieria titirangia, new species, New Zealand

Introduction

The genus Taieria was described by R. ForsTer (1979). Earlier, two species, Drassus erebus
and Drassus achropus, were described from New Zealand by L. Koch (1873). ForsTer (1979)
showed that the two species were actually a male and a female of the same species and he chose
a valid name Taieria erebus (L. KocH, 1873). Additionally, FOrRSTER (1979) described four new
species of the genus Taieria from New Zealand: T. elongata, T. kaituna, T. obtusa and T. miranda.
Currently six species are found in New Zealand: Taieria erebus (L. KocH, 1873), T. elongata
ForsTER, 1979, T. kaituna ForsTER, 1979, T. obtusa FORSTER, 1979, T. miranda FORSTER, 1979
and T titirangia, new species.

Methods

For the distribution of Taieria in New Zealand we have used materials provided by major museums
of New Zealand and Florida State Collection of Arthropods, Gainesville. Materials used by FORSTER
(1979) have been also included. Maps have been prepared with the program ArcView GIS 3.2.
The format of a new species description and the standard abbreviation of morphological terms
follow those used in OvTSHARENKO, PLATNICK (1995). All measurements are in millimeters.

Collection Examined

AMNZ - Auckland Institute and War Memorial Museum, Auckland
OMD - Otago Museum, Dunedin

MONZ - Museum of New Zealand

LUNZ - Lincoln University, Lincoln

NZAC - New Zealand Arthropod Collection, Auckland

FSCA - Florida State Collection of Arthropods, Gainesville

! Department of Natural Sciences, Hostos Community College of the City University of New York, 500
Grand Concourse, New York 10451, USA. E-mail: vio@hostos.cuny.edu

2 Department of General and Experimental Ecology, Chernivtsy National University, 2, Kotsyubinskogo
Street, Chernivtsy 58012, Ukraine. E-mail: mariyafed@yahoo.com
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Taxonomic Part

Genus Taieria Forster, 1979

Diagnosis: The genus Taieria includes medium-sized spiders, total body length 4.5 to 9.6 mm.
Carapace is pear-shaped, narrowed anteriorly, usually reddish brown, orange brown or yellow with
brown or yellow setae. Eight eyes in two rows; anterior row is straight, posterior row - procurved;
anterior median eyes - circular, dark; others are oval and light. Abdomen is from yellowish to
gray brown covered by plumose hairs; male abdomen has shiny brown anterior scutum. Legs are
usually yellow brown. Tibia has a double row of spines on the ventral surface and a basal ventral
pair of spines on metatarsus. Male palps have very distinctive retrolateral tibial and retrolateral
patellar apophysis, with or without dorsal tibial apophysis. Embolus laminar, conductor vesti-
gial or absent. Median apophysis relatively large, hooked. Epigynum ventrally with prominent
median scape and distinctive lateral pockets located posteriorly; epigynum dorsally with one
pair of oval receptacula.

Biology: The biology of the genus Taieria is almost unknown except for 7. erebus, the unique
behavior of which has recently been described by JARMAN, JacksoN (1986). T. erebus has been
found to be a versatile predator: it captures insects both cursorially (away from webs) and klep-
toparasitically (on alien webs) and it also eats the eggs of host spiders (oophagy). When T. erebus
invades webs, it has an aggressive mimic, performing a repertoire of vibratory behaviors to lure a
host spider. Ground spiders (Gnaphosidae) are traditionally referred to as hunting spiders, but 7.
erebus builds a small prey-capture web. It also preys on segestriid spiders, then uses their webs
to catch more prey. This being an unusual example of a spider using as a tool for predation the
web of another species from an unrelated family.

Habitat preferences of Taieria: we have found that some species are notably more adaptable
than others. They occupy a greater variety of habitats while others are singularly less plastic and
are restricted to a narrower range of habitat types. An example of more plastic species is 7. ere-
bus, which occurs in forests, gardens, rocky hillsides, sand dunes, beaches, and in the houses. A
lifespan of adults is relatively short, particularly for males (ForsTER 1979). Revision of additional
material shows, that in New Zealand adult specimens of Taieria occur mostly from October till
February. As to the species 7. erebus, females of this species occur all year long and males occur
from August till May.

Distribution: Currently there are six species of Taieria in New Zealand. Analysis of additional
materials of the genus Taieria demonstrates much wider distribution of the genus throughout
New Zealand than it has been known before (FOrsTER 1979). Thus we have found 7. erebus also
on the South Island (recorded previously only on the North Island) and 7. elongata has been
found on the North Island (earlier known only on the South Island). A new species, named 7.
titirangia, has been found in the northern part of the South Island. Therefore the South Island
is more diverse and presented by five species of Taieria. T. titirangia and T. obtusa occur only
on this island. The North Island is presented by four species, and only one species 1. miranda is
endemic of the Island.

Taieria erebus (L. Koch, 1873)

Drassus erebus L. Koch, 1873: 387, pl. 30, fig. 5 (male holotype from Canterbury, New Zealand, in
0. P. CamBripge Coll., Oxford, not seen).

Drassus ochropus L. Koch, 1873: 390, pl. 30, fig. 7 (female holotype from Canterbury, New Zealand,
in O. P. CamBrIDGE Coll., Oxford, not seen).

Taieria erebus (L. KocH, 1873): FOrsTER 1979: 49.
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Material examined: North Island: Flat Point, 41°14°S, 175°57’E, Sept. 5, 1970, coastal
plain (C. Wilton; OMD), 1&'; Houhora, Northland, 34°47°S, 173°06’E, July 23, 1975 (C. Wilton;
MONZ, 102), 19, 2 juv.; Kaingaroa Forest, Ngapuketurua, Rotorua area, 38°08’S, 176°15’E, Dec.
30, 1965, elev. 2000’ (M. Neill; MONZ), 19; Karori Hills, 41°17°S, 174°44’E, July 6, 1940 (R.
Forster; OMD), 1F; Orongorongo Valley, 41°14°S, 175°03’E, Dec. 23, 1983, Dec. 1, 16, 1991,
Jan. 1, 1993, Jan., Feb., Dec. 1995, Feb. 1996, hard beech, log trap, emergence trap, pitfall (A.
Moeed, M. Meads, B. Fitzgerald, P. Berben, J. Alley; MONZ), 33, 6Q; Red Rocks, Wellington,
41°21°S, 174°43’E, May 31, 1941 (F. Bodley; OMD), 13'; Wellington, 41°17°S, 174°46’E, Apr.
1993, inside house (P. Sirvid; MONZ), 13; Wellington, Signal Hill, 41°17°S, 174°46’E, June 10,
1941 (F. Bodley; OMD), 19; Wellington, Waikanae, 40°52°S, 175°03’E, Feb. 6, 1943 (R. Forster;
OMD), 13. South Island: Mt. Algidus, Canterbury, 43°14°S, 171°21’E, Mar. 11, 1946 (R. For-
ster; OMD), 1Q; Allans Beach, 45°52°S, 170°41°E, Nov. 6, 1965 (C. Wilton; OMD, 1149), 1J;
Balclutha Plant Reserve, 46°13°S, 169°44°E, Apr. 21, 1966 (C. Wilton; OMD, 1179), 19; Broken
River near Castle Hill Station, 43°11°S, 171°25’E, Sept. 29, 1966 (C. Wilton; OMD, 1140), 19;
Christchurch, 43°35°S, 172°38’E, 1940, Dec. 12, 1943, Nov. 1950, Sept. 10, 1954, Sept. 23, 1991,
in house, in garden (T. Lomas, R. Pilgrim, R. Forster, S. Thomson; OMD, MONZ, LUNZ), 37,
59, 1 juv.; Christchurch, Deans Bush, 43°04°S, 172°37°E, Dec. 20, 1949 (J. Dugdale; OMD), 19;
Christchurch, Victoria Park, 43°35, 172°38’E, Oct. 26, 1960 (R. Leech; OMD), 19Q; Christchurch,
Harewood Airport, 43°28’S, 172°32’E, Oct. 22, 1959 (E. Young; OMD), 19; Coopers Creek,
43°57°S, 171°15°E, Dec. 1, 1948 (R. Forster; OMD), 19; Deepdell, 45°48’S, 169°15’E, Dec.
6, 1967, Jan. 27, Nov. 20, 1968, pitfall (C. Wilton; OMD), 28, 12; Dunback Hill overlooking,
McRaes Flat Road, 45°24°S, 170°32’E, Jan. 7, 1967 (C. Wilton; OMD), 1%; Dunedin, Baldwin
Street, 45°52°S, 170°30’E, Oct. 15, 1952, Aug. 10, 1958, Oct. 6, 31, Dec. 1961, Feb. 20, Mar.
31, Nov. 1962, Oct. 23, 1965, Oct. 28, 1966, in house (W. Poppelwell, B. Marples, R. Forster;
OMD, 1163), 6&, 59; Evansdale Glen, 45°43°S, 170°34°E, Oct. 21, 1973 (R. Forster; OMD),
29,4 juv.; Filly Burn Bridge, 45°20’S, 170°17°E, Dec. 26, 1968, Jan. 27, 1969, pitfall (C. Wilton;
OMD), 29; Flagstaff, 45°05°S, 168°40°E, Dec. 20, 1983 (R. Forster; OMD), 1&'; Golden Bay,
Stewart Island, 46°54°S, 168°07°E, Nov. 1959 (H. Watt; OMD), 19; Golden Point, Macraes Flat,
45°22°S, 170°24°E, Jan. 7, 1967 (C. Wilton; OMD), 19; near Hindon, 45°43°S, 170°18’E, Nov.
30, 1969 (C. Wilton; OMD, 2021), 1J'; Kaiapoi, 15 km N of Christchurch, 43°23°S, 172°38’E,
Feb. 7, 1960 (R. Leech; OMD), 19; Kaitorete Spit, 43°49°S, 172°35’E, Nov. 19, 1992, sand dune,
under driftwood (C. Vink; LUNZ), 29 ; Kowhai Bush, 46°16’S, 169°47°E, Dec. 29, 1974 (OMD),
1Q; corner Little Kyeburn Naseby-Dansey Pass Roads, 45°08°S, 170°14°E, Jan. 6, 1968, Jan. 15,
1969, pitfall (C. Wilton, OMD), 29; Logan Burn, 45°28’S, 169°54’E, Dec. 15, 1982 - Jan. 12,
1983, Jan. 26 - Feb. 11, 1983, elev. 900 m, pitfall (B. Barratt; OMD), 4&; Maniototo Road, near
Patearoa, 45°16°S, 170°03°E, Oct. 25, 1967, Oct. 6, 1969, pitfall (C. Wilton; OMD), 13, 12;
Manubherikia Road, St. Bathans Road, 45°05°S, 169°37°E, Jan. 15, 1966 (C. Wilton; OMD, 1141),
19; Motunau Island, 43°03°S, 173°04’E, Dec. 1 - 5, 1967, pitfall (A. Whiltaker; NZAC, 92170),
19; Naseby, mid Kyeburn Road, 45°01°S, 170°08’E, Feb. 21, Nov. 20, 1968, pitfall (C. Wilton;
OMD), 1&, 1Q; Oban, Stewart Island, 46°50°S, 167°52°E, Feb. 23, 1972 (C. Wilton; OMD), 12;
Okuti Valley, 43°47°S, 172°49’E, Nov. 22, 1975 (R. Forster; OMD), 19; Omarama, MacKenzie
Country, Otago, 44°29°S, 169°57°E, Oct. 1962 (W. Popplewell; OMD), 19; Opoho Bush, Dune-
din, 45°51°S, 170°31°E, Jan. 1946 (T. Smith; OMD), 19; Patearoa, 45°16’S, 170°03’E, Jan. 16,
1968, Jan. 15, Mar. 6, 1969, pitfall (C. Wilton; OMD), 13, 49; Peel Forest, Canterbury, 43°54°S,
171°15°E, Sept. 30, 1966 (R. Forster, C. Wilton; OMD), 1&; Portobello, 45°49°S, 170°39’E,
Jan. 9, 1969 (R. Forster, C. Wilton; OMD), 1Q; Purau Stream, Cantenbury, 43°39°S, 172°45’E,
Sept. 16, 1962 (R. Bigelow; OMD), 1J'; Rangitata Bridge, Canterbury, 44°04°S, 171°22’E, Dec.
10, 1955, Oct. 31, 1966, under stone (B. Marples, R. Forster; OMD, 1166), 13, 29; Riverton,
46°21°S, 168°01°E, Nov. 24, 1970 (R. Forster, C. Wilton; OMD), 19; Roaring Meg, Kawarau
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Gorge, 45°03’S, 169°08’E, Nov. 19, 1974 (J. Dugdale; OMD), 19; Rock and Pillar Ecological
Survey, 2 km S of Summit Rock, Ski Hut, 44°46°S, 170°18’E, Jan. 18, Feb. 28 1969, elev. 1368 m,
edge of bog, pitfall (J. Child; OMD), 29; Rock and Pillar Ecological Survey, W of Middlemarch,
45°30°S, 170°07’E, Dec. 31, 1968, elev. 608 m, rocky hillside, pitfall (J. Child; OMD), 1J; Rock
and Pillar Ecological Survey, Lug Creek, Matagouri Scrub, 45°25°S, 170°07’E, Dec. 18, 1968,
pitfall (J. Child; OMD), 19; The Sentinel, Cook, 44°43°S, 168°01°E, Dec. 3, 1953 (B. Holloway;
OMD), 29; Southland, Orepuki, 46°16°S, 167°43’E, May 9, 1944, under log (R. Forster; OMD),
19; Spencer Park, Spencerville, Christchurch, Mar. 1983 (R. Jackson; OMD), 19; Stewart Island,
46°50°S, 167°52’E, Jan. 1956 (H. Watt; OMD), 19; Stewart Island, Halfmoon Bay, 46°53’S,
168°09°E, Mar. 10, 1951 (O. Allan; OMD), 19; Swinburn Bridge, 45°24’S, 169°07°E, Dec. 16,
1968, Mar. 6, 29 1969, pitfall (C. Wilton; OMD), 39; Taieri, 45°23’S, 170°18’E, Jan. 26, 1951,
Oct. 10, 1973, dead cabbage tree leaves (R. Forster; OMD), 2, 1Q; Taieri Ridge, Deep Dell-
Fillyburn, 45°23°S, 170°18’E, Dec. 12, 1968, summit (C. Wilton; OMD), 2J'; Taitapu, 43°40°S,
172°32°E, Nov. 1980 (A. W. P.; OMD, 28/91), 19; Te Anau, 45°25°S, 167°41’E, Feb. 12, 1983
(R. Forster; OMD), 29; N of Tiroiti, 45°15°S, 170°15’E, Dec. 12, 1968, summit, steep grade (C.
Wilton; OMD), 1J'; near Waipiata, 45°10°S, 170°09°E, Oct. 14, 1968, pitfall (C. Wilton; OMD),
19; Waipori, 45°49°S, 169°52’E, Nov. 7 - 21, Dec. 5 - 19, 1978, elev. 520 m, tussock, pitfall (B.
Barratt; OMD), 3J'; Wakari, Dunedin, 45°51°S, 170°28’E, Nov. 10, 1982 (D. J. H.; OMD), 13;
Wedderburn, 45°02°S, 170°00°E, Oct. 15, 1967, Nov. 20, 1968, Feb. 16, 1969, pitfall (C. Wilton;
OMD), 13, 1Q; Weka Pass, Canterbury, 43°00°S, 172°41°E, Jan. 12, 1947 (B. Marples; OMD),
19Q; Whale Island, Bay of Plenty, 43°53°S, 172°48’E, Aug. 27, 1970 (OMD), 1&'; Wooden Beach,
Canterbury, 43°20°S, 172°42’E, Dec. 26, 1957, Oct. 25, 1992, beach, amongst maram grass (R.
Pilgrim, C. Vink; OMD, LUNZ), 15, 19.
Distribution: the North and the South Islands, New Zealand (Fig. 1).

Ecology: forests, beaches, rocky hillside, gardens, inside houses, sand dunes, edge of bog;
can be found under logs, stones, deans bushes, dead cabbage tree leaves, maram grass, inside
buildings.

Taieria elongata ForsTER, 1979

Taieria elongata ForSTER, 1979: 50
(female holotype from Otago, Balclu-
tha Plant Reserve, 46°13°S, 169°44’E,
New Zealand (South Island) (Nov. 20,
1958; R. Forster) and male allotype
taken on bank above tide level, between
Taieri Mouth and Brighton, 45°56°S,
170°19°E, New Zealand (South Island)
(Sept. 27, 1968; C. Wilton), in OMD,
examined).

Other material examined: North
Island: Poor Knights Islands, Tawhiti
Rahi Island, 35°27°S, 174°43’E, Dec.
8, 1980, northern slopes near lighthouse,
Pohutukawa leaf litter (K. Wise; AMNZ,
6000), 19. South Island: Allans Beach,
Otago, 45°52°S, 170°41’E, Jan. 2, 1952

. o o ) (B. Marples; OMD), 19; Bull Creek,
Fig. 1. Distribution of Taieria erebus (L. Kocn) (circles) and 43°27°S, 170°00°E (R. Forster; OMD)
T titirangia, new species (triangle). ’ ’ ’ ’
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1Q; Chatham Island, 45°33°S, 166°52’E, Feb. 11, 1969, litter (A. Wriah; OMD), 14, 12, 1 juv,;
Cromwell, 45°02°S, 169°12°E, Nov. 7, 1958, under stone (R. Forster; OMD), 13, 1Q; Lake
Manapouri, Fiorland, 45°30’S, 167°30’E, Feb. 6, 1946 (R. Forster; OMD), 19; Manuka Gully,
43°52’S, 170°11°E, Jan. 16, 1955 (B. Marples; OMD), 19; Pounawea E of Owaka, 46°28’S,
169°41°E, Jan. 18, 1978, sifted litter (B. Kuschel; NZAC, 92170), 19; Waipori Gorge, 45°49°S,
169°52°E, Nov. 26, Dec. 11, 1965, Dec. 8, 1966, Nov. 13, 1970 (R. Forster, C. Wilton; OMD, 1167,
1168), 69; Wanaka district, 44°42’S, 169°07’E, Jan. 1955 (B. Marples; OMD, 55.16), 1%.

Distribution: the South Island and the Poor Knights Islands, New Zealand (Fig. 3).
Ecology: hillsides, on bank above tide level; can be found under stones and leaf litter.

Taieria kaituna FORSTER, 1979

Taieria kaituna ForsSTER, 1979: 52 (male holotype and female allotype from Kaituna Valley,
Canterbury, 43°44°S, 172°41’E, New Zealand (South Island) (Nov. 1, 1966; R. Forster, in OMD,
examined).

Other material examined: North Island: Feilding, 40°13’S, 175°32’E, Dec. 26, 1949 (R.
Forster; OMD), 12. South Island: Birdlings Flat, 43°49’S, 172°41’E, Nov. 17, 1976, litter (J.
Dugdale; OMD), 19; Boulder Bank, Nelson, 41°09°S, 173°24’E, May 29, 1973 (G. Ramsay, K.
Bonnington, A. Walker; OMD), 19; Christchurch, 43°35°S, 172°38’E, Nov. 2, 1994, in house (C.
Vink; LUNZ), 1&'; Governors Bay, Canterbury, 43°37°S, 172°39’E, Jan. 4, 1949, under stones (L.
Creswell; OMD), 29; Kennedys Bush, 43°37°S, 172°36’E, Nov. 30, 1946 (R. Forster; OMD),
19; Kowhai Bush, 46°16’S, 169°47°E, Dec. 29, 1974 (OMD), 19; Lincoln College, 43°38’S,
172°27°E, pitfall (P. Campbell; OMD), 13, 12; Long Creek, Hapuka River, 43°57°S, 168°53’E,
Dec. 26, 1974, under stone (OMD), 19; Orongorongo Valley, 41°14°S, 175°03’E, Feb. 1, 1995,
under sheet of fin on moss in Kanuka Green Station (B. M. F.; MONZ), 19; Palmers Bush,
Waimea West, Nelson, 41°49°S, 171°34°E, Oct. 20, 1971, litter (G. Ramsay; OMD), 19; Ship
Cove, 41°05°S, 174°14°E, Nov. 30, 1972, litter (J. Dugdale; OMD), 13.

Distribution: the North and the
South Islands, New Zealand (Fig. 2).

Ecology: bays, under stones, on
bushes, in litter, under sheet of fin in
moss, inside houses.

Taieria obtusa FORSTER, 1979

Taieria obtusa FOrRSTER, 1979: 53
(male holotype and female allotype
taken under stones on ground, Crom-
well, Otago, 45°02°S, 169°12’E,
New Zealand (South Island) (Oct.
21, 1950; R. Forster), in OMD,
examined).

Other material examined:
South Island: Christchurch, 43°31°S,
172°38’E (FSCA), 13, 19; Christ-
church, Spencers Beach, 43°31°S,
172°38’E, Oct. 10, 1973, sand beach,

under log (OMD), 1J; Cromwell,
45°02°S, 169°12°E, Oct. 21, 1959 (R. Fig. 2. Distribution of Taieria obtusa ForsTER (circles) and

T. kaituna FORSTER (triangles).
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Forster; OMD), 13, 4 juv.; Cromwell, Beetle Reserve Cemetery Road, 45°02°S, 169°12°E, Nov.
15,17, 1977, tussock, litter, dead Poa sp. leaves (J. Watt; NZAC, 92170), 39, 18 juv.; Cromwell,
Sandflat Road, 45°02°S, 169°12’E, Nov. 19-28, 1974, pitfall (J. Watt; OMD), 1 9; Cromwell Gorge,
2 km SE of Cromwell, E bank of Clutha below Dunston Gold monument, 45°06°S, 169°18’E, Nowv.
21-27, 1974, pitfall (J. Watt; OMD) 13, 19Q; East Branch Eweburn, Otago, 45°09°S, 170°06’E,
Nov. 20, 1968, Jan. 27, 1969, pitfall (C. Wilton; OMD), 17, 19; Flagstaff, 45°05°S, 168°40’E,
Dec. 27, 1979 (R. Forster; OMD), 19; Hokitika, 42°42°S, 170°57’E, Oct. 4, 1974, under log

(OMD), 19; Kaikoura, 42°24°S, 173°41°E, May 16, 1974

(OMD), 69; Opoho Bush, Cemetery

Road, Dunedin, 45°51°S, 170°31°E, Nov. 17-23, 1970, pitfall (C. Wilton; OMD), 1&; Waipori,

45°49°S, 169°52°E, Nov. 5 - Dec. 21, 1978, Jan. 16-31, F
tussock, pitfall (B. Barratt; OMD), 13, 29.

Distribution: the South Island, New Zealand (Fig. 2).
Ecology: sand beaches, tussock grass, under logs, sto

Taieria miranda FORSTER, 1979

eb. 28 - Mar. 14, 1979, elev. 520 m,

nes, and leaf litter.

Taieria miranda ForSTER, 1979: 54 (female holotype from Ohope Beach, Auckland, 37°57’S,
177°02°E, New Zealand (the North Island) (Oct. 1, 1969; C. Wilton) and male allotype from

Hawkes Bay, Cape Kidnappers, 39°38’S, 177°06’E, New
1954; J. Dugdale), in OMD, examined).

Zealand (the North Island) (Jan. 21,

Other material examined: North Island: Auckland, Red Mercury Island, 36°38’S, 175°56’E,
Sept. 1971 (D. Court; OMD), 19; Hawkes Bay, Taradale, 39°32°S, 176°50’E (R. Hutton; OMD),
19; White Pine Bush, 37°59°S, 176°57°E (R. Forster; OMD), 1 9.

Distribution: the North Island, New Zealand (Fig. 3).
Ecology: beaches.

Fig. 3. Distribution of Taieria miranda FoRsTER (circles) and
T. elongata FORSTER (triangles).
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Taieria titirangia, new species

Type: Male holotype taken
in litter, Titirangi, Marlborough,
41°23’S, 174°03’E, New Zealand
(Oct. 22, 1969; F. Alack) deposited
in OMD (69/177).

Etymology: The specific name
is a noun in apposition taken from the
type locality.

Diagnosis: Male palp differs
from all New Zealand species of Tai-
eria in the lack of dorsal apophysis on
the tibia, small, almost undeveloped
retrolateral apophysis on patella, and
relatively short and hooked retrolat-
eral tibial apophysis (Fig. 4 A-C).

Male: Total length 4.75. Cara-
pace 2.25 long, 1.60 wide. Femur II
1.55. Carapace yellow brown with
dark brown reticulation and borders;
abdomen yellow gray with dark brown
transverse stripes and reddish antero-
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Fig. 4. Taieria titirangia, new species: A - left male palp, prolateral view; B - same, ventral view; C - same,
retrolateral view.

median triangular spot; legs yellow. Eye sizes and interdistances: AME 0.09, ALE 0.11, PME 0.14,
PLE 0.11, AME-AME 0.06, AME-ALE 0.02, PME-PME 0.01, PME-PLE 0.07, ALE-PLE 0.06;
MOQ length 0.39, front width 0.24, back width 0.24. Leg spination: femora: I d1-1-0, p0-0-1; II
d1-1-0, p0-0-1; III d1-3-3; IV d1-1-1-2; patella: III p0-1-0, r0-1-0; IV p0-1-0, r0-1-0; tibia: I vO-
1-0; I vO-1-1; II p0-1-1, r0-1-1, v1-2-2; IV d0-1-0, p0-2-2, r0-1-2, v2-2-2; metatarsus: [ v2-0-0;
I v2-0-0; IIT dO-1-2; p1-1-1, r1-1-1, v2-1-2; IV d0-2-2, p1-1-1, r1-1-1, v2-1-2. Palp: retrolateral
tibial apophysis short (but not tiny) and slender, hooked on the tip, dorsal tibial apophysis lacking,
retrolateral apophysis on patella small, almost undeveloped, and look like as tubercles, embolus
slightly twisted on the top, medial apophysis large and hooked (Fig. 4 A-C).

Female: Unknown.

Other material examined: None.

Distribution: Known only from type locality on the South Island, New Zealand (Fig. 1).
Ecology: in litter.
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[Tasiuute ot pox Taieria FORSTER, 1979 B HoBa 3enanus:
TaKCOHOMMS 1 pasnpocTpaHeHue (Araneae: Gnaphosidae)

B. U. Osuapenxo, M. M. @eoopsk, b. I1. 3axapos

(Pe31ome)

Jo momenTa ponsT Taieria e mo3Hat ¢ et Buna: 1. erebus (L. KocH, 1873), T. elongata For-
STER, 1979, T. kaituna ForsTER, 1979, T. obtusa ForRSTER, 1979 u T. miranda FORrRSTER, 1979,
Bcuukute oburaBamu HoBa 3emannus. B crarusara ce omucsa mectd Bug — 1. titirangia,
HamepeH Ha FOXHUS 0CTpOB, U ce chOOIIaBaT HOBM HAXOMAHUIIA 32 OCTAHAJUTE BUIOBE. 1. ere-
bus e ycraHOBeH 3a IpbB BT Ha FOkHUS 0CTpOB, a 1. elongata — Ha CeBepHus. [IpencraBeHu
ca MHOKECTBO HOBH JIaHHU 3a XaOUTATHUTE MPEANOYUTAHUS HA BUIOBETE, KAKTO U MOAPOOHH
KapTH Ha Pa3MpOCTPAHEHUETO M.
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On the harvestman fauna of Absheron-Gobustan zone
(Azerbaijan), with a description of a new species (Opiliones)

Nataly Snegovaya'

Abstract: Seven harvestmen of family Phalangiidae are found in the Absheron-Gobustan zone of Azerbaijan.
One of them, Phalangium bakuensis sp.n., is newly described and illustrated. It is most closely related to
Ph. staregai SNEGOVAYA, 2005 but differs from it in having smaller chelicerae, shorter penis and 2-3 rows of
tubercles on ocularium. The species Opilio afghanus ROEWER, 1960 is recorded for the territory of Caucasus
for the first time.

Key words: faunistics, harvestman, new record, Phalangium bakuensis sp.n., Azerbaijan

Introduction

The Absheron-Gobustan region is located in the eastern part of Azerbaijan and includes Ab-
sheron Peninsula and the neighbouring territories of the Gobustan Hills. The harvestman fauna
of the region has hitherto remained unknown. The recent collecting activities carried out in the
area revealed the following species: Opilio parietinus (DE GEER, 1778), O. lederi ROEWER, 1911,
O. absheronicus SNEGOVAYA, 2005, O. shirvanicus SNEGOVAYA, 2004, O. afghanus ROEWER, 1960,
and Phalangium punctipes C.L. Koch, 1878. A new species, Phalangium bakuensis, is herewith
described and illustrated. The find of O. afghanus in Absheron-Gobustan represents the first formal
record of the species in Caucasus.

Taxonomy

Phalangium bakuensis sp. n.

Figs 1-16.

Type material: Holotype: 13 (Zoological Institute RAN, St.-Petersburg, Russia; V. A.
Krivokhatski), Azerbaijan, Absheron, Volchi Vorota (vicinities of Baku), 7-12.V.2005, collected
under stones and in grass, [lham Alekperov and Nataly Snegovaya leg.; Paratypes: 19 (Zoological
Institute RAN, St.-Petersburg, Russia; V. A. Krivokhatski), 13, 69 (Institute of Zoology, Baku;
N. Yu. Snegovaya, No. 276), same locality, data and collectors.

Diagnosis: The new species is close to Phalangium staregai SNEGOVAYA, 2005 but differs
from it by the characters given in Table 1.

Etymology: The species is named after Baku City, the type locality.

Description (all measurements are in mm): Male (Holotype) (Figs 1-10): Body: length 5.0;
width 3.2; Chelicera: basal segment 1.5, distal segment 3.1, horn 1.4; Penis: length 1.88; length
of glans: 0.33, stylus 0.15. Length of palp and leg segments: see Table 2.

! Institute of Zoology, NAS of Azerbaijan, proezd 1128, kvartal 504, Baku 370073, Azerbaijan.
E-mail: snegovaya@yahoo.com
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Table 1. Diagnostic characters of Phalangium bakuensis sp.n. and Ph. staregai.

Ph. bakuensis sp.n. Ph. staregai SNEGOVAYA, 2005
Body Quadrangular, oval; not very Quadrangular, widening to caudal end; large, 5.6
large, 5.0 mm long (Figs 1-2) mm long (SNEGovaya 2005: Fig. 46)
Chelicerae Relatively small (Figs 5-6) Relatively large (SNEGovaya 2005: Figs 53-54)
Legs Fm I slightly thickened Fm I strongly thickened
Penis Relatively short (1.88 mm) Relatively long (2.8 mm); “wings” long
(Figs 7-10) (SNEGOvAYA 2005: Figs 47-50)
Ocularium With 2-3 rows of black-tipped With a single row of small tubercles
tubercles

Table 2. Phalangium bakuensis sp.n., male (Holotype). Length of palp and leg segments (mm).

Femur Patella Tibia Metatarsus Tarsus Total
Palp 1.85 0.8 1.0 - 2.1 5.75
Legs
I 2.55 0.9 245 3.1 39 12.9
1I 4.0 1.1 33 2.3 9.2 19.9
I 2.6 0.8 2.0 2.6 5.6 13.6
v 7.0 1.0 3.0 3.5 7.4 21.9

Body: rounded—quadrangular, anterior margin of carapace smooth; there are groups of
tubercles situated at corners and directed anteriorly. Each of the supra-cheliceral lamellae with a
single setae. Saddle is clearly visible. On the cephalothorax all tergites bear a longitudinal row of
small tubercles. There are 8-9 small tubercles in front of the ocularium, with each branch of the
longitudinal stripe. Lateral sides of the cephalothorax with tubercles and setae between coxae.
Ocularium contently high, with a group of 14-15 spine-tipped tubercles on each side, forming
double/triple rows. There is a group of 8-9 tubercles on each sides of the ocularium. Abdominal
sternites and coxae of legs covered with hairs. Palp not very long. Femur covered with small tu-
bercles and setae. Patella also covered with tubercles and setae and bears hardly visible apophysis
densely covered with micro-denticles. Tibia with setae and small and dark grains and tubercles.
Tarsus with setae and grains. Chelicera rather robust. Cheliceral segment I covered with setae,
segment II covered anteriorly with black micro-denticles and hairs and bearing a horn, covered
with micro-denticles and hairs; the horn’ size is variable. Legs not very long, femur I thicker and
shorter than others. Legs I covered ventrally with denticles. Other legs covered with setae. Penis:
the corpus penis is short, narrowing in the middle and then widening towards the glans. Glans
long and thin with two pairs of setae on each side. Stylus long, hooked at its tip.

Female (Paratype) (Figs 11-16): Body: length 5.6; width 4.2; Chelicera: basal segment 1.3,
distal segment 1.7. Length of palp and leg segments: see Table 3. Ovipositor: length 3.4, width

Table 3. Phalangium bakuensis sp.n., female. Length of palp and leg segments.

Femur Patella Tibia Metatarsus Tarsus Total
Palp 1.3 0.8 0.7 -—- 1.6 4.4
Legs
1 2.1 1.0 1.75 2.0 3.25 10.1
1T 3.25 1.1 3.0 2.8 6.35 16.5
11 2.3 1.1 1.9 2.9 3.9 12.1
v 3.25 1.1 2.7 4.1 5.6 16.75
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Figs 1-6. Phalangium bakuensis sp.n., male (Holotype): 1 — body, dorsal view; 2 — body, lateral view;
3-4 — palp, lateral view; 5-6 — chelicerae, lateral view. Scale lines: 1 mm.

0.4. Female longer and wider than the male; the second cheliceral segment without a process.
Femora I not thickened. Palps and legs entirely covered with setae. Seminal receptacles situated
between 2-5 segments.

Coloration: In both sexes, body light brown, with numerous dark brown and light yellow
spots. Abdomen light brown, with dark spots. Palp light brown, with dark longitudinal spots. Legs
light brown, with large and small dark brown spots.
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Figs 7-10. Phalangium bakuensis sp.n., male (Holotype): 7 — penis, lateral view; 8 — penis, dorsal view;
9 — glans penis, dorsal view; 10 — glans penis, lateral view. Scale lines: 0.5 mm (7, 8), 0.1 mm (9, 10).

Remark: The genus Phalangium LINNAEUS, 1758 is hitherto known with five species in Azer-
baijan: Phalangium punctipes (L. KocH, 1878), Ph. armatum SNEGOVAYA, 2005, Ph. zuvandicum
SNEGOVAYA, 2005 and Ph. staregai SNEGOVAYA, 2005, and Ph. bakuensis sp.n. (ROEWER 1911, 1923,
1956, STAREGA 1978, SNEGOvAYA 1999, 2004, 2005, present study).

Acknowledgements: | express my gratitude to Dr [lham Alekperov (Baku, Azerbaijan) for his help in collect-
ing harvestmen. Special thanks go to Prof. Wojciech Starega (Warsaw, Poland) for his aid in the identification
of some species. Dr D.V. Logunov (Manchester, UK) translated the manuscript into English.
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Figs 11-16. Phalangium bakuensis sp.n., female (Paratype): 11 — body, dorsal view; 12-13 — palp, lateral
view; 14-15 — chelicerae, lateral view; 16 — seminal receptacle. Scale lines: 1 mm (11), 0.5 mm (12-15).
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Cenoxociu ot AdmepoH-I'o0ycran (Azep0Oaiikan) ¢
onucanue Ha HOB B (Opiliones)

H. Cnecosas

(Pe3rome)

Cenem Buaa ceHOKocIH OT cemericTBo Phalangiidae ca ycraHoBeHu B paiioHa Ha AOMmIEpOH-
I'oGycran, M3rouen Azepbaiimmkan. Enqun ot 1x — Opilio afghanus ROEWER, 1960, e HOB 3a (ayHaTa
Ha KaBka3. OnncBa ce HOBUAT 3a Haykara Buj Phalangium bakuensis, HamepeH B OKOJTHOCTHTE
Ha baky. Bunbst e MopdonoruuHo 0nu3bk 10 Ph. staregai, HO ce pa3inyaBa OT HEro M0 MAJIKUTE
XEIUIEPH U TIEHUC, KAKTO M 10 HAIMYUETO Ha 2-3 pena TyOepKyiu Ha OKyJIapuyMa.

100



EuroPEAN ArRACHNOLOGY 2005 (Deltshev, C. & Stoev, P., eds)
Acta zoologica bulgarica, Suppl. No. 1: pp. 101-114.

Spiders of the Domica drainage area (Slovak Karst Mts.):
community composition and habitat evaluation (Araneae)

Peter Gajdos'

Abstract: In 2003 and 2004 a research of araneofauna and spider communities of the Domica drainage area
was performed on 27 study sites (on 12 of them by pitfall trapping). Altogether, more than 2,712 specimens
belonging to 198 species were captured. The species diversity in the Domica drainage area is rather high,
representing approximately 23% of the Slovak araneofauna. Of the identified species, 15 are listed in the
Red List of Spiders of Slovakia. The occurrences of Centromerus capucinus (EN), Diaea livens (CR),
Hahnia picta (EN) and Sintula spiniger (EN) are of great importance since these species had been reported
in Slovakia only a few times before. The great richness of the spider fauna and the occurrence of rare and
threatened species for Slovakia confirm the high biotic value of the investigated areas. Ten study sites
(sites 1-10) investigated by means of pitfall traps for a period of one year were assessed according to their
biological importance based on the occurrence of endangered and rare spider species. Three of the study
sites, such as dry calcareous pasture in lime sink (site 6), dry calcareous grassland in the karren area of the
National Nature Reserve Domicke Skrapy (Domica Karren) (site 3) and an old extensively used orchard
near Kecovo (site 7) have been assigned to the biologically most valuable areas (territories with the highest
proportion of endangered and rare species).

Key words: spiders, nature conservation, Domica, karst, southeastern Slovakia

Introduction

The Domica drainage area, one of the areas of the Slovak Karst Mts., having well-preserved dry
calcareous grasslands and other xerothermic habitats, is a suitable model area for research of ani-
mal communities of karst habitats including also spider communities. Dry calcareous grasslands
belong among the endangered types of biotopes in Europe and they are listed in the Annex 1 of the
Habitat Directive (CounciL 1992). The area is important not only for national nature conservation
but also for the whole of Europe, as part of the investigated area is National Nature Reserve and
also a Natura 2000 site. Spiders, an important component of xerothermic fauna, are used as bio-
indicators of environmental quality (BucHAR 1983, 1991, CLAUSEN 1986, MAELFAIT 1996, RUZiCKA
1986, 1987) and for evaluation of biota changes in relation to the land management (MAELFAIT et
al. 1990, MAELFAIT, SEGHERS 1986, MAELFAIT, DE KEER 1990, MAELFAIT ef al. 1997, SvatoN 1987,
SvaroNn, Maikus 1994). This type of bio-indication, which is based on the investigation of species
diversity and community composition is called ecological indication (BLANDIN 1986).

From the point of view of arachnological research, insufficient attention has been devoted
to the territory of the Domica drainage area. Only a few papers with sporadic records (CHYZER,
KurczyNskr 1891, 1894, 1897, 1899, MILLER, KraTocHviL 1940, MILLER 1971, SvatoN 1994,
KuUrka 1996, BucHAr 1999 and GAIDos ef al. 1999) present the spider fauna of the region. Up
to the present only 42 spider species have been published from the Domica drainage area. This
fact initiated an arachnological research on this territory in the period 2003-2004. The aim of this
study was to describe the spider species composition, to characterise the spider communities of

! Institute of Landscape Ecology, Nitra Branch, Slovak Academy of Sciences, Akademicka 2, SK-949 01
Nitra, Slovak Republic. E-mail: nrukgajd@savba.sk
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the Domica drainage area and to classify the study sites according to their importance from the
point of view of nature conservation.

Material and Methods

Study area

The Domica drainage area is situated around Domica cave on the south-western edge of the Sil-
icka Plateau in Slovak Karst (the largest karst region in Central Europe), 10 km to the southwest
of Plesivec, near the borders with Hungary. It represents a typical landscape of the Slovak Karst
Mountains. Centrally situated, Domica Cave (World Heritage Site) is a pearl of the National Nature
Reserve Domické Skrapy (Domica Karren), which is part of investigated area. The drainage area
is covered with sunny, rocky and forest-steppe habitats, dry calcareous meadows and pastures,
orchards, dry oak forests, wet depressions, arable fields with typical karst formations as lime sinks,
karren, karst plateaus, abysses, caves, etc. The selected study sites present the different habitat types
characteristic of this territory. The mosaic of habitats creates good conditions for high biodiversity
of the spider fauna and occurrence of many rare and threatened spider species.

Sampling and study sites

Research on the spider fauna was carried out in 2003 and 2004. The spiders were collected mainly
by pitfall traps on 10 study sites (1-10) in 2003-2004 during the whole research period (from
August 21, 2003 to November 26, 2004) and on two additional sites (study sites 11-12) in 2004
(from beginning of May to November) on dry calcareous habitats. As pitfall traps 0.7 liter jars - 9
cm in diameter, were used, one-third filled with a 4 % formaldehyde solution with a drop of added
detergent, during winter season - with antifreeze liquid. The traps were emptied approximately
once a month during the vegetation season and once in every three months during winter time.
The traps were placed in pairs at site ca. 10 m apart on the 12 following study sites:

St. 1 — abandoned wet meadow on the top of a small hill surrounded by arable land

St. 2 — willow (Salix cinerea) stand on the top of a small hill surrounded by arable land
St. 3 — dry calcareous grassland with shrubs in the karren area near Domica cave

St. 4 — hornbeam forest at the bottom of a lime sink near hill top

St. 5 — Vel’ky Polder, abandoned polder overgrown with sparse poplar trees in herbal layer with
mesophilous grasses

St. 6 — dry calcareous pasture at the bottom of a lime sink near Kecovo
St. 7 — mown old extensively used orchard near Kecovo

St. 8 — oak-hornbean forest

St. 9 — extensively used mesophilous meadow

St. 10 — wet grassland (Molinietum) with solitary birch trees near St. 9
St. 11 — dry calcareous pasture above Kecovo

St. 12 — dry calcareous grassland with shrubs in the karren area near Domica cave (100 m above
St. 3)

At the other 15 study sites the spiders were collected sporadically by sweeping (sw), sifting of
detritus and dead leaves (si), beating from trees and shrubs (be) and by individual collection under
stones and in grass and leaves (ic):

St. A — Domica, shrubby margin of the mesophilous meadow on a hill top near st. 1 (be)

St. B — Domica - small polder opposite the Domica cave entrance overgrown with shrubs and
tall sedges (be)
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St. C — Domica, dams of the Domicky Potok stream overgrown with poplars (sw, ic)

St. D — Domica, pastured dry calcareous grassland in the margin of the lime sink near Ke¢ovo
- near st. 6 (be, ic)

St. E — Domica, Velky polder, litoral zone overgrown with Carex sp. and Phragmites sp. near
St. 5 (ic)

St. F — Domica, wetlands overgrown with willow trees near main road, undergrown with Urtica
dioica (sw)

§t. G — Domica, dry calcareous grassland on the hill top of the National Nature Reserve Domické
Skrapy (ic)

St. H — Domica, mesophilous meadows fallow among the arable land near study site 1 (sw)

St. I — Domica, pastured dry calcareous grassland near Kecovo (near St. 11) (sw, ic)

St. J — Domica, dry calcareous grassland near a cave between study sites 3 and 12 (si)

St. K — Domica, shrubby and tree margin in a dry calcareous grassland near a cave (near st. 12)
St. L — Domica, rocky slope of the lime sink near Kecovo (near St. 6) (ic)

St. M — Domica, shrubby and tree margin of the dry calcareous grassland in the margin of the
lime sink near st. 4 (be)

St. N — Domica, shrubby and tree margin of the dry calcareous grassland near a cave (near St. 3) (be)
St. O — desolate buildings of the camp opposite cave entrance (ic)

Evaluation of the study sites was performed only on ten study sites (study sites 1-10) in which
pitfall traps were situated during a whole year. The study sites have been assigned to three cat-
egories of biological importance on the basis of species composition (the presence of threatened
and rare spider species): category I — the biologically most valuable sites — sites with high species
diversity and with the highest proportion of the threatened/rare species; category II — biologi-
cally valuable sites — sites with high or average species diversity and with lower proportion of
threatened/rare species than in category I; category III — sites of low biological importance
— sites with lower or average species diversity and a low number of the threatened/rare species.
The nomenclature and systematic order of species follow PLatnick (2005). A comparison of the
epigeic spider communities of the individual study sites was done according to Ward’s clustering
method. This method was chosen as the most proper for this type of data.

Results

Species and family composition

Altogether 2,712 specimens belonging to 198 species from 28 families were captured in the Domica
drainage area (Appendix 1). The majority of spiders come from pitfall traps (2,556 specimens
belonging to 155 spider species from 27 families). The species diversity in the Domica drainage
area is rather high, representing approximately 23% of the Slovak araneofauna. From the identi-
fied species, fifteen are included in The Red List of Spiders of Slovakia (Gaipos, Svaron 2001)
(Tables 2-3). The occurrences of the critically endangered (CR) species Diaea livens and the
endangered (EN) species Centromerus capucinus, Hahnia picta and Sintula spiniger (EN) are of
great importance since these species had been reported in Slovakia only a few times before. In
the epigeic communities of all sites, the Lycosidae were eudominant (D = 15.08 — 63.7%). From
the other families, the Linyphiidae were eudominant on sites 2-8 and 10 (D = 12.9 — 25.8%),
Amaurobiidae - on sites 4 and 8 (D = 34.2 and 16.8%), Liocranidae - only on site 2 (D = 12.5%)
and Gnaphosidae - on sites 1, 3, 6, 7 and 9 (D = 13 — 15.8%). The majority of other families is
defined as recedent and subrecedent (Table 1). The composition of spider communities on indi-
vidual study sites differs depending on habitat types.
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Table 1. Dominance (in %) of spider families in epigeic communities on study site 1-10.

Study site (St.)

Family

St.1| St.2 | St.3 | St.4 | St.5| St.6 | St.7 | St.8 | St.9 | St.10
Pholcidae - - 0.4 - - - - - - -
Dysderidae - 4.0 0.4 1.8 0.8 2.8 2.1 4.4 - -
Mimetidae 0.3 0.4 - 0.9 - - 0.3 - - 0.4
Eresidae - - 0.4 - - - - - - -
Theridiidae 0.3 1.8 1.2 - 0.5 0.9 0.7 0.9 0.7 1.3
Linyphiidae 34| 154 | 259 | 184 | 189 | 23.1 | 134 | 133 2.2 12.9
Tetragnathidae 2.5 - - - 5.2 - - - 1.8 1.3
Araneidae 0.8 - 1.2 - - - - - - -
Lycosidae 632 | 504 | 275 | 158 | 58.6 | 463 | 31.2 | 425 | 63.7 453
Pisauridae 1.4 1.8 0.4 - 0.8 0.9 2.7 - 2.2 2.2
Oxyopidae - - - - - - - - - -
Zoridae - 1.1 - - 0.5 - 0.7 0.9 - 9.8
Agelenidae 0.6 - 4.7 7.0 0.3 0.9 1.0 0.9 - -
Cybacidae - - - - - 0.9 - - - -
Hahnidae 2.0 1.1 0.4 - 0.3 - 0.7 - 1.4 1.3
Dictynidae 0.8 4.4 -] 114 3.0 4.6 - 8.0 2.2 3.6
Amaurobiidae - - 94 | 342 0.5 0.9 75| 16.8 - -
Miturgidae - - - - - - - 0.9 0.4 -
Anyphaenidae - - - 1.8 - - 0.3 - - -
Liocranidae 2.8 | 125 2.7 4.4 3.8 3.7 9.9 0.9 0.7 11.6
Clubionidae 0.3 - - - 0.3 - - - - 0.4
Corinnidae - - - - 0.8 - 1.4 - 1.1 0.9
Zodariidae - - - - - - - 2.7 - -
Gnaphosidae 14.3 40 | 149 2.6 44 | 13.0 ] 192 53] 158 6.2
Sparassidae - - 0.4 - - - - - - 0.4
Philodromidae 0.6 - 1.2 - - - - - 0.4 0.9
Thomisidae 4.8 2.9 7.5 1.8 0.5 1.9 7.9 1.8 6.5 0.9
Salticidae 2.0 - 1.6 - 0.5 - 1.0 0.9 1.1 0.4
Number of
specimens 356 272 255 114 365 108 292 113 278 225

Evaluation of study sites 1-10 on the basis of epigeic spider communities

The spider communities of the investigated study sites (1-10) consist of various coenoses, which
are characterised by different plant communities in the Domica drainage area. On the basis of the
chosen criteria, three of the sites (3, 6 and 7) have been assigned to category I as the biologically
most valuable areas (Table 3). They present sites with high species diversity, with a high number
of threatened and rare species. Open dry calcareous grasslands found on sites 3 and 6 seems to
be the most valuable habitats in the area. The spider communities found in these study sites are
composed mainly of species, which have high claims on stable environmental conditions (light,
soil humidity and vegetation structure). The low soil humidity, high intensity of solar radiation
and sparse vegetation, which characterize both study sites, provide conditions for the occurrence
of many xerothermophilous threatened species. It is interesting that besides the characteristic
karst habitats also old extensively used fruit orchards (st. 7) belong among the habitats important
for conservation of threatened and rare species. The communities of the sites 1, 2, 4, 8 and 10
were classified to category II as biologically valuable. In this category, the spider communities of
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Table 2. Dominance (in %) of the threatened species in epigeic communities on study site 1- 10 and their
presence in the other sites (rest). RL — Red list of spiders of Slovakia (Gaipos, Svarox 2001). Categories of
threat: CR - critically endangered, EN — endangered, VU — vulnerable, LR - lower risk (nt - near threatened,
Ic - least concern), DD - data deficient.

re | Threatened Study site
species St.1|St.2| St.3 |St.4|St.5|St.6|St.7 |St.8|St.9 [St. 10| Rest
CR Diaea livens M.N
EN Centrc?merus 1333
capucinus
EN Sintula spiniger 0.74 | 10.59 8.33]7.19
EN Hahnia picta 0.44
EN Agroeca lusatica | 0.84 0.39 1.85 ] 3.77 0.72
VU | Dysdera hungarica 4.04 | 039 | 0.88|0.27|2.78 | 2.05 | 4.42
yy | Gnaphosa 8.33 st.12
modestior
VU | Xysticus lineatus | 2.25 0.44
LR Ic Chelracgnthlum H
punctorium
LR.Ic | Tmarus stelio N
LR.Ic | Marpissa nivoyi 0.27
LR Ic Pseudicius M.N
encarpatus
LRt | Kishidaia 0.93
conspicua
DD Megalepth)fphantes 263 0.88
pseudocollinus
DD I?ocadlcnemls 0.89
Jjuncea
Totally 3.09 | 4.78 | 24.71 | 3.51 | 0.54 | 22.2 | 13.0 | 5.31 | 0.72 | 1.77

Table 3. Evaluation of epigeic communities of the study sites (St.) 1-10 D — dominance, SI — category of
the site importance.

Study site

St.1 | St.2 | St.3 | St.4 | St.5 | St.6 | St.7 | St.8 | St.9 | St. 10
Number of species 57 37 46 29 41 25 45 25 41 47
Number of threatened
species (category EN) ! ! 3 2 2 ! !
Number of threatened
species (category VU) ! ! ! ! ! 2 ! ! !
Number of threatened | | | | |
species (cat. LR. DD)
Total number of ) ) 4 ) ) 5 3 5 | 3
threatened species
Dominance of
threatened species 3.1 48 | 247 | 35 05 | 222 ] 13.0 | 53 0.7 1.8
D%)
Category of SI I I I I I I I I I 11
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forest habitats (St. 4, 8), of shaded wet habitats (St. 2, 10) and of open or semi-open wet habitats
(St. 1) were included. In this category the main attention in terms of protection should be paid
to wetland habitats, the occurrence of which is very rare in this generally very dry territory. The
forest habitats have lower species richness.

The other two evaluated study sites (5 and 9) have been classified as sites with lower biologi-
cal importance and were assigned to category I11. In this category an extensively used site (St. 9)
and a site considerably disturbed by man (St. 5) are listed. Although the spider communities on the
mentioned sites are rich in species, they consist mainly of species which are widespread and com-
mon or expansive. Occurrence and proportion of rare and threatened species is low (Table 3).

Comparison of the epigeic spider communities in the individual study sites

The majority of the compared spider communities is highly dissimilar (Fig. 1). On the basis of
the hierarchical classification, spider epigeic communities were divided into two main clusters.
The first cluster (I) represents spider communities of the forest sites (St. 4, St. 8), shaded willow
stand (St. 2) and poplar stand (St. 5). They are relatively dissimilar (values of their dissimilarity are
about 56%) and characterized by the eudominant representation of the species Pardosa lugubris
(Appendix 1). The similarity of the communities of sites 2 and 8 was the highest (about 76%).
Both sites have similar conditions for ground living spiders — shaded ground covered by detritus
and dead leaves without low vegetation. The second cluster (II) represents epigeic communities
of non-forest habitats which are open or only partly shaded. The compositions of these communi-
ties are very dissimilar with values of dissimilarity of more than 60%. At this level the cluster is
divided into two subclusters. Subcluster Ila demonstrates considerable similarity between site 6
(dry calcareous pasture at the bottom of a lime sink) and site 10 (wet grassland Molinietum with
solitary birch trees). In both communities the same common widespread species occur abundantly
(e.g. Centromerus sylvaticus and Alopecosa trabalis). Subcluster [Ib combines four habitats with
different spider communities. Within this subcluster similarity of the communities of sites 1 and
7 was the highest (about 60%). The similarity of 2 other communities (dry calcareous grassland
- St. 3 and cultivated meadow - St. 9) was evidently lower than what corresponds to different
habitat types of the compared sites.

Discussion

The recording of 198 spider species in a sixteen-month research programme in a restricted area
indicates a very rich spider fauna of this karst ecosystem. This is approximately 23% of the Slovak
araneofauna, in spite of the fact that a relatively small part of Slovakia and a limited set of habitats
were studied. The compositions of the studied spider communities in the study area showed great
variation depending mainly on vegetation structure, as well as on environmental factors and land
use. The vegetation of the habitats modifies microclimatic factors such as moisture, intensity of
sunshine, and also determines its spatial structure (Wise 1993). More authors (ABrRaHAM 1983,
RoBmson 1981, Uetz 1975, etc.) have demonstrated narrow relationships between spider and plant
communities. Of the investigated habitats, the open dry calcareous grasslands with threatened
spider communities are especially interesting from a nature conservation point of view. The area
of these types of habitat is continually decreasing as the result of natural succession after graz-
ing has been reduced or stopped. At present their spider communities are bound to only small
fragments of habitat which are spatially limited and into which some forest species have spread
from surrounding forest and shrubby habitats, such as Pardosa lugubris, Cicurina cicur, etc. In
the case that this negative trend continues, the typical karst habitats will disappear and with them
also numerous stenotopic, rare and threatened species will be lost. For this reason it will be neces-
sary very soon to suggest and to realize management activities insuring the efficient protection of
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Fig. 1. Hierarchical classification of epigeic spider communities of the sites 1-10 according to Ward’s
clustering method.

these rare habitats. Suggested management activities might consist of cutting of shrubs and trees,
grazing, mowing and burning of the selected parts, respectively.

Also the sites of the mown old extensively used orchard show high spider species richness
and present a habitat for some threatened species, such as Dysdera hungarica, Sintula spiniger,
Agroeca lusatica, etc. This type of habitat is relatively numerous in the area, therefore has a
great importance from a protection point of view. Because this type of habitat is vulnerable, it is
also necessary to consider/include protection of these semi-natural habitats in the management
programmes.
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[Tasiiure Ha Jomuna (CnoBamku KapcToBu niaHuHM): ChCTaB
Ha CHOOIIEeCTBaTa U OlleHKa Ha xabutarute (Araneae)

1. I'avioow

(Pe3iome)

CraTtusaTa TpeacTaBs pe3ylTaTUTEe OT W3CIelBaHE Ha chOOIIeCTBaTa OT MasH B paiioHa Ha
Jowmmura (Crnoamku KapcroBu mmanwHn), cbetosio ce B nepuona 2003-2004 r. TIpoyuBareTto
€ MPOBENIEHO B 27 MIOLIaIKH, KaTo B 12 OT TAX ca 3aJI0KEHU 3€MHM KanaHW. YJIOBEHU ca Haj
2712 exzemiuisipa ot 198 Buza, K0oeTo OKa3Ba BUCOKOTO BHIOBO pa3HOOOpa3we Ha N3CIICABAHMUS
paiion — mpubmu3nTenHo 23% of msara cnoBarika apaneogayHa. [leTHameceT Bua ca BKITIOUCHH
B UepBeHus criuchk Ha CroBakus, a HaMupaHeTo Ha BuaoBe kato Centromerus capucinus (EN),
Diaea livens (CR), Hahnia picta (EN) and Sintula spiniger (EN) e oT TonsmMo 3Ha4eHUE, THH KaTo
TE3W MAasAly ca MHOTO PEIKH B CTpaHaTa. [OIIMOTO BHIOBO OOTaTCTBO M HAIMYHMETO HA PEIKH
BUJIOBE ITOKa3Ba roiisiMaTra KOHCEpBAIlMOHHA 3HAYMMOCT Ha paiioHa Ha [lomuia. CpaBHUTEITHHUAT
aHaNW3 Ha OTACTHHUTE XaOWTaTH, HalpaBeH Bb3 OCHOBA HA YIOBCHHTE PEIKHA WM 3aCTpAIICHU
MasIy MMOKa3Ba, 4ye Hal-KOHCEPBAIIMOHHO 3HAYNMH Ca CYXHTE BApOBHKOBH ITACHIIA B IMOHOPHU
(momanka No. 6), CyxuTe BapOBUKOBH IIOJITHU B KapCTOBUTE palflOHM Ha pe3eppaTta JlommIike
mkapnu (Toromanka No. 3) U crapara, HHTEH3WBHO H3IIOJI3BaHA TpajnHa B Omm3ocT 1o Kedoso
(rutorragka No. 7).
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Appendix 1. List of species and number of specimens collected from study sites of the Domica drainage

area. See text for explanation of classification numbers and letters for individual study sites.

Family / species

Study sites

8

9

10

11

12

Other

PHOLCIDAE

Pholcus opilionoides (SCHRANK, 1781)

DYSDERIDAE

Dysdera hungarica KuLczyXski, 1897

11

Harpactea rubicunda (C.L. Koch, 1838)

MIMETIDAE

Ero furcata (VILLERS, 1789)

ERESIDAE

Eresus cinnaberinus (OLIVIER, 1789)

THERIDIIDAE

Achaearanea sp. (lunata)

Dipoena melanogaster
(C.L. Kocw, 1837)

Enoplognatha ovata (CLERCK, 1757)

Episinus angulatus (BLaAckwaLL, 1836)

E. truncatus (LATREILLE, 1809)

Euryopis flavomaculata
(C.L. KocH, 1836)

Lasaeola tristis (Hann, 1833)

Neottiura bimaculata (LINNAEUS, 1767)

— |

N. suaveolens (SiMoN, 1879)

Robertus lividus (BLACKWALL, 1836)

Simitidion simile (C.L. KocH, 1836)

Steatoda phalerata (PaNzEr, 1801)

Theridion impressum (L. Koch, 1881)

T. nigrovariegatum (SIMON, 1873)

KN

T. sisyphium (CLERCK, 1757)

T tinctum (WALCKENAER, 1802)

EKN

Theridion sp. ? neglectum

LINYPHIIDAE

Anguliphantes angulipalpis
(WESTRING, 1851)

Bathyphantes parvulus
(WESTRING, 1851)

Centromerus capucinus (SIMON, 1884)

34

C. incilium (L. Koch, 1881)

C. sylvaticus (BLACKWALL, 1841)

15

Ceratinella brevis (WIDER, 1834)

C. scabrosa (O. P.-CAMBRIDGE, 1871)

Dicymbium brevisetosum LocKET, 1962

Diplostyla concolor (WIDER, 1834)

Erigone dentipalpis (WIDER, 1834)

Floronia bucculenta (CLERCK, 1757)

Gnathonarium dentatum (WIDER, 1834)

Palliduphantes insignis
(O. P.-CAMBRIDGE, 1913)

Lepthyphantes minutus
(BLACKWALL, 1833)

Macrargus rufus (WIDER, 1834)

Megalepthyphantes pseudocollinus
(SaarisTo, 1997)

Meioneta rurestris (C.L. Koch, 1836)

Microneta viaria (BLACKWALL, 1841)
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Appendix 1. Continued.

Family / species

Study sites

8

9

10

11

Other

Neriene clathrata (SUNDEVALL, 1830)

1

N. montana (CLERCK, 1757)

Panammomops fagei
MIiLLER, KrATOCHVIL, 1939

Pocadicnemis juncea
LockeTr, MILLIDGE, 1953

P. pumila (BLACKWALL, 1841)

Sintula spiniger (BALOGH, 1935)

27

21

Stemonyphantes lineatus
(LINNAEUS, 1758)

Syedra gracilis (MENGE, 1869)

Tenuiphantes flavipes
(BLACKWALL, 1854)

T. mengei (KuLczyNski, 1887)

Trematocephalus cristatus
(WIDER, 1834)

KN

Walckenaria alticeps (DEnNis, 1952)

14

W. antica (WIDER, 1834)

W. capito (WESTRING, 1861)

W. cucullata (C.L. Koch, 1836)

W. dysderoides (WIDER, 1834)

W. mitrata (MENGE, 1868)

W. obtusa (BLACKWALL, 1836)

TETRAGNATHIDAE

Metellina segmentata (CLERCK, 1757)

C.E

Pachygnatha degeeri (SUNDEVALL, 1830)

Pachygnatha listeri SUNDEVALL, 1830

Tetragnatha pinicola L. Koch, 1870

ARANEIDAE

Aculepeira ceropegia
(WALCKENAER, 1802)

Agualenatea redii (ScopoLi, 1763)

Cl

Araneus quadratus CLERCK, 1757

AC

A. triguttatus (FaBricius, 1793)

Araniella sp.
(cucurbitina — opisthographa)

KM

Argiope bruennichi (ScoroLi, 1772)

Cercidia prominens (WESTRING, 1851)

Cyclosa conica (PaLLAS, 1772)

C, LM

Hypsosinga sanquinea
(C.L. KocH, 1844)

Gibbaranea bituberculata
(WALCKENAER, 1802)

Mangora acalypha (WALCKENAER, 1802)

C,K,N

Singa hamata (CLERCK, 1757)

D,E

>

Zilla dioda (WALCKENAER, 1802)

LYCOSIDAE

Alopecosa accentuata (LATREILLE, 1817)

A. cuneata (CLERCK, 1757)

12

11

A. pulverulenta (CLERCK, 1757)

26

23

A. sulzeri (Pavesi, 1873)

A. trabalis (CLERCK, 1757)

W | WD [ = | = [N

26

29

LM

Hogna radiata (C.L. KocH, 1838)

Pardosa amentata (CLERCK, 1757)

62
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Family / species

Study sites

8

9

10

11

12

Other

P, bifasciata (C.L. Kocn, 1834)

38

3

P. hortensis (THORELL, 1872)

26

P. lugubris (WALCKENAER, 1802)

92

11

102

EESINSRE SRR |

42

1

22

P. monticola (CLERCK, 1757)

P. paludicola (CLERcK, 1757)

18

P. palustris (LINNAEUS, 1758)

45

P. prativaga (L. KocH, 1870)

P. pullata (CLERCK, 1757)

23

P, riparia (C.L. KocH, 1833)

13

Pardosa sp.

Pirata hygrophilus THORELL, 1872

P. latitans (BLACKwaLL, 1841)

Trochosa ruricola (DE GEER, 1778)

T. terricola THORELL, 1856

24

13

Trochosa sp.

Xerolycosa nemoralis (WESTRING, 1861)

PISAURIDAE

Pisaura mirabilis (CLERCK, 1757)

B,C.H

OXYOPIDAE

Oxyopes ramosus
(MartiN, Goezg, 1778)

CF

ZORIDAE

Zora spinimana (SUNDEVALL, 1833)

22

AGELENIDAE

Agelena gracilens C.L. Koch, 1841

C,EH

Tegenaria agrestis (WALCKENAER, 1802)

T. campestris C.L. KocH, 1834

T. ferruginea (PANZER, 1804)

C,0

T. silvestris L. Koch, 1872

CYBAEIDAE

Cybaeus angustiarum L. KocH, 1868

HAHNIDAE

Cryphoeca silvicola (C.L. KocH, 1834)

Hahnia nava (BLACKWALL, 1841)

H. picta KuLczyKski, 1897

DICTYNIDAE

Argenna subnigra
(O. P.-CAMBRIDGE, 1861)

Cicurina cicur (FaBricius, 1793)

12

13

11

Lathys humilis (BLACKWALL, 1855)

AMAUROBIIDAE

Coelotes inermis (L. Koch, 1855)

37

19

Urocoras longispinus
(KurczyNski, 1897)

24

22

14

MITURGIDAE

Cheiracanthium elegans THORELL, 1875

C. punctorium (VILLERS, 1789)

Cheiracanthium sp.

ANYPHAENIDAE

Anyphaena accentuata
(WALCKENAER, 1802)

B.E.K

LIOCRANIDAE

Agroeca brunnea (BLackwaLL, 1833)

25
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Appendix 1. Continued.

Family / species

Study sites

8

9

10

11

Other

A. lusatica (L. Kocn, 1875)

2

Scotina celans (BLACKWALL, 1841)

CLUBIONIDAE

Clubiona caerulescens C.L. Kocn, 1839

C. comta C.L. KocHh, 1839

C. diversa O.P.-CAMBRIDGE, 1862

C. neglecta O.P.-CAMBRIDGE, 1862

C. pallidula (CLerck, 1757)

Clubiona sp.

CORINNIDAE

Phrurolithus festivus (C.L. Koch, 1835)

ZODARIIDAE

Zodarion germanicum
(C.L. Kocw, 1837)

GNAPHOSIDAE

Drassodes lapidosus
(WALCKENAER, 1802)

D. pubescens (THORELL, 1856)

Drassodes sp.

16

Drassyllus praeficus (L. KocH, 1866)

D. pumilus (C.L. KocH, 1839)

o

D. pussilus (C.L. Koch, 1833)

28

D. villicus (THORELL, 1875)

Gnaphosa lucifuga (WALCKENAER, 1802)

G. modestior KuLczyXski, 1897

— 0 = | =

Gnaphosa sp.

Haplodrassus signifer
(C.L. KocH, 1839)

H. silvestris (BLACKWALL, 1833)

Micaria pulicaria (SUNDEVALL, 1831)

Kishidaia conspicua (L. Koch, 1866)

Trachyzelotes pedestris
(C.L. KocH, 1837)

Zelotes apricorum (L. KocH, 1876)

Z. erebeus (THORELL, 1871)

Z. latreillei (SimoN, 1878)

Z. petrensis (C.L. Koch, 1839)

Zelotes sp.

SPARASSIDAE

Micrommata virescens (CLERCK, 1757)

PHILODROMIDAE

Philodromus aureolus (CLERCK, 1757)

P. dispar WALCKENAER, 1826

P. margaritatus (CLERCK, 1757)

Thanatus arenarius L. Koch, 1872

T. formicinus (CLERCK, 1757)

Tibellus maritimus (MENGE, 1875)

T. oblongus (WALCKENAER, 1802)

C

THOMISIDAE

Diaea livens SimoN, 1876

M,N

Misumena vatia (CLERCK, 1757)

CN

Misumenops tricuspidatus
(FaBricius, 1775)

AB.C.E, K.M,N
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Family / species

Study sites

8

9

10

11

Other

O. nigrita (THORELL, 1875)

O. praticola (C.L. KocH, 1837)

O. pullata (THORELL, 1875)

O. scabricula (WESTRING, 1851)

O. trux (BLACKWALL, 1846)

Pistius truncatus (PALLas, 1772)

A,B.K.M

Synema globosum (FaBricius, 1775)

A,B,C,G,H,K,M,N

Tmarus piger (WALCKENAER, 1802)

B,C,G.K

T. stelio SimoN, 1875

N

Xysticus audax (SCHRANK, 1803)

X. bifasciatus C.L. KocH, 1837

X cristatus (CLERCK, 1757)

X lanio C.L. Kocn, 1835

X. lineatus (WESTRING, 1851)

X luctator L. KocH, 1870)

X. ninni THORELL, 1872

X. striatipes L. KocH, 1870

X. ulmi (Hann, 1831)

Xysticus sp.

SALTICIDAE

Asianellus festivus (C.L. Koch, 1834)

Ballus chalybeius (WALCKENAER, 1802)

Sibianor aurocinctus (OHLERT, 1865)

Carrhotus xanthogramma
(LATREILLE, 1819)

Dendryphantes rudis (SUNDEVALL, 1833)

Euophrys frontalis (WALCKENAER, 1802)

Evarcha arcuata (CLERCK, 1757)

E. falcata (CLERCK, 1757)

E. laetabunda (C.L. KocH, 1846)

Heliophanus flavipes (Hann, 1832)

H. kochii StMoN, 1868

Macaroeris nidicolens
(WALCKENAER, 1802)

Marpissa muscosa (CLERCK, 1757)

M. nivoyi (Lucas, 1846)

Myrmarachne formicaria
(DE GEER, 1778)

Pellenes nigrociliatus (SiMoN, 1875)

Phlegra fasciata (HanN, 1826)

Pseudeuophrys obsoleta (SiMoN, 1868)

Pseudicius encarpatus
(WALCKENAER, 1802)

Salticus sp. (? cingulatus or zebraneus)
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Characteristic spider species of peat bog fenlands in the
Netherlands (Araneae)

Peter J. van Helsdingen'

Abstract: Peat bogs in the Netherlands passed through a dynamic history over the centuries from developing
in the wet river delta, exploitation by man for energy purposes, filling-in again by natural forces and vegetation
succession, and recent dragging for nature management purposes in the remaining larger reserves. Seepage of
mineral-rich water from deep underground water layers is a prerequisite. For the present semi-natural habitat
condition the term “peat bog fenland” is used. The spider fauna composition of the ecotone land—water, usu-
ally the margins of quaking bogs, was investigated. The typical fauna comprises relatively rare species on
the international scale often in large numbers, such as Dolomedes plantarius (CLERCK), Tetragnatha striata
L. KocH, Enoplognatha caricis (FICKERT), Theridion hemerobium SivoN, Entelecara omissa O.P.-CAMBRIDGE,
and Clubiona juvenis SivoN. The microhabitats of the different species was described. Environmental threats
are numerous and very strict management measures are necessary to keep the ecological conditions and the
populations in good condition.

Key words: ecotone land-water, filling-in, habitat restoration, peat bog fenland, quaking bogs, water man-
agement

Introduction

The aim of the present study was to investigate the spider fauna composition of the ecotone land-
water of the peat bog fenlands in the Netherlands, as part of a general and still ongoing inventory
of'the spider fauna of the Netherlands. The work in the field was carried out dispersed over the last
decade of the 20" century and mainly in spring and summer. Twelve different reserves have been
visited several times each and at different parts so as to get an overall picture of each reserve.

The spider fauna of the peat bog fenlands in the Netherlands was poorly known. This may
have been partly caused by unsuitable collecting methods in a hardly accessible habitat in the past.
The floating vegetation at the margins of a quaking bog is inaccessible from the land side without
destroying or at least disturbing the habitat. The only profitable method to investigate this zone is
to collect by hand from the waterside, which can be done best from a boat.

History

The general geological structure of the Netherlands is that of the margin of the continent. Sand
deposits in the south and east were put down by the rivers and remodelled by glaciers from the
north. With the rising of the sea-level at the end of the Wiirm Glaciation the western part of the
country was remodelled into a river delta area because the larger rivers, such as the Rhine, Meuse
and Scheldt, now ended in the enlarged North Sea and not farther to the north. From then onwards
the Netherlands had major drainage problems because the fresh water from the rivers could not

European Invertebrate Survey-Netherlands, P.O. Box 9517, 2300 RA, Leiden, Netherlands.
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flow off to the sea at all times. Behind the range of dunes, constructed out of the sand deposits
through the forces of tide and wind, a lowland area developed into marshland, intersected by river
arms and local higher areas.

In this marshy region in some places the forming of peat bog started through a succession
of floating vegetation (filling-in) towards quaking bog, subsequently towards more solid soil and
finally carr with alder (Alnus) and birch (Betula). At many places there existed a special condi-
tion: mineral rich ground water from higher areas seeping in through the deeper soil created
mesotrophic conditions in which the typical vegetation of fenlands could develop. Where the sea
broke through, which happened from time to time, clay was deposited and salt was absorbed by
the existing peat soil.

Land use

The land became inhabited on the drier areas along the rivers and the dune range and at local
higher places, and the area was brought under cultivation for agricultural purposes by cutting
down the forested parts. Ditches and small canals were made for managing the water level and
for transport. From 13™ century onwards the wet marshes were also used as a source of energy.
Peat was extracted, dried and used as fuel for household purposes and even exported to energy-
poor countries. We sold our country! The peat extraction resulted in open water surfaces and set
back the succession of the vegetation. When most of the peat had been harvested the filling-in
restarted as a natural process. As a result many of the open water bodies (lakes, fenlands) became
smaller again over the centuries. This is what I call peat bog fenlands: man-made fenlands caused
by the extraction of peat.'

Land used for agriculture underwent a different development. Farmers made polders by
building a dike around an area and lowering the water table by pumping water away with the aid
of windmills, thus making the land accessible for farming. The unforeseen consequence was the
oxydation of the soil and subsequent lowering of the surface level or land subsidence. One had
to pump quicker and deeper with more mills following the sinking soil, but in fact the surface
followed the water table. Through cultural history we inherited an inverted profile, an inversion
of the relief: the canals into which the water is pumped now lie higher than the polder water table
and at the same level as the fenlands which remained after the extraction of peat.

Restoration of the historical landscape

The remaining fenlands all became nature reserves in the 20" century. In the last decades of that
century the nature management decided to restore some of the former open water areas by enlarg-
ing the remaining open water surfaces through cutting the carr and dragging out the peat soil to a
depth of about two metres in order to restart the filling-in process. This is a cultural development
which was initiated by nature protection societies and became possible through the relative wealth
of the country. In the case of the fenlands, the former peat bogs, one faced two major problems,
viz. the leaking away of water from the reserve to the lower surrounding agricultural land, the
polders, and the loss of the inward seepage from higher areas. As to the leaking, the area loses
more water than the rain can supplement and in a dry summer the fenland starts to dry out. One
then has to choose between two evils: let the area suffer from drought, let animals die, let the

!'In my opinion the traditional definitions for bog and fen are not applicable here. Bog is usually defined as a
wet oligotrophic organic deposit. Fen is described as a eutrophic organic deposit or mire with the winter water
table at ground level (modified after LincoLN ef al. 1982). Peat bog fenland is man-made through the extraction
of peat and mesotrophic in combination with inward seepage of mineral rich water from higher areas.
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ecosystem suffer; or pump in water from a strange source which necessarily is always of lesser
quality in the Netherlands. The only answer is to acquire a buffer area around the reserve and
bring up the water level in this buffer and thus at least partly stop the leaking.

To solve the second problem one had to restore the inward seepage from far-off filter areas.
The original seepage often appeared to have stopped because of the excessive extraction of water
by watersupply companies on the higher grounds; this had to be restored first by convincing the
watersupply companies to obtain their water from other sources (e.g. the central inland sea Ijs-
selmeer). In many cases the mineral rich seepage thus could be restored, at least partly.

Characteristic vegetation of the floating and filling-in stage

Filling-in starts with the development of floating vegetation in which plants such as watersoldier
(Stratiotes aloides L.) and frogbit (Hydrocharis morsus-ranae L.) are characteristic. Together with
deep-rooting waterlily (Nymphaea alba L.) and different species of pondweed (Potamogeton spec.)
they soon form layers of floating vegetation in which common reed (Phragmitis australis (Cav.)
TrN. ex STEUD.) and sedges (Carex spec.) soon invade. Marsh fern (Thelypteris palustris (SALISB.)
ScHoTT) becomes one of the common species on the borders of the vegetation. Slowly the layer
of vegetation gets thicker and develops carrying capacity and one can walk on a quaking bog.

Importance of the peat bog fenlands on the European level

The Netherlands form only a marginal chip of the European mainland. It does not have mountains,
rocks or stony areas, it is poor in old forest and has nothing which comes near to ancient forest.
The historical development has been too dynamic for the survival of original landscapes. Peat
bog fenlands are man-made out of lowland peat bog and presumably many former biota have
survived there which originally were more widespread over the extensive wet and marshy areas
in the river delta. All the important peat bog fenlands now have the status of reserves and are
managed by one of the nature conservation organisations, the private society Natuurmonumenten
or the semi-independent State Forestry Service (Staatsbosbeheer). The peat bog fenland reserves
are concentrated in two chains, locally interrupted but, nevertheless, more or less contiguous,
one in the western part of the country and one in the northeast (Fig. 1). All reserves are part of
the National Ecological Network, which is presently being developed and should connect all the
main sites with characteristic biota. With the two chains we contribute proportionally very well
to the conservation of this type of wetland habitat in Europe. Most of the characteristic spider
species mentioned are found in the surrounding countries, but they appear to be rare and are often
restricted to few smaller reserves.

Characteristic spider fauna composition

Investigations of the spider fauna composition of the ecotone land-water of the peat bog fen-
lands resulted in a short list of characteristic spider species of the different (micro)habitat types,
such as tussocks of sedge, mixed vegetation of marsh fern and common reed, or marsh fern and
cowbane (Cicuta virosa L.) mixed with bittersweet (Solanum dulcamara L.), both shaded and
unshaded. This border of vegetation is very rich in biota, probably because it is well-structured
and provides large supplies of food. Investigations were made from a boat and the vegetation
was sampled by hand.

In the fenlands the following characteristic species were found which appear to be rare in
other areas and habitats. They are not completely restricted to peat bog fenland habitats but the
main populations in the Netherlands clearly occur there. The distribution of the species in the
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Fig. 1. Distribution of peat bog fenlands in the Netherlands. The fenlands in the northwestern part are too
brackish because of relatively recent flooding by the sea and lack of seepage of mineral-rich water to develop
into peat bog fenlands.

Netherlands is indicated and compared with those in the surrounding countries Great Britain,
Belgium, Germany and Denmark. For a complete distribution per country one is referred to the
Fauna Europaea Database (VAN HELSDINGEN 2005).

Dolomedes plantarius (CLERCK, 1757) (Pisauridae)

The larger raft spider appears to be very common on and near the water in the peat bog fenlands
(Fig. 2). The young leave the egg sac in the female web on the vegetation, often watersoldier
(Stratiotes aloides), after some days and disappear into the lower vegetation close to the water level,
inside the vegetation or at the border of the vegetation mat. They prey on insects and other spiders,
overwinter in the same vegetation, live through the next summer and overwinter a second time.
They reach adulthood in the following month of May and thus show a two-year life-cycle.

One gets a good impression of the density of the Dolomedes plantarius populations at the
different sites by counting the nursery webs on the floating Stratiotes armada’s, often completely
covering the water surface of a ditch, or on the shore vegetation. The number of juvenile and
subadult specimens (of two different year classes) in the shore vegetation, e.g. between the marsh
ferns and below the overhanging sedges, at some sites can be quite impressive. At one site I counted
over 50 specimens of last years egg batches over a stretch of three metres!
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Fig. 2. Distribution map of Dolomedes plantarius (CLERCK, 1757) in the Netherlands.

In the Netherlands D. plantarius also used to occur in oxbows of rivers but there are no recent
records known from such places. In the United Kingdom D. plantarius occurs at four localities (three
of which are mentioned in HARVEY ef al. 2002: 265). In Belgium it is known from one site in the
East. In Germany a few older records are known besides some from the second half of last century
from the northern Bundeslander (see also FRUND ef al. 1994 for records from the North German
plain) and a recent capture in Rheinland-Pfalz (Kitt, NAHRIG 2002). But there are no actual confir-
mations for Nordrhein-Westfalen and Bayern (see RENNER 1987). In Denmark it was rediscovered
recently (Gaipos et al. 2000). In the literature artificial fishponds are frequently mentioned as habitat
(Ruzicka, HoLEc 1998, BosMans, JansseN 1979). This demonstrates that the species is able to reach
such places or manages to survive where natural wetlands are converted into fishponds.

In many countries the species has become rare or has disappeared, probably because of
changes on the original sites, e.g. changes in the water conditions or pressure from touristic
developments. It has always been rare in Mediterranean Europe and more common in the north
where it still is represented by sizable populations (Sweden, Finland) (see VAN HELSDINGEN 2005).
In most neighbouring countries this species is protected by law or put on a Red List. In Great
Britain one is actively implementing a Species Action Plan. The second Dolomedes species in
Europe, D. fimbriatus (CLERCK, 1757), does not occur in the peat bog fenlands but is restricted to
the oligotrophic peat-moors and wet forests in the eastern part of the Netherlands.
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Tetragnatha striata L. KocH, 1862 (Tetragnathidae)

It is generally indicated that this species inhabits the flowerheads of common reed. This is true,
but adult specimens are very frequently found low in the shore vegetation where they seek cover
or prey, or both. Numbers are not very high, but the species is common in the peat bog fenlands
and characteristic for the peat bog fenland sites, in reeds as well as in other vegetation. In the
Netherlands it is hardly found outside this type of habitat. In the United Kingdom this species is
well represented in reed-beds around lakes (HARVEY ef al. 2002: 218). In Belgium the species is
known from a number of localities throughout the country (DECLEER 1988, ALDERWEIRELDT 1992).
Known from Germany and Denmark and in fact recorded from most European countries except
the Mediterranean Region (VAN HELSDINGEN 2005).

Enoplognatha caricis (Fickert, 1876) (Theridiidae)

This species was usually found hanging below stems and leaves of sedges and marsh fern and
overhanging the water in their web just above the water level. Usually a number of specimens
were hanging together with their egg sacs (from July onwards). It is also found in tussocks of
sedge in the shore vegetation. It certainly can be called a common species in the shore vegetation,
although densities are never very high.

Known from only two sites in the South of the United Kingdom in association with common
reed and sedge (HARVEY ef al. 2002: 61, as E. tecta). Recorded from Germany (PLATEN ef al. 1999:
57). From Belgium mentioned by Bosmans (1980), ALDERWEIRELDT, SELYS (1990). Known from
most other European countries but missing in Fennoscandia, Denmark, Ireland and Spain (VAN
HEeLsDINGEN 2005). Apparently it is nowhere else a common species. All authors refer to wetland
conditions. I am convinced that a proper survey of the available habitats will yield many more
records. It has been pointed out (Ruzicka, HoLec 1998) that in North America (Enoplognatha
tecta) and East-Asia the habitat preferences seem to be different (drier situations).

Theridion hemerobium Simon, 1914 (Theridiidae)

This species is very common where tussocks of sedge provide spatial structure and microhabitat
with shelter, shade and food. In such places it occurs in large numbers together with many other
spider species, among which another theridiid, Rugathodes instabilis (O.P.-CAMBRIDGE, 1871).
Other common species in this microhabitat are Clubiona phragmitis C. L. KocH, 1843, Hypomma
fulvum (BOSENBERG, 1902), and Microlinyphia impigra (O.P.-CAMBRIDGE, 1871). T. hemerobium
is a common species in the peat bog fenlands. In the Netherlands 7. hemerobium up to now has
been collected only in peat bog fenland areas.

In the United Kingdom 7. hemerobium is known from four sites near water, such as marshes
and flood-plains (HARVEY ef al. 2002: 51). Daws (2003) has found this species to inhabit fishing
complexes in the flood-plains of rivers in England where it could easily be traced under bridges,
wooden walks and fishing platforms, but also farther away from rivers (Daws 2004). In Belgium
the species is known from at least three localities (DECLEER 1990, VANUYTVEN et al. 1991) which
are all described as reed vegetations. There are many records from Germany. Not recorded from
Denmark. In the Czech Republic “it is quite common in all littoral vegetation, in sedge grass and
reed-mace growth.” In Europe occurring in most countries but not in Spain and Greece and not
(yet) found in Norway and Finland, where I expect it to turn up when looked for in the proper
habitat. Also known from North America. The distribution is mapped by AnTHES (2000) and avail-
able in database format (VAN HELSDINGEN 2005).

Entelecara omissa O.P.-CaMBRIDGE, 1902 (Linyphiidae)

So far in the Netherlands this species has been found only in peat bog fenland. It is a rare species
in this type of habitat. It has not been found outside these areas. It was found in low numbers in
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the tussocks of sedge. In the United Kingdom the species is recorded from a number of marshy
areas, mostly in East-Anglia (HARVEY et al. 2002: 83). In Belgium it is recorded for the first
time on the European mainland (DecLEER 1992) and is said to be threatened now with extinction
(http://www.instnat.be/docupload/1593.x1s). In Germany a first record dates from 1994 (ScHIKORA
1994, Niedersachsen) from peat-moor. In Denmark it is on the Red List. The species apparently
prefers wet habitats, either in peat bog or on peat-moor. The European distribution is summarised
by Van HELSDINGEN (2005).

Clubiona juvenis Simon, 1878 (Clubionidae)

C. juvenis in our inventories was found to be associated with reed. They were often hiding in old
stems of last years reed present in the shore vegetation. Specimens can easily be found by open-
ing old reed stems along the water border. Apparently they use the stems for hiding during the
daytime. In the Netherlands the species appears to be present exclusively in peat bog fenlands,
although specimens are never collected in large numbers at one site.

In the United Kingdom C. juvenis is established in East-Anglia “in reeds and ground veg-
etation” (HARVEY ef al. 2002: 310). DECLEER, BosMaNs (1989) have presented an overview of all
European records then available. Apart from the Neusiedler See in Austria, where the species is
said to be abundant (NEMENZ 1967), there are very few records from other European countries,
while it is absent, again, from Fennoscandia and Denmark. DEcLEER, Bosmans (1989) mention the
same ecological niche. In the Netherlands it has not been found, so far, outside the peat bog areas.
However, in most cases the species was found in any reed vegetation bordering ponds and lakes.
In Ireland and Germany C. juvenis has been found in coastal dunes where it was collected in the
densest parts of tussocks of grass, far away from the water (Bocamann 1941). In the Netherlands
C. juvenis has never been found in the dune area, where instead C. diversa O.P.-CAMBRIDGE, 1862
and C. subtilis L. KocH, 1867 are found in the tussocks of maram grass. The species occurs in
most European countries, the Mediterranean Region excepted (VAN HELSDINGEN 2005).

Other frequently found species

A number of other interesting species was found to be common but are not typical for such peat
bog fenlands since they can also occur in other wet habitats.

Donacochara speciosa (THORELL, 1875) (Linyphiidae)

A species of wet places, also outside the peat bog fenlands. Quite frequently found in the leaf-
sheath of reedmace (7Typha spec.) and in dry old reed stems. In the United Kingdom recorded from
anumber of sites in East Anglia (HARVEY et al. 2002: 147). In nearly all European countries found
in wet places but absent from Portugal, Spain and Greece (VAN HELSDINGEN 2005).

Hypomma fulvum (BOSENBERG, 1902) (Linyphiidae)

A common species in wet habitats, such as peat bog fenlands, lowland marshes and vegetation along
ditches. It is, therefore, not typical for peat bogs. In the United Kingdom again most frequently
found in East Anglia “in fens and marshes, on Phragmites or in the litter beneath, sometimes in
Cladium marshes” (HARVEY et al. 2002: 89). The European distribution has been summarised by
VaN HELSDINGEN (2005).

Rugathodes instabilis (O.P.-CamBRIDGE, 1871) (Theridiidae)

This species occurs in large numbers along the border of the peat bog fenlands in the vegetation
also inhabited by Theridion hemerobium, and equally abundant. The occurrence of these two
species together in the same habitat is also mentioned by Ruzicka, HoLec (1998). Common in

121



EurorEAN ARACHNOLOGY 2005

southern England in wetland habitats (HARVEY et al. 2002: 57). The species is present in Belgium
and Germany, but has not been recorded from Denmark. There are records from most European
countries and one gets the impression that it forms dense populations in the preferred habitat
(VaN HELSDINGEN 2005).

Microlinyphia impigra (O.P.-CAMBRIDGE, 1871) (Linyphiidae)

One of the common species in lowland Netherlands. It builds extensive webs close to or above
the water surface in dense, taller vegetation. In the United Kingdom mostly restricted to England
(HARVEY ef al. 2002: 213). Recorded from Belgium, Germany, Denmark, and most European
countries (VAN HELSDINGEN 2005).

Theridiosoma gemmosum (L. KocH, 1877) (Theridiosomatidae)

In the peat bog fenlands it was usually found in the more shaded places in the structures offered
by dead branches of trees lying in and above the water and the vegetation of sedges and other
grasses. At such places they have been found in large numbers. The spiders were often seen gliding
or sailing down a slightly sloping line without any leg movement. In the Netherlands it has also
been found in swampy forest in the East, e.g. at the margin or in depressions in peat-moors. In the
United Kingdom restricted to southern England and “often abundant where found, but very local”
(HARVEY et al. 2002: 67), which agrees with my own observations above. Known from Belgium,
Germany, Denmark, and most European countries (VAN HELSDINGEN 2005).

Ozyptila brevipes (Haun, 1826) (Thomisidae)

This species occurs in low densities at places where the filling-in process is in an advanced stage
and soil has formed between the plants. Specimens of this species are regularly found in small
depressions in the soil under moss and detritus. In the Netherlands O. brevipes has been found
regularly in peat bog fenlands, but it is also known from the Frisian Islands in the north. In the
United Kingdom it occurs “in fens and marshy places”, but also in drier habitats (HARVEY ef al.
2002: 365). Recorded from most European countries (VAN HELSDINGEN 2005).

Conclusion

Peat bog fenland reserves in the Netherlands appear to be a stronghold for a number of otherwise
rare spider species, in the Netherlands as well in most of Europe. The peat bog fenlands offer
the habitat requirements for these species. This is also the case for a number of other taxa (the
waterbeetle Graphoderus bilineatus (DE GEER, 1774), the dragonfly Aeshna viridis EVERSMANN,
1836 some birds such as the black tern Chlidonias niger (LINNAEUS, 1758)). The occurrence of
such a special fauna certainly justifies the costly restoration and management of the peat bog
fenland reserves.
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XapakTepHu Masiy B U3KyCTBeHUTE TopdeHu Onara Ha
Xonannus (Araneae)

I1. san Xencouneen

(Pe31ome)

Topdenure 6iara B Xonanaus MMaT AMHAMAYHA UCTOpHA Npe3 BekoBeTe. [Ipe3 CpeTHOBEKOBHETO
Te ca eKCINIOaTHPaHH OT XOpaTa 3a eHePTUHHH HYKIIH, II0-KBCHO € MOCIIE/IBAJIO0 €CTECTBEHOTO UM
3aITBJIBAHE C BOJIA M CYKIECHs HA PAaCTHTEIHOCTTA. B chBpeMuero, Gnarara, KOUTO Ce HAaMUpaT
Ha TEPUTOPUSTA HA ITO-TOJIEMHTE PE3EPBATH, CE IPAarHpaT, KOETO € YacT OT MEPKHTE, 3aJI0KSHU
B IUTAHOBETE UM 3a YIpaBleHHe. B cratusaTa ca mpeacTaBeHH pe3yiaTaTuTe OT U3CICABaHEe Ha
BUJIOBHUSI ChCTaB Ha MasyTe, OOUTABAIIN JHHAMIYHO IPOMEHAIINS Ce €KOTOH MEXIy Cylara
U Bozjara. TunnyuHata ayHa oOXBalla CpaBHUTEITHO PEIKH BHIOBE, KaTo HanpuMmep: Dolomedes
plantarius, Tetragnatha striata, Enoplognatha caricis, Theridion hemerobium, Entelecara omissa
u Clubiona juvenis, XOUTO B W3CJEABAaHATa TEPHTOPHUS ca C BHCOKa yHucieHOCT. Onucanu ca
MHKPOXaOHTaTHTE, OOMTaBaHH OT YCTAHOBEHUTE MAslH. ABTOPBT CMATA, Y€ ITOPAIH TOJCMHSAT
Opoif 3arIaxy ca HeOOXOIUMH CTPHKTHH YIPABICHCKH MEPKH 32 MOUTbpP)KaHE Ha eKOJIOTHYHOTO
paBHOBECHE U KHU3HEHOCTTA Ha MOMYJIALHUATE B TE3H €KOCUCTEMH.
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Lycosidae: the grassland spiders

Rudy Jocqué', Mark Alderweireldt'

Abstract: The hypothesis is formulated that the Lycosidae co-evolved with grassland and dispersed with the
expansion of this type of habitat. Arguments that sustain this view are the abundance of Lycosidae in open
habitats with low vegetation and their relative rareness in dense forest, the lack of typical hunter adaptations
to achieve grip on smooth surfaces and the fact that the family is only known in the fossil record from the
Miocene onwards, which is in synchronization with the spreading of grassland.
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Introduction

Lycosidae or wolf spiders are a clearly delimited and well defined spider family both on somatic
and behavioural characteristics. They have a unique eye pattern and a typical egg sac and spider-
lings carrying behaviour. However, their systematics are particularly problematic because of the
often faint distinctions between the different taxa, on specific as well as generic level. It has been
suggested (ALDERWEIRELDT, JocQUE 1992, WunDERLICH 2004) that Lycosidae are a family of recent
evolutionary origin. Taxonomic revisions have in several cases been problematic as confronted
with particular difficulties in species and genus delimitations and diagnoses (e.g. ALDERWEIRELDT
1996, 1999, ALDERWEIRELDT, JocQUE 1992, 2005). From these studies ample indications are found
that at least certain groups of Lycosidae apparently demonstrate recent speciation processes.

But apart from these indications resulting from the taxonomic approach, no data have been
put forward to support this opinion. The present paper is the first one that gathers a series of argu-
ments to defend the recent origin of the family mainly based on the indications that Lycosidae are
particularly well adapted to grassland habitats. It is hypothesised that Lycosidae have co-evolved
with that type of vegetation.

Habitat preferences

The idea of promoting Lycosidae to the “grassland spiders” par excellence comes mainly from our
experience with soil dwelling spiders in tropical as well as temperate habitats. Especially during
field work in tropical Africa, some striking observations were made that asked for explanation.
An example:

During our sampling campaigns (JocQUE et al. 2005) in the frame of a forest rehabilitation
project in Ivory Coast (West Africa), we were confronted with the fact that Lycosidae, despite
being a very widespread and very speciose spider family in Africa, are particularly scarce to even
absent in dense (primary) forest. We were at first looking for a representative of the Lycosidae as
indicator species in monitoring for several reasons. Many Lycosidae are diurnal and very active
and therefore easy to spot and observe. As the females carry the egg sacs attached to the spin-

! Invertebrate non-insects section, Royal Museum for Central Africa, B-3080 Tervuren, Belgium. E-mails:
rudy.jocque@africamuseum.be, malderweireldt@hotmail.com
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nerets, these are easily collected during the reproductive season. The number and the size of the
eggs can be used as good parameters to estimate the fitness and general condition of the parents
and their populations (e.g. ALDERWEIRELDT, MAELFAIT 1988, BONTE, MAELFAIT 2001, HENDRICKX
et al. 2003). However, surprisingly, Lycosidae appeared to be rather rare in the forests of eastern
Ivory Coast in contrast to the nocturnal Ctenidae, which proved to be absolutely ubiquitous. In
areas where the forest canopy was opened, even locally, and were grasses (Poaceae) had formed
a thin herb layer, Lycosidae (mainly Pardosa injucunda O.P-CAMBRIDGE) made their appearance.
In locations devoid of grasses, Lycosidae remained absent. Several pitfall trap studies demonstrate
that Lycosidae have been found to be the dominating spider group in a wide range of habitats.
RuUSSELL-SMITH et al. (1987, 1999), VAN DER MERWE, DIPPENAAR-SCHOEMAN (1996), WARUI ef al.
(2005) found them to be the dominating family in African savanna habitats. They are also abun-
dant in other herb dominated vegetations such as swamps, but are particularly scarce in densely
forested habitats.

Similar observations were made in forests in Congo D.R. near Kisangani (Juakaly, pers.
comm.), Gabon (Pauwels, pers. comm.), Malawi, Comoros, Rwanda, Guinea and Equatorial
Guinea (own observations). More or less the opposite seems to be true for Ctenidae. Figs 1 and
2 summarise some pitfall data for Lycosidae in a gradient of different habitat types. In nocturnal
transects, along which spiders with grate-shaped tapeta were caught according to a distance sam-
pling protocol (JocqQut et al. 2005), lycosids were so rare in the dense forest patches, that it was
decided to concentrate on Ctenidae alone. Lycosidae numbers increase with the area covered by
the herb layer which is negatively correlated with the degree of canopy closure. The tendency in
Ctenidae is exactly the opposite. The less degraded the forest, the more abundant they become.
Lycosidae and Ctenidae thus seem to counterbalance each other in a habitat gradient. The propor-
tion of Lycosidae/Ctenidac might therefore be an excellent and easy to use indicator for forest
quality (see JocQUE ef al. 2005).

About webs, claws and claw tufts
Lycosidae versus Ctenidae

JocqQUE (1995) and DiPPENAAR-SCHOEMAN, JocQUE (1997) attracted the attention to the fact that
there is a tendency in spiders to abandon the habit of webbing and return to the hunting strategy.
The majority of spider species are indeed hunters. In almost all spider families consisting of
mainly web building spiders, there are taxa that have switched to a hunting way of life (e.g. AL-
DERWEIRELDT 1994; overview in JocQug 1995). As far as known, these almost invariably belong to
the more derived taxa. Lycosidae are an excellent example of this tendency. The more ancestral
taxa in the family are purely web-inhabiting. Among these are Hippasa, Aulonia and Amblyo-
thele. But the majority of the wolf spiders have turned into a purely hunting life style. Typical
for web building spiders is the presence of three tarsal claws: one dorsal pair of large claws, and
one smaller, more ventrally inserted, unpaired claw. This is shown on the scanning EM picture
in Fig. 3a. The third tarsal claw appears to be an adaptation for life on a web and is present in
almost all webbing spiders.

Most hunting spiders on the other hand have lost the third claw and many have developed
extensive scopulae and well developed claw tufts, as shown in Fig. 3b. The latter provide the own-
ers with a perfect grip on smooth surfaces (Fig. 3d) thanks to the so called “Van der Waals forces”
(KEsEL et al. 2003). These forces are based on the dipole-dipole attraction between large molecules
provided there is close contact between them. The tips of claw tuft setae are finely divided, resulting
in several hundreds of thousand of contact points between the leg tip and the substrate.

Ctenidae are a perfect example of a family with very well developed claw tufts. This ad-
aptation makes them very well equipped to move over very smooth surfaces such as forest tree
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Fig. 1. Number of Lycosidae captured during a two-year trapping cycle in five stations with different tree
density in eastern Ivory Coast (Jocqué, unpublished).
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Fig. 2. Number of Lycosidae captured during a one-year trapping cycle in five stations with different tree
density in eastern Congo D.R. (Juakaly, unpublished)

leaves. For some species, e.g. Petaloctenus (see JocQUE, STEYN 1997), the leaves of forest tree
saplings is their preferred substrate. In these tropical forests, tree leaves are very smooth (Fig. 3d)
and provided with a drip tip to evacuate excess of water in order to prevent algal growth (WoLFE
1985, Worrg, UpcHURCH 1986, 1987). Lycosidae on the other hand, are not equipped with such
an adaptation like claw tufts and are as a consequence rarely seen on forest leaves. However,
most grasses and many herb species have either a rough surface (Fig. 3c) or are provided with
an extensive layer of hairs. In many cases this is an adaptation to prevent excessive transpira-
tion. But on such a surface a claw tuft is useless for good grip. In contrast to this, claws provide
a much better adherence and it is therefore easily understood why Lycosidae move remarkably
easy over herbs and grasses.
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Fig. 3. a — tip of tarsus of a three clawed spider; b — claw tufts and scopulae; ¢ — rough surface; d — smooth
surface.

This reasoning is confirmed by observing actively hunting, non-web building members of the
Pisauridae (e.g. Charminus, Cispius, Pisaura). They also have retained the third claw and wander
around on herbs, grasses and lower bushes. Pisauridae are indeed spiders of the lower shrub and
upper herb layer par excellence although one clade including Thalassius, Dolomedes, Hygropoda
and Hypsithylla, appears to have developed fishing behaviour. However, they also hide in high
shrubby vegetation during periods of inactivity. This explains why Pisauridae are rare or absent
in pitfalls but are frequently caught in pan traps and Malaise-traps. The nursery webs of Pisaura
for instance are most often constructed in high grasses or between branches of low bushes with
rough surfaces. Claw tufts are useless in these conditions, while the third claw proves crucial to
move easily through this kind of vegetation. Just like Lycosidae they are absent in higher strata
and only very exceptionally found in canopy fogging samples (De Bakker, pers. comm.).

The fossil record

Recent studies of the presence of the spider families in the fossil record are particularly instructive.
The fascinating study of PENNEY (2004) shows that the first records of Lycosidae are as recent as
the Miocene. As illustrated in his cladogram Lycosidae seem to have evolved far more recently
than most other spider families. The striking observation however is that the Miocene period is
exactly the period in which grassland habitats dominated by Poaceae have become a major habi-
tat occupying by now a large proportion of the surface of continents. CREPET, FELDMANN (1991)
summarise data about the earliest remains of grasses in the fossil record. Although grass pollen
occurs sporadically since the Eocene (SALARD-CHEBALDAEFF 1981), evidence of grassland com-
munities in Africa does not appear until the mid-Miocene, about 14 million years ago (JoNgs 1997,
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RETALLACK 1992). PickrorD (1985) provides evidence for co-evolution of some elements in the
fauna with grasses dating back from that period. Similarly, the synchronisation of lycosid radiation
and the expansion of grassland habitats can therefore be regarded as a plausible phenomenon.

The hypothesis

Combining all the observations explained above, we emit the following hypothesis: Lycosidae
originated fairly recently in the evolutionary history of spiders and were exclusive web spiders
until the Miocene. As far as the habitat structure is concerned, they had fairly simple demands as
they were providing their own substrate in the shape of a sheet web. The spreading of grasslands
from the Miocene onwards provided the Lycosidae with an excellent habitat that gave them the
possibility to spread as hunters without particular new adaptations: the combination of acute vi-
sion and their perfect grip on rough surfaces were the perfect requisites to become the grassland
hunters par excellence. Thanks to this, they were able to radiate quickly to become today one of
the most speciose families on the African continent (ALDERWEIRELDT, JocQUE 1994) and beyond.
It is therefore stated that Lycosidae have co-evolved with the expansion of grassland habitats and
by extension in all kinds of open habitats with short vegetation, since the Miocene.
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Lycosidae — TpeBHUTE nasiiu
P. JKoke, M. Anoepsetipeno

(Pe3iome)

B HacTosara crarus € u3kasaHna XMIoTesara, ue nasuure oT cemeictBo Lycosidae ca mpousnesnu
CBHBMECTHO C TPEBHUTE CHOOIIECTBA U Ca Pa3LIMPIIIN apeaya CH 3aeJHO C eKCIIaH3UsATa Ha TO3U
THUI XaOUTaT. APryMEHTHTE, KOUTO IOJKPEISIT Ta3u XUIIOTe3a ca: OOMIIMETO OT MPEICTaBUTEIH
Ha TOBa CEMEWCTBO B OTKPUTH MECTOOOUTAHHUS C HUCKA PACTUTEITHOCT, CDABHUTEIHO PSIKOTO UM
MIPUCHCTBUE B I'bCTH I'OPH, JIUTICATa HA THITMYHUTE JTIOBHU NIPUCIIOCOOTICHNUS 32 yaBsHe Ha XKepTBa
Ha IV1a/1Ka TOBBPXHOCT, KaKTO M (DaKThT, 4e CEMEHWCTBOTO € M3BECTHO BbB (DOCHITHATA JIETOIIHC €/]Ba
0T MHOIICHA HacaM, KOETO € B CHHXPOH C IOSIBaTa ¥ €KCIaH3MATa Ha TPEeBHATA PACTUTEIIHOCT.
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Spiders along a pollution gradient (Araneae)

Seppo Koponen', Galina G. Koneva*

Abstract: Thirty-one species were found during a study of the ground-living spiders at a distance of 2.5-30
km from a smelter, in Monchegorsk (Kola Peninsula, Russia). Three species were found in an industrial
barren 2.5-5 km from the smelter. Two of them, Steatoda phalerata and Agyneta gulosa, were caught at
the 2.5 km site. Eight species were collected in a heavily polluted area, 10 km from the smelter. Eighteen
species were found both at the 20 km and 30 km sites. The spider assemblage in a slightly damaged spruce
forest, 30 km S of the smelter complex, was more or less typical for the northern taiga forest-floor. Spider
densities were very low (3-6 ind./sq.m.) at heavily polluted sites, and close to normal magnitude of northern
conifer forests (60 ind./sq.m) at the 30 km site.

Key words: industrial barren, heavy metals, smelter, sulphur dioxide, taiga, Kola Peninsula

Introduction

In the late 1980°s, news on heavy pollution loads from the Russian smelters in the Kola Penin-
sula and their possible effect on needle losses of pine in northern Finland, were the starting point
for active studies on forest vegetation health. Connected with or included in this project, a great
number of research groups studied pollution and monitored its effects on the nature in northern
Finland, Russia and Norway (TIKKANEN, NIEMELA 1995). Many Russian scientists studied the pol-
lution and its effects in the Kola Peninsula, especially in Monchegorsk but also in Nikel, Pechenga
(e.g. KozLov et al. 1993, CHERNENKOVA et al. 1995).

Spiders, as some other predator groups, have been found at heavily polluted sites near the
smelters (BENGTSSON, RUNDGREN 1984, KoNEva 1993, KoPoNEN, NIEMELA 1993, 1995). Therefore
spiders have often been used as indicators in monitoring of effects of pollution (see e.g. CLAUSEN
1987). In the present paper, we will give information on spider assemblages near the Severonikel
smelter complex, Monchegorsk, based on materials collected by the second author in the early
1990s. For general data on the nature and degree of pollution in the area, see KozLov et al. (1993).
For the spider fauna of natural forests in the northern boreal taiga zone, see e.g. KopoNen (1977,
1999) and RyBaLov (2003).

Material and Methods

The study area lies near Monchegorsk (about 68°N, 33°E), in the spruce forest zone (Fig. 1). A
pollution gradient was investigated from an eroded industrial barren, 2.5 km N of the smelter,
to a little damaged spruce-dominated forest, 30 km S of the smelter, at five study sites (Table 1).
Three of them, 2.5 km to 10 km, are situated in the most seriously damaged area found in satellite
surveys by MikkoLa, RiTart (1992) and classified as “forest dead area”. The shrub and ground
layers (including herb, moss and lichen vegetation) at a 20 and 30 km distance from the smelter
resemble those in natural forests, although marks of decline are seen on spruce trees.

! Seppo Koponen, Zoological Museum, University of Turku, FI-20014 Turku, Finland. E-mail: sepkopo@utu.fi
*Galina G. Koneva, Department of Ecology, Faculty of Biology and Geography, Moscow State Open Peda-
gogical University, 7a, 3% Vladimirskaya Str., Moscow 111123, Russia
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The Severonikel smelter
complex is one of most severe
pollution sources in northern
Europe. The SO, emission at
the turn of 1980/90s was about
210 000 tn/year, and the amount
of Ni and Co 2500 and 1700
tn/year, respectively (BArRcaN
2002). The sites are described
in Table 1. The main heavy
metals, Ni and Cu, drastically
diminished in soil along the
distance from the smelter (at 30
km only about 2% of that at 2.5
km; cf. also BArRcaN 1992). The
same declining trend was true
for Pb and Co, while values of
Mn and Zn did not show such a
trend (Table 1). For comparison,
sulphate fallout at 10 km was 2-
Fig. 1. Location of the study area. 3 kg /sqm and at 30 km 0.1-0.3
kg /sq m (GiLyasova 1993).

Murmansk

St. Petersburg

Table 1. Content of heavy metals in horizon A (mg/ kg) along the pollution gradient around the Monchegorsk
smelter (from STeEPANOV et al. 1991).

Distance (km) Cu Ni Mn Zn Pb Co | Description of the site

25N 2290 | 6220 36 32.3 | 182 | 35.1 | badly eroded industrial barren
10S 674 | 2068 | 160 | 22.4 | 159 | 15.5 | forest vegetation almost vanished
208 52 332 82 28.9 9.1 5.7 | marks of forest declination

30S 46 115 325 | 249 8.2 4.4 | first signs of forest declination

Ground-living spiders were collected from 25 x 25 cm squares, taken to the depth of mineral
soil. Samples were sorted by hand in a laboratory. The number of replicates varied from 8 to 32
(Table 2). Field work was done during the summers of 1991-1992. The material is deposited in
the Zoological Museum, University of Turku, Finland.

Table 2. Structure of spider assemblages along the pollution gradient; sites 2.5-30 km from the Monchegorsk
smelter (1991-1992).

2.5 km 5 km 10 km 20 km 30 km
Species found 2 2 8 18 18
Families found 2 1 6 8 6
% of Linyphiidae (ind.) 66.6 - 26.3 67.5 66.7
% of Theridiidae (ind.) 333 100.0 10.5 12.5 16.7
% of Lycosidae (ind.) - - 15.8 10.0 12.2
Ind./sq. m 6.0 3.0 10.5 34.5 59.5
SD 8.29 8.70 22.48 36.37 43.25
N 8 16 32 32 32
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Results and Discussion

Altogether 31 species of spiders from nine families were collected. The density of spiders (Table
2) was very low (3-6 ind./sq m) in the eroded industrial barren area (2.5-5 km from the smelter),
low (10 ind./sq m.) in the heavily polluted area (10 km) and rather low (35 ind/sq.m.) also at the
slighly polluted site (20 km). The density of spiders in an area with some marks of degradation of
trees (30 km apart from the smelter) was close to normal magnitude in northern conifer forests (60
ind./sq m; cf. KoroNeEN 1977, RyBALov 2003). Near the smelter (2.5-5 km distance), only theridiids
and linyphiids were found. At a distance of 10 km or more, 6-8 families were observed.

Only three species were found in the most heavily polluted areas (black, dead barren; 2.5-5
km from the smelter), theridiids Steatoda phalerata (Panzer, 1801) and Robertus scoticus JACK-
SoN, 1914, and the linyphiid Agyneta gulosa (L. Koch, 1869) (Table 3). Of these S. phalerata is
known to be a thermophilous species (e.g. HANGGI et al. 1995) and Agyneta species are well-known
ballooning pioneer species (KopoNEN, NIEMELA 1993). R. scoticus is a rather eurytopic ground-
dweller, commonly found in northern taiga forests (RyBaLov 2003). Availability of food near the
smelter may be an important limiting factor. According to KoNeva (1993), only predators (spiders,
centipedes, ground and rove beetles) were found in low numbers at the present heavily polluted
sites. The gnaphosids Micaria alpina L. Koch, 1872 and Gnaphosa sp., and the philodromid
Thanatus formicinus (CLERCK, 1757), all thermophilous species (cf. HANGGI ef al. 1995), were
found at a 10 km distance (still a heavily destroyed site) as well as the salticid Evarcha falcata
(CLERCK, 1757). The lycosids, often found in open forests, Alopecosa aculeata (CLERCK, 1757) and
Pardosa hyperborea (THORELL, 1872) were found starting at 10 and 20 km distance, respectively.

70 %

60 %

50 %

40 %

30 %

Steatoda phalerata
Robertus scoticus
Agyneta gulosa
Micaria alpina

20 %

Alopecosa aculeata
10 % Pardosa hyperborea

Evarcha falcata

Tapinocyba pallens
0%
Centromerus arcanus

Minyriolus pusillus

30 km

Fig. 2. Distribution of spider species along the pollution gradient, sites 2.5-30 km from the Monchegorsk
smelter. Percentages of the identifiable specimens at each site.
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The closest distance from the smelter for the typical forest-floor linyphiids (e.g. Huata 1965)
Tapinocyba pallens (O.P.-CAMBRIDGE, 1872), Centromerus arcanus (O.P.-CAMBRIDGE, 1873) and
Minyriolus pusillus (WIDER, 1834) was 10 km, 20 km and 30 km, respectively (Table 3, Fig. 2).
Other typical taiga forest species (cf. Huata 1965, Koronen 1999), found in low numbers 20-30
km from the smelter, included Hahnia ononidum Simon, 1875, Robertus lividus (BLACKWALL,
1836), Macrargus rufus (WIDER, 1834), Maso sundevalli (WESTRING, 1851), Palliduphantes an-
troniensis (SCHENKEL, 1933), and Walckenaeria dysderoides (WIDER, 1834) (Table 3). Of the field
layer species, Evarcha falcata was found at a distance of 10 km and Xysticus audax (SCHRANK,
1803) and Singa sp. at 20 km from the smelter.

In general, more or less typical ground-layer fauna of northern coniferous forests was
observed at a 30 km distance from the Severonikel smelter, in an area where some marks of
pollution can still be seen, especially in spruce trees, and where marked concentration of heavy

Table 3. Distribution of spider species along the pollution gradient, sites 2.5-30 km from the Monchegorsk
smelter (1991-1992). Percentages of the identifiable specimens at each site are given for 12 abundant
species.

Species 25km | Skm 10km | 20km | 30 km
Steatoda phalerata (Panzer, 1801) 50% 67% 7% 7% -
Robertus scoticus JACKSON, 1914 - 33% 7% 4% 26%
Agyneta gulosa (C. L. KocH, 1869) 50% - - 15% 2%
Micaria alpina L. Koch, 1872 - - 27% - -
Alopecosa aculeata (CLERCK, 1757) - - 20% 9% 12%
Evarcha falcata (CLERCK, 1757) - - 13% 4% 2%
Tapinocyba pallens (O. P.-CAMBRIDGE, 1872 ) - - 7% 27% 18%
Robertus lividus (BLACKWALL, 1836) - - - 7% -
Pardosa hyperborea (THORELL, 1872) - - - 5% 4%
Centromerus arcanus (O. P.- CAMBRIDGE, 1873 ) - - - 2% 5%
Maro sublestus FALCONER, 1915 - - - - 5%
Minyriolus pusillus (WIDER, 1834) - - - - 5%
Gnaphosa sp. - - + - -
Thanatus formicinus (CLERCK, 1757) - - + - -

Gonatium rubens (BLACKWALL, 1833) - - -
Hahnia ononidum SimoN, 1875 - - -

Haplodrassus sp. - - -

Macrargus multesimus (O. P.- CAMBRIDGE, 1875) - - -
Maso sundevalli (WESTRING, 1851) - - -
Scotinotylus alpigena (L. Koch, 1869) - - -
Singa sp. - - -
Walckenaeria dysderoides (WIDER, 1834) - - -
Xysticus audax (SCHRANK, 1803) - - -

R T s
1

Agyneta decora (O. P.- CAMBRIDGE, 1871) - - -
Macrargus rufus (WIDER, 1834) - - -
Palliduphantes antroniensis (SCHENKEL, 1933) - - -

Pardosa palustris (LINNAEUS, 1758) - - -

Pocadicnemis pumila (BLackwaLL, 1841) - - - -
Ozyptila arctica KuLczyxski, 1908 - - - -

Tenuiphantes mengei KuLczyNski1 1887 - - - -

o o R S o e R

Xysticus obscurus CoLLET, 1877 - - - -
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metals was found in the ground (Table 1). The amount of sulphur dioxide and heavy metal pol-
lution has decreased markedly since completion of the field work on this paper. Ten years later,
the SO, emission was one fifth and that of Ni and Cu about half of the amount at the turn of the
1980/90s (Barcan 2002). However, the contamination in this area has increased all this time,
much greater decrease of pollutants would be needed to stop it. So the present situation in the
area is worse than it was in 1991-1992.
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[Tasiiiu o TpaIueHT Ha €KOJIOTUYHO 3aMbpcsiBaHe (Araneae)
C. Konownen, I Konesa

(Pe3tome)

[Tpu m3cnenBaHe Ha pallOHA OKOJO MeTaTypruyHHs koMOuHar B rpaa Monueropck (Komcku
MOJIyOCTPOB, Pycust) ca ycTaHOBEHH TpUAECET M €MH BHa HA3€MHO JKMBeelH nasuy. Tpu Buaa
ca HaMEpPEeHU B CHIJTHO 3aMbpceHa MHAyCTpHaHa 30Ha Ha 2,5-5 km oT koMOHMHaTa, Karo JjBa oT
X — Steatoda phalerata n Agyneta gulosa — ca ynosenu Ha 2,5 km. Ocem Buja ca yCTaHOBCHH
B CUJTHO 3aMBbPCEH paiioH Ha pa3crosiHue ot 10 km, a mo enunaznecet Buna Ha cbotBeTHO 20 1 30
km. KomruiekehT oT BUJOBE, KOWTO € PErHCTPHUpPaH B C11a00 MOBIMIHA OT 3aMbPCSIBAHETO CMBbPUOBA
ropa, Hamupaia ce Ha 30 km or 3aBoza, € NPUOIM3UTEIHO €JHAKBB C TO3W Ha HE3aMbPCEHH
ropH B ceBepHara Taiira. B cuiiHo 3aMbpceHHTE paifoHM IUTPTHOCTTA Ha MasuTe € Hucka (3-6
uHa./m?), a Ha 30 km oT KoMOWHara ¢ MPUONHM3UTEITHO ONM3Ka O HOPMATHATA 3a CCBCPHUTE
uniocTau ropu (60 uHm./ m?).
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Synecology of spiders (Araneae) of gravel banks and
environmental constraints along a lowland river system, the
Common Meuse (Belgium, the Netherlands)

Kevin Lambeets', Dries Bonte', Kris Van Looy?, Frederik Hendrickx',
Jean-Pierre Maelfait*

Abstract: Gravel banks along the Common Meuse (Belgium) were sampled for epigeal invertebrates in
order to investigate how assemblages are structured in relation to gravel bank characteristics (size, degree
of isolation, vegetation cover, silt and periodic flooding). The spider species composition was dominated
by Linyphiidae and Lycosidae. Species having short life cycles and well-developed aerial dispersal, litter-
dependent hygrophiles and agrobionts were collected on all sites. The presence of xerothermic species and
gravel-bank specialists was limited to scarcely covered, less dynamic gravel banks. By means of an ordina-
tion, we were able to reveal important characteristics that relate to invertebrate predator assemblage structure
on the different gravel banks. Besides isolation and the level of flooding disturbance, the vegetation density
and the presence of silt appeared to affect general diversity patterns, but also the diversity of species belong-
ing to different ecological groups. The influence of the number and area of the banks in the vicinity can be
interpreted as an ecological landscape effect. To preserve riparian specialists, river management along the
Common Meuse should maintain disturbances caused by regular inundations of the riverine habitats. Overall
we can state that there is not an univocal definition of “the” gravel bank. Therefore the aims of the current
and future conservation policy should imply both dynamic and more elevated banks, in order to guarantee
a high degree of local and regional heterogeneity throughout the river system.

Key words: spider assemblages, river banks, flood disturbance, landscape structure, river ecosystem

Introduction

Assemblages can be seen as local snapshots of a spatiotemporal continuous system, having no
status as distinct biological entities and hence dependent of species’ life history patterns, dispersal
capacities and environmental constraints (HENGEVELD, HEMERIK 2002, BoNTE ef al. 2003). The
understanding and structure of terrestrial predator assemblages from exposed riverine sediments
along lowland river systems and their correlations with local habitat structure is poorly docu-
mented (Apis, Junk 2002, HeEnsHALL 2003). In these studies assemblages are characterized by
fluvial dynamics and local habitat properties. Recent research of invertebrate assemblages focused
upon upland and low mountainous stretches (Bonn, KLEINWACHTER 1999, MANDERBACH, FRAMENAU
2001, ARMBRUSTER 2002, 2002, FRAMENAU et al. 2002, SADLER et al. 2004). The amount of litter
and other micro-environmental factors were found to influence spider assemblages from riparian
habitats like tidal marshes (HENDRICKX et al. 1998, PETILLON et al. 2004). With regard to the spe-
cies-specific requirements of spiders, MAELFAIT et al. (2004) state that slight changes in habitat
quality can cause important changes in the spider assemblage composition, making them useful
indicators for nature conservation, comparable in that respect with carabid beetles (DESENDER,
MAELFAIT 1999, JocHEMS, VAN Looy 2001, SADLER ef al. 2004).

' Ghent University, Department of Biology, Terrestrial Ecology Unit (TEREC), KL Ledeganckstraat 35,

B-9000 Ghent, Belgium. E-mail: kevin.lambeets@ugent.be
2Institute of Nature Conservation, Kliniekstraat 25, B-1070 Brussels, Belgium
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The Common Meuse, forming both the natural and geographical border between Flanders
(Belgium) and The Netherlands, is denominated as a lowland gravel river. In general riparian habi-
tats (alluvial floodplains, gravel banks, etc.) are mostly characterized by a patchy spatial distribution
along the river trajectory (PLACHTER, REICH 1998, SADLER et al. 2004). The main differentiating
processes are related to the rain dependable water level fluctuations and the microclimatological
circumstances of the gravel banks in se (RENOFALT ef al. 2005). Habitat fragmentation and in general
landscape configuration, can have drastic consequences for all living organisms. At the moment it
is one of the central themes regarding nature management and conservation (Hemo, Hanski 2001,
WiEns 2001). Gravel banks along the Common Meuse have always been present. Though from
1860 onwards dikes along the River Meuse were fortified to secure safe navigation, to improve
flood protection and to allow agriculture on the fertile floodplain soils (vaN WINDEN ef al. 2001).
By consequence natural river dynamics became suppressed and natural riverine habitats were
fragmented (Van Looy et al. 2002). Nowadays, following the “Living River”-concept (NAGELS
et al. 1999), the natural river dynamics of the Common Meuse are being restored. The present
habitat management attempts to re-establish the natural character of the Common Meuse and its
surroundings (JocHEMS, VAN Looy 2001). Dikes are being removed, banks are lowered and the
summer bed is widened (VaN Looy, DE BLusT 1998) in order to restore the contact between the
river and its winter bed and to re-create riverine habitats (NAGELS et al. 1999).

We investigated whether gravel banks under restoration support a typical spider fauna and
if ecological species groups are evenly spread over all gravel banks or if they only occur in a
selection of banks with distinct environmental properties.

Material and Methods

The Common Meuse (45 km) is the shallow, less diked or dammed part of the River Meuse
(LierveLD ef al. 2001). It marks the border between The Netherlands and Flanders (Belgium)
(Fig. 1). The strong river flow fluctuations, coarse gravel and sharp sand characterize the wa-
tercourse (LIEFVELD ef al. 2001). The gravel banks situated along the trajectory of the Common
Meuse can be defined as a top layer of coarse shingle with between a sharp sand-gravel frac-
tion, mostly covered with a thin layer of silt (VAN Looy, DE BLusT 1998), shifting into steep
loamy banks towards the dike. It is the only gravel river in Flanders, and one of the few lowland
gravel rivers in Europe (VAN Looy, DE Brust 1998). The extreme microclimatic conditions of
the gravel banks are caused by the bare gravel (LomMmELEN 2000). Besides irregular spring and
summer inundations, all sites are permanently flooded during autumn and winter. Only when
the river discharge drops below 200 m*/s, the gravel banks are exposed (Vanackir 2000). Patch
size and relative height of the gravel banks varies from day to day and depends of the water
level fluctuations (PLacHTER, REicH 1998). The degree of vegetation succession depends both
on the silt deposition (Sruis, TanparicH 2004, NEUMEIER 2005), the river dynamics (FRANKLIN
et al. 2001) and the morphological structure of the substrate (Bonn, KLEINWACHTER 1999, EYRE
et al. 2002). A species-poor and scarce pioneer vegetation appears some meters from the wa-
terline (SCHAMINEE et al. 1998), changing into brushwood towards the dike (VaNAcKER 2000).
Flooding offers new habitats for succession of terrestrial plants and animal communities (Bonn,
KLEINWACHTER 1999). Yet many riparian species, e.g. Pardosa wagleri, Pirata knorri (MANDER-
BACH, FRAMENAU 2001), Bryodema tubercultata (STELTER et al., 1997), depend on inundations so
that specific habitat characteristics are provided. The temporary nature of gravel banks makes
them unique habitats for several highly specialized invertebrates of great conservational value
(HEeNsHALL 2003, SADLER et al. 2004). Gravel banks along the Common Meuse are surrounded
by a variety of biotopes, enclosing both arable land and alluvial grasslands.
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Fig. 1. Location of the gravel banks along the Common Meuse trajectory in 1998. Sampled gravel banks
are indicated by dots.

In total 17 gravel banks, situated both on Belgian and Dutch side of the river, were sampled
along the 45 km long trajectory of the Common Meuse (Fig. 1). At each sample site, three or
more pitfalls (@ = 9.5 cm, 4% formalin solution) were placed from the end of May until the end
of August, spaced ca. 10 meter apart, which should suffice to avoid interference between traps
for spider catches (TopPiNG, SUNDERLAND 1992, PETILLON et al. 2004). During the field survey
several parameters were measured: 1) vegetation cover, 2) substrate structure (mean gravel size,
presence of sand and/or silt), 3) relative height of the gravel banks (inverse measure; calculate
as the slope of the regression line that symbolizes the relation between the discharge of the river
at the moment of each pitfall collecting (X) and the distance of the pitfalls to the waterline (Y),
troughout the sample period), 4) gravel bank dimensions (area, circumference, length) and 5)
distance to and total area of nearest banks. Pitfall traps register arthropod activity patterns, and
are affected by both population density and species-specific movement rates (MAELFAIT, BAERT
1975). Furthermore microhabitat structure and movement behaviour could also affect trappability
in spiders (ToPPING, SUNDERLAND 1992).

Community structure and reaction of the species to environmental gradients were indirectly
explored by means of an unconstrained indirect gradient analysis (DCA = Detrended Corre-
spondence Analysis (HiLL 1979)). Only the more abundant species were taken into account for
the ordination analysis (BoNTE ef al. 2002). Thereby a multidimensional ordering of the traps is
revealed based on their species composition similarity. Sample sites, in this case gravel banks,
with a similar assemblage are closely ordered, while those with a completely different species
composition are ordered distantly (BoNTE et al. 2002). Ecological characteristics of spiders were
mainly derived from HANGGI ef al. (1995), MAELFAIT et al. (1998), RoBERTS (1998), NENTWIG et
al. (2002) and HARVEY et al. (2002).

Results

After Bonferroni-correction, only the presence of silt and both the vegetation cover (r = 0.61;
p<0.05), and the total area of banks in the vicinity (r = -0.63; p<0.05) showed a significant cor-
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relation. In total 11.438 spiders (not standarized numbers) were collected from 14 gravel banks
along the Common Meuse, divided over 82 species and 11 families (Table 1). About half of the
catches belonged to the Linyphiinae and Erigoninae. The linyphiid Oedothorax retusus was the
most common species, representing over 25% of the grand total of the catches. Pardosa agricola
as well as Erigone dentipalpis took up about 12% of the catches. Both linyphiids occurred on all
the sites, whereas P. agricola only appeared on 9 of the gravel banks.

Ordination of spider data revealed an axis 1 (eigenvalue 0.423), showing a clear relationship
with the environmental factors and the spreading of the gravel banks and explaining 22.67% of
the total variance in the species data (Fig. 2). Less isolated gravel banks (r(2)12 =0.746, p<0.05),
thus with higher extent of connectivity, were situated more towards the left side of the ordination
plot. Furthermore a landscape effect is signified by the number of gravel banks in the vicinity
of the bank under consideration (r(2)12 = -0.587, p<0.05). On the left of the plot banks situated
relatively lower in respect to the water level (r(2)12 = -0.560, p<0.05) could be found, as well as
banks with a denser vegetation (r(2)12 = -0.606, p<0.05) and mostly covered with a layer of silt
(r(2)12=-0.529, p<0.05). Eurytopic, frequently ballooning species were centered in the ordination,
and thus present on all gravel banks, just as several ubiquitous ground dwelling grassland species.
Hygrophiles cluster together on the left of the output (gravel banks HB, KO, MB). Specialized
xerophiles and psammophiles cluster together on the right side of the ordination (HL, KE, ME).
Additionally typical xerothermic species are found in high abundance on KE in comparison with
the other banks. Typical riverine species can be found on both frequent flooded as rather elevated
gravel banks (resp. EL, HE, HL, RO and KE, ME). Moreover axis 2 (eigenvalue 0.126) explained
6.79% of the scattering of species. Along axis 2 perennial species with a short life-cycle are found
on the right and on the left side long-lived species with an annual life-cycle. These eurytopic spe-
cies probably colonize the gravel banks from the adjacent habitats, comparable with source-sink
dynamics (Jounson 2004). Overall axis 2 probably accounts for a landscape-effect, though no
clear explanation could be restrained.

Discussion

Spider synecology

The total number of spider species is rather low in comparison with other studies concerning
recently fragmented and dynamic biotopes (BoNTE ef al. 2003, HENDRICKX et al. 1998). Possible
reasons could be the long-lasting winter inundations, making the gravel banks unsuitable for
colonization (BonN et al. 2002), and the large-scale fluctuations in temperature. Frequent balloon-
ers and cursorial meadow species can be considered as typical pioneers of gravel banks as well
as other terrestrial habitats which are regularly flooded (cf. WOHLGEMUTH - vON REICHE, GRUBE
1999). Though when looking at the ordination a clear distinction can be made between annual
and perennial pioneer species. Former, for instance cursorial lycosids, seem to be present once
gravel bank stability increases, thus probably colonizing the banks from the adjacent habitats,
which seem to be mostly grasslands under nature management (source-sink dynamics (cf. JouNsON
2004)). While frequent ballooning, short-living species colonize the banks from the first moment
on (ScumIpT, TSCHARNTKE 2005). Overall many of the habitat specialists show a limited distribu-
tion, at least in Flanders (MAELFAIT ef al. 1998) or even in Europe (HANGGI ef al. 1995, HARVEY
et al. 2002), thus representing high values for regional conservation or even on European scale
(PLACHTER, REICH 1998).

Hygrophiles clearly prefer denser vegetated habitats, consequently characterized by a more
stable microclimate with regard to temperature and humidity (PuiLrips, CoBB 2005). Xerophiles
and psammophiles can be found on scanty vegetated banks with a lower extent of connectivity.
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Fig. 2. DCA-ordination of spider pifall data, after standardization for 6 pitfalls per site. Only most abundant
species are taken in consideration. Species are listed by respectively first 4 letters of genus and species
epitheton. Gravel banks are grouped by means of surrounding land-use (gravel bank characteristics: height
- flooding disturbance measure, i.e. relative height ot the gravel bank; silt - absence or presence of a silt
layer; connectivity measure, i.e. nearest neighbour distance; numb and surr - respectively number and area
of gavel banks in the vicinity; vege - amount of vegetation cover.

A. cinerea and P. agricola are considered as stenotopic riparian species having a clear preference
for sandy and shingly soils (ALBERT, ALBERT 1976, FRAMENAU et al. 1996), just as Diplocephalus
connatus. In Belgium Halorates distinctus only occurs in freshwater marshes along large rivers
(HENDRICKX ef al. 1998), consequently can be considered as a riparian species. Still 4. cinerea is
markedly isolated within the DCA-output from P. agricola. This niche-differentiation appears to
be in concordance with a field survey along the Common Meuse of 2005 (K. Lambeets, unpubl.
data). A. cinerea occurs on more elevated, sandy gravel banks with rather scarce vegetation cover
and a relative high amount of coarse gravel. This in contrary to P. agricola which inhabits more
loamy, denser vegetated gravel banks with a silt layer present. P. agricola is almost absent from
high gravel banks (KE), thus not in direct contact with the river (Van Looy, DE Brust (1998),
while Zelotes subterraneus and Xysticus kochi, both occurring in rather dry and non-shaded habi-
tats (RoBErTs 1998), are only found on KE. Furthermore, we can state that the adjacent habitat
plays a role in the survival of both 4. cinerea and P. agricola because former seems to hibernate
in natural alluvial grasslands (FRAMENAU et al. 1996) and P. agricola is found in pitfalls situated
in yearly mown meadows from September onwards (K. Lambeets, unpubl. data).
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Overall gravel banks where habitat specialist species occur in rather high numbers, can be
considered of being of great conservational value for future nature management. Taken into con-
sideration the different habitat requirements of these species, several types of gravel banks and
ecological managed alluvial grasslands have to be preserved during future nature management
and restoration of the Common Meuse.

Spider assemblage responses

Overall we can state that the spider assemblages are influenced by local environmental factors and
in some degree by the landscape configuration. This is consistent with similar studies from exposed
riverine sediments (EYRE ef al. 2002) and other dynamic habitats, like agricultural landscapes
(JEANNERET et al. 2003). The high supply of allochtonous organic matter by the river is posed by
Abpis, Junk (2002) and FRAMENAU et al. (2002) as another explanation for the high abundance of
more mobile groups (e.g. ground beetles and spiders) on river banks. Bonn ef al. (2002) studied
riparian habitats along several river systems in Germany and concluded that mainly vegetation
heterogeneity, rather than different flood regimes, influenced spider assemblages. PERNER, MALT
(2003) showed that vegetation structure indirectly explained most of the variance in the spider
data-set along a decreasing management gradient of grasslands. In our study, the separation of
araneid groups is less apparent. Nevertheless from the spider data onwards an obvious difference
between the characterisation of gravel banks is noticeable, pointing out their singularity. Once
the water level drops, gravel banks become exposed and quickly are colonized by a pioneer veg-
etation, with a characteristic vertical zonation pattern (SCHAMINEE et al. 1998, NEUMEIER 2005).
Gravel banks situated lower above the water level are more susceptible to flooding disturbance,
thus getting covered with a silt layer more often. This in turn enhances vegetation succession.
Stronger vegetated banks are able to accumulate a higher amount of silt, which has a self-reinforc-
ing effect upon the vegetation in se (SLuis, TanDARICH 2004). Due to the denser vegetation cover,
relative lower banks can maintain a more stable micro-climate concerning humidity, temperature
etc. (Souza, MARTINS 2004).

Pioneer spider species like Oedothorax spp. and Erigone spp. clearly dominate gravel banks,
just as outlined by a study considering several river-floodplains in Germany (BonN, KLEINWACHTER
1999, WoHLGEMUTH - VON REICHE, GRUBE 1999). Next to vegetation density, gravel size increases
from the sharp sand fraction along the water line, onwards to the coarse gravel of the dike, where
a ruderal and dense vegetation is found. Thus gravel banks enclose a wide range of small-scale
microclimatological differences, causing a more heterogencous habitat with varying substrate
structure and vegetation cover, both in time and space (BonN, KLEINWACHTER 1999). Former
authors noticed that the narrow niche separation in Araneae and Carabidae assemblages was due
to the high heterogeneity, enhancing general biodiversity. PHiLLIPS, CoBB (2005) found proof that
micro-scale differences of vegetation type and substrate structure around pitfalls can obscure
trapping of certain species. In contrary to carabid beetles (grand total of 98 species, K. Lambeets
unpubl. data), only some spider species are able to survive the extreme conditions met on gravel
banks, which can serve as one of the main reasons of the poor species richness. Next to the long-
lasting winter and regular springtime flood events, possibly most of the spider species are more
sensitive to desiccation due to a non-adapted morphology and behaviour (FoeLx 1996). Certain
types of gravel and other substratum (e.g. sand, loam and silt), with regard to physical composi-
tion, size and ability to restrain heat, can play a decisive role in the thermal balance of river bank
habitats. But if vegetation succession on sandy gravel banks would proceed, due to a decrease
in river dynamics, typical riverine species would disappear and on the other hand an increase
in habitat generalists could be noticed (WoHLGEMUTH - vON REICHE, GRUBE 1999). Furthermore
connectivity, considered as the interpatch distance between consecutive banks, can be looked at
as an isolation effect, while secondly the patch area contributes to the degree of fragmentation
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(P1ESSENS ef al. 2005). Within our study, only the degree of isolation had a significant effect upon
species distribution, especially habitat specialists seem susceptible to an increase of fragmenta-
tion (landscape effect).

Conservation and restoration issues

For conservational purposes, one can state, in order to preserve specialist species within a river-
ecosystem, regular disturbance by inundation within the ecosystem should be maintained. In order
to enhance natural water dynamics, present river management should be revised. In other words
the human impact, e.g. river bed modifications, damming, stone embankments, etc., should be
minimized (Bonn ef al. 2002). Yet it is important to account for flood protection measures, like is
the case along the Common Meuse (NAGELS ef al. 1999). But rather small-scale habitat restoration
would be beneficial for conservational purposes (LN, XiE 2005), otherwise the initial amplitude
of species adjustment could be too large, and species would ultimately face extinction. This can
be a reason for the slow reaction of spider assemblages after habitat restoration, like BONTE et
al. (2003) pointed out for dune landscapes. Further research will reveal if this is also the case
along the Common Meuse (K. Lambeets, unpubl. data). Although not measured in this study,
other properties of exposed riverine sediments such as grazing intensity, surrounding land-use
or exposure to environmental factors as wind, shadowing, water chemistry or pollution may also
influence communities of cursorial predators (FRAMENAU ef al. 2002).

In conclusion we can state that there isn’t a unequivocal definition of “the” gravel bank. In
order to preserve typical riverine species by means of river ecosystem restoration, both dynamic
and more elevated gravel banks should be taken in consideration. Overall promoting heterogeneity
in local gravel bank characteristics and landscape composition, e.g. surrounding land-use, could
be one of the keys promoting spider diversity along a river system, just as CLouGH et al. (2005)
have shown for spider diversity in cereal fields. Thereby a variety in local habitat characteristics
should be retained, especially by means of a differentiating substrate structure and a vertical
zonation pattern in vegetation succession, caused by natural flooding of the gravel banks. River
management should be adjusted in order to maintain a natural river corridor and surrounding
riverine landscape, as well as the conservation of natural river flow regimes.
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Cunekosorus Ha nasmnute (Araneae), 0OMTaBaIly YaKbISCTUTE
OperoBe Ha paBHUHHATa peyHa cuctema Mro3 (benrus,
Xonauaus) U pakToOpuTe, KOUTO TM OTPaHUYABAT

K. Jlambeemc, /]. bonme, K. ean Jlooii, ®@. Xenopuxc, K.-I11. Mange

(Pe3rome)

YakbiecTuTe OperoBe Ha pedyHara cucTteMa MIo3 ca M3CIeBaHU 3a CMUIeHHU Oe3rpbOHauHH
JKUBOTHH, C LI€J J1a C€ YCTaHOBM KaK ca CTPYKTYPHUpPAaHU CHOOIIECTBAaTa IO OTHOIIEHHE Ha
XapaKTEepUCTUKUTE Ha pedHHs Opsr (pasMep, CTENEH Ha U30JIMPAHOCT, PACTUTEIHOCT, HAJTMYHUE
Ha HAaHOCH Y TIEPHOJMYHOCT Ha 3aiuBanusTa). CemeiictBara Linyphiidae n Lycosidae nomunupar
Cpell YCTaHOBEHHTE NPH W3CJIEBAHETO Masiy. BugoBe ¢ KpaTKy )KU3HEHN LUKIU H T0-00pH
BB3MOXXHOCTH 32 Pa3lpoCTpaHeHHe MO Bb3AyXa, KAKTO M MOACTHIBYHO KHUBECIH XUIPohuiIn 1
arpoOMOHTH Ca YCTaHOBEHH BHB BCHUUKHU H3CIEIBAaHM CcTalMu. [IpHCHCTBHETO HAa KCEPOTEPMHH
BHUJIOBE U TAKWBA, CIIENATIM3UPAHH 33 )XMBOT B HYaKbJIECTH KpalipeyHn OperoBe, ca perucTpupaHu
caMo Ha MecTa C psiJIka PaCTUTEHOCT U M0-MaJIKO AMHAMUYHU Operose. Upes opanHannOHEH
aHaJIM3 Ca YCTaHOBEHM (DAKTOpUTE, KOUTO ONPENENSIT CTPYKTypara Ha XHIIHUTE Oe3rpbOHauHu
JKMBOTHH B Pa3IMYHUTE YaKbiecTH Operose. M3onamusra, creneHTa Ha 3aJMBHOCT, I'bCTOTaTa Ha
pacTuTenIHaTa IIOKPUBKA M HAJIMYMETO Ha HAHOCH ca cpel (paKTopHTe, KOUTO ONPEAEIIST OCHOBHUTE
THUIIOBE Ha pasnpocrpaHeHue. Criopen aBTOpUTE, 3a Jla Ce ONassiT BUIOBETE, JKUBEEIIN CaMO B
YyakbiIecTHuTe OperoBe Ha pekuTe, € HeoOXOAUMO J1a ObJaT MOAIbP)KAHH ECTECTBEHUTE POLIECH
Ha IIEPHOJMYHOTO MM 3ajiBaHe. T'hii KaTo HsIMa eIHO3HAYHA Ie()MHULINS Ha TOBA, KAKBO € peueH
YakbJIecT OpsIT, pe/yiara ce IpH MPUPOIO3AIUTHY ISHCTBUS TEPMUHBT /1A CE TIPHIIara B MO-IIHPOK
CMHCHJI, KaTo 10 TO3H Ha4MH Ob/IaT BKIFOYEHH O-MHAMIYHUTE U [I0-U3IUTHATHTE PEYHH Operose,
3a J1a ce TapaHTHpa ONa3BaHETO Ha XeTEePOreHHOCTTA 110 JbDKMHATA Ha peyHaTa CUCTEMa.
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The diel vertical migrations of herbage-dwelling spiders in
clayey semi-desert of the northern Caspian Sea basin, West
Kazakhstan (Araneae)

Tatyana Piterkina'

Abstract: The diel periodicity of vertical migrations of the herbage-dwelling spiders in the natural biotopes
of the clayey semi-desert in the northern Caspian Sea basin (West Kazakhstan) is investigated. Steppe
biotopes (microdepressions) and desert ones (microelevations) are shown to have much in common: the
abundance and the family composition of the spider population of both biotopes are similar, they differ a bit
only in summer. The amplitude of diel fluctuations in the spider abundance is rather significant. In spring
and autumn the peaks of abundance in both types of biotopes are at night, when the temperature of the
air is minimal. In summer, in addition to night peaks of abundance there are daytime rises due to increase
of activity of “southern” taxa — Thomisidae in desert associations, and Thomisidae+Salticidae in steppe
ones. The diel rhythmic of vertical migrations of hortobiotic spiders is a complicated phenomenon which
is determined by a number of factors. Partly it is conditioned by environmental factors, and partly — by the
vertical migrations of their preys — phytophagous insects. So, the ecological niches of different spider taxa
are separated in time according to their adaptations to climate conditions. It brings about a decrease of the
competition between taxa.

Key words: desert, steppe, herbage-dwelling spiders, diel activity, temporal distribution

Introduction

The characteristic feature of invertebrates inhabiting the herbage layer is their extremely high diel
mobility. This mobility is determined by their regular vertical migrations whereas the character
of movements in the species remains individual (CHERNOV, RUDENSKAYA 1975). In most papers
devoted to the diel dynamics of spiders, the main attention is paid to herpetobionts (DONDALE et.
al. 1972, SEyFarTH 1980, GRAMOTENKO 1984, Fuit 1997). The diel activity of hortobiotic spiders
has been poorly studied (MikHAILOV 1985).

Different anthropogenic effects that disturb natural succession processes and the complex-
ity of ecosystem elements themselves make investigations of dynamic processes difficult. We
analyzed the diel and seasonal dynamics of herbage-dwelling spiders in the clayey semi-desert
of the northern Caspian Sea Lowland. It is situated in the interfluve of the Volga and Ural rivers.
The semi-desert of the Volga River basin is especially appropriate for such investigations due to
vast areas of virgin lands, which are exposed to a constant but very weak and thus reversible an-
thropogenic impact; and the zonal ecosystems are rather simply organized here because of severe
and contrasting conditions and plain relief. In addition, the hydrological, soil and geobotanical
conditions of this territory are well studied (KAMENETSKAYA 1952, RopE 1971, Doskach 1979
and others). Besides, we have preliminary data of spider population on this territory (MIKHAILOV
1985). So, we consider that the semi-desert of the northern Caspian Sea basin is a quite suitable
model territory for investigating the dynamics of spiders.

'Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences, 33, Leninskii Prospect,
Moscow 119071, Russia. E-mail: piterkina@ yandex.ru
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This work is only a part of a project investigating the fauna and ecology of spiders of clayey
semi-desert of the northern Caspian Sea Lowland.

Study Area

The region of our investigation is located in the flat plain of the northern Caspian Sea Lowland
(an altitude of 21-25 m a.s.1.) at the border between Russia and Kazakhstan (49°23°N; 46°47.5’E).
It is the most arid territory in the Caspian Sea semi-desert, despite its northernmost location.
Groundwater, at a depth of 5-10 m, is highly mineralized. The main part of the plain has a complex
soil-vegetable cover. This cover is related to the microrelief, and its components have an area
of no more than some tens of square meters. Microelevations are occupied by solonetzic soils,
which have nonpercolative type of water regimes (it means that water never percolates through
the soil and gets to the ground water, i.e. salts and different nutrients are never washed out from
the soil to the ground water) (Rope 1971). A plant cover of desert type is developed here (Kochia
prostrata and Artemisia pauciflora associations), so microelevations are desert biotopes. Microde-
pressions (up to 0.4 m depth) are with dark-chestnut and meadow-chestnut soils, they periodically
have percolative type of water regimes (salts and nutrients are periodically washed out from the
soil). Microdepressions are occupied by motley grass (Stipa spp., Festuca valesiaca, Agropyron
cristatum, etc.) - these are steppe biotopes.

Materials and Methods

Sweeping was done in different seasons (spring, summer and autumn) so as to reveal seasonal
particularities of vertical migrations of grass-dwelling spiders. Sweeping (4x25 sweeps) was
done every 4 hours, i.e. at 0, 4, 8, 12, 16 and 20 o’clock during 2 consecutive days. Two types
of zonal biotopes were investigated: steppe and desert ones, i.e. microdepressions and microel-
evations. Seventy-two samples per 100 sweeps were analyzed, about 3700 specimens of spiders
were collected. The majority of the spiders were immature which is quite typical for the spider
community of the herbage layer (VEsELova, MikHalLOV 1986). So, the identification of species
was not always possible.

Results

Spiders of 13 families were caught by sweeping (Table 1). Spiders of 5 main families and 21
species were identified (Table 2). The total abundance of spiders in different seasons varied
greatly but seemed to be similar in both biotopes: it was low in the spring and autumn but two
or three times higher in the summer (Fig. 1). The family composition of spider communities of
the herbage in both biotopes was also quite similar (Table 1). Namely, the basis of the spring
population was Oxyopidae (only immature spiders were caught) and Araneidae with the domi-
nating species Gibbaranea bituberculata (WALCKENAER, 1802). The autumn population of both
biotopes had also much in common. It mostly consisted of Clubionidae (Cheiracanthium sp.
1) on microelevations; on microdepressions only immature specimens were caught. Araneidae
with Cercidia levii MaRruUsIK, 1985 were abundant on microdepressions (the immature individu-
als were found on microelevations). The Thomisidae with Xysticus marmoratus THORELL, 1875
and X. striatipes L. KocH, 1870 dominated in both biotopes. The summer population of the
two biotopes had some differences: besides the common prevailing families Thomisidae (on
microelevations immatures only; on microdepressions Thomisus albus (GMELIN, 1789) and X.
cristatus (CLERCK, 1758) were caught) and Clubionidae (immatures only), in steppe biotopes
Salticidae were also abundant — one third of the population, with Evarcha michailovi LoguNov,
1992 dominating.
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Table 1. Correlation (%) of the families of hortobiotic spiders collected by sweeping (May — September
2004).

Spring Summer Autumn

Family Microeleva- | Microde- | Microel- | Microde- Microel- Microde-

tions pressions evations pressions evations pressions
Thomisidae 32 0.7 65.0 36.9 11.4 23.1
Philodromidae 5.7 3.9 5.0 6.7 5.4 11.6
Araneidae 18.8 20.6 6.9 33 27.3 16.8
Oxyopidae 334 33.9 0.2 0.1 5.9 7.3
Clubionidae 24 9.3 12.2 15.6 32.5 23.6
Salticidae 1.1 7.4 6.2 324 - 34
Linyphiidae 10.7 8.6 1.9 1.9 1.6 1.0
Dictynidae 5.1 4.9 0.9 1.2 5.0 3.9
Theridiidae 5.1 5.6 0.9 1.5 9.6 8.7
Uloboridae 14.2 5.1 0.1 0.3 0.9 0.3
Gnaphosidae - - 0.5 0.1 0.4 -
Lycosidae - - 0.1 - - 0.3
Titanoecidae 0.3 - 0.1 - - -

Table 2. List of hortobiotic spiders in five dominating families collected by sweeping (May — September
2004).

Family, species Microelevation Microdepression

Araneidae

Argiopa lobata (PALLAS, 1772)
Cercidia levii MARUSIK, 1985 -
Gibbaranea bituberculata (WALCKENAER, 1802)
Mangora acalypha (WALCKENAER, 1802)
Neoscona adianta (WALCKENAER, 1802) -
Oxyopidae
Oxyopes globifer Sivon, 1876 + -
O. lineatus LATREILLE, 1806 -
Clubionidae
Cheiracanthium pennyi O. P.-CAMBRIDGE, 1873 -

+
]

+|+

+ |+
1

+

+

Cheiracanthium sp. 1 +
Cheiracanthium sp. 2 +
Clubiona genevensis L. KocH, 1866 -
Thomisidae
Ozyptilla pullata (THORELL, 1875) + -
Thomisus albus (GMELIN, 1789) -
Xysticus cristatus (CLERCK, 1757) +
X. marmoratus THORELL, 1875 +
X striatipes L. Koch, 1870 +
Xysticus sp. +
Salticidae
Evarcha michailovi Logunov, 1992 -
Heliophanus flavipes (HanN, 1832) -
H. koktas LocuNov, 1992 -
H. lineiventris SIMON, 1832 -

+ |+ |+ |+

|+

++ ]+
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Sweeping is known to record the abundance of individuals that have migrated to the upper
layers of the herbage and thus have become available for catching (BExLEMISHEV 1934). The plants
growing on microelevations are very short and scattered. In this case, we suggest that spiders
migrate (in vertical direction) to the herbage from soil cracks. In the dense grass cover of micro-
depressions, spiders may migrate both from soil cracks and the lower part of the herbage. The
results of the sweeping in both biotopes are rather similar (Fig. 1). In the spring and autumn, the
diagram of dynamics of diel vertical migrations had a peak at night hours and a decrease in the
daytime. It is quite typical for many components of the herbage complex (CHERNOV, RUDENSKAYA
1970) especially under arid and semi-arid climatic conditions (Avanesova 1983). The comparison
of abundance and temperature curves shows some inverse relationship (Fig. 1): the abundance of
spiders is maximal at minimal night temperatures, and vice versa. But in the summer, the hottest
period, when the day temperatures reach up to 40°C and night temperatures are about 20°C, there
are daytime peaks in the abundance of spiders. These peaks are restricted to the hottest hours
(12-16) of the day. The abundance of spiders in daytime was not less than that at night (Fig. 1).
Night peaks were quite expected. It worth emphasizing that the amplitude of diel fluctuations
in the spider abundance was rather significant, which is typical for cenoses of open space. The
investigations of activity of arachnids in the herbage under the forest canopy showed that the
fluctuations in their abundance were more even because of the more stable microclimatic condi-
tions there (WiLLIAMS 1962).

The analysis of the diel activity rhythms of each family has revealed the following results
(Fig. 2). Oxyopidae, which were dominant in the spring, were active at night on microelevations
and in the early morning and late evening, on microdepressions. Very likely, this is related to the
fact that different species inhabited these sites, but we cannot firmly state it, since all the spiders
caught in the spring were immature. However, adult Oxyopidae caught in the summer and autumn
were different in different biotopes: Oxyopes globifer SiMon, 1876, on microelevations and O.
lineatus LaTREILLE, 1806, on microdepressions. The Araneidae, abundant in spring and autumn,
had no distinct peaks in their activity (they are the only non-wandering spiders) but nevertheless,
their catching efficiency was higher during daytime. The Clubionidae are abundant only at night.
They were almost absent during daytime, which confirms some previous observations about their
nocturnal activity (DONDALE et. al. 1972, MaRrc 1990 and others). The Thomisidae are diurnal but
their abundance rose somewhat at night. All salticids are distinctively diurnal. In the summer, in
the herbage of the microdepressions they were abundant from 8 till 16 o’clock.

The typical ground-dwelling spiders such as Lycosidae, Gnaphosidae and Titanoecidae were
found to be also capable of vertical migrations to the grass layer. Probably, when sampling on
microelevations we could catch them accidentally from the ground surface because of the sparse
vegetation. However, representatives of these families were also collected in the microdepressions,
and besides, most of them were caught only during night hours. We think that these facts prove
the vertical migrations of herpetobiotic species. Moreover, some other authors also showed night
rises of herpetobiotic spiders to the herbage (CHERNOV, RUDENSKAYA 1975, KUPERSHTEIN, EGOROVA
1978, MikHAILOV 1985).

Discussion

The vertical migrations of invertebrates in the herbage layer have not still been sufficiently
explained. Following MikHAILOV (1985), we suggest that the spider migrations are a display of
their activity. Another question — what determines such an activity? Very likely, the diel activity
rhythms are an endogenous feature of a taxon, which has been formed during the evolution process
(TsuernysHOV 1960). But these rhythms are certainly controlled by the environment and modified
depending on the needs of the species. Differences in diel activity of spiders of different taxa is
conditioned by their morphological or ethological features.
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The Thomisidae and Salticidae are “southern” elements in the araneofauna. Their high abun-
dance and diversity are especially typical for arid and semi-arid conditions (CLOUDSLEY-THOMPSON
1983). They have a diurnal type of activity and have developed some adaptive features against
overheating. Namely, Thomisidae have a thick chitinous-cloth and an intensive coloration of the
body. Salticidae’s bodies usually have even more expressed pigmentation and glitter scales that
protect them from harmful solar radiation. Darkling beetles (Tenebrionidae), the most adapted and
abundant group of Coleoptera under arid conditions, are known to have similar adaptive features.
They were described as having some special structure of their skin coverings and physiological
mechanisms that protect their body from overheating (GHILAROV 1964, Toms 1993). The salticids
probably have similar adaptive features. The Clubionidae and Oxyopidae have pale coloration
and thin chitin, which cannot protect them from overheating and water loss. They are mostly
nocturnal. Araneidae didn’t show distinct diel rhythms. It’s the only family whose representa-
tives spin webs and stay on them. So, to avoid overheating they hide in the shadow or in special
shelters not far from their webs.

As said before, environment conditions influence the diel activity of spiders. Thus, tempera-
ture is one of the main factors, especially in semi-arid zones, where the amplitude of its diel fluctua-
tions is rather high. Fig. 1 shows that certain dependence exists. The activity of spider populations
in the spring and autumn is inversely related to the temperature. In the summer, these two graphs
almost follow each other. The second environmental factor affecting the diel spider activity is air
humidity. As a rule, the invertebrates follow the maximum of moisture: in the daytime hours, it is
near the ground surface and by night it goes up (HeiGer 1931, cit. in CHERNOV, RUDENSKAYA 1975,
MELNICHENKO 1949). To our mind another very important factor which determines the activity of
spiders, obligate predators, is the migration of their preys — phytophagous insects. Night rises in
the abundance of phytophags were noted by numerous authors. The night activity of phytophags
is specified by movements in search of the optimal combination of microclimatic conditions and
is connected with the highest intensity of feeding (CHERNOV, RUDENSKAYA 1970, AvanEsova 1983).
Similar rhythmics of diel activity of preys and predators was found in the springtail Isofoma
violacea and spiders of the genus Pardosa (Lycosidae) on the snow surface in Greenland (Fox,
StroUD 1986). A relationship between the peaks of activity in predators and their prey of different
taxa was also revealed in the meadows of Ontario (DoNDALE et. al. 1972).

The daytime peaks in spider activity are likely to be explained by trophic relations as well.
In tundra forests spiders are known to keep their activity at minimal night temperature, whereas
insects lose their agility. Under these conditions, spiders easily hunt unmoving preys (OL’SHVANG
1974). In the semi-arid zone, the situation might be quite similar: many insects spend the hottest
hours torpid on plants. Thus, spiders of some taxa, being adapted to arid conditions, keep their
activity and hunt slow-moving prey. Besides, there are some taxa of diurnal phytophags: some
Diptera, Homoptera, etc. (CHERNOV, RUDENSKAYA 1970, DONDALE et. al. 1972). So, we can con-
clude that the high abundance of spiders and, hence the high competition between them, cause a
differentiation of niches of different taxa according to their adaptation to climate conditions. Such
a differentiation makes possible the use of habitat resources in full measure.
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JleHOHOIITHATA BEPTHKAIHA MUTPALIHS IIPH XCPOUKOITHUTE
nasiiy, oOWTaBaIy ITIMHECTaTa MoMymycTrHs Ha CeBepHHS
Kacnuiicku 6aceitn B 3anagen Kazaxcrtan (Araneae)

T. [lumepxuna

(Pe3rome)

W3cnenBaHa ¢ NEHOHONIHATA BEPTHKATHATA MUTPAINI Ha XCPOMKOIHUTE MasIH, OOWTaBaIIH
€CTECTBEHH OMOTOMM B IIHHecTara nomynyctuHs Ha CeBepuus Kacrnmiicku OaceitH B 3amageH
Kazaxcran. CrenHuTe 6MoTONMM (MaNKy MAagUHU) U ITyCTUHHATE OMOTOIH (MaJIKi Bb3BUILICHHMS)
UMarT peuiia OOy YepTH: OOMINEeTO U JOMIHAHTHATA CTPYKTypa Ha ceMelcTBaTa Masii U Ha
JIBETE MECTa € HAKBO, C HE3HAUNTEITHH PA3JIMKU CaMO Ipe3 JIATOTO. JIeHOHOIIHATE (PIyKTyaIiH
B YHCJICHOCTTA Ha MAasAIUTE ca 3HAYUTEIHU. [Ipe3 mpoerTa u eCeHTa MUKOBETE B YHCICHOCTTA
Ha TMasUTe B [[BaTa THIAa OMOTONH € Mpe3 HOIITa, KOraTo TeMIeparypara Ha BB3IAyXa € Haii-
HUCKa. [Ipe3 IIToTo MMa MUK U Mpe3 JCHS, IBJDKAI] Ce Ha YBEIMYABAHETO HA aKTHBHOCTTA Ha
“I’KHUTE TAKCOHW~ — BHJIOBE OT ceMmericTBO Thomisidae B mycTHHHHTE CHOOIIECTBA U TAKUBA OT
cemeiictBara Thomisdae u Salticidae B ctemHnTE chOOIIECTBA. [ICHOHOIIIHATA PUTMUYHOCT BBB
BEpTUKATHATA MHUTPAIU TIPY XOPTOOMOHTHUTE TAsIIX € CIOKEH (DeHOMEH, KOMTO ce ompeens
OT peauna abMOTHYHH (PAKTOPH, KAKTO M OT MHUTPAIATa HA (UTOGarHUTe HACCKOMH, KOUTO ca
Cpe OCHOBHHTE )KEPTBH Ha masute. [10 To31 HaunH €KOJIOTMIHUTE HUIIN Ha Pa3IMIHUATE BHIOBE
TasIIM ca pa3lIeICHU BEB BPEMETO CITOPENT TAXHATA afanTalus KbM KITUMAaTHYHUTE ycloBus. ToBa
BOJIM JTO HAMaJITBaHE HA aHTArOHW3Ma MEXIY TAKCOHUTE.
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Microhabitat effect on spider distribution in winter wheat
agroecosystem (Araneae)

Rimma R. Seyfulina'

Abstract: The study was carried out in Moscow Area (central European part of Russia) in a winter wheat
field and its grassy margins. A total of 151 spider species from 17 families and 89 genera were collected.
In croplands, the families Linyphiidae, Tetragnathidae, Araneidae and Thomisidae were dominant among
hortobiontous spiders, while Lycosidae, Linyphiidae and Tetragnathidae were dominant among epigeic ones.
In the margins, Linyphiidae, Tetragnathidae and Araneidae prevailed among hortobiontous spiders, while
Lycosidae and Linyphiidae prevailed among herpetobiontous spiders. The abiotic (soil acidity, soil moisture,
organic matter content) and biotic (wheat ear height, weed abundance, plant biomass) factors studied have
a different influence on the distribution of different spider groups. Their effect is diminished in the field
margins. The distribution of most hortobiont web-building spiders depended on the characteristics of crop
vegetation cover, as they preferred weeds. Hortobiont hunting spiders (crab spiders) were more sensitive to
microclimate and preferred dry microhabitats. Herpetobiont spiders did not respond to soil characteristics
in the field. The patterns of spider aggregation should be taken into account while carrying out ecological
monitoring.

Key words: agrocoenoses, spider aggregation, spatial distribution, Russia

Introduction

Spider spatial distribution depends on prey availability and other factors such as vegetation cover,
micro-landscape, microclimate (SAMU et al. 1999). In contrast to insects, spiders do not tend to be
concentrated on plants of certain species (RYpPsTrA ef al. 1999). It is the architecture of plants, which
is the most important (GiBsoN et al. 1992, BALFOUR, RypPSTRA 1998, Basepov 1998, HaLAs ef al.
1998). Microclimate often correlates with architecture of plants (Capy 1984, WHITE, HASSEL 1994),
nevertheless it is an independent factor of habitat when effecting spider distribution (CLAUSEN 1986,
CanARrD 1990). For example, the web location of Araneidae, Tetragnathidae, and Linyphiidae depends
on humidity (ENpErs 1977, GiLLEsPIE 1987). Studies on distribution of spiders and their preys in
agroecosystems are numerous (YEARGAN 1975, CoLL, BOTTRELL 1995, YaN et al. 1997, HaLAv et al.
1998). However, which biotic and abiotic factors effect spider distribution remains unclear.

The study focuses on the uneven spider distribution within an agroecosystem. The main
question to be answered is what are the effects of some abiotic (soil humidity, soil acidity, organic
matter content) and biotic (vegetation height and biomass, weed abundance) factors on the spider
distribution in the winter wheat agroecosystem.

Material and Methods

The investigation was carried out in a 12 ha winter wheat field and its margins during the vegeta-
tion season of 1996 from thawing until harvesting (April-August). The sampling site is situated

! Department of Entomology, Faculty of Biology, Lomonosov Moscow State University, Vorobyevy Gory,
Moscow 119992, Russia. E-mail: r-seyfulina@yandex.ru
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in Moscow Area (central European part of Russia) 20 km NE of Moscow, on the territory of the
Educational and Experimental Centre for Soil Ecology of Lomonosov Moscow State University
(55°59°N, 37°24°E). The area is typical for the mixed forest zone of the European part of Russia. The
relief of the experimental field is rather flat with slight depressions in the central and eastern parts
of the field. The field is surrounded by several types of biotopes: a lime-trees alley with a drainage
trench in-between, a mixed birch-fir forest, a potato field, and an uncultivated plot with a dirt road
in-between the field. A small pond is located at a distance of 10-15 m from the sampling field.

Entomological sweeping and pitfall trapping were used to collect spiders in 81 sample plots.
Forty-nine plots were evenly located over the cropland and 32 were determined in the surrounding
grassy margins at a distance of 2-5 m from the field border (Fig. 1). On each plot, one trap was
placed and 10 single sweeps were performed. Half-liter glass jars filled one-fourth with moist soil
served as pitfall traps. The traps were exposed for 4 days and for the next 4 days they were closed.
Sweepings were applied every 8 days. In total, 10,560 sweeps were made; the overall time of trap
exposure was 4,540 trapping days; ca. 2,000 spider specimens were collected.

To measure soil moisture, pH and organic matter content samples were taken close to the
pitfall traps to a depth of 10 cm both in the field and its grassy margins. The field moisture of soil
(water content at a time of sampling) was measured by a weight method (ALEXANDROVA, NAYDE-
NovA 1976). Soil pH was estimated in a CaCl, extract by using a pH-340 potentiometer with glass
electrode (ALEXANDROVA, NAYDENOVA 1976). Organic matter content (OMC) was measured by an
appropriate method (ARINUSHKINA 1961, OrLOV, GRINDEL’ 1967, NikiTIN 1972). Above-ground plant
biomass of winter wheat vegetation and weeds from the studied plots was evaluated by weighing
of the wet material collected over an area of 1 m? (DospeHov 1973) in the place of soil sampling.
Wheat ear height was estimated by direct measuring. Abundance of weeds was estimated with

188 m
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Fig. 1. Sampling plots in the studied area.
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mark rating using five categories of weed-covering. Fifteen species of weeds were found within
the field, 8 of which prevailed (occurred more than in 20 % of samples).

All mature spider individuals were identified to a species level. A spider family was con-
sidered dominant if it represented more than 8 % of the total catch. Statistical data analysis was
performed by using MS STATISTICA 5.5. Correlation between the total year catch of the same
family spiders and each sample plot (separately for sweeping and trapping) and soil characteristics
(pH, organic matter content, moisture), vegetation characteristics (crop ear height, weed contents,
plant biomass) on the same plots were calculated. The families encountered in more than 5 % of
the total catch were used in the correlation analysis.

Results and Discussion

A total of 151 spider species from 17 families and 89 genera were collected in the winter wheat
field and its grassy margins. Among them, 80 species (52 %) were found in the cropland (Table
1). The Linyphiidae had the highest species number (ca. 50 %) (Table 2). However, only a quarter
of the total spider catch belongs to linyphiid spiders, hence there were many species with low
abundance and single specimens among them. The other six main families (Araneidae, Dictyni-
dae, Lycosidae, Tetragnathidae, Theridiidae, Thomisidae) accounted totally for over 30 % of the
species number and 70% of the individuals’ number.

The families Linyphiidae, Tetragnathidae, Araneidae, and Thomisidae dominated in the
vegetation cover of cropland (Fig. 2a), while Lycosidae, Linyphiidae, and Tetragnathidae prevailed
on the soil surface (Fig. 2b). Linyphiidae, Tetragnathidae, Araneidae, Lycosidae, Thomisidae,
Theridiidae, and Dictynidae dominated among hortobiontous spiders in the field margins (Fig.
2c¢), while Lycosidae and Linyphiidae dominated among herpetobiontous ones (Fig. 2d). The cor-
relation analysis between the studied factors and spider distribution in the field and its margins
resulted as following.

Soil Moisture and OMC

These factors significantly correlate to each other within the field (Fig. 3). Within the cropland,
they affected only the distribution of crab spiders, represented mainly by Xysticus spp. (Fig. 3).
These typical for open areas spiders preferred dry microhabitats. Their correlation with OMC is
probably indirect and was caused of soil moisture and OMC interdependence. In the field margins,
the effect of soil humidity and of OMC on spiders has not been found (Fig. 4).

Soil pH

Within the cropland, pH varied from medium-acid to neutral (4.5-6.9), while in the margins from
high-acid to neutral (3.9-7.0). Spider allocation in the cropland did not correlate with soil acidity
(pH). However, in the field margins lycosid and thomisid spiders were usually found in the plots
with higher acidity. The effect of pH on hortobiontous thomisids is most likely indirect, because
they were more abundant in the margins adjacent to the mixed forests with higher soil acidity.
Obviously, the effect has not been revealed in the cropland. The distribution of epigeic lycosids
might be a result of the same factors, but on the other hand, the species dominating the cropland
(Pardosa agrestis) and the margins (P. fulvipes) were different. The latter fact could be affected
by soil acidity.

Weed Abundance and Wheat Ear Height

Fifteen species of weeds were found within the field, 8 of which prevailed. Some of them (espe-
cially Agropyron repens and Matricaria inodora) grew forming patches. Weed abundance and
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Table 1. List of collected spiders: «+» — presence; «—» — absence.

No. Taxon Sampling method | Sample site
Sweeping trI:ptggllg Field | Margin
Anyphaenidae
1 | Anyphaena accentuata (WALCKENAER, 1802) + - — +
Araneidae
2 | Araneus sturmi (HAnN, 1831) + — + +
3 | Araniella cucurbitina (CLERCK, 1758) + - + +
4 | Cyclosa conica (PaLLas, 1772) + — + +
5 | Hypsosinga pygmaea (SUNDEVALL, 1831) + — + +
6 | Larinioides cornutus (CLERCK, 1758) + - - +
7 | L. patagiatus (CLERCK, 1758) + — + +
8 | Neoscona adianta (WALCKENAER, 1802) + — — +
9 | Singa hamata (CLERCK, 1758) + - - +
10 | S. nitidula C.L. Koch, 1844 + + + +
Clubionidae
11 | Cheiracanthium erraticum (W ALCKENAER, 1802) + - - +
12 | Clubiona caerulescens L. Koch, 1867 + - - +
13 | C. reclusa O. PickARD-CAMBRIDGE, 1863 - + - +
14 | C. stagnatilis KuLczyXski IN CHYZzER ET KuLczyKski, 1897 + + + +
15 | C. subsultans THORELL, 1875 + - - +
Dictynidae
16 | Cicurina cicur FaBricius, 1793 — + + -
17 | Dictyna arundinacea (LINNAEUS, 1758) + - + +
Gnaphosidae
18 | Drassylus lutetianus (L. KocH, 1866) - + + +
19 | D. pusillus (C.L. KocH, 1833) - + + +
20 | Haplodrassus umbratilis (L. KocH, 1866) - + +
21 | Micaria pulicaria (SUNDEVAL, 1831) — + + +
22 | Zelotes latreillei (SimMoN, 1878) - + - +
Hahniidae
23 | Cryphoeca silviciola (C.L. Koch, 1834) + — - +
24 | Hahnia nava (BLACKWALL, 1841) + — — +
25 | H. pusilla C.L. KocH, 1841 + + +
Linyphiidae
26 | Agyneta rurestris (C.L. Koch, 1836) + + + +
27 | A. saxatilis (BLACKWALL, 1844) + + - +
28 | A. subtilis (O. PickARD-CAMBRIDGE, 1863) + — — +
29 | Allomengea scopigera (GRUBE, 1889) — + — +
30 | A. vidua (L. Koch, 1879) - + — +
31 | Anguliphantes angulipalpis (WESTRING, 1851) - + — +
32 | Araeoncus humilis (BLACKWALL, 1841) - + + +
33 | Bathyphantes approximatus (O. PickARD-CAMBRIDGE, 1871) + + + +
34 | B. gracilis (BLACKWALL, 1841) - + + +
35 | B. nigrinus (WESTRING, 1851) - + + +
36 | B. parvulus (WESTRING, 1851) - + + +
37 | Bolyphantes alticeps (SUNDEVALL, 1832) — + - +
38 | Centromerita bicolor (BLACKWALL, 1833) - + + +
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Table 1. Continued.

No.

Taxon

Sampling method

Sample site

Sweeping

Pitfall
trapping

Field

Margin

39

C. concinna (THORELL, 1875)

+

40

Centromerus sylvaticus (BLackwaLL, 1841)

41

Ceratinella brevis (WIDER, 1834)

42

Dicymbium nigrum (BLACKWALL, 1834)

43

D. tibiale (BLACKWALL, 1836)

44

Diplocephalus cristatus (BLACKWALL, 1833)

45

D. picinus (BLACKWALL, 1841)

46

Diplostyla concolor (WIDER, 1834)

47

Dismodicus bifrons (BLACKWALL, 1841)

48

D. elevatus (C.L. Koch, 1838)

49

Erigone atra (BLACKWALL, 1833)

50

E. dentipalpis (WIDER, 1834)

+ [+ |+

51

Erigonella hiemalis (BLackwaLL, 1841)

ol IR I o o I [ o e [ I I

52

E. ignobilis (O. PickaARD-CAMBRIDGE, 1871)

53

Erigonidium graminicola (SUNDEvALL, 1830)

54

Floronia bucculenta (CLERCK, 1758)

55

Gnathonarium dentatum (WIDER, 1834)

56

Gonatium rubellum (BLAckwaLL, 1841)

57

Gongylidium rufipes (LINNAEUS, 1758)

58

Hypomma bituberculatum (WIDER, 1834)

59

H. cornutum (BLACKWALL, 1833)

60

Kaestneria dorsalis (WIDER, 1834)

61

K. pullata (O. PickARD-CAMBRIDGE, 1863)

S R R e e

62

Leptorhoptrum robustum (WESTRING, 1851)

63

Linyphia triangularis (CLERCK, 1758)

64

Micrargus herbigradus (BLACKWALL, 1854)

65

Microlinyphia pusilla (SUNDEVALL, 1830)

+

66

Moebelia penicillata (WESTRING, 1851)

+ 4|+ |+

67

Neriene clathrata (SUNDEVALL, 1830)

68

N. emphana (WALCKENAER, 1841)

+

69

Oedothorax agrestis (BLACKWALL, 1853)

70

O. apicatus (BLackwaLL, 1850)

71

0. gibbosus (BLackwaLL, 1841)

72

O. retusus (WESTRING, 1851)

73

Palliduphantes alutacius (StMoN, 1884)

74

Pocadicnemis pumila (BLACKWALL, 1841)

75

Porrhomma convexum (WESTRING, 1851)

76

P. pallidum Jackson, 1913

77

Savignya frontata BLACKWALL, 1833

R R T e o o R R S

+ |+ ]+

78

Silometopus elegans (O. Pick ARD-CAMBRIDGE, 1872)

79

S. reussi JACKsoN, 1913

80

Tallusia experta (O. PickARD-CAMBRIDGE, 1871)

81

Tapinocyba biscissa (O. PickaARD-CAMBRIDGE, 1872)

+ |+ |+
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82

T. pallens (O. PickARD-CAMBRIDGE, 1872)

+ |+ +

83

Tenuiphantes mengei KuLczyNski, 1887
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Table 1. Continued.

No.

Taxon

Sampling method

Sample site

Pitfall

Sweeping rapping

Field

Margin

84

T. nigriventris (L. Koch, 1879)

+ +

85

T. tenebricola (WIDER, 1834)

+ +

86

Tiso vagans (BLackwaLL, 1834)

- +

87

Trematocephalus cristatus (WIDER, 1834)

+
|

88

Troxochrus scabriculus (WESTRING, 1851)

89

Walckenaeria antica (WIDER, 1834)

90

W. atrotibialis O. PickARD-CAMBRIDGE, 1878

91

W. cucullata (C.L. Koch, 1836)

92

W. dysderoides (WIDER, 1834)

93

W. nudipalpis (WESTRING, 1851)

94

W. unicornis O. PickaARD-CAMBRIDGE, 1861

95

W. vigilax (BLACKWALL, 1853)

R e N
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Liocranidae

96

Phrurolithus festivus (C.L. Koch, 1835)

|
+

+

+

Lycosidae

97

Hygrolycosa rubrofasciata (OHLERT, 1865)

98

Pardosa agrestis (WESTRING, 1861)

99

P. amentata (CLERCK, 1758)

100

P. fulvipes (CoLLETT, 1875)

101

P. prativaga (L. KocH, 1870)

102

P. lugubris (WALCKENAER, 1802)

103

P. paludicola (CLErRcK, 1758)

104

P. palustris (LINNAEUS, 1758)

105

P. pullata (CLERCK, 1758)

106

Pirata hygrophilus THORELL, 1872

R R e T e S

107

P. piraticus (CLERCK, 1758)

108

Tarentula aculeata (CLERCK, 1758)

109

Trochosa ruricola (DE GEERr, 1778)

110

T. terricola THORELL, 1856

111

Xerolycosa miniata (C.L. KocH, 1834)

+
e e e I e e o R o R o S

++]+

]

Mimetidae

112

Ero furcata (VILLERS, 1789)

+
+

Philodromidae

113

Philodromus cespitum (WALCKENAER, 1802)

114

Thanatus striatus C.L. Kocn, 1845

115

Tibellus maritimus (MENGE, 1875)

116

T. oblongus (WALCKENAER, 1802)

4+

Pisauridae

117

Dolomedes sp.

+

+

Salticidae

118

Dendryphantes rudis (SUNDEVALL, 1832)

+
|

119

Euophrys frontalis (WALCKENAER, 1802)

120

Evarcha arcuata (CLERCK, 1758)

121

E. falcata (CLErcK, 1758)

122

Heliophanus auratus C.L. KocH, 1835

+ 1+ |+
[

|+
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Table 1. Continued.

No. Taxon Sampling method | Sample site
Sweeping tr];gz:}g Field | Margin
123 | H. flavipes (Hann, 1832) + — — +
124 | Marpissa radiata (GRUBE, 1859) + - - +
125 | Sitticus floricola (C.L. Koch, 1837) + - - +
Tetragnathidae
126 | Metellina segmentata (CLERCK, 1758) + + + +
127 | Pachygnatha clercki SUNDEvVALL, 1823 + + + +
128 | P. degeeri SUNDEVALL, 1830 - + + +
129 | P. listeri SUNDEVALL, 1830 - + - +
130 | Tetragnatha dearmata THORELL, 1873 + - + +
131 | T extensa (LINNAEUS, 1758) + — + +
132 | T. obtusa C.L. KocH, 1837 + - + +
133 | T. pinicola L. Koch, 1870 + - + +
Theridiidae
134 | Dipoena torva (THORELL, 1875) + - + -
135 | Enoplognatha ovata (CLERCK, 1758) + — + +
136 | Robertus arundineti (O. PickARD-CAMBRIDGE, 1863) - + + +
137 | R. lividus (BLACKWALL, 1836) - + + +
138 | R. neglectus (O. PickARD-CAMBRIDGE, 1863) - + + +
139 | Steatoda bipunctata (LINNAEUS, 1758) + — + +
140 | Theridion bimaculatum (LINNAEUS, 1767) + - + +
141 | T. pictum (WALCKENAER, 1802) + - - +
142 | T. sisyphium (CLERCK, 1758) + — — +
Thomisidae
143 | Misumena vatia (CLERCK, 1758) + - + +
144 | Ozyptila praticola (C.L. KocH, 1837) + + — +
145 | O. trux (BLACKWALL, 1846) + - +
146 | Xysticus audax (SCHRANK, 1803) + - + +
147 | X. kochi THORELL, 1872 + + + +
148 | X. lanio C.L.KocH, 1845 - + + -
149 | X. ulmi (Hann, 1831) + + + +
Zoridae
150 | Zora nemoralis (BLACKWALL, 1861) - + - +
151 | Z. spinimana (SUNDEVALL, 1832) - + - +

wheat ear height correlated to each other and to soil moisture and OMC (Fig. 3). Weeds sprouted
largely at moist sites with high humus content and hence the crop was undersized in these plots.
Hortobiontous web-building spiders (excl. Araneidae) were positively associated with weed
abundance (Fig. 3). They tended to concentrate on weed plants and were less abundant on “clear”
wheat with high ears. The similar conclusion was made by JMHAsLY, NENTWIG (1995), discov-
ered that weed strips as intercropping diverted the spiders from wheat crop. But generally weed
intercropping increase spider density in agriculture fields and orchards (RiecHerT, Bisnop 1990,
Wrss et al. 1995, FEBER et al. 1998). In this connection Samu ef al. (1999) considered the habitat
diversification interspersed throughout the crop (e.g. crop mixture or small weed patches) to be
more effective than spatially segregated (e.g. weed strips).
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Table 2. Number of the species and individuals in the studied agroecosystem.

Family Number of species % Number of individuals %
Anyphaenidae 1 0.7 1 0.1
Araneidae 9 6.0 211 11.0
Clubionidae 5 33 31 1.6
Dictynidae 2 1.3 117 6.1
Gnaphosidae 5 33 9 0.5
Hahniidae 3 2.0 5 0.3
Linyphiidae 70 46.4 489 25.4
Liocranidae 1 0.7 2 0.1
Lycosidae 15 9.9 397 20.6
Mimetidae 1 0.7 2 0.1
Philodromidae 4 2.6 23 1.2
Pisauridae 1 0.7 3 0.2
Salticidae 8 53 41 2.1
Tetragnathidae 8 5.3 285 14.8
Theridiidae 9 6.0 134 7.0
Thomisidae 7 4.6 172 8.9
Zoridae 2 1.3 4 0.2
Total 151 100 1926 100

a

2%

El-1 B-u BE-m -iv O-v HE-vi B-vi A-vimn fH-ix []-Xx

Fig. 2. Proportion of spider families in relative abundance (a, ¢) and in dynamic density (b, d) in the studied
wheat agroecosystem: a, ¢ - data obtained by sweeping, b, d - data obtained by pitfall traping, a, b - field
centre, ¢, d - field margin, (I - Araneidae, II - Dictynidae, I1I - Gnaphosidae, IV - Linyphiidae, V - Lycosidae,
VI - Tetragnathidae, VII - Theridiidae, VIII - Thomisidae, IX - Salticidae, X - other families).
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In contrast, ambush crab spiders were more abundant in the plots with maximal wheat ear height
and minimal weed abundance. This is likely to be accounted for by their preference for dry habi-
tats (where crop was higher) rather than for the wheat itself. According to our data, these spiders
are less numerous in crops as compared to margins (SEYFULINA, TSCHERNYSHEV 2001). Thomisid
spiders choose dry microhabitats only within the cropland, but their distribution in the margins
is affected by other factors (Fig. 4).

Plant Biomass

In plots rich in weeds the plant biomass was lower than in the other places probably because of
the low mass of weeds as compared to wheat ears. The vegetation biomass in cropland did not
correlate with the spiders’ abundance within the field (Fig. 3), though in the field margins some
spiders (Araneidae) preferred dense vegetation cover (Fig. 4).

Distribution Interdependency of Different Spider Groups

Within the cropland, only the distribution of two families (Tetragnathidae and Linyphiidae), which
prefer weedy plots was interdependent (Fig. 3). There was no correlation between these families in
the field margins (Fig. 4). The correlations between the allocations of the different spider families
in the margins attracted attention, i.e. the distribution of all spiders was interconnected. At the same
time, the correlations between many of the families with studied factors were insignificant, which
suggests the presence of other factors not yet measured, for example, the vegetation type and the
features of adjacent habitats. It is well known that spiders respond to the complexity and diversity
of vegetation (BALFOUR, RYPSTRA 1998, RyPSTRA et al. 1999, SUNDERLAND, Samu 2000).

Thus, both abiotic and biotic factors studied had different impact on the distribution of different
spider groups. In the field margins these factors affected the spider distribution less than in the
cropland probably due to the more complexity of the vegetation cover in the margins. The distribu-

r=+0.28
r=+0.36 r=+0.32

Y
pH Soil moisture

Lycosidae | r=10.30 | Theridiidae

| Thomisidae | | Araneidae |

| Linyphiidae I—-—I Tetragnathidae |

r=+0.31

Fig. 3. Correlation between spider distribution and factors within the field: solid line represents significant
positive correlation (p < 0.05), dashed line is significant negative correlation.
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Fig. 4. Correlation between spider distribution and factors within the field margins: line notation are the
same as in Fig. 3. * - data obtained by sweeping, ** - data obtained by pitfall traping, *** - Pardosa spp.,
*EXE . Xysticus spp.

tion of most hortobiont web-building spiders depended on the characteristics of crop vegetation
cover, since they preferred weeds. At the same time, hortobiont hunting spiders were more sensi-
tive to microclimate and preferred dry microhabitats. Herpetobiont spiders did not respond to soil
characteristics in the field. The pattern of spider spatial distribution should be taken into account
while carrying out ecological monitoring. Sampling over an entire field area is recommended to
accurately estimate spider counts.
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Bimsiaue Ha MUKpoxaOuTaTuTe BHPXY Pa3NpOCTPAHCHUETO Ha
MasiyMTe B arpolieHo3a OT 3MMHa mniieHuIa (Araneae)

P. Cetipynuna

(Pe31ome)

Hacrosimmero m3cnensane e npoBeieHO B MockoBcka obnact (Pycus) B HacaxaeHHe OT 3MMHA
TMIIICHUIIa ChC 3aTpeBeHa nepudepus. CrOpanu ca 151 Buma masmm ot 17 cemelicTBa u 89 pona.
B rpanunmTe Ha arporieHo3ara cpel XOpTOOHOHHTE Tasiu AOMUHHpAT cemercTBara Linyphi-
idae, Tetragnathidae, Araneidae u Thomisidae, a cpex enureitnute — Lycosidae, Linyphiidae u
Tetragnathidae. B mepudepusara Ha Haca)kIEHHETO XOPTOOMOHTHTE Cca MPEACTAaBEHU Hali-Be4e OT
BUIOBe OT ceMelicTBata Linyphiidae, Tetragnathidae m Araneidae, nokaro Lycosidae u Linyphiidae
JIOMUHHPAT CPeJ] XepIeTOONOHTHTE. AOMOTHYHUTE (KUCEINHHOCT, Bllara, OpraHika) 1 OMOTHYHHTE
(BUCOUMHATa Ha XKUTHUTE KIacoBe, OOMINETO Ha OypeHHTE, pacTUTeIHaTa Onomaca) paxropu
BIVSISIT PA3JIMYHO BBPXY PA3NpPOCTPaHEHUETO Ha masiuTe. Karo 11510 Bh31ecTBHETO UM HaMaslsiBa
B niepuepusaTa Ha HacaXXIeHNEeTo. JJoKaTo pa3npoCTpaHEHHETO Ha XOPTOOMOHTHUTE MPEXKECTH
Masiiy 3aBHCH OCHOBHO OT XapaKTEpPHCTHKaTa HA PAacTUTEIHATa MOKPHBKA (YCTAaHOBEHO €, 4e
T€ TPEANoYnTaT OypeHUTE), TO MASUTE-TIOBIH (KpaOOBHUTE MAsIM) ca MO-UYyBCTBUTEIHH KbM
MHKPOKIIMATa U TPEANOYNTAT CyXH MHUKpOXaOuTarh. XeprneToONOHTHNUTE Masiiy HE 3aBUCST
OT TIOYBEHATA XapaKTEPHCTHKA Ha I0JEeTO. ABTOPBT CTHTa J0 M3BOJA, Y€ MPH MPOBEKIAAHETO
Ha MOHHUTOPHHT B ObJele TpsiOBa a Ob/e B3ET IO BHUMAaHWE MOAETHT HA NMPOCTPAHCTBEHO
pasmnpereneHue Ha masiuTe.
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The effects of cypermethrin on Tenuiphantes tenuis
(BrackwaLt, 1852): development of a technique for assessing
the impact of pesticides on web building in spiders

(Araneae: Linyphiidae)

Emma M. Shaw', C. Philip Wheater', A. Mark Langan'

Abstract: The construction and design of webs are fundamental units of behaviour in spiders and can be
used as an indicator of the impact of environmental stressors (for example pesticides) on their health. Very
few studies have quantified web building by spiders that produce three dimensional webs, with the major-
ity of published works concentrating on web building in orb weavers. An arena was developed to allow
the filming of Linyphiidae to take place during the construction of sheet webs. The methods described are
considered sensitive enough to detect the effects of exposure to different levels of the pesticide cypermethrin
on Tenuiphantes tenuis. Exposure to high levels of cypermethrin resulted in increased mortality and reduced
levels of activity detected through filming.

Key words: spiders, Tenuiphantes tenuis, cypermethrin, locomotion, mortality

Introduction

Spiders can be divided into two main categories in terms of foraging techniques; active hunting
spiders and those that capture prey by means of a web. Web building spiders comprise a large
proportion of spider species producing webs of many varying sizes, shapes and architectures.
The construction and design of a web is one of the fundamental units of behaviour in spiders
(HerBESTEIN, Tso 2000) which can range from simplistic webs to some often highly complex
structures. All web building spiders utilise their web in some way for prey capture and some
spiders use it as a moulting or mating platform, as cocoon support, or as a sun shield (ZsCHOKKE
1994). Therefore, it is possible that exposure to environmental stressors, such as agrochemicals,
may result in disturbances in the web building activity and web appearance. However, there is
a current paucity of knowledge regarding the process of web building in many spider families
which needs to be addressed before these more applied questions are examined.

Testing the effects of pesticides on web building behaviour is limited to a handful of works
which mainly comprise of studies on two dimensional orb webs. Johansen (1967) was the first
to describe the significant disruptions to web building associated with exposure to pesticide. The
changes in the geometric pattern of the web were evident, even when low doses were sprayed
directly onto the web (Johansen 1967) which has since been shown to be a particularly efficient
collector of small droplets of pesticides (Sanu et al. 1992). Subsequently, the sublethal effects
of several pesticides were tested on Larinioides sclopetarius (Clerck, 1757) (Lengwil er, Benz
1994). This was the first time that pesticides had been applied topically to web building spiders
to allow an exact amount of pesticide to be applied directly to the spiders. The effects varied

! Department of Environmental and Geographical Sciences, Manchester Metropolitan University, Chester
Street, Manchester M1 5GD, United Kingdom. E-mail: e.shaw@mmu.ac.uk
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with each pesticide, ranging from no effects with pirimicarb applications to increased mortality,
delays to web building and a reduction in web size being associated with exposure to diazipon
(Lengwil er, Benz 1994). However in European crops, orb weavers are generally not abundant
and Linyphiidae are the dominant web building family.

Testing pesticide effects of web building behaviour in Linyphiidae spiders has yet to be
documented, in part due to the complex nature of the web. Indeed, linyphiid web building per se
had previously not been described prior to Benjamin ef al. (2002), and Benjamin, Zschokke (2004).
Benjamin, Zschokke (2004) were able to film web building by limiting the size that the spider was
able to build the web in and thus were not able to quantify changes in behaviour.

The aim of the current study was to develop a protocol for assessing the impacts of com-
monly applied pesticides (e.g. cypermethrin) on the web building behaviour of Tenuiphantes
tenuis (Blackwall, 1852) which is a common agricultural spider throughout Europe. The design
had to allow spiders to build webs of differing sizes and enable the assessment of the changes
in the size of those webs. Although filming would initially be used, subsequent monitoring was
designed to be able to be conducted by eye. Thus the removal of part of the arena was required
to allow this, and for feeding to take place.

Methods

Experimental Development

Initially an attempt was made to directly observe spiders beginning to build a web. This was to
determine when web building took place (to allow accurate filming of the process) and what the
best method of capturing this behaviour was and to gauge whether it was possible to collect data
on web building by merely observation alone. However, spiders never initiated web building
whilst an observer was present and often began building only several hours after the departure of
the observer (this was assessed by returning to the arena at regular intervals). Therefore, it was
concluded that to efficiently capture the process, filming would be required. It was also noted that
during early developmental stages 7. tenuis did not build a complete web for several days once
placed in an arena. This was related to individuals building webs in the acclimation chambers
during an initial starvation period. Those individuals that built webs within the acclimation cham-
bers did not then build a web within the experimental arena. Spiders were therefore sequestered
in small plastic vials during the acclimation and starvation period in order to limit the amount of
web produced prior to experimentation. This resulted in individuals building connecting threads
during the first evening in the arena and producing the beginnings of the sheet portion of the web
during the second night.

On determining that filming would be required in order to compare behaviours successfully,
a suitable arena in which spiders would build a web was required. A number of designs were
attempted, many of which resulted in the spider not building a web or the spider building its’
web on the roof of the arena or on the sides, but not in the middle of the arena where filming was
possible. The type of arena used by Benjamin, Zshockke (2004) was deemed as unsuitable as it
did not allow the spider to vary the size of the web that was built and would not allow the easy
and continued monitoring of web size and development once filming had ceased.

Final Arena

Arenas (154 mm diameter) consisted of clear, plastic, circular containers with a transparent lid
that allowed filming to take place (Fig. 1). A cardboard base, with a grid of 36 vertical, wooden
uprights (60 mm high and set 20 mm apart), was inserted into the arena base. Approximately
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Fig. 1. Final design of web building arena used to examine the effects of a pesticide on 7. fenuis.

20 mm depth of silica sand was added to the arena and sprayed with distilled water to solidify
the sand and provide moisture. In order to prevent spiders from attaching the web to the arena
lid petroleum jelly was applied to the sides of the removable lid, allowing individuals to walk on
that area but not allowing web points to be attached (S. Zschokke pers. comm.).

Treatments

All individuals (n=20) were collected from an area of grassland (Chorlton, Manchester, UK) that
has not been sprayed with insecticides for over 10 years. An acclimation and starvation period
of ten days was imposed on all individuals during which time they were sequestered in small
plastic vials.

Spiders were exposed to a topically applied droplet (0.05 pl) of either distilled water or
technical grade cypermethrin. All individuals were anaesthetised, using CO,, prior to droplet
application in order to reduce movement, thus ensuring all droplets were applied successfully.
Following recovery from the effects of the CO,, spiders were placed in the centre of the arena
which was placed directly underneath a video camera.

Each spider was filmed, at an ambient temperature of 20°C (£1), over an 18 hour period in
both light and dark (simulated by red light) conditions (3L/12D/3L). A time lapse video recorder
(Panasonic Model AG-6010) was used to continuously record activity resulting in 24 hours film
for every 1 hour of video tape. Filming took place in two dimensions only by placing the camera
directly over the top of the arena (Fig. 2). Previous work has filmed spider movement from above
and the side to allow a three dimensional view of the web building behaviour (Benjamin, Zschokke
2004). However, this was not possible in this experiment as it was necessary to be able to remove
the arena lid to allow for accurate web size analyses throughout. Since this required petroleum
jelly to be added to the arena walls, filming through the arena sides was not possible. As only one
individual was filmed per night, the collection of spiders and the initiation of the starvation period
were carried out in stages in order to ensure individuals were starved for similar lengths of time.
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Each morning, once filming had
ceased, the arena lid was removed and
the amount of silk deposited, the posi-
tion and the state of the spider were
recorded and if a sheet portion of web
had been produced, one prey item (Si-
nella curriseta) was introduced. Each
individual was then monitored over a
30 day period assessing the changes
in web size and spider condition, as
well as recording the production of
egg sacs and the number of hatchlings
from those egg sacs.

Statistical analyses

Data were heavily skewed and trans-
formation did not result in data meet-
ing the assumptions of normality.
Therefore, Mann Whitney U tests
(StatView 5, SAS) were used to
compare longevity after behavioural
observations, the time spent mov-
ing, the distance travelled and the
number of wooden uprights used in
web building between treated and
untreated individuals.

Fig. 2. Arena in position for filming showing the camera, red
lights and time lapse recorder.

Results

Spiders exposed to cypermethrin died significantly earlier than individuals treated with distilled
water (U=13, df=18, P=0.0049) with individuals in the treated cohort dying on average ten days
after treatment and those in the control treatment surviving for the duration of the monitoring
period (30 days; Fig. 3a). Exposure to cypermethrin also resulted in significantly reduced levels
of movement during filming (U=16.5, df=18, P=0.0199); significantly shorter distances travelled
(U=13, df=18, P=0.0090); and significantly lower numbers of uprights used in web building
(U=13, df=18, P=0.0053). Treated individuals moved on average a distance of 1.14 m (+0.75)
compared to control treated individuals that travelled a mean distance of over 3.25 m (+0.70)
(Fig. 3b). This took place during a mean total movement time of 17.5 min (£12.4) for treated
individuals and 32 min (£7.3) for control treated individuals (Fig. 3c). The size of web produced
by the end of the trial, assessed by the number of uprights used in web attachment, was reduced
to an average of ten uprights in the treated cohort whereas individuals in the control cohort used
an average of 34 uprights (Fig. 3d).

Discussion

Exposure of T. tenuis to cypermethrin resulted in reductions in locomotor and web building be-
haviour and, as previously shown in Pardosa amentata (SHAW et al. 2004), culminated in high
levels of mortality. The techniques used to assess these changes in behaviour were suitable for
the current study but modifications are advised for future works in this area. The arenas allowed
spiders to build webs of varying sizes, dependant on the exposure to pesticides. The results pro-
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Fig. 3. Mean (+ S.E.) responses of Tenuiphantes tenuis to droplets of cypermethrin or distilled water
(Control).

duced detectable effects that were relatively easy to identify from the films produced. In future
experiments it would be advised to increase the arena size in order to provide an area larger than
the average size of the web of the particular spider species being studied. This may be a difficult
assessment to make as the web building behaviour of many Linyphiidae is still unknown. However,
the arena size that is currently being used may be sufficient for an initial assessment of web size
for individual species prior to testing the effects of external stressors.

Filming of spiders gives an accurate assessment of the immediate impact of exposure to a
pesticide and helps to give an insight into the sublethal changes in behaviour and, potentially the
time scales over which these changes take place. The filming achieved only low levels of contrast
between the spider and the background, mainly as a result of the small size of the spider. However,
if a better contrast between the spider, the background and the wooden structures was achieved
then a system such as Videomex-V (Columbus Instruments, Columbus, Ohio, USA) or Ethovi-
sion (Noldus Information Technology™) could be used in combination with the current arena.
These are automated video based digital-data collection systems that allow the collection of data
regarding activity patterns whilst filming is taking place. This system has been previously used to
quantify the level of movement within a number of organisms including wolf spiders (Wal ker et
al. 1999), mice (Mur phy et al. 2001) and fish (Qian ef al. 2001). The use of such a system would
dramatically reduce the amount of time required for data extraction post filming. This could also
facilitate the testing of exposure to pesticides via residual contact by treating some parts of an
arena with pesticide and the remaining parts with distilled water. Videomex or Ethovision can then
assess the levels of activity in each area of the arena to determine whether avoidance of treated
areas occurs, as in true of some mites (Hol land, Chapman 1994) and ladybirds (Singh et al. 2001)
or how the level of effects are related to the time spent in treated areas.

Currently the impact of cypermethrin on the behaviour of 7. tenuis is concurrent with effects
observed in P. amentata (Baatrup, Bayl ey 1993, Shaw et al. 2004, 2006). This demonstrates that
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despite pyrethroid pesticides being of a lower potency to non-target organisms than many other
pesticides (e.g. organophosphates) there are still a high level of sublethal impacts of cypermethrin.
This insecticide can potentially impact upon the feeding efficiency of individuals due to delays
in web building (Shaw, unpublished data) and dispersal as a result of the paralysis of hind legs in
P. amentata (Baatrup, Bayley 1993, Shaw et al. 2004, 2006).

The current work has highlighted a need to investigate the impact of repeated exposure
to this, and other pesticides, and the effect of different modes of exposure (topical, residual and
ingestion) in order to gain a more realistic view of what may occur in a treated crop. Furthermore,
field based assessments are required to provide the most reliable results to be extrapolated into
real environmental situations.
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EdekrbT Ha nunepmerpuHa BpXy lenuiphantes tenuis
(BLackwaLL, 1852): pa3paboTBaHe Ha TEXHUKA 3a OLICHKA Ha
BIMSIHUETO HA MECTULIMAN BbPXY U3TPAXKIAHETO HA MPEXKU NIPU
nasiuute (Araneae: Linyphiidae)

E. Loy, ®. Yemvp, M. Jlanean

(Pe3rome)

HauunsT Ha m3rpaxaaHe Ha MpexaTa M HelHara CTPYKTypa ca OCHOBHH INOBEIEHUECKHU
XapaKTEepUCTUKHM Ha MasUTe M Morar aa ObJar M3MOJI3BaHU KaTo WHIUKATOPH 3a ONpelelisHe
BIIMSTHUETO Ha Pa3IMYHU BPEIHU BellecTBa (HampuMep NEeCTUIHAN) BbpPXY TiIX. B Hacrosimara
CTaTusl € IPEACTaBeH EKCIIEPUMEHT, TIPH KOMTO B JTaOOpaTOpHHU YCIIOBUS AsKbT Tenuiphantes tenuis
€ TPEeTHpaH C pa3TBOp C pa3jM4yHa KOHIEHTpAIMs Ha MecTuiuaa unepmerpud. HabmronaBana
€ M0-BHCOKa CMBPTHOCT U MO-HUCKA JIBUTATENTHA aKTUBHOCT CpeJl Te3H €K3eMIUIIpH, KOUTO ca
U3JI0KEHHU Ha ISMCTBUETO Ha IUIIEPMETPHH C IT0-BUCOKA KOHIIeHTpanus. [IpencraBena e meroauka
3a 3acCHeMaHe Ha JMHU(UUIHY Masiy MO BPEME Ha CTpPOeKa Ha TEXHUTE MPEXH. 3a LeNTa B
71ab0paToOpHH YCIIOBHS € ITOCTPOCHA CIIEIMaIHa apeHa, HaJl KOSITO € MOHTHpaHa Kamepa.
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Seasonal variation in spider abundance in Kuttanad rice
agroecosystem, Kerala, India (Araneae)

Ambalaparambil V. Sudhikumar', Mundackatharappel J. Mathew', Enathayil
Sunish', Pothalil A. Sebastian'

Abstract: The present study attempts to improve the understanding of resident spider population and seasonal
variations in their diversity in the rice agroecosystem of Kuttanad, one of the “Rice Bowls of Kerala”. The
investigation was carried out for a period of 2 years from June 2001 to February 2003. Fortnightly sam-
pling was done in four cropping seasons viz., Rabi 1 (June 2001 to September 2001), Kharif 1 (November
2001 to February 2002), Rabi 2 (June 2002 to September 2002) and Kharif 2 (November 2002 to February
2003). Spiders were collected from quadrates in 8 sites by hand-picking method. Different indices were
calculated using the SPDIVERS.BAS programme. Spider population in Rabi and Kharif seasons exhibited
slightly different species abundance and composition. Among the 94 species of spiders collected during
the study, 70 species of 17 families were recorded in the Rabi season and 94 species of 20 families in the
Kharif season. All families except Amaurobiidae, Pisauridae and Pholcidae were present in both seasons.
A total of 68 species had common occurrence in both crop seasons. Results indicate that the interaction
of seasons on spider abundance/assemblage was significant for Shannon, Richness and Evenness indices,
but non-significant for Simpson’s index. Population fluctuation of spiders showed insignificant difference
between the two seasons.

Key words: diversity, abundance, spiders, rice agroecosystem, Kuttanad, India

Introduction

Spiders are potential biological control agents in agroecosystems (RIECHERT, LOCKLEY 1984, TANAKA
1989, BisHopr, RiEcHERT 1990). Many researchers have provided descriptions of spider species
abundance or composition in a variety of agroecosystems (WisNIESwkA, PrRokory 1997). Other
researchers provided quantitative observations on the abundance of spiders (CARROLL, HoyT 1984)
or recorded spider predation events (RIECHERT, Bisnor 1990). A rice (Oryza sativa L.) field is a
complex agroecosystem, containing many aquatic, semi-aquatic, and terrestrial species (ORAZE et
al. 1988). Spiders are well represented among the many predators found in this habitat. Numerous
surveys of spiders have been conducted in the rice growing regions of Asia (HEONG et al. 1991,
BARRION, LITSINGER 1995, KiM 1995, BARRION, SCHOENLY 1999). The spider fauna of the rice fields
in India has been studied by many authors. Basic studies were carried out by PATHAK, SAHA (1999)
and BHaTtTACHARYA (2000). However, it is a less common practice among workers to compare
spider abundance at different stages of crop growth with the exception of the work of BANERI
et al. (1993). ANBALAGAN, NARAYANASWAMY (1999) also analyzed the population fluctuation of
spiders in paddy fields. Most of these studies were just limited to the identification of spiders and
investigation of the dominant spider species. There has been no study on their seasonal variation
and their ecological impact. Here we present the data that compare the abundance and richness
of spiders between two cropping seasons and during different stages of the crop growth.

! Division of Arachnology, Department of Zoology, Sacred Heart College, Thevara, Cochin, Kerala 682013,
India. E-mail: avsudhi@rediffmail.com
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Materials and Methods

Study Area: Kuttanad is rightly called one of the “Rice Bowls of Kerala”, contributing nearly
20% of the total rice production of the Kerala state of India. This wetland rice agroecosystem
extends from 9° 17° — 9° 40’ N and 76° 19° — 76° 33’ E. It is a low lying area of costal Kerala
situated 0.6 — 2.2 m below mean sea level and formed by the confluence of 4 major river systems
viz., Meenachil, Manimala, Pamba and Achancoil draining into the Vembanad Lake. It measures
approximately 25 km east to west and 60 km north to south on the west coast of Kerala, in which
about 53,639 hectares are used for rice cultivation. This is a warm, humid region and the seasonal
variation in the temperature ranges from 21°C — 38°C. Humidity is also showing seasonal fluctua-
tion and the average annual rainfall received is around 300 cm of which about 83% is received
during monsoon period, from June to October.

Study Period: The investigation was carried out for a period of 2 years from June 2001 to
February 2003. Sampling was conducted in four seasons; Rabi 1 (June 2001 — September 2001),
Kharif I (November 2001 — February 2002), Rabi 2 (June 2002 — September 2002) and Kharif 2
(November 2002 — February 2003) at the following randomly selected 8 sites located in the same
altitude: Krishnapuram, Vellisrakka, Edathua, Champakulam, Pallikoottuma, Pallathuruthy, Ne-
dumudy and Moncompu. Rabi season is characterized by heavy rain (South-West Monsoon) and
high humidity. More than 80% of the total annual rainfall is received during this season. Kharif
season is characterized by low rainfall and dry weather (MENoN et al. 2000).

Sampling: Sampling was done every 15 days after transplantation (DAT) from quadrates.
Spiders were collected from 4 quadrates (1m x 1m) placed at four corners of 10m x 10m area by
visual search method between 9.30 — 11.30 hours. A sufficient core area was left to avoid edge
effects. All 4 quadrates were searched for a total of one hour. Seven visits were made per site
per season. A total of 28 quadrates were studied in each season per site. Spiders were collected
from the ground stratum and from the terminals of plants. Specimens from each quadrate were
preserved in 75% alcohol in the field and counted under a stereo-zoom microscope (Leica-MS5)
in the laboratory.

Identification of Spiders: The adult spiders were identified on species level and others on
genus or family level using available literature (TIKADER 1987, BARRION, LITSINGER 1995). Monthly
data were prepared for each season with detailed information on the occurrence of mature male,
female and juvenile spiders. Voucher specimens were preserved in 75% alcohol and deposited
in a reference collection housed with the Arachnology Division, Department of Zoology, Sacred
Heart College, Cochin, Kerala, India.

Data Analysis: The diversity indices like the Shannon-Wiener index (H'), which is sensitive
to changes in the abundance of rare species in a community, and the Simpson index (1), which
is sensitive to changes in the most abundant species in a community, Margalef Richness index
(R) and Evenness index (E) of spider communities were calculated using the SPDIVERS.BAS
program of LubwiG, REynoLDs (1988). Shannon-Wiener index is defined as:

H'=-3 logp,
Where: p, = the observed relative abundance of a particular species (SoLow 1993).

Simpson index is defined as:
A=%n(n-1)/ [N (N-1)]
Where: n,= the number of individuals of species i and N =}n (SoLow 1993)

Margalef richness index is defined as:
R =S-1/In (n).
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Where: S = total number of species in a community, and # = total number of individuals
observed.

Evenness index is defined as:

E =In (NI)/In (NO).

Where: NI = number of abundant species in the sample, and N0 = number of all species in
the sample. One tailed ANOVA tests were used to test the hypothesis that the crop growth stages

and seasons resulted in different abundance and composition of spider assemblages. Feeding guild
classification was done following UEgTz et al. (1999).

Results

Species Composition: A total of 17,717 individuals belonging to 94 species, 64 genera and 20
families were collected during the study (Table 1). In the Rabi season 70 species of 17 families
and in the Kharif season 94 species of 20 families were collected. The spider population in the
Rabi and Kharif seasons exhibited a slightly different species composition. The family level
composition also shows differences between the two seasons. All families except Amaurobiidae,
Pisauridae and Pholcidae were present in both seasons and species that commonly appeared in
both seasons numbered 68.

Table 1. List of spiders collected from the Kuttanad rice agroecosystem.

Family No. of genera No. of species No. of indi- Guild

viduals
Amaurobiidae 1 1 5 Sheet webs
Araneidae 5 11 2142 Orb weavers
Clubionidae 1 2 19 Foliage runners
Corinnidae 1 1 49 Ground runners
Gnaphosidae 1 1 11 Ground runners
Hersiliidae 1 1 8 Foliage runners
Linyphiidae 2 4 3576 Sheet webs
Lycosidae 4 9 3378 Ground runners
Miturgidae 1 1 11 Foliage runners
Oxyopidae 2 6 429 Stalkers
Philodromidae 2 2 14 Ambushers
Pholcidae 3 3 16 Space builders
Pisauridae 1 1 1 Ambushers
Salticidae 15 17 1625 Stalkers
Scytodidae 1 1 30 Ambushers
Sparassidae 2 3 42 Foliage runners
Tetragnathidae 6 12 4489 Orb weavers
Theridiidae 5 5 1760 Space builders
Thomisidae 6 6 75 Ambushers
Uloboridae 3 3 30 Orb weavers
Total 64 94 17717

The spiders collected in the largest numbers were Phycosoma martinae (ROBERTS, 1983)
(8.12% of total collection), Pardosa pseudoannulata (BOSENBERG, STRAND, 1906) (7.13%), Eri-
gone bifurca Locket, 1982 (7.07%), Tetragnatha andamanensis TIKADER, 1977 (7.05%). Atypena
adelinae BARRION, LITSINGER, 1995 (6.75%), Dyschiriognatha dentata Zru, WEN, 1978 (5.97%),
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Araneus ellipticus (TIKADER, BAL, 1981) (5.26%), and Tetragnatha cochinensis GRAVELY, 1921
(4.77%). The major component of the spider population found in this ecosystem was the family
Tetragnathidaec composed mainly of D. dentata, T. andamanensis, T. cochinensis and the fam-
ily Linyphiidae mainly composed of Atyepena and Erigone. Besides the above, Lycosidae and
Araneidae were found in relatively large numbers. The families Tetragnathidae and Linyphiidae
constituted 45%, while Lycosidae and Araneidae constituted 31% of the total collection.

In the Kharif season, Tetragnathidae and Lycosidae were the dominant families. However,
in the Rabi season the second dominant family was Linyphiidae. Lycosidae constituted 20% of
the Kharif spiders and 16.91% of the Rabi spiders. Eleven minor families constituted 1.163%
of the total collected spiders. Theridiidae (9.93%), Salticidae (9.17%), Oxyopidae (2.42%), and
Thomisidae (0.42 %) were also represented in the fauna from these sites.

Diversity, Evenness and Richness indices: There were some significant differences in Shan-
non index, Richness index and Evenness index between the two seasons. But the Simpson index
was not significantly different in the two seasons. The highest Shannon index value of the Kharif
season was 3.55 and the lowest was 2.95 with a mean of 3.32 & 0.04. But in the Rabi season, it
was 3.34 and 3.02 with a mean of 3.19 £ 0.02. The one way ANOVA showed that the Shannon
index showed significant variation (F, , = 7.41, P = 0.01) between the two seasons. In the case
of the Simpson index, the maximum value of the Kharif season was 0.61 and the minimum was
0.37 with a mean of 0.46 + 0.01. In the Rabi season, it was 0.56 and 0.37 and 0.47 = 0.01. This
showed no significant difference between the two seasons (F, ;= 0.61, P = 0.04). In the case
of the Richness index, the Kharif maximum value was 9.88 and minimum 4.63 and mean 7.61
+ 0.40. However, in the Rabi season, it was 7.75 and 4.40 and 5.80 + 0.27. This also showed a
significant difference between the two seasons (F, , = 34.70, P = 0.08). The average Evenness
value of the Kharif season was 0.85 + 0.01 with a maximum of 0.90 and a minimum of 0.82. In the
Rabi season however it was 0.88 £ 0.01, 0.91 and 0.83 respectively. The ANOVA result showed
a significant difference (F, , = 18.03, P = 0.01). The above results indicated that the interaction
of seasons on spider composition was significant for Shannon, Richness and Evenness indices,
but was non-significant using the Simpson index.

Population: The population growth showed a gradual increase in the 15%, 30" and 45" DAT
followed by a slight decrease in the 60 DAT. Then it continued to grow up to the 90" DAT and
reached the peak and then showed a sudden decline (Fig. 1). The number of species obtained during
the sampling showed a gradual increase in number as the growth of the plants advanced and the
maximum number of 86 species was collected on the 90" DAT sampling. The number of individu-
als also increased as the crop growth advanced and the maximum number (5442) was collected
in the 90 DAT. A doubling of individuals occurred between 60" and 75" DAT as shown in Table
2. The value of the Shannon index also showed a gradual increase except in the 60 DAT with an
average of 3.05 during the entire growth. But the Simpson index value registered an irregularity
and the maximum value was reached on the 15" DAT and the minimum on the 90" DAT with an
average of 0.60. The richness index value showed the same tendency as number of individuals
reached its peak during the 90" DAT. The value of evenness index showed more similarity in the
15%, 30" 45" and 60" DAT than 75", 90" and 105" DAT. Spiders of the family Corinnidae appeared
for the first time on the 45" DAT and Pholcidae with Pisauridae appeared in 75" DAT. No male
spiders were collected in the 15" DAT and a peak of M: F ratio occurred in the 45% DAT and then
declined. In the case of A: J ratio, peak value was obtained on the 30™ DAT and then decreased.
The fluctuation in the population density showed a difference between the web builders and the
non-web builders. The density of web builders gradually increased and then decreased at the
time of harvest. But hunters showed a trend of continuous increase in population density towards
harvest (Fig. 1) and some families were present only at the final stage of crop growth. This study
reveals that non-web builders outnumbered the web builders in this rice ecosystem.
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Fig. 1. Population fluctuation of individuals of dominant families during DAT of crop growth.

Table 2. N - Number of individuals, S - Number of species, H' - Shannon index, A - Simpson index,
R - Richness index, E - Evenness index, M:F - Male to Female ratio and A:J - Adult to Juvenile ratio during
DAT of crop growth in Kuttanad rice agroecosystem during the study.

DAT N S H! A R E M:F A
15 0178 15 253 0.95 2.75 0.92 0.00 12.46
30 0544 19 2.68 0.76 2.95 0.89 6.33 23.81
45 1533 31 2.99 0.57 4.16 0.86 7.00 06.11
60 1542 38 2.96 0.64 5.10 0.80 2.38 02.21
75 3595 64 3.27 0.49 7.74 0.78 2.62 02.25
90 5442 86 3.56 0.37 9.92 0.79 221 01.77
105 4883 74 3.38 0.46 8.62 0.78 2.15 01.98
Total 17717 94 3.05 0.60 5.89 0.83 3.24 07.22
Discussion

Twenty spider families recorded from Kuttanad rice agroecosystem represent 43% of the families
reported from the country (PLaTnick 2005). The number of families found here is as high as or
higher than the number recorded for other biomes surveyed in India (JosE et al. 2006). The numbers
of taxa recorded are generally higher than those reported for other surveys of rice ecosystems.
BaRrRrION, LITSINGER (1984) collected 13,270 specimens belonging to 51 species under 64 genera
and 16 families during a 3-year study. This difference in quantity and quality of spider fauna is
related to the time of the collection and method of sampling. There are many environmental fac-
tors like seasonality, spatial heterogeneity, competition, predation, habitat type, environmental
stability and productivity that can affect species diversity (RiecHERT, BisHor 1990). We found
overall significant differences in the diversity, evenness and richness between the two seasons. The
results indicate that both seasons show different species composition. It might be expected that
climatic changes through seasons would influence the abundance of spiders (Kato et al. 1995).

185



EurorEAN ARACHNOLOGY 2005

Studies of RusseLL-SmiTH (2002) established the importance of rain fall in the regional spider
diversity. In the tropics, a continuum of species with extended seasonal ranges has been found
(Basset 1991), which would give rise to variable samples at different times of the year. Most
spiders are limited to a certain extent by environmental conditions. In general, different species
have varying humidity and temperature preferences and are limited to those seasons which offer
a microclimate within the range of their physiological tolerances. So the difference in species
diversity between the two seasons is likely to be due to the difference in the amount of rainfall
and temperature in the two seasons.

Diversity analysis determines the significance of observed differences in community structure
between different crop growth stages and two seasons based on the species abundance distribu-
tions (SoLow 1993). A diversity index incorporates both species richness and evenness in a single
value (MAGURRAN 1988). Two diversity indices used here are Shannon-Wiener index (H'), which
is sensitive to changes in the abundance of rare species in a community, and Simpson index (),
which is sensitive to changes in the most abundant species in a community. In the present study, the
value of H' increased as crop growth advanced. This indicates the presence of some rare species in
the spider community as crop growth advanced. A decline in the value of A as crop growth in the
present study indicates the dominance of some spiders like tetragnathids and lycosids in the initial
period of crop growth. A diversity index allows comparisons to be made between two conditions.
This index is more easily interpreted than other diversity indices. If values for diversity indices are
often difficult to interpret, species richness and evenness are often presented as separate values. In
this form they provide important insights into the ecological changes that occur over time or the
differences between ecological communities (BisBy 1995). It would appear that an unambiguous
and straight forward index of species richness would be Richness index (R), the total number of
species in a community. Species richness examines the number of species occurring in a habitat.
Overall species richness is the most widely adopted diversity measure. However, since R depends
on the sample size, it is limited as a comparative index. Hence, a number of indices have been
proposed to measure species richness that is independent of the sample size. They are based on
the relationship between R and total number of individuals observed, n, which increases with
increasing sample size. When all species in a sample are equally abundant an evenness index will
be at its maximum, decreasing towards zero as the relative abundance of the species diverges away
from evenness. Probably the most common evenness index used by ecologists is E. An evenness
index should be independent of the number of species in the sample. It has shown that the addition
of a rare species to a sample that contains only a few species greatly change the value of E.

Additionally, there are many factors that determine the species composition. This may be
related to the changes in the vegetation structure of the habitat. Kajak (1965) found that relative
spider and prey densities were related to the structural diversity of the habitat, and TURNBULL (1966)
attributed similar relative predator and prey densities to environmental conditions operating in
both groups. According to TurnBULL (1973), most webs have specific attachment and space re-
quirements. CHERRETT (1964) found that adult orb weavers in a grass land habitat needed a vertical
space of at least 25-30cm? for web placements, a factor which strongly limited those spiders to
certain habitats. Other workers have also found the availability of specific structural features to
limit the habitats occupied by various web-builders (Durrey 1962). Structurally complex crops,
providing a wider assortment of resources, would be predicted to support a more diverse spider
assemblage, thus increasing the chances of the “best” match between spiders and insect pests. The
results of this study also indicate the influence of vegetation structure on the diversity of resident
spider community. The web building and plant wandering spiders rely on vegetation for some part
of their lives, either for finding food, building retreats or for web building. The structure of the
vegetation is therefore expected to influence the diversity of spiders found in the habitat. Studies
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have demonstrated that a correlation exists between the structural complexity of habitat and species
diversity (Uetz 1979, ANpow 1991). UeTz (1991) suggests that structurally more complex plants can
support a more diverse spider community. DowNIE ef al. (1999) and NEw (1999) have demonstrated
that the spiders are extremely sensitive to small changes in the habitat structure; including habitat
complexity and microclimate characteristics. Thus the physical structure of the environments has
an important influence on the habitat preferences of spider species especially web-building species
(Hurp, Facan 1992). Vegetation structure seems to influence the spider composition on family
level because similar families cluster within a similar habitat type. The result also indicates that
similar species are present at specific stage of crop growth. Thus, vegetation structure may be a
more important determinant than the seasonal variation alone. This provides valuable insights
as to why certain species may dominate at different times of the season. Vegetation architecture
plays a major role in the species composition found within a habitat (GREENSTONE 1984, SCHEIDLER
1990), and vegetation which is structurally more complex can sustain higher abundance and diver-
sity of spiders (HaTLEY, Mac MaHON 1980). The final stage of the crop results in a habitat that is
more complex and can support higher diversity. Surveys have demonstrated that spiders respond
numerically to the diversity and complexity of the vegetation (RypsTrA 1983, HaLaT ef al. 1998).
Difference in vegetation architecture during crop growth accounts for the different community
structure of spiders in the present study. In addition, the difference in the seasonal abundance of
spiders may be due to the variation in patterns of activity of individual spiders and the phenology
of total spider community (Corey et al. 1998).

An increase in the spider population according to the plant growth tends to depend on prey
availability and, if the density of prey becomes higher, spiders are expected to increase proportion-
ally to some extent. The peak of population density of spiders coincides with an increase of insect
pests (KiriTaNt et al. 1972). It has already been pointed out by KoBayasht (1961) that the values of
correlation coefficients between the population density of insect pests and that of spiders tend to
increase from negative to positive form as crop growth advanced. As no quantitative evaluation
was done on the insect pest density during this study, further investigations should be carried out
to reveal the influence of insect pests on the resident spider community. The amount of preys alone
does not affect the density of spiders. What can be cited as other important factors is the number
of surviving individuals after hibernation and other repair works related to agriculture. The halter
often deals a heavy blow up on spiders because it destroys the vegetation on the ground surface.
The growth of weeds quickens the time of draining water from paddy fields and this is considered
to promote migration of spiders from dikes to paddy fields and dikes can act as an over wintering
place of pests and as a source of spiders (vaN DEN BosH, TELFORD 1964)

The changes noted in spider association with specific crop stage at different sampling times
were related to the flowering state of the crop. A multiple regression analysis of prey density
versus various conditions of the physical environment and habitat features revealed the presence
of a significant relationship between high insect density and the presence of flowering herbs and
shrubs in the vicinity of the web (RiecHERT 1981). Although it is reasonable to expect a significant
influence of crop characteristics on structuring the resident spider community, the importance
of adjacent habitats must also be considered (DUELLI et al. 1990). Selective forces of the crop
environment can act only on “what is available” i.e., sets of species colonizing in the fields from
the neighbouring habitats. Neighbouring habitats may also influence the composition of crop
spider fauna indirectly by modifying the dispersal of potential spider prey and predators in the
patchy agricultural landscapes (PoLis et al. 1998). The quality of the adjacent habitats influences
the spider composition of the focal habitat via multitudes of direct and indirect channels. Since
no data were collected from the adjacent habitats and bunds, more studies should be carried out
to reveal the influence of these habitats on the occurrence of spiders in the rice field proper.
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Ce3oHHa U3MEHUYMBOCT Ha nmasiuute (Araneae) B Opu30Ba
arpoekocucteMa B Kyranaz (Kepana, Muaus)

A. Cyoxuxymap, M. Mamio, E. Cynuw, I1. Cebacmuan

(Pe3iome)

[TpoyueH e BUIOBHAT ChCTAB M CE30HHATA JUHAMHKA Ha IMAsIUTE B OPU30BA arpOEKOCHUCTEMA B
Kyranan. Uscnensanero e nposeaeHo ot 10N 2001 mo deBpyapu 2003 . MarepuaisT € yinaBsH
Yype3 ppueH cOOp 7jBa MBTH B MECEIa 10 BpeMe Ha YCTHPHU JKbTBEHM ce30Ha — Pabu 1 (1oHM -
centemBpu 2001), Kapud 1 (Hoemspu 2001 - peBpyapu 2002), Padu 2 (roru - cenrremspu 2002)
u Kapug 2 (moemspu 2002 - deBpyapu 2003). Ot crOpanute 94 Buna masmm, 70 Buma ot 18
ceMeiicTBa ca ycTaHOBEeHH Tipe3 ce3oHa Rabi, a 94 Buma ot 21 cemeiictBa mpe3 ce3ona Kapud.
HaOmonaBar ce HE3HAYMTETHN PA3IMKU B IUTBTHOCTTA M BHJIOBUS CHCTAB Ha IOIMYJAIMHTE B
ce3onute Pabu u Kapug. Benaku cemeiictsa, 6e3 Amaurobiidae, Pisauridae u Pholcidae, nmm o610
68 Braa masIy, ca yCTAHOBCHH U B ABaTa ce30Ha. Pesynrarure, aHaau3upaHu ype3 mporpaMara
SPDIVERS.BAS u ungekcure Ha Shannon, Richness u Evenness mokaspar, ue BIMSHHUETO Ha
CE€30Ha BBPXY IUTBTHOCTTA HA MOMYyJIallMUTE U BHIOBOTO pa3HOOOpasue € 3HAYMTEIIHO, JTOKATO
IIPAJIaraHeTo Ha MHJIEKca Ha Simpson Imoka3Ba 0OpaTHOTO. ABTOPHUTE CTHTaT 10 W3BOJa, 4e
(GIyKTyanuuTe B MOMYNTAMKATE MIPE3 ABAaTa OCHOBHH CE30HA Ca HE3HAYUTEIIHH.
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Spiders of Gaderska and Blatnickd Dolina valleys in the
southern part of Velka Fatra Mts., Slovakia (Araneae)

Jaroslav Svaton', Peter Gajdos®

Abstract: During the years 1974-1976 and 1986-1990, a research of epigeic spiders of the Gaderska and
Blatnicka Dolina valleys was carried out in 71 study sites. Altogether, 3295 spiders belonging to 293 species
and 28 families were captured in the non-forest, ecotones and forest habitats. Out of the identified species,
32 are listed in the Red List of Spiders of Slovakia and one species (Centromerus semiater) has not been
previously reported from Slovakia. The occurrence of Meioneta innotabilis is faunistically very important
because it was considered an extinct species in Slovakia. Zelotes puritanus has been reported from Slovakia
only from this area. The family Linyphiidae was eudominant in species composition (101 species — D=34.5%)).
Specimens from the families Linyphiidae, Lycosidae and Cybaeidae were the most abundant (D=23.4%,
17.4% and 12.3%). Eurytopic psychrophilous and mesophilous spiders represented the highest number
of species. Species diversity in the research area is rather high, consisting of approximately 32.5% of the
Slovak araneofauna. Four of the study forest habitats (relict origin oak, beech, fir-beech and pine forests)
and two non-forest habitats (dry calcareous grassland and subalpine meadows) were evaluated as important
habitats for spider diversity conservation and conservation of threatened spider species (territories with high
diversity of spiders, with the highest proportion of endangered and rare species).

Key words: spiders, faunistics, nature conservation, Vel'ka Fatra National Park, North Slovakia

Introduction

The Gaderska and Blatnicka Dolina valleys form the southern part of the Vel'ka Fatra Mts., which
are important orographical units in Slovakia. In the zoogeographical classification, the area of
the Velka Fatra Mts. represents the Western Carpathian part of the subprovince of the Carpathian
Mountains and the Central European Mountains. There occur animals of steppe, forest-steppe,
cultural steppe, agricultural land, synantropic species, and also species of wetland and marshy
biotopes. The submontanous, montanous, boreoalpine, subalpine and alpine species predominate
in the area with many rare species, which occur in Slovakia only here. For some species this is
the northern border of their distribution in Europe. The Cosmopolitan, Holarctic, Palearctic,
Euro-Siberian, Siberian, European, Caucasian, Pontic, Submediterian, Boreo-alpine and Boreal
elements of our fauna are manifested here.

From the point of view of arachnological research, the territory of the Vel'ké Fatra Mts., as
well as the Gaderska and Blatnicka Dolina valleys had received only little attention until 2000.
Only a few papers (SvatoN 1981, 1983, Franc 2002) describe the spider fauna of the region. The
territory was included in the Natura 2000 network in 2003 and this fact initiated an evaluation
of the unpublished araneological material collected from 71 localities in this area in the periods
1974-1976 and 1986-1990. The aims of this study are to present the results of this inventory and
to propose a classification of the studied habitats according to their importance from a point of
view of the spider fauna conservation.

! Kernova ulica 8/37, SK-03601 Martin, Slovakia. E-mail: svaton@stonline.sk

? Institute of Landscape Ecology, Nitra Branch, Slovak Academy of Sciences, Akademicka 2, SK-94901
Nitra, Slovakia. E-mail: nrukgajd@savba.sk
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Material and Methods

Study area

The study area comprises the upper part of the Blatnica and Gader Creek catchments (the area of
Gaderska and Blatnicka Dolina valleys). These valleys lie in the south western part of Vel'ka Fatra
Mits. In accordance with the orographic division of Slovakia (HrRoMADKA 1956) Vel'ka Fatra Mts.
belongs to a zone of the inner Western Carpathians with crystalline core and Mesozoic cover. A
predominant part of its geological base consists of limestone and dolomite rocks. This geological
substratum allows the occurrence of high number of species which are bound to rocky limestone
and dolomitic biotopes with numerous caves, semi-caves, rock hollows and clefts that create suit-
able conditions for troglophilous and cavernicolous species. From a biological point of view, the
most valuable habitats are inaccessible rock walls, steep slopes and sharp ridges undisturbed by
human activities. Natural vertical zoning of the vegetation is here quite often disturbed by follow-
ing geomorphological factors: inclination, orientation, relief, wideness and depth of both valleys.
This causes species inversion, which means occurrence of cryophilic plant and animal species at
the bottoms of valleys below the zone of beech and oak forest and occurrence of thermophilous
species in the top zone of the hills which surround the Gaderska and Blatnicka Dolina valleys.

Due to different climatic, morphological, geological and vegetation conditions in addition
to forestry and farming activities in Velka Fatra Mts, as well as in the adjacent Turc¢ianska Kot-
lina basin, the valleys support a high plant and animal diversity. Altitudinal zoning ranges from
385 m to 1500 m above the sea level, segmentation of terrain, different terrain expositions and
different substratum create a vivid mosaic of contrasting sites, biocoenosis with various animal
communities bound to these habitat types.

Sampling

The spider fauna was studied by different methods such as pitfall trapping, sifting detritus and
dead leaves, sweeping herbal layer, beating the trees and shrubs, as well as individual collection
under stones, in grass and among leaves. Spiders were fixed in 80% ethanol.

Study sites and habitats

Sampling was carried out in 71 study sites of different types of habitats (Appendix 1). The sites
were chosen as the most representative habitat types of this region. They represent non-forest
habitats (debris and rock formations, caves, dry calcareous meadows, hygrophilous and forest
meadows, fen meadows, peat-bogs, subalpine meadows and shrubby habitats) and forest habitats
such as alder (4/netum incanae) forests growing on gravel deposits near creeks, pioneer birch
habitat, original azonal oak forests (Quercetum), virgin and secondary beech forests (Fagetum
typicum), original fir-beech forests (4bieto-Fagetum), secondary mixed beech-spruce forests
(Fageto-Piceetum), original and secondary pine forests (Pineetum), original and secondary spruce
forests (Piceetum) and original dwarf pine habitat (Pinion mughi).

Analysis

The evaluation of the main studied habitats in the Gaderska and Blatnicka Dolina valleys was done
on the basis of spider species richness and diversity, mainly by the presence of threatened and rare
spider species. For analysis of species data the program CANOCO (TERBRAAK, SMILAUER 2002)
was used. Richness of samples (N') related to Shannon entropy statistics (H) using the relation
N' = e, Shannon’s diversity (H), the maximum achievable value of the diversity (H_ ) (H =

max

log(S), S =number of species) in samples and evenness (J) (J =H/log(S)) were calculated (Table 3).
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Table 1. List of families: number of captured species and specimens.

Family Species Specimens
Number D (%) Number D (%)
Atypidae 2 0.68 34 1.03
Pholcidae 1 0.34 1 0.03
Segestriidae 1 0.34 27 0.82
Dysderidae 3 1.02 17 0.52
Mimetidae 1 0.34 6 0.18
Theridiidae 19 6.48 53 1.61
Linyphiidae 101 34.47 772 23.43
Tetragnathidae 9 3.07 141 4.28
Araneidae 19 6.48 125 3.79
Lycosidae 30 10.24 572 17.36
Pisauridae 1 0.34 1 0.03
Agelenidae 9 3.07 69 2.09
Cybaeidae 1 0.34 404 12.26
Hahniidae 5 1.71 15 0.46
Dictynidae 3 1.02 17 0.52
Amaurobiidae 6 2.05 342 10.38
Titanoecidae 1 0.34 17 0.52
Anyphaenidae 1 0.34 9 0.27
Liocranidae 3 1.02 61 1.85
Clubionidae 9 3.07 22 0.67
Corinnidae 1 0.34 19 0.58
Gnaphosidae 13 4.44 180 5.46
Zoridae 5 1.71 20 0.61
Heteropodidae 1 0.34 35 1.06
Zodariidae 1 0.34 42 1.27
Philodromidae 8 2.73 52 1.58
Thomisidae 20 6.83 110 3.34
Salticidae 19 6.48 132 4.01
Total 293 100 3295 100

Table 2. Thermo-preference of the spider fauna in the study area: S — number of species, Sp — number of
specimens, D — dominance (after BucHar 1983, 1992).

Thermo-preference S D (%) Sp D (%)
Thermophilous (T) 47 16.04 419 12.72
Psychrophilous (P) 78 26.62 1405 42.64
Mesophilous (M) 78 26.62 374 11.35
Eurytopic (Non-specific) (N) 87 29.69 1081 32.81
Not determined (?) 3 1.02 16 0.49

Total 293 100 3295 100
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Many habitats were not evaluated because of the low number of captured specimens and species.
For evaluation of the thermo preference of captured species Buchar‘s classification (BucHar 1983,
1992) was used. The nomenclature and systematic order of spiders follow Pratnick (2005).

Results

Species composition

Altogether 3295 spiders belonging to 293 species were captured in non-forest and forest habitats.
The species number in the Gaderska and Blatnicka valleys is rather high, representing approxi-
mately 32.5 % of the Slovak araneofauna. Of the identified species, 32 species are included in
The Red List of Spiders of Slovakia (Gaipos et al. 1999, Gaipos, SvatoN 2001) and one species
(Centromerus semiater) has not been previously reported from Slovakia. Also the occurrence of
the species Meioneta innotabilis was documented, which is important from a faunistic point of
view, because this species was considered extinct in Slovakia. Zelotes puritanus has previously
been reported from Slovakia only from this area (Gaipos, Svaton 1993, Gapos et al. 1999,
Franc 2002). The composition of the spider fauna in the habitats depends on the habitat types
(Appendix 2).

Family composition

Twenty eight families were recorded in non-forest and forest ecosystems of the Gaderska and
Blatnicka Dolina valleys. The families Linyphiidae and Lycosidae were eudominant in the spe-
cies composition (101 species — D-34.5%, 30 species — D-10.2%). Specimens from the families
Linyphiidae, Lycosidae, Cybaeidae and Amaurobiidae were the most abundant (D - 23.4%, 17.4%
12.3% and 10.4 %) (Table 1).

Thermo-preference

The psychrophilous component was represented by 78 species (26.62%) and 1405 specimens
(42.64%), while the mesophilous component was represented by 78 species (26.62%). The ther-
mophilic fauna was presented in the study area by 47 species (16.04%), occuring mainly in the
extremely dry calcareous meadows and azonal oak forests with southern exposition. The largest
component of the captured species (87 species) belongs to eurytopic species (29.69%). The re-
maining few species can not be categorized (1.02%) (Table 2).

Evaluation of the spider fauna of forest habitats and ecotones

In the forest habitats, classified in 7 typological groups (Alnetum incanae, pioneer habitat with
Betula pubescens, Quercetum, Fagetum typicum, Abieto-Fagetum, Fageto-Piceetum and Pinion
mughi), the species diversity was high (216 species or 73.72% of all captured species, Appendix
2). In these ecosystems we also recorded many species that are significant and important from
a faunistic-ecological, as well as from a zoogeographical point of view. The most important
captures are: Dasumia carpatica, Evansia merens, Mecynargus morulus, Meioneta innotabilis,
Tenuiphantes zimmermanni, and Trichoncus hackmani. In the ecotones the most important spe-
cies are: Pardosa sordidata, Peponocranium praeceps, Sitticus zimmermanni, and Poeciloneta
variegata (Appendix 2).

On the basis of the criteria chosen for the habitat evaluation, four of the habitats (relict pine
forest (Pinetum dealpinum), relict azonal oak forest (Quercetum), original fir-beech forest, and
original beech forest) were considered as important habitats for the spider diversity and also for
conservation of threatened species. Of these habitats the relict pine forest has the highest species
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richness (N, - 44. 91) and the highest number of threatened species (8 species). Of the ecotone
habitats the margin of the secondary spruce forests presents high species richness (N, - 56.07)
with occurrence of 3 threatened species (Table 3).

Evaluation of the spider fauna of non-forest habitat

From the non-forest habitats 192 spider species (65.53%) were recorded (Appendix 2). Several
spider species bound to the non-forest ecosystems of the Gaderska and Blatnicka Dolina valleys,
are very important from faunistic-ecological and zoogeographical points of view. Such species
are: Notioscopus sarcinatus, Xysticus luctuosus, Tapinocyba biscissa, Tapinocyba pallens, etc.
Centromerus capucinus, Centromerus serratus, Incestophantes crucifer, Improphantes improbulus,
Peponocranium praeceps and Zelotes puritanus were very rare in the collected material. On the
basis of the criteria which have been chosen for the habitat evaluation, two of the studied non-
forest habitats (dry calcareous grasslands and sub-alpine meadows) were evaluated as important
habitats for conservation of both spider diversity and threatened species. From non-forest habitats
the sub-alpine meadows present the highest species richness (N, - 54.44) and also manifest pres-
ence of threatened species (10 species) (Table 3).

Discussion

The recording of 293 spider species from a restricted area indicates the richeness of the habitats in
the studied area. This makes approximately 32.5 % of the Slovak araneofauna, in spite of the fact
that still relatively small part of Slovakia has been studied. The compositions of the spider fauna
in the studied habitats were quite different, depending mainly on vegetation structure and various
environmental factors, as well as on recent utilisation of the landscape. From the investigated
non-forest habitats the spider communities of the open dry calcareous grasslands and sub-alpine
meadows are especially interesting from nature conservation point of view (areas with high spider
species diversity, with the highest proportion of threatened species). The cover of these habitat
types is continually decreasing as a result of natural succession, and there is a urgent need for
preparation of management plans for their protection.
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[Tasiiu (Araneae) ot nonunute I'agepcka u biarauika B
I0’)KHATa yacT Ha riaHuHata Benka ®@arpa (CrioBakus)

A. Ceamon, I1. ['atioow

(Pe3tome)

B nepuoaa 1974-1976 u 1986-1990 r. e mpoBeieHO U3CieBaHE HA eMUTreHUTE nasiuy B 71 craruu
B nonuHuTe ['afepcka n brarHunka, HaMupany ce B I0)KHATa 4acT Ha IuiaHuHara Bemka ®arpa
(CnoBaxwust). YnoBenu ca 3295 exkzemiursipa o 293 Buia u 28 ceMelicTBa, yCTaHOBEHN B €KOTOHHH
WY M3IISJI0 TOpCcKH xaburaru. TpuieceT 1 Ba Buia NpuchCTBaT B UepBeHUS CIIMCHK Ha MAsIUTE
Ha CroBakwusl, a enuH BUI — Centromerus semiater — ¢ HOB 3a (ayHata Ha CrnoBakus. BumoBoto
pazHooOpaswue B nonuuuTe ['anepcka u brarHuka e Bicoko u rpencrasisisa 32.5% oT ciopaikara
apaHeodayHa. BaxxHu (hayHUCTHYHU NPHHOCH ca HaMUpaHeTo Ha Meioneta innotabilis — Bun,
CMsITaH 3a u34ue3Hal, u Zelotes puritanus, KOWTO € HAMHUPAH caMO B TO3HM PaiOH Ha CTpaHara.
CewmeiictBo Linyphiidae e eynomunanTro (101 Buna — D=34.5%), a Haii-MHOTO €K3EMILLIpH ca
yaoBeHHu ot cemelictara Linyphiidae, Lycosidae u Cybaeidae (crorBeTHO D=23.4%, 17.4% 1
12.3%). EBputonHunTe, BraromoOuBUTe U ME30(QHIHUTE Nasly ca MPEJCTaBeHN C Hai-MHOTO
BUI0BE. UeTHPH OT N3CIIeIBAHUTE TOPCKU XaOUTATH — PETUKTHU AH00BH, OyKOBH U OOPOBH ropH,
KaKTO ¥ CyXHTe TTacHIla M CyOaINUHCKHUTE JINBA/IH, Ca BAXKHU 32 OITA3BAHETO Ha BUCOKOTO BHIOBO
pa3HOOOpa3ue 1 Ha ToJIeMUsIT Opoi 3acTpalieHn BUIOBE.
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Appendix 1. List of the studied sites with habitat types.

Locality Habitat Altitude
Original forests
Blatnicka dolina alder forest (Alnetum) 542
DedoSova dolina beech forest (Fagetum typicum) 650
Gaderska dolina alder forest (4/netum), gravel sediment 512
Horné piesky flowery beech forest (Fagetum dealpinum) 850
Horné piesky relict pine forest (Pinetum dealpinum) 987
Chladkove uplazy relict pine forest (Pinetum dealpinum) 1228
Kamenny uplaz relict pine forest (Pinetum dealpinum) 725
Mohosov flowery beech forest (Fagetum dealpinum) 750
Mohosov gran flowery beech forest (Fagetum dealpinum) 1136
Nad Durd’agovou relict pine forest (Pinetum dealpinum) 997
Nad Mazarnou relict oak forest with lime trees 890
Ostra relict pine forest (Pinetum dealpinum) 1100
Padva virgin beech-fir forest (Fageto-Abietum) 950
Pod Mazarnou virgin debris beech forest 780
Smrekov origin dwarf pine habitat 1441
Siroka beech forest (Fagetum typicum) 950
Veterné beech forest (Fagetum typicum) 900
Zadna hubna beech forest (Fagetum typicum) 1003
Secondary forests
Dedosova dolina secondary spruce forest 650
Gaderska dolina secondary spruce forest 574
Lubena secondary spruce forest 1024
Nad Mazarnou mixed beech and spruce forest 950
Plesovica secondary pine forest 685
Pod Rovnou pioneer birch growth (15-20 year old) after fire 870
Pod vodkami secondary spruce forest 650
Predné hubna mixed spruce and pine forest 800
Prikra secondary spruce forest 795
Siroké secondary spruce forest 902
Skap secondary spruce forest 770
Zihlavna secondary pine forest 752
Ecotone habitats
DedoSova dolina margin of secondary spruce forest 567
Dolné piesky margin of beech forest (Fagetum typicum) 594
Gaderska dolina margin of secondary spruce forest 574
Horné piesky margin of relict pine forest (Pinetum dealpinum) 1005
Ostra margin of relict pine forest (Pinetum dealpinum) 1103
Rovna dolina margin of beech forest (Fagetum typicum) 595
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Appendix 1. Continued.
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Locality Habitat Altitude
Shrubby habitat
Mohosov | dry shrubby meadow 1050
Meadow habitats
Horné piesky dry calcareous meadow 1003
Horné piesky xerotherm forest meadow 952
Horny Jasienok xerotherm forest meadow 948
Kamenny uplaz dry calcareous meadow 1203
Kozia skala dry calcareous meadow 1162
Kozia skala xerotherm forest meadow under summit 1121
Mohosov grin dry forest meadow 1136
MohoSovec dry calcareous meadow 1050
Nad Durd’a$ovou dry calcareous meadows on the foot of rock
formations 700
Pod Rovnou dry shrubby meadow 879
Siroka dry calcareous meadows 950
Velka Skalna dry calcareous meadow 1297
Vratna dry forest meadow 785
Blatnica: amfiteater forest meadow along creek 500
Blatnicka dolina forest meadow along creek 550
DedoSova, under summit complex of forest meadows after fire 670
Dolné piesky forest meadow 575
Kréalov gran subalpine meadow 1360
Kralova studia subalpine meadow 1574
Kralova studna mountain meadow 1574
Krizna subalpine meadow 1574
Magura mesophilous forest meadow 1142
Mohosov peat bog 730
Ostra, summit subalpine meadow 1264
Pod Zihlavnou mesophilous meadow 550
Selenec mesophilous and wet forest meadows 675
Tlsta, summit subalpine meadow 1370
Caves, debris and rock formations
Gaderska dolina rock formations 574
Konsky dol rock formations 620
Mazarna cave 850
Nad vodkami rock formations 1200
Smrekov debris in subalpine zone 1441
Siroké debris 951
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Acta zoologica bulgarica, Suppl. No. 1: pp. 221-257.

A review of spiders on tree trunks in Europe (Araneae)

Csaba Szinetar', Roland Horvath?

Abstract: The present paper provides an overview of the European publications concerning bark-dwelling
spiders. A total of 29 works have been investigated during the work: articles, M.Sc. theses and books. Col-
lections on which the publications were based upon, demonstrated the presence of a total of 298 spiders on
the bark of different tree species. This high species number can be attributed mostly to the species occurring
randomly on the tree bark; however, it can unanimously be stated that there are facultative and exclusive
bark-dwelling spider species as well. Among the species occurring randomly, a high proportion is constituted
by the ground-dwelling linyphiid spiders of small body, which make up a large proportion in the species
number, however, their abundance is low. Different authors used different sampling methods and efforts. In
spite of this, several conclusions could be drawn concerning the bark-dwelling spider assemblages: i) within
the total population in tree bark, the widespread bark-dwelling species were dominant, regardless of tree
species and location; ii) in the case of a single tree species, significant differences may be present within
a smaller region — even within a town — in the species composition of spider assemblages; iii) the altitude
plays an important role in the formation of the bark-dwelling spider assemblages within a given area; iv)
the occurrence frequency is characteristically changing with the geographical latitude; v) the composition of
the bark-dwelling spider assemblages is seasonally changing even within a single tree species. A significant
difference is shown between the summer and winter assemblages.

Key words: bark-dwelling spiders, coniferous trees, deciduous trees, urban habitats, seasonality

Introduction

Trees represent well-defined and unique habitats for animals. On the one hand, trees are struc-
turally complex and include several microhabitats (foliage, branch, trunks). Thus, they provide
ample opportunity for niche-segregation (LawtoN 1978). On the other hand, trees provide a stable
food source for animals dwelling on them (SoutHwoob 1978). These characters are coupled with
a large geographical range in most tree species (STRONG 1979). All these factors result in a high
species richness and diversity of tree-living animal communities. Tree trunks, as a distinctive
microhabitat of the tree, are characterised by numerous unique biotic and abiotic environmental
factors, which explains why we can also discern a separate, so-called bark-dwelling arthropod
assemblage. Spiders represent a dominant taxon of bark-dwelling predatory arthropods. Well-
recognisable adaptation phenomena, which can be observed in bark-dwelling spiders, provide
evidence for the evolution of species living on or under tree bark. Adaptations of bark-dwelling
spiders can be seen in morphology, phenology, and physiology. Relatively few studies have been
published on bark-dwelling-spiders to date, and most of them are of a rather faunistical nature
(KosLinskA 1967, ALBERT 1976, WUNDERLICH 1982, NicoLal 1986, HANSEN 1992, MALTEN 1994).
Systematic surveys on bark-dwelling spiders were carried out in Hungary by the mid-nineties
(SEBESTYEN 1996, HORVATH, SZINETAR 1998, 2002, BoGYa et al. 1995, HORVATH et al. 2001, 2004,
2005, SzINETAR et al. 2002). Up to this date, primarily the black pine (Pinus nigra), Norway
spruce (Picea abies), Scots pine (Pinus sylvestris), European beech (Fagus sylvatica), English

! Berzsenyi College, Department of Zoology, Szombathely, Karolyi Gaspar ter. 4, H-9700, Hungary.
E-mail: szcsaba@bdf.hu

2 University of Debrecen, Department of Evolutionary Zoology and Human Biology, Debrecen, Hungary
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oak (Quercus robur), London planetree (Platanus hybrida) and Apple tree (Pyrus malus) have
been investigated for bark-dwelling spider species. In case of the Norway spruce, planetree and
apple surveys were carried out in several Hungarian land regions while in the case of the other
species, the surveys were carried out in Western Transdanubia only. Simultaneously with the
Hungarian surveys, other countries in Europe also conducted similar studies recently (Smvon
1995, WErss 1995, KoroNeN 1996, 2004, KoPoNEN et al. 1997, RINNE et al. 1998, PEkAR 1999,
KuBcovA, ScHLAGHAMERSKY 2002).

Our overview on European bark-dwelling spider fauna is based on the results of nearly
fourteen years of our investigations and foreign literature data.

Overview and evaluation on the survey methods

The different authors employ various methods to collect spiders dwelling on the trunk and branches
of the trees (parts covered by bark). Beyond the fact that all methods endeavour to capture the
species dwelling on bark as efficiently as possible and provide the most comprehensive picture
on the assemblages dwelling on bark, these methods resulted in very different samples that can
be compared to each other in a very limited manner. The tree eclectors (various stammeclectors,
modified pitfall trap, branch traps) of continuous operation, with killing liquid, and mounted on
the trunk and the branches are in several aspects similar to the Barber pitfall trap. The animals
get into the trap owing to their active movements. A number of similar, automated traps were
employed by the authors (NicoLal 1986, SiMon 1995, WEiss 1995, KoroNeN 1996, 2004, KoPONEN
et al. 1997, RINNE ef al. 1998, KuBcovaA, ScHLAGHAMERSKY 2002). Different preservation liquids
were used for the collecting containers e.g. NaCl solution, 4% formaldehyde, ethylene glycol. In
this aspect too, the traps are similar to the Barber traps. The other widespread method of trapping
from the bark is the trap band, differing significantly from the traps mentioned above. In Hungary
and other countries too, one of the often-employed methods is the corrugated cardboard trap
band (BoGya et al. 1995, SEBESTYEN 1996, HORVATH, SZINETAR 1998, 2002, PEKAR 1999, HORVATH
et al. 2001, 2004, 2005, Kovacs 2002). Bands are placed around the trunk, their waved surfaces
facing the trunk and covering the whole perimeter of the tree, as if a kind of artificial bark. When
sampling, the whole belt is removed from the trunk and placed into a plastic bag. The collection
of the animals living on and under the bark is carried out in a laboratory. It can be considered
that it is a difficulty (fault) of the method that the animals dwelling between the band and the
bark — primarily in the summer period — can quickly escape when the belt is removed, therefore
the fast and co-ordinated work of several collectors is needed when removing the trap bands.
The vacuum sampler might be an efficient method for collection from the bark (Nicorar 1986),
and the sifting as well (SEBESTYEN 1996).

Numerous collectors used the manual method, which means surveying the surface of the
bark. This, of course is influenced by the structure of the bark (Nicol ai 1986, Hansen 1992, Sebe-
styén 1996). Scraping the bark off the trunks and branches: the essence of this method is that by
disbarking the tree, the spiders dwelling between the bark layers and in the bottom surface of the
bark can be collected with little effort and in large number both in terms of specimen and species.
In the case of some tree species (e.g. Platanus hybrida), the bark layers can easily be removed,
placed in plastic bags, then the surface of the trunk can be brushed and it can be placed along with
the bark layers into the bag. The height of collection from the bark also significantly influences
the results, which is well demonstrated by the trunk trap captures carried out at different heights
(Simon 1995). He was able to establish stratocoenoses or assemblage characteristics to a layer,
from the soil to the canopy of Scots pine. The sampling methods, the studied tree species accord-
ing to sampling sites and the publications by the referenced authors are presented in Table 1. No
detailed description is provided on the individual trap types employed by the authors, this can be
found in the given publications.
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As an addition, it can be mentioned that in case of collection by the beating method often
employed for collection from foliage, numerous spider species might be sampled, which primarily
dwell on the bark of the branches, instead of the foliage. In the case of these samples, according
to the microhabitat choice, it can be established (assumed) whether a species dwells on the bark.
The canopy spraying is a similar method. Although it can be assumed that like the beating method,
the bark-dwelling species are also under-represented in the samples, in a small number, however,
they still might be present (Benfatto et al. 1992).

Table 1. Sampling methods in the individual publications, studied tree species and survey locations (details

on methods and locations can be found in the given publications).

Sampling site(s)

Publication Sampling method(s) | Investigated tree(s) Locality
corrugated cardboard ..
Boagvya et al. 1999 trap band apple tree, pear tree Nagykovacsi (Hungary)
Hansen 1992 hand colletion london planetree Venezia (Italy)

HORVATH, SZINETAR
1998, 2002 and

corrugated cardboard

Szombathely, Velem, Bozsok,

the trunks and branches

HorvATH ef al. 2001, trap band black pine Debrecen, (Hungary)

2004, 2005

Koponen 1996 “new” branch trap english oak 7 dlfferent. localities (SW-
Finland)

KopoNEeN et al. 1997 “new” branch trap english oak 7 dlfferent. localities (SW-
Finland)

KoPoNEN 2004 new?” branch trap and english oak Ruissalo (SW-Finland)

tree eclector
KosLiNska 1967 scraping the bark off apple tree Krakow, Lodz (Poland)

corrugated cardboard

english oak, euro-

8 different localities in West

real photo-eclector

maple, silver birch,
white willow

Kovacs 2002 trap band pean bef.:ch, scots Hungary
pine

KuUBCOVA, SCHLAGHAM- tree eclector enelish oak Lednice, Soutok (Czech
ERSKY 2002 & Republic)

. . Magdeburg
MALTEN 1994 tree eclector white willow

(Germany)
camperdown elm,
hand collection, english oak, europe-

Nicorar 1986 vacuum sampler, arbo- | an beech, planetree Marburg (Germany)

PekAR 1999

corrugated cardboard

apple tree, pear tree

Horométice, Doksany (Czech

trap band Republic)
RINNE ef al. 1998 “new” branch trap english oak 7 dlfferent. localities (SW-
Finland)

SEBESTYEN 1996

corrugated cardboard
trap band,
hand collection,
bark sifting

london planetree

12 different localities (Hun-
gary)

Grunewald, Eberwalde

SiMonN 1995 tree eclector scots pine (Germany)
« . . . Nationalpark Bayerischer
WEIss 1995 modified pitfall traps norway spruce Wald (Germany)
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Owing to the differences in the collection methods, the collections are comparable to a certain
extent only. Endeavours were made to draw conclusions and make reference to works where the
statistical evaluation of standardised samplings was ensured.

Results and Discussion

Evaluation and summary of the surveys carried out on the tree trunks and branches

According to the results of the publications hereby examined, a total of 298 spider species can
be indicated as inhabiting the bark of different tree species in Europe. This accounts for about a
quarter of the European spider fauna. This extremely high species number shows that although
the majority of the spiders was of accidental occurrence, the spiders are present on the bark for
shorter or longer periods, therefore the presence of species characteristic to other microhabitats
should also be reckoned with. The more balanced microclimate, diverse bark structure and the
high number of hiding places can also be considered an advantageous condition in the case of
the trees. The tree trunks provide a willy-nilly landing strip for the ballooning species or those
using the aerial dispersal. Certainly, this is the reason for the occurrence of mature forms of small
species, dwelling mostly on the ground; however, this presence is presumably of a short duration
only. Moreover, the bark is rich in potential prey animals, fulfilling by this the role of an advanta-
geous feeding place in case of a temporary stay (HORVATH et al. 2005). The fallen, decayed old
trunks have to be mentioned separately. Such works were also examined (WEiss 1995, KuBcova,
ScHLAGHAMERSKY 2002). In such cases the trunks are in close proximity to the ground, their moss
and lichen cover might be more developed than in the case of living and upright tree trunks,
thence on these trunks the ground-dwelling species settle in a much greater number, which is well
demonstrated by the work of WEiss (1995).

Classification the bark-dwelling spiders into types according to the strength (closeness) of
the relationship

WunpEeRrLICH’S (1982) study is still a determinant publication in the European literature. He used
the categories on which our study is also based.

Real or exclusive bark-dwellers (E): spider species which, as microhabitat specialists,
live on or under the bark. They can be found on the bark throughout the year. It is characteristic
for them to have mature forms for most of the year or even continuously. Their adaptation to the
microhabitat could result in well-distinguishable morphological signs.

Facultative bark-dwellers (F1, F2): species which use tree trunks and branches as typical
but not exclusive microhabitats with permanent or seasonal character. Rocks, cracks in rocks,
artificial walls may also be typical habitats of these species. Spider species dwelling on trees
and choosing the bark as a dwelling place for the winter are also classified into this category.
This is characteristic primarily for those dwelling in the foliage of deciduous trees. In the case
of facultative bark-dwellers we considered it necessary to establish two further sub-categories in
order to indicate the frequency of the facultative relationship. F1 is a closer relationship that can
be observed more frequently, while F2 is a rareer one, however, it indicates spider-tree species
relationships observed by several authors and in several instances.

Accidental species (A): The species are listed here regardless of their occurrence frequency.
They are species for which other microhabitats mean the typical habitat or such which have no
specific habitat preference. In the case of these species it is presumed that the time of stay on the
bark is short, however, it is very difficult to study or demonstrate it.

These categories can certainly be stated more precisely based on new data gathered on the species.
There are rare species for which — owing to the low population number — no reliable knowledge
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on the microhabitat selection is at our disposal. Apendix 1. includes all species demonstrated from
trees together with their short phenological, habitat selection characterisation as well as literature
references. Data on 298 spider species were obtained while examining 29 publications, books, and
theses. Based on the evaluation of the relationship between the spiders and the bark, the distribu-
tion of categories is as follows: 65% of the total species number was constituted by accidental
species. In other species, a relationship of different strength and various habitat preferences can
be stated. Twenty-four species were classified (8% of the total number of species) into the real
bark-dwelling species. Seventy-nine species can be deemed as facultative bark-dwellers. Out of
this, 50 species were ranked into the F1 type (17%), while 29 species (10%) were ranked into the
F2 type according to the collections, reference literature and own experiences.

Taxonomic notes

Several authors draw attention to the great and striking morphological similarity between
Clubiona genevensis L. Kocn, 1866 and Clubiona leucaspis Smmon, 1932, and to the possibil-
ity of a misidentification (MALTEN 1984, NENTWIG ef al. 2003, Weiss, oral communication). The
habitats of the two species are largely different. C. genevenis is a ground-dwelling species of dry
sandy lands, whereas C. leucaspis is a typical bark-dwelling species. Following Stvon’s (1932)
description, D1 Franco (1993) published a drawing of C. leucaspis, as well as on the biology of
the species from lemon plantations in Sicily. In our opinion the drawing in Figure 12/b on page
56 in STERGHIU (1985), also published by NENTWIG ef al. (2003), is not of C. genevensis but of
C. leucaspis. Likewise, we assume that the occurrence of C. genevensis on trunks and barks is
mistakenly reported and stands for the rather similar C. leucaspis, cf. STERGHIU (1985), HEIMER,
NENTWIG (1991), Stmon (1995).

Spider assemblages

Based on survey results of other tree species and geographical locations, we can formulate the
following statements concerning the bark-dwelling spider assemblages:

i) In samples from tree trunks, generally irrespective of the tree species and location, the
widespread bark-dwelling spider species dominate (Appendix 1). Well-recognisable adaptation
phenomena, which can be observed in bark-dwelling spiders, provide evidence for the evolution
of species living on or under the bark. This process is a sequential evolution, in which the rela-
tionship between the plant and the arthropod living on it is essentially asymmetric, i.e. not of a
coevolutionary type, rather, the animals follow the evolution of the host plant without significantly
affecting it (Jermy 1987). Adaptations of bark-dwelling spiders can be seen in morphology, phenol-
ogy, and physiology. One of the morphological adaptations is the typical body shape observable
in many species (e.g. Araneidae: Nuctenea umbratica (Clerck, 1757); Philodromidae: Philodro-
mus margaritatus (Clerck, 1757), Philodromus fuscomarginatus (De Geer, 1778); Thomisidae:
Coriarachne depressa (C. L. Koch, 1837)). The body of these species is characteristically flat-
tened, which well reflects an adaptation to modes of living between the bark layers or under the
bark. This adaptation can be coupled with colour adaptations. Philodromus fuscomarginatus,
for example, blends well with its reddish-brown coloration into the phloem layer of Scots pine
(Pinus sylvestris), which is the almost exclusive habitat of this philodromid spider. Philodromus
margaritatus with its dark colours blends well into the surface of trees with darker bark, and can
thus hide from predators, mainly birds, which feed on it. The most important of the phenological
adaptations is that many exclusive bark-dwelling species are eurychron, i.e. adults and juveniles
can be found all year-round, or diplochron, i.e., the species has two reproductive periods annu-
ally. Reproduction throughout the entire year or throughout a substantial part of the year is made
possible by the higher and more even temperature under the bark.
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i) In the case of a given tree species significant differences can be found within a more
restricted region — even within a city. In urban sampling areas with strongly polluted air a number
of species are missing (e.g. Clubiona pallidula (Clerck, 1757)) or are represented by a smaller
population size (e.g. Moebelia penicillata (Westring, 1851)) which, in the garden suburb samples
are dominant species on the same tree species (Horvath et al. 2001).

iii) The altitude has also an important role in the formation of a bark-dwelling spider as-
semblage of a given area. In mountain areas some species appear (e.g. Segestria senoculata (Lin-
naeus, 1758), Clubiona corticalis (Walckenaer, 1802), Amaurobius fenestralis (Strom, 1768),
etc.) which do not occur in urban or lowland biotopes (Horvath, Szinetar 1998, 2002).

iv) Occurrence frequency may characteristically change within a genus with geographical
latitude. The species Segestria bavarica C. L. KocH, 1843 is primarily Southern European, while
Segestria senoculata is more widespread in Central and Northern Europe; the former species
occurring northwards only in cities with warmer climate. In Southern Europe the third species of
the genus, Segestria florentina (Rossi, 1790) may also appear under the bark (Hansen 1992).

v) Summer and winter assemblages show significant differences even in the bark of a single
tree species. In winter the foliage-dwelling species migrate in a large number to the bark for
wintering. On the other hand, in summer, only the real bark-dwelling and the accidental species
can be found on the trunk, resulting characteristic differences (Horvath, Szinetar 2002, Horvath
et al. 2001).

As a summary, it can be stated that the majority of real bark-dwelling species are not asso-
ciated to special tree species nor to a given bark structure (Philodromus margaritatus, Clubiona
leucaspis, Segestria senoculata, Marpissa muscosa (Cler ck, 1757)). On the other hand, facultative
bark-dwelling species show significant differences; the tree species with similar structure (within
a given geographical latitude) can be characterised by similar spider assemblages (for example
black pine<>scots pine) (Appendix 1). Despite this, with the change of geographical latitude a
given tree species exhibits significant differences.
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00630p BBpXy nasiuute (Araneae), oOuTaBam Kopara Ha
nbpBeTara B EBporna

K. Cunemap, P. Xopeam

(Pe3tome)

Hampasen e nperien Ha nH(pOpManusTa 3a nasyTe, 0ONTaBaIly KopaTa Ha AbpBeTara B EBpomna. Jlo
MOMEHTA ca YCTaHOBeHH 298 BH/1a TI0]1 KOpaTa Ha pa3iIMyHN BUAOBE AbpBeTa (Pinus nigra, Picea
abies, Fagus sylvatica n np.). BucokusT 6poii Ha BUZOBETE C€ ONPEIEIS OT CITyYaiHO CpeIany
ce, BpeMEHHO NpeOMBaBaIly M IOCTOSHHO JKHMBEEIIH Iof] Kopara Buxose. Ilo oTHOmeHne Ha
KHMBECIIUTE TT0]] KOpara ITasiiii MOTaT Jla CE 04epTasIT HAKOJIKO 3aBUCHMOCTH: 1) TpH OKOPOBHTE
MOy TAllUM TOMUHHUPAT OIMPOKO PasMpOCTPaHEHUTE MASIH, HE3aBUCHMO OT ABPBECHUS BHUJ
U MecTooOHTaHue; 2) B CIy4YauTe Ha €AMHUYHH ABPBECHH BUAOBE, 3HAYUTEIHH PA3IMKH BHB
BUIOBHS ChCTaB Ha MOAKOPOBHUTE CHOOIIECTBA MOTaT Jla c€ HaOII0AaBaT B IMO-MaJIKM PaloHH,
KaTo HalpHMep TEPUTOPHTA Ha €AWH Tpaj; 3) HaAMOPCKAaTa BUCOYMHA MTpac BakKHA PO TIPH
(opMupaHeTo Ha chOOIIECTBATA HA TOAKOPOBUTE MMAsIH; 4) YecTOTaTa Ha CpeIlaHe ce M3MEHS B
3aBHCHMOCT OT Teorpadckara muprHa; 5) BUAOBHAT ChCTAB Ha IMOJKOPOBUTE MASIH CE H3MEHS
CE30HHO, JIOPY W B CMHUYHH JBPBECHU BHIOBE. 3HAYNTEITHN PAa3IUKH Ca YCTAHOBEHH MEXKIY
JIETHUTE W 3UMHUTE COOpOBE.
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Advance in the study of biodiversity of Caucasian spiders
(Araneae)

Yuri M. Marusik', Kirill G. Mikhailov?, Elchin F. Guseinov’

Abstract: The history of investigation of the Caucasian areaneofauna can be divided into four periods:
1866-1938, 1939-1978, 1979-1998 and 1999 to the present. According to published data, over 1000 species
belonging to 46 families are known from the Caucasus. The species richest families are as follows: Linyphi-
idae (~180), Salticidae (122), Gnaphosidae (>100), Lycosidae (>100), Theridiidae (80), Dysderidae (70)
and Thomisidae (70). In the different families endemism values vary from 0 to 100%. The average level of
endemism in the Caucasus is about 22%, the highest level of endemism among species-rich families was
found in the Dysderidae, being around 60%.

Key words: spiders, Caucasus, fauna, zoogeography, endemism

Introduction

The Caucasus is a territory lying between the Black and the Caspian seas. There are no strict
geographical borders that separate the mountain from the areas lying to the north and south.
Conventionally, the northern border of the Caucasus coincides with the northern foothills of the
Caucasus Major, and the southern border is formed by the southern borders of Georgia, Armenia
and Azerbaijan (Fig. 1).

The study of Caucasian arachnids was initiated by L. KocH (1866) who described the
gnaphosid Melanophora caucasia (= Zelotes c.) from this region. The history of the study of
Caucasian spiders can be conveniently divided into 4 periods: 1) beginning (1866-1938); 2) pre-
Dunin (1939-1978); 3) DuniN (1979-1998); and 4) modern (1999 to the present). In the first period
the greatest contribution to the knowledge of Caucasian spiders was made by the Russian and
foreign authors: A.I. Kroneberg, L. Koch, W. Kulczynski, E. Simon, T. Thorell, E. Werzbitski and
A .M. Zavadski (Fig. 2). During this period many new species were described or recorded from
the area. According to CHaRrITONOV’s (1932) catalogue, 178 species of spiders were known from
the Caucasus in 1926. A decade later, the number of Caucasian species reached 206 (CHARITONOV
1936). It is worth mentioning that all these arachnologists lived far from the Caucasus.

We date the beginning of the second period from the series of papers published by CHARI-
ToNov which dealt with the cave fauna of the region (CHaritonov 1939, 1941a, b) (Fig. 3). At the
same time, a Georgian arachnologist, Tamara S. Mkheidze began her career. During the second
period important contributions to the study of Caucasian arachnids were made by T.S. Mkheidze
(Thilisi), S.A. Spassky (Novocherkassk), D.E. Charitonov, A.S. Utotchkin (Perm), V.E. Pichka
(Kiev) and several other authors (Fig. 3). During this period the rise of knowledge of the taxonomy
and faunistics of Caucasian spiders was somewhat slow.

!Institute for Biological Problems of the North, Portovaya Str. 18, Magadan 685000, Russia.
E-mail: yurmar@mail.ru

2 Zoological Museum, Moscow State University, B. Nikitskaya Str. 6, Moscow 125009, Russia.
E-mail: kmk2000@online.ru

3 Institute of Zoology, block 504, passage 1128, Baku 370073, Azerbaijan. E-mail: hun-vey-bin@rambler.ru
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Fig. 1. Conventional borders of Caucasus.

The third period began when Peter M. Dunin started working at the Institute of Zoology
of Azerbaijan, Baku (Fig. 3). The time of Dunin’s employment coincides with the activation of
arachnological studies in the entire Soviet Union. During this period many young arachnologists
such as A.A. Zyuzin, V.I. Ovtsharenko, A.V. Ponomarev, K.Yu. Eskov, A.V. Tanasevitch, K.G.
Mikhailov, Yu.M. Marusik and D.V. Logunov started to study spiders, including those from the
Caucasian region. This period was characterized by a great growth in the number of described and
reported species. We name this period after Dunin because he made the most important contribu-
tion, publishing over 30 papers on Caucasian spiders and describing over 60 species from the area.

Ludwig KOCH Eugene SIMON Wladislaw KULCZYNSKI

Fig. 2. Portraits of the first generation of arachnologists, who had taken part in the study of the Caucasian fauna.
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Sergei SPASSKY Dmitri CHARITONOV Peter DUNIN

Fig. 3. Portraits of the second and third generations of arachnologists, who had taken part in the study of the
Caucasian fauna.

r

Besides Dunin, an important contribution was made by A.V. Tanasevitch in his revisional studies
of Caucasian linyphiids (Tanasevitca 1987, 1990). He described about 40 species and reported
over 100 species from the Caucasus. Besides this, Tanasevitch revised the Central Asian fauna,
and many species from Central Asia were later found in the Caucasus. After the collapse of the
Soviet Union, the study of Caucasian arachnids nearly ceased because of military conflicts, lack
of financing and other reasons. During this period most studies were based on museum materials
collected earlier. Most of the works from this period were published by Ovtsharenko and co-au-
thors (OVTSHARENKO et al. 1992, 1994, 1995).

In the fourth, or modern period, arachnological studies intensified in Azerbaijan. During
this period papers were published by E.F. Guseinov (=Huseynov), D.V. Logunov, Yu.M. Marusik,
K.G. Mikhailov, S. Koponen, P.T. Lehtinen, G.N. Azarkina, M.M. Kovblyuk and several other
authors. Although the number of species described was not high, this period was marked by the
large number of new supraspecific taxa (4 families, about 25 genera) reported from the Caucasus
for the first time (MARUSIK, GUSEINOV 2003, MARUSIK ef al. 2005). During all periods of investiga-
tion of Caucasian spiders there were taxonomical, faunistic and mixed papers. Faunistic papers
published during the 2" and 3" periods have many deficiencies: 1) many species, genera and even
families were incorrectly identified; 2) many descriptions and redescriptions were inadequate, and
it is impossible to identify spiders based on these papers. Inaccuracy of identifications during this
period was related to the lack of appropriate literature in Azerbaijanian and Georgian libraries,
the lack of revisional studies and the lack of access to comparative material stored in Moscow,
St. Petersburg and abroad.

Difficulties in the study of Caucasian spiders

There are several difficulties in the study of Caucasian spiders. They are related to the following
factors: 1) lack of access to the types described by Mkheidze in 1940-1990 (more than 30 species);
2) lack of the types of species described by L. Koch (9 species) and V. Kulczynski; 3) the materials
on which faunistic papers by Mkheidze, Kulczynski, Werzbitski were based are not accessible
or were lost during World War II. Some materials collected by Guseinov were also lost. Until
recently, the study of Caucasian spiders was hampered by the lack of revisions and redescriptions
of old materials from adjacent areas like Turkey, Asia Minor and Near East, Bulgaria, Greece and
the Crimea. Many new species were described from these areas at the end of 19" century and the
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beginning of 20", Most of these species had long been known only from the original publications.
Significant progress in the study of Caucasian spiders was achieved because of revisions of vari-
ous families from Israel made by G. LEvy (1985, 1986, 1987, 1991, 1992, 1995, 1996, etc.). Levy
revised and redescribed many spider species previously described from the eastern Mediterranean
and northern Africa. Besides Levy, large contributions were made by K. Thaler and B. Knoflach
(K~orLacH 1996, 1999, KNorLAcH, THALER 2000, THALER, KNOFLACH 1998, THALER et al. 2000, etc.)
on the Theridiidae and several other groups from southern Europe. Near the end of 20% century,
the spiders of the family Salticidae were almost completely revised in Central Asia and partially
in the Caucasus by Logunov and his co-authors (Locunov 1996, 1999 a, b, Locunov, MARUSIK
1999, 2003, Logunov et al. 1999, Rakov, Locunov 1996, etc.)

Recent state of knowledge

According to MIKHAILOV’s (1997) catalogue, 886 species of spiders were known from the Cau-
casus in 1997. In the following years over 100 additional species were reported from Georgia
(MkHEIDZE 1997) and Azerbaijan. Of the Transcaucasian regions, the most thoroughly studied
country is Azerbaijan with over 600 species (MaRrusIk, GUsemNov 2003). In Georgia, 456 species
of spiders are known to date, and only 127 species from Armenia (MikHAILOV 2002). We do not
have exact data about the number of species from the Russian Caucasus.

Studies conducted by us in Azerbaijan after 2001 revealed that the fauna of the Caucasus was
inadequately known. During a short-term expedition to the Absheron Peninsula and Lenkoran we
found 16 genera and 4 families (Desidae, Mysmenidae, Palpimanidae and Prodidomidae) new to
the Caucasus as a whole, including 5 genera new to the fauna of the former Soviet Union (MARUSIK,
GusemNov 2003). Subsequent expeditions to Nakhchivan and other parts of Azerbaijan revealed
several additional genera new to Azerbaijan, the whole of the Caucasus and even the former USSR,
e.g. Siwa GrASSHOFF, 1970 (MARUSIK ef al. 2004). The number of new species reported for Azer-
baijan, the Caucasus, and all of the former Soviet Union is several dozen. It is worth mentioning
that the species new to the Caucasus were found not only among poorly studied families such as
the Lycosidae and Gnaphosidae, but also in the well studied Araneidae. For example, Cyclosa
sierrae SIMON, 1870, Singa neta (O. P.-CaMBRIDGE, 1872) and Siwa atomaria (O. P.-CAMBRIDGE,
1876) found in Nakhchivan (MaRrusik et al. 2005b) were new to the former Soviet Union. Two
days of collecting in Sukhum, Abkhazia, and several hours of collecting in Adler (near Sochi)
revealed a family new to the Caucasus (Zoropsidae) (Marusik, Koveryuk 2004), and two families
new to the European part of Russia (Mysmenidae, Oonopidae) (Marusik 2005).

Because of collecting efforts during the last 5 years, the spider fauna of Azerbaijan, with
44 families, became the most family-rich of all the regions of the former Soviet Union. The total
number of families known from the Caucasus is now 46. Two of them, Cybaeidae and Zorop-
sidae, have not yet been found in Azerbaijan. There is no doubt that the diversity of families in
the Caucasus, and particularly in Azerbaijan, will be increased. The presence of representatives
of the Anapidae, Cithaeronidae, Hersiliidae, Phyxelididae, Sicariidae and Synaphridae is likely.
Comaroma simony BERTKAU, 1889, belonging to the first mentioned family, is common in Europe
in thick leaf litter. Cithaeronids, hersiliids and sicariids are known from adjacent Turkmenistan and
Iran. Phyxelidids are known from Turkey and synaphrids have been reported from Turkmenistan,
the Crimea and several Mediterranean countries (MARUSIK ef al. 2005b). It is worth mentioning
that most of the undescribed and newly reported taxa were found not in mountains, or other poorly
accessible areas, but in coastal lowlands: the Absheron Peninsula, Lenkoran and Sukhum. These
areas have a semi-arid or subtropical climate.

The thoroughness with which the various Caucasian spider families have been studied dif-
fers greatly. Among species-rich families the best studied ones are the Clubionidae, Dysderidae,
Linyphiidae and Salticidae. Several special publications are devoted to these families. The least
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studied families are the Agelenidae, Dictynidae, Gnaphosidae, Lycosidae, Philodromidae, Theri-
diidae and Thomisidae. The study of the Azerbaijanian Agelenidae reveals that, among 19 species
found in the republic, 14 are new to the science and one is new to the Caucasus (GUSEINOV et al.
2005). A very high number of new taxa were found in the Gnaphosidae. Many species found in
Azerbaijan belong to genera unknown to us. Among other families from Azerbaijan, such as the
Lycosidae, Dictynidae, Thomisidae and Theridiidae, the proportion of new taxa is lower than in
the Agelenidae. For instance, the percentage of new species among the theridiids is about 20%.
Although the Linyphiidae is the most species-rich family and one of the best studied in the re-
gion, we recognized, among new material from Azerbaijan, several species new to the science
or to Azerbaijan. New species were found also among other well studied families such as the
Dysderidae.

The species diversity of all families represented in the Caucasus is summarized in Table
1. According to the literature and unpublished personal data the fauna of the region includes at
least 970 species. For some of the families we provide estimated data, which is slightly higher
than the number of reported species.

Table 1. Number of species in each family found in the Caucasus, number and percentage of endemic spe-
cies. * evaluation data; ** % from reported/ known species.

Family Number of species | Number of endemics Yo**
L. Agelenidae 35 18 51
2. Amaurobiidae 5 1 20
3. Anyphaenidae 0 0
4. Araneidae 48 0 0
5. Argyronetidae 1 0 0
6. Atypidae 1 0 0
7. Clubionidae 29 4 14
8. Cheiracanthidae 8 0 0
9. Cybaeidae 1 50
10. | Desidae 1 1 100
11. | Dictynidae 18 1 6
12. | Dysderidae* 70 >59 91
13. | Eresidae 3 1 33
14. | Filistatidae 3 1 33
15. | Gnaphosidae* 100 >10 >12
16. | Hahniidae 6 1 17
17. | Heteropodidae 2 0 0
18. | Leptonetidae 2 2 100
19. | Linyphiidae* 180 >45 >27
20. | Liocranidae 6 3 75
21. | Corinnidae 6 3 50
22. | Lycosidae* 100 16 >20
23. | Mimetidae 3 1 50
24. | Mysmenidae 2 0 0
25. | Nemesiidae 4 4 100
26. | Nesticidae 9 7 78
27. | Oecobiidae 6 0 0
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Table 1. Continued.

Family Number of species | Number of endemics Yo**
28. | Oonopidae 5 3 60
29. | Oxyopidae 4 0 0
30. | Palpimanidae 1 1 100
31. | Philodromidae* 30 1 >4
32. | Pholcidae 2 33
33. | Pisauridae 3 0 0
34. | Prodidomidae 1 50
35. | Salticidae 122 17 14
36. | Scytodidae 1 0 0
37. | Segestriidae 3 0 0
38. | Tetragnathidae 18 0 0
39. | Theridiidae 80 6 8
40. | Theridiosomatidae 1 0 0
41. | Thomisidae* 70 >10 >15
42. | Titanoecidae 7 1 14
43. | Uloboridae 6 0 0
44. | Zodariidae 7 5 71
45. | Zoridae 4 0 0
46. | Zoropsidae 1 0 0
1022 >226 >22

The most diverse spider families in Caucasus are as follows: Linyphiidae (~180), Salticidae
(122), Gnaphosidae (>100), Lycosidae (>100), Theridiidae (80), Dysderidae (70) and Thomis-
idae (70). The spider fauna of the Caucasus comprises about 1/3 of the species diversity of the
former Soviet Union and about 2.5% of the world species diversity. In terms of family diversity,
the fauna of Caucasus encompasses 42% of the families of the world. The value of endemism
in different families ranges from 0 to 100%. The highest level of endemism was found not only
in the families with few species like the Nemesiidae, Leptonetidae or Desidae, but also in the
species-rich families like the Dysderidae. In total, the level of endemism in the Caucasian fauna
is not less than 22%, and probably this value will increase when several families like the Gna-
phosidae, Philodromidae and Linyphiidae are properly revised. We think that the largest growth
in species, new to the science and new to the region, will be in such families as the Gnaphosidae,
Lycosidae, and Linyphiidae. There is no doubt that in Armenia and Georgia numerous new spe-
cies of Agelenidae and Dysderidae will be found as well.

The most promising areas for finding species new to the fauna of the Caucasus are the arid
regions of Azerbaijan, Georgia and Armenia, the subtropical coasts of the south-east, the whole
western Caucasus and the high mountains. High altitudes are promising only in terms of new spe-
cies with limited ranges, but subtropical and arid territories should produce many new or newly
reported supraspecific taxa. At present we are working in collaboration with colleagues from different
countries on revisions of the Corinnidae, Liocranidae, Lycosidae, Oonopidae, Philodromidae and
Theridiidae. In their general species diversity, spiders of the Caucasus are similar to those of oribatid
mites. According to TArRBA (2002) the number of oribatids in the Caucasus reaches 770 species. This
number comprises 10% of the world species diversity (2.5% in spiders). Possibly, the high value
of species diversity of mites in the Caucasus reflects a poor level of study of Oribatida in the rest
of the world. The value of endemics among spiders (22%) and oribatids (17%) is very similar.
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Caucasus — Far East disjunctions

One of the most interesting and unique characteristics of the Caucasian spider fauna is the presence
of about a dozen species with Caucasus-Far East disjunctions. When we began to study spiders
of this area in 1980 we were faced with five species (Octonoba yesoensis, Phintella castriesiana,
Myrmarachne formicaria, Rhomphea sagana and Tmarus horvathi) that were known in Azerbaijan
and/or Georgia and in the Far East (Marusik 1987, LoguNov, MARuUSIK 1991). Now, the number
of such species has increased to 9 (MARUSIK et al. 2004) due to the recent discovery of Caucasian
species in the Far East (Rhomphea hyrcana, Larinia bonneti) and of Far Eastern species in Cau-
casus (Yaginumena maculosa, Howaia mogera).

Why do we call this situation unique? It is because such long disjunctions are unknown in
other groups of animals. We were able to find one species of feather beetle, one species of saw-fly
and one terrestrial mollusc with the same disjunction pattern. All these groups are taxonomically
difficult in comparison to those of the spider species with disjunctions. We asked several experts
in species-diverse groups such as Curculiniodae, Carabidae, Rhopalocera, Arctiidae, Noctuidae,
Heteroptera, but none of them knew of disjunctive ranges at the species level. Although they are
more common in spiders, supraspecific disjunctions are also known in insects. The high percent-
age of spider species with disjunctive ranges indicates that evolution, or at least morphological
evolution, occurs more slowly in them than in other arthropods.

Ethological studies

Despite the almost 140 years of faunistic and taxonomic studies of the Caucasian araneofauna,
investigation of the biology of spiders in this region began only recently. It started with a paper
by Gusemov (1997), who gave preliminary information on the natural prey of some species of
wandering spiders occurring in the Absheron Peninsula, Azerbaijan. Later, the diets of 20 species
from six families (Salticidae, Thomisidae, Philodromidae, Oxyopidae, Gnaphosidae, Filistatidae)
were studied in detail, and this formed an important part of the Ph.D. thesis of the third author (Gu-
seNov 1999). Some of these results are already published in a series of separate papers (GUSEINOV
2004a, b, 2005), and some are in press. Moreover, in cooperation with Robert Jackson (Canterbury,
New Zealand) and his students, some ethological aspects, such as predatory behaviour and prey
preference, of a few Azerbaijanian jumping spiders have been investigated (CERVEIRA et al. 2003,
GusENoV et al. 2004). In addition to these studies on the natural prey and predatory behaviour of
spiders in Azerbaijan, investigation of their microhabitat preferences is also in progress.
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Bb3xon B uzcneaBanusita Ha nasuute Ha KaBkas (Araneae)
1O. Mapycux, K. Muxaiinos, E. ['ycetinos

(Pe31ome)

Hampasen e mperien Ha mpoydYBaHUsITa Ha KaBKa3Kkara apaHeo(ayHa, KOUTO CIOPEI aBTOPHTE
Morar Ja ObJaT pa3eneHu Ha yeTupu nepuona: Haganen — ot 1866 mo 1938 ., mpean yHuH — oT
1939 no 1978 ., mo Bpemeto Ha Jynus — ot 1979 no 1998 r., u CeBpemenen — ot 1999 . nocera.
[lonacrosimeMm ot Teputopusita Ha KaBka3 ca uzBectnu Haj 1000 Bua nasuu, OprHauIekKaIu
KkbM 46 cemeiicta. Haii-6oratu Ha BunoBe ca: Linyphiidae (oxomo 180), Salticidae (122), Gna-
phosidae (rag 100), Lycosidae (manx 100), Theridiidae (80), Dysderidae (70) u Thomisidae (70).
EnnemMusmsbT cpeq cemeiicTBara Bapupa B mupoku rpanuny — ot 0% po 100%, kato cpengHo e
oxko1o 22%. Cpen ceMelcTBaTa C IMO-roJisiM Opoi BUAOBE Hali-BUCOK €HAEMHU3bM ce HaOIromaBa
npu Dysderidae — okono 60%.
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History of study and a brief survey of the araneofauna of the
Left-Bank Ukraine (Araneae)

Nina Yu. Polchaninova', Helena V. Prokopenko?

Abstract: A brief history of the development of the Ukrainian arachnology from the 70s of the 18th cen-
tury till recently is given, with a detailed analysis of spider study of the Left-Bank Ukraine. According to
original and literature data, 716 spider species from 34 families have been registered in the area in question,
41 species need confirmation. The Linyphiidae is the richest in species family followed by Salticidae and
Gnaphosidae. The zoogeographical analysis demonstrated that the main part of the fauna is represented
by widespread species. The boundary of distribution of several Asiatic and Mediterranean species passes
through the investigated area.

Key words: spiders, faunistics, zoogeography, Left-Bank Ukraine

Introduction

The development of arachnology and the accumulation of faunistic and ecological data have en-
couraged us to launch systematization of obtained results. The information on Ukrainian spiders
is scattered in different papers, mainly written in Russian and unavailable for western specialists.
Mikhailov’s catalogue of spiders of the territories of the former USSR (MiknaiLov 1997) points
out the records of species for Ukraine as a whole, distinguishing the Crimea and the Carpathians.
Kharitonov’s catalogue is more precise, but it was published as far back as 1932. Nowadays,
summary of recent knowledge is needed. This paper is a preliminary overview of the history of
spider study and the data collected in the process of elaboration of a catalogue of spiders of the
Left-Bank Ukraine.

Study Area and Materials

Ukraine, a former republic of the Soviet Union, is situated in East Europe between 44°26” - 52°36°
N and 22°9 - 40°15’E, and covers the area of 603 700 km?. It borders with Russia in the North
and East, and with Poland, Slovakia, Hungary, Moldova, and Romania in the West. The main
part of the country is located within the East European, or Russian Plane, with the Carpathians
in the West and the Crimea peninsula in the South. The main territory (55% in the forest zone
and 90% in the steppe zone) has been ploughed up. Virgin steppes have remained only in nature
reserves and unarable lands. Pine, mixed and deciduous (mainly oak) forests grow in flood lands
and the flat interfluves of the forest and forest-steppe zones. There is a vast net of meadows, often
overgrazed or mowed, bogs and wetlands preserved. Costal habitats and saline marshes are typical
for the southern part; chalk, granite and limestone outcrops are spread in the East.

Three main botanical zones are represented in Ukraine: forest, forest-steppe and steppe.

! Kharkov National University, 4, Maydan Svobody, Kharkov 61077, Ukraine.
E-mail: polchaninova@mail.ru

2 Donetsk National University, 46, Shchorsa Str., Donetsk 83055, Ukraine.
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Fig. 1. Map of Ukraine.

The latter, according to the geo-botanical ranging (GEO-BOTANICAL RANGING OF THE UKRANIAN SSR
1977) is divided, in its turn, into three subzones: forbgrass-festuca-stipa steppe, festuca-stipa,
and artemisia-festuca-stipa, or semi-desert steppe (Fig. 1). Traditionally, from historical and
physiographic point of view, the main river of Ukraine - the Dnieper, divides it into two parts
- the so-called Right-Bank Ukraine and the Left-Bank Ukraine, which differ in the specificity of
their flora and fauna. So, the Left-Bank part is the area stretching from the left river bank in the
West to the frontier in the North and East and to the Azov and Black seashore in the South. The
landscape is mainly flat not higher than 360 m above the sea level, with the southwestern hills of
the Central Russian Upland in the Northeast and the Donetsk chain of hills in the Southeast.

Spiders were collected in 123 localities in 8§ administrative regions. Apart of our private
collections we have re-examined also all the collections preserved in the following institutions:
Zoological Museum of Moscow State University, Zoological Institute of the Russian Academy of
Science, St-Petersburg (Russia), Museum of Nature of the Kharkov State University (Ukraine).
Unfortunately, many collections have been lost, not only the old ones, but also some of the modern
ones (Table 1), and the presence of many species cannot be proved.

Results and Discussion

The history of spider study in Ukraine

Arachnology in Ukraine developed as part of the science of the Russian Empire and later of the
USSR. The history was briefly described and presented by Kirill Mikhailov at the 21* European
Colloquium of Arachnology and its proceedings (MikHaILov 2004). The first data about spiders
of modern Ukraine were scattered in the works of famous Russian and foreign naturalists. Thus,
FaLk (1786) and GMELIN (1788) found Lycosa singoriensis (LAXMANN, 1770) in the Crimea Pen-
insula, and that was the first spider species mentioned for Ukraine.

The first period of the accumulation of faunistic knowledge goes back to the 30s of the
18th century: 10 species were recorded for the Zhitomir and the North Kiev Region, 10 species
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for the South of Khmelnitsk Region (EicavaLp 1830, here and further we give the contemporary
administrative division); 2 species for the Zhaporozhye Region (ScHLATTER 1836); 5 for the
Kharkov and 3 for Odessa regions (Krynicki 1837); 17 species were found in the vicinities of
Kamyanets-Podolsk, Khmelnitsk Region (BELKE 1853, 1859); 5 species in the Dniepropetrovsk
Region (NorDMANN 1863); and one in Melitopol, the Zaporozhye Region (SHATILOV 1866). The
first true arachnological review belongs to REINGARD (1874, 1877), who registered 32 species in
the Kharkov Region. The well known work by THORELL, ‘Verzeichniss Siidrussischer Spinnen’,
was issued in 1875, and enriched significantly the knowledge on spiders of the Russian Empire.
It contains 245 records for the contemporary Kharkov, Dniepropetrovsk, Kherson, Odessa regions
and the Crimea. Afterwards, at the end of 19th/beginning of 20th century, besides short notes
(ScamipT 1895, LEBEDINSKY 1914, STRAND 1910, Srassky 1914 and others), detailed lists of spe-
cies for several localities and governments were published by different authors. Lukvanov (1897)
published on the spiders of Chernigov, Kiev and Poltava regions, a total of 79 species; FREIBERG
(1897) investigated the vicinity of Dniepropetrovsk, 29 species; GRese (1909) — Provalye, the
Lugansk Region, 55 species; Spassky (1927) — Crimea and the Kherson Region, 136 species;
PERELESHINA (1931) — the Odessa, Nikolaev, Kherson regions, a total of 47 species. The culmina-
tion of the first period of the spider research in the former Russian Empire and the USSR was the
‘Katalog der Russischen Spinnen’ by KaaritoNov (1932) and its addition (1936). By the early
30s of the 20th century 377 species were registered in Ukraine (excl. western provinces, which
were not part of the USSR at that time).

After this period a more than 30-year gap in spider research followed, which can be explained
by the historical and political situation in the USSR (the Second World War, repressions), and the
third modern period began in the 70s with the PhD thesis by LEGoTay (1973), mentioning 341 spider
species from the Ukrainian Carpathians. Later on, the research of Ukrainian fauna was carried out
quite unevenly. There are still many black spots in the central and western parts. According to the
catalogue of spiders of the territories of the former Soviet Union (MikHAILOV 1997), in August
1996, 808 species were registered in Ukraine, including 421 species in the Carpathians and 311
species in Crimea. The research of the Crimean fauna was renovated in 2000 by Kovblyuk, who
published the preliminary catalogue of spiders of the Crimea Peninsula, mentioning 473 species
(Kovsryuk 2003b).

The fauna of the Left-Bank Ukraine turned out to be best investigated, which gives sufficient
data for the analysis. On the basis of 22 literature sources, Knarironov (1932) reported 181 spiders
(178 according to the modern classification). In this article we mention only the first and main
papers (Table 1). Purposive study of the Polesye (forest zone) began in the 90s of the last century
with the Evtushenko’s investigations (EvTusHENKo 1991 a, b, 1993). Before his works, there were
only several species known due to Lukyanov’s paper (Lukyanov 1897). Now 385 species are
recorded in this area. Many researchers have worked and are still working in the forest-steppe
zone: REINGARD (1874, 1877) and THoreLL (1875); in the modern period — AstakHova (1974,
1978), KiriLENKO, LEGOTAY (1981), PoLcHANINOVA (2003), and especially GNELITsA (1993, 1997,
2000 b, c, 2001), who investigated the main habitats of the Sumy Region with particular interest
to the systematics and ecology of the Linyphiidae. Four hundred forty-seven species are currently
known from this region. The research of the steppe zone was carried out by THoreLL (1875),
FREIBERG (1897), PERELESHINA (1927), Spassky (1914, 1927), Grese (1909) in the 18th — early
20th century (Table 1), and were continued by Guryanova (1992, 1993), PoLcuanmNova (1990 b,
1992, 1996) and Prokorenko (2001, 2002). As a result, 569 species are presently known from
the Ukrainian steppes.

The main lines of recent investigations are ecological-faunistic research, and systematics
of some families, particularly Gnaphosidae and Linyphiidae (due to the works by GNELITsA since
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1990 and those of KovBryuk —2003 a, 2004). A number of papers deal with the fauna inventory of
nature reserves and other protected territories (GurRYaNova, KHOMENKO 1991, PoLcHANINOVA 1988,
1990 a, 1997, 2001, ProkoPENKO 1998 a, GNELITSA 2000a), transformed lands - coal mine spoiled
banks (PrRokoPENKO 1998 b, 2001), city parks (ProkoPENKO 2000, 2003, PROKOPENKO, MARTYNOV
2003); and buildings (Evrusuenko 2000). These works investigate mainly the ecological aspects
of forming and dynamics of the spider communities, and the impact of the anthropogenic pres-
sure on their structure. Several works were devoted to phenology (ZyuziN, TysHCHENKO 1978)
and trophoecology — spiders in the nestlings’ food (PoLcHANINOVA, PrisaDA 1995) or vice versa,
spiders as predators and their preys in agroecosystems (PoLcHaNmNovA 1990 ¢, 1993).

The survey of the spider fauna

According to personal and literature data, by September 2005, 716 spider species from 34 families
have been recorded in the Left-Bank Ukraine. Twenty two species were described from the area,
16 of them are valid. The records of 41 species cannot be confirmed because of the lack of mate-
rial. We have put them in an additional list, and will further deal with only 675 species.

As a result of our research, 385 species have been registered in the forest zone, 447 in the
forest-steppe, 565 in the steppe, among them 518 in the forbgrass-festuca-stipa subzone (further
Steppe I), and 407 in the festuca-stipa one (further Steppe II). The third, semi-desert subzone has
not been investigated so far (Table 2). As we can see, the fauna of the first steppe subzone is the
richest. It is stipulated by both objective reasons — vast territory and habitat diversity (from flood
land and ravine forests in the North to dry steppes, coastal biotopes and saline marshes in the
South), and subjective one — being better investigated. As in many regional faunas in Palearctic,
family Linyphiidae is best represented; Gnaphosidae and Salticidae are 3 times less numerous in
species (Table 2). Their comparative richness among the species of the second rank is determined
by the fauna of the southern areas. The next rich in species families are Lycosidae, Theridiidae,
Araneidae, and Thomisidae. Eight main families make up 81% of the fauna. Their ratio changes
towards the South. Naturally, in the forest and forest-steppe zone, the share of Linyphiidae in-
creases, while that of Salticidae, Gnaphosidae, Philodromidae, and Thomisidae decreases. It is
especially noticeable in the second steppe subzone, where the difference between Linyphiidae and
Gnaphosidae amounts to less than 5% (Fig. 2). The number of Lycosidae decreases in the forest
zone, while that of Araneidae and Theridiidae differs without a visible zonal trend (Fig. 2).

We have analyzed the zoogeographic composition of the araneofauna of the Left-Bank
Ukraine and, according to the current distribution of species, 21 main chorotypes were distin-
guished and further grouped into 7 complexes. I — Cosmopolitan and Multiregional, II — Holarctic,
IIT — Transpalearctic and Transeurasiatic, IV — West-Central Palearctic (9 groups, more or less
widely distributed from Europe to the East, but do not reach the Pacific Ocean); V — European,
VI — Mediterranean - Asiatic, VII — disjunctive (Euro-American, Amphipalearctic, etc). The
classification was adopted from Gorobkov (1984). As expected, the majority of species have
wide areas. Holarctic ones amount to 15 % (Fig. 3), Transeurasiatic - 14%, Transpalearctic are of
less importance (5%). These species with circum- and transareas, together with the complex of
Cosmopolitan and Multiregional ones, comprise 36% of the fauna. The West-Central Palearctic
complex is the most numerous - 46.5%; of these the group of Euro-Siberian species is the biggest
(14% of the fauna as a whole). The widely distributed West-Central Palearctic species (from Eu-
rope and North Africa to West or Middle Siberia and Central Asia) and Westpalearctic (not further
than West Siberia, Kazakhstan and Caucasus) are poorly represented (about 5%). A complex with
different kinds of European ranges makes up 13%. As a whole these species are widespread in
Europe, and only 2.7% of the fauna is restricted to East Europe, or Middle and East, or South and
East Europe. Eleven species are distributed from the Mediterranean region to Central or Middle
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Table 2. Species composition of the spider families in different zones and subzones of the Left-Bank
Ukraine. Abbreviations: Steppe I — Forbgrass-festuca-stipa subzone, Steppe II — Festuca-stipa subzone,
NS — Number of species.

Families Total Forest zone Forest-steppe Steppe 1 Steppe 11
NS % NS % NS % NS % NS %
Atypidae 2 0.3 0 0.0 2 0.4 1 0.2 1 0.2
Scytodidae 1 0.1 1 0.3 1 0.2 1 0.2 1 0.2
Pholcidae 3 0.4 2 0.5 3 0.7 3 0.6 3 0.7
Segestriidae 1 0.1 0 0.0 1 0.2 1 0.2 0 0.0
Dysderidae 5 0.7 1 0.3 1 0.2 5 1.0 3 0.7
Oonopidae 1 0.1 1 0.3 0 0.0 0 0.0 0 0.0
Mimetidae 3 0.4 2 0.5 1 0.2 3 0.6 2 0.5
Oecobiidae 1 0.1 1 0.3 0 0.0 0 0.0 0 0.0
Eresidae 1 0.1 0 0.0 1 0.2 1 0.2 1 0.2
Uloboridae 1 0.1 0 0.0 1 0.2 1 0.2 1 0.2
Nesticidae 1 0.1 0 0.0 1 0.2 0 0.0 0 0.0
Theridiidae 52 7.7 31 8.1 35 7.8 43 8.3 36 8.8
Linyphiidae 204 30.2 130 33.8 151 33.8 125 24.1 69 17.0
Tetragnathidae | 13 1.9 10 2.6 13 29 13 2.5 10 2.5
Araneidae 40 59 30 7.8 34 7.6 34 6.6 29 7.1
Lycosidae 55 8.1 30 7.8 41 9.2 41 7.9 41 10.1
Pisauridae 3 0.4 3 0.8 3 0.7 3 0.6 2 0.5
Agelenidae 7 1.0 5 1.3 5 1.1 6 1.2 4 1.0
Argyronetidae 1 0.1 1 0.3 1 0.2 1 0.2 1 0.2
Hahniidae 4 0.6 3 0.8 3 0.7 2 0.4 1 0.2
Dictynidae 22 33 9 2.3 10 22 15 29 12 29
Titanoecidae 6 0.9 2 0.5 3 0.7 3 0.6 5 1.2
Oxyopidae 3 0.4 1 0.3 2 0.4 2 0.4 2 0.5
Anyphaenidae 1 0.1 1 0.3 1 0.2 1 0.2 1 0.2
Liocranidae 9 1.3 4 1.0 7 1.6 8 1.5 7 1.7
Clubionidae 17 2.5 12 3.1 13 29 14 2.7 11 2.7
Miturgidae 9 1.3 4 1.0 6 1.3 8 1.5 7 1.7
Zodariidae 2 0.3 0 0.0 0 0.0 2 0.4 1 0.2
Gnaphosidae 72 10.6 26 6.8 34 7.6 60 11.6 52 12.8
Zoridae 6 0.9 4 1.0 5 1.1 5 1.0 4 1.0
Sparassidae 1 0.1 1 0.3 1 0.2 1 0.2 1 0.2
Philodromidae | 24 3.6 15 3.9 12 2.7 23 4.4 19 4.7
Thomisidae 36 53 20 52 26 5.8 32 6.2 32 7.9
Salticidae 68 10.1 35 9.1 29 6.5 60 11.6 48 11.8
675 100 385 100 447 100 518 100 407 100

274



N. Polchaninova & H. Prokopenko: Spiders of Left-Bank Ukraine

Forest zone Forest-steppe zone

Steppe subzone I Steppe subzone 11

Total
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Fig. 2. Contribution to species diversity by the main spider families in different zones/subzones of the
Left-Bank Ukraine. I — Linyphiidae, I — Gnaphosidae, III — Salticidae, IV — Lycosidae, V — Theridiidae,
VI — Araneidae, VII — Thomisidae, VIII — Philidromidae, IX — Others. Abbreviation and species ratio as
in Table 2.

Asia; twelve species have different kinds of disjunctive areas. One species, Agelenopsis potteri

(BLackwaLL, 1846), was introduced from North America.

A number of species have their borders of distribution in the investigated area. To our mind,
there are no endemics, because there is no physiographical restricted areas. Four species, being
found only in the area are known mainly from the type localities. Except one, they were recorded
in the southern steppes, and may occur in similar habitats eastwards, in Russia. We consider them
to be Pontic species (Harpactea azovensis KHaritonov, 1956, Larinia elegans Spassky, 1939,
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Fig. 3. Zoogeografical composition of the spider fauna of the Left-Bank Ukraine. Chorotypes: COSM — Cos-
mopolitan, MREG — Multiregional, HOL — Holarctic, TRPAL — Transpalearctic, TREUR — Transeurasiatic,
WCPAL — west-central-Palearctic, WPAL — westpalearctic, E-S-CA — Euro-Sibero-central Asiatic, E-S-
MA — Euro-Sibero-middle Asiatic, E-S — Euro-Siberian, E-CA — Euro-central Asiatic, E-MA — Euro-middle
Asiatic, E-Kaz — Euro-Kazakhstanian, E-Ca — Euro-Caucasian, E — European (wide), S-EE — South-East
European, M-EE — middle-east European, EE — east European, MED-CA — Mediterranean-central Asiatic,
MED-MA — Mediterranean-middle Asiatic, Disjunctive, Unspecified.

Drassodes charkovie (THORELL, 1875), Philodromus dilutus THORELL, 1875). In Left Bank Ukraine
we have not found species with southern boundaries of distribution, while there is a bulk of spe-
cies whose northern limit of distribution reaches the area. They came from the Mediterranean
realm (Minicia candida DeNis, 1946, Sintula retroversus (O.P.-CAMBRIGE, 1875), Pardosa vittata
(KEYSERLING, 1863), Trachyzelotes barbatus (L. KocH, 1866), T. malkini (PLATNICK, MURPHY,
1984), Philodromus glaucinus SiMoN, 1870, Singa lucina (SAvVIGNY, AUDOUIN, 1826), or have
another origin (Agelena orientalis C. L. KocH, 1837, Tegenaria lapicidinarum Spassky, 1934,
Dictyna armata THORELL, 1875, Trachyzelotes lyonneti (SAVIGNY, AUDOUIN, 1826). Ten species
are spread in Central, Middle Asia or Kazakhstan, in arid areas, and reach East European steppes
but do not get over the Dnieper. However, taking into consideration the scarce knowledge of the
araneofauna of the Right-Bank steppes, we may expect them to appear westwards (Pelecopsis
laptevi (TANASEvITCH, FET, 1986), Sauron fussicornis Eskov, 1995, Mustelicosa dimidiata (THORELL,
1875), Pirata cereipes (L. KocH, 1826), Devade tenella (TysTSHENKO, 1965), Gnaphosa cumensis
Ponomarsov, 1981, Leptodrassus memorialis Spassky, 1940, Talanites strandi Spassky, 1940,
Xysticus mongolicus SCHENKEL, 1863, Mogrus larisae LoGunov, 1995). Both Minicia caspiana
TaNASeviTCcH, 1990 and Synageles scutiger ProszyNski, 1979 have North and West borders, Gna-
phosa moesta THORELL, 1875 has North and East ones; and, finally, two European species do not
spread eastwards (Zodarion rubidum SivoN, 1914, Sintula spiniger BALOGH, 1935).

In conclusion we want to emphasize that the study of spiders in the area continues. The
comparatively short list of species may be explained not only by insufficient data, but also by the
flat landscape, mainly transformed in agroecosystems.
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[Ipernen Ha u3cienBaHusTa BbpXy nasuure (Araneae) Ha
JleBus Opsir (Ykpaiina) ¢ HOBU JIaHHU

H. Ilonuanunosa, E. [Ipokonenko

(Pe3tome)

B crarumsra e npencraBeH KparbK Iperviel] Ha MpOyYBaHUsITa BbPXY HaslUTe Ha YKpaiiHa OT
70-te ronuHM Ha 18 BEeK /10 HAIIM JIHU, KaTto € 00bpPHATO 0COOCHO BHUMAaHKE Ha Te3H, OTHACSIIH
ce 110 apaHeodayHara Ha JleBust Opar. O0o0IeHNUTE TUTEpaTypHH U aBTOPOBH JJaHHU TTOKa3BaT,
4e 10 MOMEHTA Ha M3cjie/[BaHaTa TepUTOpHUs ca ycTaHOBeHH 716 Buaa masiu oT 34 ceMeiicTsa,
a 41 Buma ce Hyx)aaat ot notBbpxkacHue. Cemeiicto Linyphiidae e mpencraBeHo ¢ Hail-MHOTO
BUJIOBE, ciezBar ro Salticidae u Gnaphosidae ¢ TpUOTM3UTETHO TPH TBTH MTO-MAJIKO TAKCOHH OT
BHUJI0Bara rpyna. 3ooreorpa)cKHsIT aHaIM3 OKa3Ba, Ye OCHOBHATA 4acT OT (payHara € ChCTaBeHa OT
BUJIOBE C ITUPOKH apeani. OCBEH TAX, Ca pErUCTPUPaHH U TOISIM OPOI MEANTEPAHCKH M A3UATCKH
BUJIOBE, YUHTO TPAHUIIN Ha pa3pOCTpaHEeHNEe MUHABAT TIpe3 M3CieABaHaTa TEPUTOPHSL.
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On the biogeography of Romanian spiders (Araneae)

Andreea Tatole'

Abstract: The biogeographical structure of the Romanian spider fauna is analyzed differentially: first at
macro-regional level, in order to outline the global distribution of the species, and secondly at the level of
Palearctic subregions, to show the affinities of the species with different types of climate and habitats. The
results show that Palearctic and Holarctic elements dominate among Romanian spiders as 81.16% of the
species are widespread and occur throughout Europe.

Key words: spiders, zoogeographical analysis, macro-regions, Palearctic subregions, Romania

Introduction

One of the most obvious features of the living world is its lack of uniformity in distribution — plants
and animals showing both spatial and temporal distribution patterns (BANARESCU, Boscaiu 1973;
Cox, Moor 1985). As the anthropic pressure is growing, controlling its effects on the different
species of plants and animals is becoming more and more important, and biogeography plays a
significant role in conservation (BANARESCU, TATOLE 1996).

Material and Methods

The zoogeographical analysis of the Romanian spider fauna was carried out using the checklist
published by WEiss, UrAk (2000), which was renewed following the data from the catalog of
Prarnick (2004). The intra-Palearctic analysis was made using the map of the biogeographic
subregions given by the European Environmental Agency (online at http://dataservice.eea.eu.int/
atlas/viewdata/viewpub.asp?id=221)

Results and Discussion

The biogeographical analysis of the spider fauna has been made in two steps: first at macro-re-
gional level in order to depict the global distribution of the species, and secondly at the level of
Palearctic subregions to emphasize their climatic affinities.

Macro-regional level

The general accepted system in biogeography is the one defined by WaLLAcE (1876) for mammals
(Fig. 1), but the limits of the zoogeographic regions are still a subject of debate, since a single
geographic element may or may not represent a barrier for a certain group of organisms. Never-
theless, most of the zoologists are using this system as a matter of standardization.

Cox (2001) suggested the reconsideration of the zoogeographic regions for various reasons:
(1). The Wallace’s system is based on the dispersion patterns of terrestrial mammals, whose dis-

[ . . ..
Ministry of Environment and Water Management, Department of Protected Areas, 12, Libertatii Blvd.,
Bucharest, Romania. E-mail: andreea.tatole@gmail.com
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Nearctic

Fig. 1. Map of the zoogeographic regions as defined by Wallace (after Cox, 2001).

tribution is limited to the continental area, and which do not have the means to cross the oceans.
The majority of all the other groups of terrestrial animals have distribution patterns closer to those
of the flowering plants, being able to disperse either actively, or passively (e.g. on or inside the
body of the birds). Thus, “it seems to be inappropriate to call Wallace’s Regions “Zoogeographic
regions”, with the implication that these are the patterns of distribution of animals in general. It
would, therefore, be better to refer to them more specifically as “Mammal zoogeographic regions”,
with the implication that other groups of animals may have different patterns (as they do)” (Cox
2001); (2). As the mammals are limited to the continental plates, and the regions correspond to
them, it would be more accurate to name the regions after the names of the continents; (3). The
Wallace’s Line does not reflect the reality and it has not had a positive effect on the zoogeographi-
cal researches. Many scientists tried to find “the better” place to draw it — a futile action, since
there is no such place, and the studies did not lead to the further development of biogeography,
being a mere comparative study of the competitive and dispersion abilities of the different groups
of animals colonizing the area. The best solution is represented by the exclusion of these islands
from both regions, limiting the Oriental and the Australian to the continental plates, and the area
in between to be named Wallacea; (4). From the historical point of view, the area occupied now

Fig. 2. Map of zoogeographic regions after Cox (2001).
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by the Sahara Desert has represented a crossover region between the European and African flora.
Once the climatic regime had changed during Pliocene, the South of Europe became at first
warm-temperate, afterwards changing into the nowadays Mediterranean, and the desert has grown
northwards including the area just to the south of it. Thus, the Sahara is an area where the former
tropical flora of North Africa has disappeared, and logically is considered a part of the African
Region. Fig. 2 shows the model of Cox (2001).

Because Cox’s ideas have not been widely accepted yet, we have analyzed the zoogeographi-
cal structure of the Romanian spider fauna in accordance to both models. The results obtained
following the Wallace’s model are presented in Fig. 3. As seen from the figure, the Palearctic
elements (85.74%) are dominant, followed by the Holarctic ones (11.34%), while the affinities
between the Palearctic Region and all the other ones are much weaker than those with the Nearctic
Region. Following Cox’s model, the results are only slightly different (Fig. 4) — the North African
species being included in the African Region and not in the Palearctic one.
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Fig. 3. Comparative share of the zoogeographical elements in the Romanian spider fauna.
AF=African; AU=Australian; C=Cosmopolitan; H=Holarctic; N=Neotropical; O=Oriental; P=Palearctic.
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Fig. 5. Comparative share of the intra-Palearctic zoogeographical elements in the Romanian spider fauna.
P=Palearctic; C=Continental; S=Steppic; E=Endemic; A=Alpine; M=Mediterranean; Ma=Macaronezian;
Pa=Pannonian; Po=Pontic.

Palearctic sub-regions level

To analyze the structure at this stage, we considered the biogeographic subregions given by the
European Environmental Agency. The Palearctic Kingdom is divided into 11 subregions, the
following 5 falling within the borders of Romania: Continental, Alpine, Pannonian, Steppic,
and Pontic. Analyzing the obtained data, one can observe that the vast majority of species have
extended areals, a fact proven by the sheer dominance of Palearctic elements — 54%, followed by
the Continental and Steppe ones — 14.78%, and the Continental ones — 12.38% (Fig. 5). Thus, out
of 961 species hitherto registered in Romania, 780 (81.16%) are widely distributed throughout
Europe. The occurrence of a certain species in quite different areas (e.g. Meta bourneti is known
from four different regions — Continental, Steppe, Alpine, Mediterranean) suggests that in fact
its areal is still insufficiently known and the species has larger ecological plasticity, which allows
a much wider distribution.

Received: 29.11.2005
Accepted: 20.04.2006

References

BANAREscu P, N. Boscaiu 1973. Biogeografie. Editura Stiintifica, Bucuresti, 302 p. (In Romanian)

BANAREScU P., V. TatoLE 1996. Problems of the zoogeography of Romania. - Revue Roumaine de Biologie,
Serie de Biologie Animale, 41 (2): 171-185.

Cox C. B. 2001. The biogeographic regions reconsidered. - Journal of Biogeography, 28 (4): 511-523.

Cox C. B, P. D. Moor 1985. Biogeography. An Ecological and Evolutionary Approach. Fourth edition.
Oxford, Blackwell Scientific Publications, 244 p.

Prarnick N. 1. 2004. The world spider catalog, version 5.0. American Museum of Natural History, online at
http://research.amnh.org/entomology/spiders/catalog/index.html

284



A. Tatole: Biogeography of Romanian spiders

Weiss L., I. UrRAk 2000. Faunenliste der Spinnen Rumrniens. Available online from http://members.aol.
com/Arachnologie/Faunenlisten.htm

WatLaceA. R. 1876. The Geographical Distribution of Animals: with a study of the relations of living and extinct
faunas as elucidating the past changes of the earth’s surface. Macmillan, London, (p. xxxv), 1, 110 p.

buoreorpadcku ananu3 Ha apaHeodayHara Ha PymbHUS
(Araneae)

A. Tamone

(Pe3rome)

buoreorpadckara cTpyktypa Ha apaHeodayHara Ha PyMbHHS € aHanu3upaHa Ha Makpo-
HUBO MO KJIACHYECKOTO pa3lieisiHe Ha LapcTBara, MpeyiokeHo oT Yousc mpe3 1876 T, u Ha
HUBO ,,lTofpernoHn” B IlameapkTHYHOTO IAPCTBO. AHATU3BT MOKa3Ba, 4ye MaJeapKTUYHHUTE U
XOJAPKTUYHUTE €JIEMEHTH AOMUHHpAT B pyMbHCKaTa dayHa, karto 81.16% oT BumoBere umar
IIMPOKO pasnpocTpaHeHue B EBpomna.
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The spider fauna of the Giilek Pass (Turkey) and its environs
(Araneae)

Aydin Top¢u', Hakan Demir', Osman Seyyar', Tuncay Tiirkes?

Abstract: The present study puts on record 140 species belonging to 70 genera and 28 families established
in the region of Giilek Pass, Turkey. Five species, Enoplognatha mordax (THORELL, 1875), Araneus sturmi
(Hann, 1831), Hypsosinga albovittata (WESTRING, 1851), Lycosa singoriensis (LAXMaNN, 1770) and Pardosa
hortensis (THORELL, 1872), are new country records. The zoogeographical categories and habitats for all the
spiders established in the region are presented.

Key words: spiders, faunistics, new records, Toros Mountains

Introduction

The Turkish spiders are rather poorly studied. The most important papers dealing with the ara-
neofauna of the country are those of KurczyNski (1903), Nosek (1905), RoEwer (1960), KaroL
(1967), and a series of publications of BrigNoLI (1968, 1972, 1978a,b, 1979a,b). All existing
information was summarised recently by Bayram (2002) and Topcu et al. (2005). In terms of
spiders, still quite a number of regions remain to be faunistically prospected. The Giilek Pass in
Toros Mountains is one of these white spots. The aim of the current study is to put on record the
results of the investigations carried out between 2001 and 2003 in Giilek Pass and its environs,
and to provide an analysis of the species diversity.

Study area and Material

The Giilek Pass forms the main passage through the Toros Mountains, which are situated in
southeastern Turkey. It has transitional characteristics between the low plains of the Mediter-
ranean region and the high central plateau of Anatolia. Dominating the Mediterranean coast are
the western and main ranges of the Toros Mountains, which tower over the narrow plains along
the Mediterranean Sea. Rivers and streams that flow into the sea have cut steep-sided, narrow
valleys through the main Toros range, providing natural passes through the mountains. The pass
connects the alluvial Adana Plain, one of the most highly developed agricultural areas in Turkey,
with the interior regions.

The vegetation types of the four main areas sampled are listed below:

- Steppe area, with plant community composed of: Berberis crataegina, Crataegus mo-
nogyna, Eleagnus angustifolia, Onobrychis cornuta, Convolvulus compactus, Genista albida,
Poa annua, Muscari longipes, Astragalus, and Acantholimon.

- Forest area, with plant community composed of: Quercus infectoria, Q. coccifera,

! University of Nigde, Faculty of Science & Arts, Department of Biology, TR-51200 Nigde, Turkey. E-mail:
osmanseyyar@hotmail.com

2 Department of Biology, Faculty of Science, University of Hacettepe, TR-06532, Ankara, Turkey
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Q. cerris, Sytrax officinalis, Phillyrea latifolia, Pistacia terebinthus, Rhamnus hirtellus, Juniperus
excelsa, J. oxycedrus, Pinus brutia, and Cedrus libani.

- Rocky area, with plant community composed of: Cotoneaster nummularia, Teucrium
chamaedrys, Centaurea drabafolia, Thymus spyleus, Salvia cryptantha, Arenaria angustifolia,
Dianthus tabrisianus, Hypericum perfoliatum, Veronica multifida, Salvia lavandulifolia, and
Potentilla speciosa.

- Marshy area, with plant community composed of: Salix alba, Euphorbia macroclada,
Phragmites australis, Juncus inflexus, Mentha aquatica, Primula auriculata, Alchemilla ellen-
bergiana, and Polygonum amphibium.

The material was collected from April 2001 to June 2003 by pit-fall trapping and hand
collecting. The collecting sites are indicated on map (Fig. 1). The entire collection is currently
preserved in the Arachnology Museum of Nigde University (NUAM).

Results and Discussion

A total of 140 species belonging to 70 genera and the following 28 families were found (Table 1;
respective number of species indicated in brackets): Sicariidae (1), Scytodidae (1), Pholcidae (4),
Dysderidae (4), Palpimanidae (1), Mimetidae (2), Eresidae (1), Oecobiidae (1), Uloboridae (1),
Theridiidae (8), Linyphiidae (5), Tetragnathidae (2), Araneidae (13), Lycosidae (13), Pisauridae
(1), Oxyopidae (4), Agelenidae (2), Dictynidae (2), Amaurobiidae (2), Titanoecidae (2), Mitur-
gidae (2), Liocranidae (1), Zodaridae (2), Gnaphosidae (24), Sparassidae (1), Philodromidae (6),
Thomisidae (23) and Salticidae (11). One hundred and thirty-five species are new for the region,
while the species: Enoplognatha mordax (THORELL, 1875), Araneus sturmi (HAnN, 1831), Hypsos-
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Fig. 1. Map of Giilek Pass and its environs. Localities: A - Nigde Province, 1 - village of Giimiis, 2 - village
of Maden, 3 - village of Alihoca, 4 - Meydan Plateau; B - Mersin Province, 5 - village of Belemedik, 6 - town
of Giilek, 7 - village of Sarusik, 8 — village of Camliyayla; C - Adana Province, 9 - Pozant1 District.

288



A. Topgu et al.: Spiders from Giilek Pass

inga albovittata (WESTRING, 1851), Lycosa singoriensis (LAXMANN, 1770) and Pardosa hortensis
(THORELL, 1872), are new for the Turkish araneofauna. Best represented are the families: Gna-
phosidae - 17.14% of all records, Thomisidae - 16.42%, Lycosidae - 9.28%, Salticidae - 7.85%,
Theridiidae - 5.71%, Philodromidae - 4.28%, and Lyniphiidae - 3.57%. The genus Xysticus is by
far the species richest of all, having 13 species found to occur in the investigated region.

Concerning habitats, most of the species were found in marshy (101) and forest (50) ar-
eas, while a comparatively low number of species was registered in rocky (28) and steppic (26)

habitats (Table 1).

Table 1. List of the spiders established in the Giilek Pass and their habitat distribution. Habitats: S - Steppic
area, F - Forest area, R - Rocky area, M - Marshy area. Localities: Nigde Province: 1 - Glimiis, 2 - Maden,
3 - Alihoca, 4 - Meydan Plateau; Mersin Province: 5 - Belemedik, 6 - Giilek, 7 - Sarusik, 8 - Camliyayla;

Adana Province: 9 - Pozanti District.

E)

Species Distribution Habitats | Locality
Sicariidae

Loxosceles rufescens (DUrour, 1820) Cosmopolitan S 2
Scytodidae

Scytodes thoracica (LATREILLE, 1802) Holarctic, Pacific Is. S 2,6
Pholcidae

Holocnemus pluchei (ScopoLi, 1763) Mediterranean R 7
Pholcus opilionoides (SCHRANK, 1781) Holarctic R 2,3,5,7
Pholcus phalangioides (FUgssLIN, 1775) Cosmopolitan R 2,5,7
Hoplopholcus asiaminoris BRigNoLI, 1978 Turkey R 5,7
Dysderidae

Dysdera crocata C. L. KocH, 1838 Cosmopolitan S, M 5,6
Dysdera erythrina (WALCKENAER, 1802) Europe, Georgia, Turkey M, F 2,3,6,9
Dysdera ninnii CANESTRINI, 1868 iﬁﬁggjm Europe, Ukraine, M 2,4
Dysdera taurica CHARITONOV, 1956 ”?“3?1:2;“1 Europe, Ukraine, M 2,5
Palpimanidae

Palpimanus gibbulus Durour, 1820 Mediterranean, Central Asia | M 3,9
Mimetidae

Ero aphana (WALCKENAER, 1802) Palearctic M, F 5
Mimetus laevigatus (KEYSERLING, 1863) I\A/[;giterranean to Central M, F 6
Eresidae

Eresus cinnaberinus (OLIVIER, 1789) Palearctic S,R 2,5
Oecobiidae

Uroctea durandi (LATREILLE, 1809) Mediterranean EM 2,3,5,6,9
Uloboridae

Uloborus walckenaerius LATREILLE, 1806 Palearctic F,M 3,5
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Table 1. Continued.

Species Distribution Habitats | Locality
Theridiidae
Achaearanea tepidariorum (C.L. Koch, 1841) | Cosmopolitan S,R 9
Crustulina scabripes SIMON, 1881 Mediterranean S, R 6
Steatoda albomaculata (DE GEER, 1778) Cosmopolitan S,R,M |5
Steatoda bipunctata (LINNAEUS, 1758) Holarctic S,R 6
Steatoda castanea (CLERCK, 1757) Palearctic S, M 5,7
Steatoda grossa (C. L. Koch, 1838) Cosmopolitan S, M 7
Steatoda paykulliana (WALCKENAER, 1805) Europe, M.editerranean to S.R 2.3.6,9
Central Asia
Enoplognatha mordax (THORELL, 1875) Palearctic S, M 5,7
Linyphiidae
Erigone atra BLackwaLL, 1833 Holarctic M, F 4
Erigone dentipalpis (WIDER, 1834) Holarctic M, F 5
Frontinellina frutetorum (C.L. Koch, 1834) Palearctic M, F 5,6,8,9
Lepthyphantes leprosus (OHLERT, 1865) Holarctic, Chile M, F 5
Tenuiphantes zimmermanni (BERTKAU, 1890) Europe, Russia, Turkey M, F 4
Tetragnathidae
Tetragnatha extensa (LINNAEUS, 1758) Holarctic, Madeira M, F 5,9
Tetragnatha montana Simon, 1874 Palearctic M, F 4
Araneidae
Aculepeira ceropegia (WALCKENAER, 1802) Palearctic M, F 3
Agelenatea redii (ScopoLi, 1763) Palearctic F 5,9
Araneus diadematus CLERCK, 1757 Holarctic M, F 1,2,4,7,9
Araneus marmoreus CLERCK, 1757 Holarctic M 2
Arainella cucurbitina (CLERCK, 1757) Palearctic M 7,8
Argiope bruennichi (ScopoLi, 1772) Palearctic M, F 6
Argiope lobata (PALLAs, 1772) Old World M, F 6,7
Cyclosa conica (PaLLas, 1772) Holarctic M, F 6
Hypsosinga pygmaea (SUNDEVALL, 1831) Holarctic M 5
Mangora acalypha (WALCKENAER, 1802) Palearctic M, F 3,5,6,9
Neoscona adianta (WALCKENAER, 1802) Palearctic M 3,5,6,7,9
Araneus sturmi (HAnN, 1831) Palearctic M 2,6,7
Hypsosinga albovittata (WESTRING, 1851) Europe, North Africa, Russia | M 3
Lycosidae
Arctosa cinerea (FaBricius, 1777) Palearctic, Congo M 2,3,8
Arctosa perita (LATREILLE, 1799) Holarctic M 2,5,7
Arctosa personata (L. Koch, 1872) Western Mediterranean M 2,57
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Table 1. Continued.

Species Distribution Habitats | Locality
Arctosa fulvolineata (Lucas, 1846 West Palearctic M 7
Geolycosa vultuosa (C.L. Koch, 1838) g(;ll?rlzf Zt:ir: Europe to M 6
Pardosa agrestis (WESTRING, 1861) Palearctic M, F 8
Pardosa agricola (THORELL, 1856) Europe to Kazakhstan M 4
Pardosa amentata (CLERCK, 1757) Europe, Russia, Turkey M 2,3,5,6
Pardosa proxima (C.L. KocH, 1847) Palearctic, Canary Is.,Azores | F 2,5
Pardosa pullata (CLERCK, 1757) E‘:ﬂ‘:f; /fs‘;ZSia’ Turkey, M F  [2,3,5,7
Trochosa terricola THORELL, 1856 Holarctic M, F 9
Lycosa singoriensis (LAXMANN, 1770) Palearctic M, F 2,3
Pardosa hortensis (THORELL, 1872) Palearctic M, F 2,3,5,6
Pisauridae

Pisaura mirabilis (CLERCK, 1758) Palearctic M 2,6,9
Oxyopidae

Oxyopes lineatus LATREILLE, 1806 Palearctic M 3,6
Oxyopes nigripalpis KuLczynski, 1891 Mediterranean M 3
Oxyopes heterophthallus (LATREILLE, 1804) Palearctic M 2,9
Oxyopes ramosus (MARTINI, GOEZE, 1778) Palearctic M 2
Agelenidae

Agelena labyrinthica (CLERCK, 1757) Palearctic S,M 2,5
Tegeneria parietina (FOurcroy, 1785) EZL?;’ES??] Africa to S, M 6
Dictynidae

Dictyna latens (FaBricius, 1775) Europe to Central Asia M 9
Dictyna arundinacea (LINNEAUS, 1758) Holarctic M, F 6,9
Amaurobiidae

Amaurobius ferox (WALCKENAER, 1860) Holarctic M, F

Amaurobius fenestralis (STROM, 1768) Europe to Central Asia M, F 2
Titanoecidae

Nurscia albomaculata (Lucas, 1846) Europe to Central Asia R 7
Titanoeca schineri L. KocH, 1872 Palearctic S, R 6
Miturgidae

Cheiracanthium erraticum (WALCKENAER, 1802) | Palearctic M 3
Cheiracanthium punctorium (VILLERS, 1789) Europe to Central Asia M 5
Liocranidae

Agroeca inopina O. P.-CAMBRIDGE, 1886 Europe, Algeria, Turkey S 2
Zodaridae

Zodarion germanicum C.L. KocH, 1837 Europe, Turkey M 2
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Table 1. Continued.

Species Distribution Habitats | Locality
Zodarion rubidum SimoN, 1914 gﬁiffdel’m];g)key’ USA M 3
Gnaphosidae

Callilepis nocturna (LINNAEUS, 1758) Palearctic M 6
Drassodes cupreus (BLACKWALL, 1834) Palearctic M 2,6,7
Drassodes lapidosus (WALCKENAER, 1802) Palearctic R,M,F |2,3,8
Drassodes pubescens (THORELL, 1856) Palearctic S,R 4,7,8
Drassodes villosus (THORELL, 1856) Palearctic M 3,5,6
Drassyllus praeficus (L. Koch, 1866) Europe to Central Asia R 4,5
Drassylus pusillus (C.L. Koch, 1833) Palearctic M, F 8
Gnaphosa lucifuga (WALCKENAER, 1802) Palearctic S,R 6
Gnaphosa lugubris (C.L. Koch, 1839) Europe to Central Asia S,R 6
Gnaphosa montana (L. KocH, 1866) Palearctic F 4
Gnaphosa opaca HErRMAN, 1879 Europe to Central Asia R 4
Haplodrassus dalmatensis (L. Koch, 1866) Palearctic S, R 8
Haplodrassus signifer (C.L. Koch, 1839) Holarctic S,R 5,6,7
Haplodrassus umbratilis (L. Koch, 1866) Europe to Kazakhstan S, R 2,6,8,9
Micaria formicaria (SUNDEVALL, 1831) Palearctic F 7
Micaria rossica THORELL, 1875 Holarctic F 2
Nomisi aussereri (L. KocH, 1872) Palearctic F 6
Nomisia exornata (C.L. KocH, 1839) Europe to Central Asia M, F 6,7,8,9
Nomisia ripariensis (O.P.-CAMRIDGE, 1872) Greece, Azerbaijan, Turkey |F 7
Zelotes caucasicus (L. KocH, 1866) Europe to Central Asia R 6,7
Zelotes electus (C.L. Koch, 1839) Europe to Central Asia S,R 2
Zelotes latreillei (SMoN, 1878) Europe, Azerbaijan, Turkey | M, F 9
Zelotes longipes (L. KocH, 1866) Palearctic R,F 2
Zelotes puritanus CHAMBERLIN, 1922 Holarctic R,F 6
Sparassidae

Micrommata virescens (CLERCK, 1757) Palearctic M 3
Philodromidae

Paratibellus oblongiusculus (Lucas, 1846) Europe to Central Asia M,F 6
Philodromus aureolus (CLERCK, 1757) Palearctic M, F 6,7,8
Philodromus praedatus O.P.-CAMBRIDGE, 1871 | Europe, Russia, Turkey M 7
Thanatus formicinus (CLERCK, 1757) Holarctic M, F 4,5,6
Thanatus vulgaris SiMoN, 1870 Holarctic M, F 2,3,6
Tibellus oblongus (WALCKENAER, 1802) Holarctic M, F 58
Thomisidae

Heriaeus graminicola (DoLESCHALL, 1852) Europe to Central Asia M é’ 72’ 3.3

292




A. Topgu et al.: Spiders from Giilek Pass

Table 1. Continued.

Species Distribution Habitats | Locality
Heriaeus melloteei StMON, 1886 Palearctic M 4,6,8,9
Misumena vatia (CLERCK, 1757) Holarctic M 3,4,6
Ozyptila claveata (WALCKENAER, 1837) Palearctic M, F 4
Ozyptila praticola (C.L. KocH, 1837) Holarctic M, F 5
Ozyptila simplex (O.P.-CAMBRIDGE, 1862) Palearctic M, F 6

Pisitus truncatus (PaLLas, 1772) Palearctic M 2,3,6,7
Runcinia grammica (C.L. KocH, 1837) PAelaclreigzrlctic, St. Helena, South M 5,7,8,9
Synema globosum (FaBricius, 1775) Palearctic M é” 72’ 353
Thomisus onustus WALCKENAER, 1805 Palearctic M ;: g: g’ 36,
Xysticus bifasciatus C.L. KocH 1837 Palearctic S,M 5
Xysticus cristatus (CLERCK, 1757) Palearctic M, F 2,3,5,6
Xysticus ferrugineus MENGE, 1876 Palearctic M, F 3
Xysticus kempeleni THORELL, 1872 Europe to Central Asia R,M 5
Xysticus kochi THORELL, 1872 Eg;‘;f;’gi‘fitemnea“ M 1,3,5,6
Xysticus lanio C.L. KocH Palearctic M, F 2,3,5,6
Xysticus lineatus (WESTRING, 1851) Palearctic M, F 5
Xysticus ninnii THORELL, 1872 Palearctic S,F 5,6
Xysticus robustus (Haun, 1832) Europe to Central Asia M 4,6
Xysticus sabulosus (HAHN, 1832) Palearctic M, F 4,5
Xysticus striatipies L. Koch, 1870 Palearctic M 6,7
Xysticus ulmi (Hann, 1831) Palearctic M 5,6
Xysticus viduus KuLczyNski, 1898 Palearctic M, F 4
Salticidae

Evarcha arcuata (CLERCK, 1757) Palearctic M 5
Evarcha falcata (CLERCK, 1757) Palearctic M 5
Habrocestum latifasciatum (SiMoN, 1868) Eastern Mediterranean M 6,9
Heliophanus aeneus (HanN, 1832) Palearctic M 3
Heliophanus auratus C.L. Koch, 1835 Palearctic M 6,7
Heliophanus flavipes Hann, 1832 Palearctic M 9
Heliophanus lineiventris SIMON, 1868 Palearctic S, M 1,2
Heliophanus mordax (O.P.-CAMBRIDGE, 1872) Greece to Central Asia M 2,3,9
Philaeus chrysops (Poba, 1761) Palearctic R,M 513: 92’ 3,3
Phlegra fasciata (Hann, 1826) Palearctic M 6
Plexippoides gestroi DaLMas, 1920 Eastern Mediterranean M 4
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The zoogeographic classification of the spiders has been made on the basis of literature data
reflecting their current distribution (PLatnick 2006) (Fig. 2). Thus, our analysis shows that species
with Palearctic distribution, represented on the studied territory by 67 species, are most numer-
ous. Among them common species are: Heliophanus flavipes, Runcinia grammica, Haplodrassus
umbratilis, Oxyopes lineatus and Mangora acalypha. The European-Central Asian chorotype is
represented by 27 species, of them Xysticus kempeleni, Nomisia exornata and Pardosa agricola
being most typical for the concerned region. The following data represent the species number of
each zoogeographic category (in brackets are the most numerous species): Holarctic - 23 (7ibel-
lus oblongus, Haplodrassus signifer and Trochosa terricola), Mediterranean - 10 (Palpimanus
gibbulus and Crustulina scabripes); Cosmopolitan - 6; European-Asia Minor - 4, Middle East-
European - 2, Old World - 1 and Turkish endemics - 1.
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Fig. 2. Relative share of the defined chorotypes of spiders found in the Giilek Pass.
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Apaneodaynara Ha nipoxoza [tonex (Typuust) u HeroBuTe
OKOJTHOCTH (Araneae)

A. Tonuy, X. lemup, O. Ceiiap, T. Tiopxew

(Pe3rome)

B crarmsara ce croomasar 140 Buma masiu ot 70 pona u 28 ceMeiicTBa, yCTaHOBEHH B paifoHa
Ha mpoxonaa [romek, Hamupamn] ce B rannHara Topoc (FOromsrouna Typmwus). Ilet Buga —
Enoplognatha mordax (THORELL, 1875), Araneus sturmi (Haun, 1831), Hypsosinga albovittata
(WESTRING, 1851), Lycosa singoriensis (LaxMann, 1770) u Pardosa hortensis (THORELL, 1872),
ca HOBHU 3a (ayHara Ha Typuwust. [IpencraBenn ca naHHUM 3a 300reorpadckara NMpUHAUIEKHOCT U
KOHKPETHHUTE MECTOOOUTAHUTA Ha BCEKH EMH OT YCTAHOBEHNTE BUJIOBE.
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New spider species records for the Isle of Mull, UK (Araneae)

Susan P. Bennett, David Penney2

Abstract: Thirty-eight spider species were collected in pitfall traps from the Isle of Mull, UK. The following
24 species are new records for Mull: Clubiona compta (Clubionidae); Drassodes cupreus (Gnaphosidae);
Pardosa nigriceps, Pirata hygrophilus (Lycosidae); Xysticus erraticus (Thomisidae); Agyneta ramosa, Cera-
tinella brevipes, C. brevis, Dicymbium nigrum, D. tibiale, Evansia merens, Gongylidiellum vivum, Hypsel-
istes jacksoni, Micrargus herbigradus, Monocephalus fuscipes, Palliduphantes ericaeus, Peponocranium
ludicrum, Pocadicnemis pumila, Tenuiphantes alacris, T. cristatus, Walckenaeria cuspidata, W. nudipalpis,
W. unicornis (Linyphiidae); Zora spinimana (Zoridae). Thirteen genera and two families (Gnaphosidae and
Zoridae) are new records. More than 60% of the species collected were new records making a new total
of 72, an increase of 50%. Such a large number of new records from a small sample size demonstrates the
island’s araneofauna is poorly known and warrants further investigation.

Key words: Clubionidae, Gnaphosidae, Linyphiidae, Lycosidae, Thomisidae, Zoridae

Introduction

CopbINGTON, LEVI (1991) considered the spider fauna of Western Europe (especially England) the
most completely known when compared to other regions of the world. The British spider fauna
consists of in excess of 620 species in 33 families (HARVEY ef al. 2002). Although spider distri-
butions in Great Britain are relatively well known, some remote regions remain understudied.
This is particularly true of some off-shore islands, such as the Isle of Mull off the west coast of
Scotland (Fig. 1). At the south-western tip of the island is an area of conservation interest called
the Tireragan estate, which comprises hazel and birch woodland. The area has been deer-fenced
for the last ten years to encourage natural regeneration and the consequences of this management
practice for the existing arthropod communities is not known. Moreover, there is relatively little
known about the baseline communities of spiders prior to the implementation of this conserva-
tion method. Therefore, it is important to inventory the species present in order to anticipate
and assess future changes in the araneofauna, which may come about as a result of changes in
management strategy.

Methods

Sampling consisted of 64 pitfall traps set in hazel and birch woodlands of the Tireragan estate for
a period of four days during May 2004. Each trap consisted of a plastic cup 6.5 cm diameter x 9.5
cm deep containing 50 ml of 70% ethanol. Spiders were identified under ethanol using a Wild M8
zoom stereo-microscope and RoBERTS (1993); taxonomy follows PLaTNICK (2006).

: Biological Sciences, Manchester Metropolitan University, Manchester, M1 5GD, UK.
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*School of Earth, Atmospheric and Environmental Sciences, The University of Manchester, Manchester,
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Results and discussion

A total of 413 identified individuals,

g belonging to 38 species (Table 1) were

- captured. Linyphiidae constituted 71%

? .i' of the total species, and more than
6 QK 50% of the total individuals caught.
,p . In their provisional atlas of spider

o distribution throughout the British
/' Qj’ (& < Tsles, HARVEY ef al. (2002) listed 48
Q species recorded for the island. Of the
38 species identified in this survey, 24
had not been recorded previously. This
equates to 63% of the species collected
and generates a new total of 72 species
for the island.

Furthermore, 13 genera and two
families (Gnaphosidae, Zoridae) were
recorded for the first time. Based on
the distribution maps in HARVEY et al.
(2002), none of the new species records
are remarkable finds, because they are
all widely distributed throughout the
UK. However, an increase of 50% in
the known spider fauna for the island
based on such a limited sampling effort

demonstrates a paucity of arachnologi-
Fig. 1. UK mainland; arrow points to the Isle of Mull.

cal faunistic knowledge for this region. Additional sampling using a range of techniques will surely
yield many more species and until this is undertaken this region of the UK must be considered
poorly studied from an arachnological viewpoint.

Table 1. Complete list of spider species known from the Isle of Mull. * = new species record, ** = previ-
ously known species collected again in this study.

Segestriidae Erigonella hiemalis (BLackwaLL, 1834)
Segestria senoculata (LINNAEUS, 1758) *Evansia merens O. P. - CAMBRIDGE, 1900
Theridiidae **Gonatium rubens (BLackwaLL, 1833)

Enoplognatha ovata (CLERCK, 1757) *Gongylidiellum vivum O. P. - CAMBRIDGE, 1875)
**Robertus lividus (BLACKWALL, 1836) Hilaira frigida (THORELL, 1872)
Linyphiidae Hypomma cornutum (BLACKWALL, 1833)

*Agyneta ramosa JACKSON, 1912

Centromerus prudens (O. P. - CAMBRIDGE, 1873)
*Ceratinella brevipes (WESTRING, 1851)
*Ceratinella brevis (WIDER, 1834)

*Dicymbium nigrum (BLackwaLL, 1834)
*Dicymbium tibiale (BLackwaLL, 1836)
Diplostyla concolor (WIDER, 1834)

Erigone arctica (WHITE, 1852)

Microlinyphia pusilla (SUNDEVALL, 1830)

Meioneta nigripes (SIMON, 1884)

*Hypselistes jacksoni (O. P. - CAMBRIDGE, 1902)
*Micrargus herbigradus (BLACKWALL, 1854)

*Monocephalus fuscipes (BLACKWALL, 1836)
Oedothroax agrestis (BLACKWALL, 1853)
Oedothorax gibbosus (BLACKWALL, 1841)
Oreonetides vaginatus (BLackwaLL, 1872)
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Table 1. Continued.

*Palliduphantes ericaeus (BLACKWALL, 1853) Lycosidae

**Palliduphantes pallidus (O. P. - CAMBRIDGE, 1871) Alopecosa pulverulenta (CLERCK, 1757)
*Peponocranium ludicrum (O. P. - CAMBRIDGE, 1861) Arctosa perita (LATREILLE, 1799)
*Pocadicnemis pumila (BLACKWALL, 1841) Pardosa amentata (CLERCK, 1757)
**Saaristoa abnormis (BLACKWALL, 1841) Pardosa monticola (CLErRCK, 1757)
Tapinopa longidens (WIDER, 1834) *Pardosa nigriceps (THORELL, 1856)
*Tenuiphantes alacris (BLAcKwaLL, 1853) **Pardosa pullata (CLERCK, 1757)
*Tenuiphantes cristatus (MENGE, 1866) *Pirata hygrophilus THORELL, 1872
**Tenuiphantes mengei (KuLczyXski, 1887) **Trochosa terricola THORELL, 1856
** Tenuiphantes tenebricola (WIDER, 1834) Pisauridae

** Tenuiphantes zimmermanni (BERTKAU, 1890) Pisaura mirabilis (CLERCK, 1757)
*Walckenaeria cuspidata BLackwaLtL, 1833 Agelenidae

Walckenaeria antica (WipER, 1834) Textrix denticulata (OLIVER, 1789)
**Walckenaeria acuminata BLACKWALL, 1833 Hahnidae

*Walckenaeria nudipalpis (WESTRING, 1851) Antistea elegans (BLACKWALL, 1841)
*Walckenaeria unicornis O. P. - CAMBRIDGE, 1861 **Cryphoeca silvicola (C. L. Kocy, 1834)
Tetragnathidae

**Pachygnatha degeeri SUNDEVALL, 1830
**Pachygnatha clercki SUNDEVALL, 1823
Metellina mengei (BLACKWALL, 1869)

Metellina merianae (ScopoLi, 1763)

Amaurobiidae

Amaurobius similis (BLACKWALL, 1861)
Zoridae

*Zora spinimana (SUNDEVALL, 1833)

Metallina segmentata (CLERCK, 1757) P:nl;dror}x:;dae -
Tetragnatha extensa (LINNAEUS, 1758) Tibellus oblongus (WALCKENAER, )
Thomisidae

Zygiella x-notata (C 1757
ygiella vnotata (CLErcs, ) **Ozyptila trux (BLACKWALL, 1846)

Xysticus cristatus (CLERCK, 1757)
*Xysticus erraticus (BLACKWALL, 1834)

Araneidae
Araneus diadematus (CLERCK, 1757)
Larinioides cornutus (CLERCK, 1757)
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HoBu nannu 3a nasiuurte (Araneae) oT ocTpoB Mbi
(BenukoOpuTanmsi)

C. benem, J[. Ilenu

(Pe31ome)

CrarusiTa TIpescTaBsi pe3yinTaTiTe OT MpOoydYBaHE Ha apaHeodayHaTa Ha IIOTIAHACKUS OCTPOB
Mpsi. Ynosenu ca 38 Buaa masiy, oT kKouTto cemeiictBara Gnaphosidae u Zoridae, TpuHagecer
pomna u ciienHuTe 24 Buaa (mosede ot 60% OT BCHYKK YCTaHOBEHU MpH U3ciensaneTo): Clubiona
compta (Clubionidae); Drassodes cupreus (Gnaphosidae); Pardosa nigriceps, Pirata hygrophilus
(Lycosidae); Xysticus erraticus (Thomisidae); Agyneta ramosa, Ceratinella brevipes, C. brevis,
Dicymbium nigrum, D. tibiale, Evansia merens, Gongylidiellum vivum, Hypselistes jacksoni, Mi-
crargus herbigradus, Monocephalus fuscipes, Palliduphantes ericaeus, Peponocranium ludicrum,
Pocadicnemis pumila, Tenuiphantes alacris, T. cristatus, Walckenaeria cuspidata, W. nudipal-
pis, W. unicornis (Linyphiidae); Zora spinimana (Zoridae), ca HOBHU 3a ocTpoBa. C HaCTOSAIIOTO
n3cieBaHe OpoAT Ha OOWTaBalIMTE OCTPOBA MAsIM JOCTHTra 72 BHZIA, KOETO IPEICTABIsIBA
yBenmaeHue ot 50%. Te3n naHHM MMOKa3Bar, ue apaHeodayHara Ha Mb e Bce oie ciabo mpoydeHa
1 ca HeOOXOIMMH TOTTBIHUTEITHY U3CIIE/IBAaHUS B ObAEIIE.
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New data on jumping spiders in the Republic of Macedonia
with a complete checklist (Araneae: Salticidae)

Marjan Komnenov'

Abstract: The arachnological investigations carried out in the Republic of Macedonia in the last 10 years
significantly increased the knowledge on the jumping spiders (Salticidae). New data on the distribution of 58
species are presented in the paper, among them 17 species and 3 genera are new for the country. The paper
provides also a comprehensive checklist of all hitherto registered Salticidae in Macedonia comprising 81
species. Four species are deleted from the list, as the reason for this action is explained.
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Introduction

The first data concerning jumping spiders of the Republic of Macedonia can be found in the
works of Stoncevic (1907, 1929) and DorLemN (1921). This information was summarized later
by Drensky (1936), who reported 45 species. Further data can be found in the papers of NikoLic,
Porenec (1981), CURCIC et al. (2000), DELTSHEV ef al. (2000), BLAGOEV (2002), KomNeNov (2002,
2003), Lazarov (2004) and FisHEr, AzZARKINA (2005). The present study puts on record the new
material collected in the country in the last 10 years and also provides a critical review of all
available literature data.

Study area and materials

The material was collected by the author in the period 1995-2005 during research expeditions
organised by the Biology Students Research Society. The following regions were visited: Shar
Planina Mt., Bistra Mt., Jakupica Mt., Pelister Mt., Nidzhe Mt., Kozhuf Mt., Ograzhden Mt.,
as well as some other parts of the country. The spiders were collected in different biotopes by
hand (under stones, bark and leaf litter), by pitfall traps and sweeping (meadow). The materials
are preserved in the collection of the author. The taxonomic classification and distribution of the
species follow PLaTnick (2006).

Results

The family Salticidae is represented in Macedonia by 81 species of 32 genera: Aelurillus -
6, Afraflacilla - 1, Asianellus - 1, Ballus - 1, Bianor - 1, Carrhotus - 1, Chalcoscirtus - 2,
Cyrba - 1, Dendryphantes - 2, Euophrys - 3, Evarcha - 4, Heliophanus - 10, Icius - 1, Leptorchestes -
1, Macaroeris - 1, Marpissa - 2, Mendoza - 1, Menemerus - 1, Mogrus - 1, Myrmarachne - 1,
Neaetha - 1, Neon - 2, Pellenes - 6, Philaeus - 1, Phlegra - 4, Pseudeuophrys - 2, Pseudicius - 2,
Saitis - 2, Salticus - 5, Sitticus - 8, Synageles - 3, and Talavera - 3. Seventeen species, Aelurillus
sp. 1, Aelurillus sp. 2, A. m-nigrum, A. laniger, Chalcoscirtus nigritus, Euophrys herbigrada, E.
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rufibarbis, Heliophanus dubius, Icius subinermis, Menemerus semilimbatus, Mogrus neglectus,
Pellenes brevis, Phlegra cinereofasciata, Saitis tauricus, Salticus propinquus, Sitticus dis-
tinguendus, and Talavera aequipes, are new to the Macedonian fauna (marked in the check list
with *) and two species (delurillus laniger and Icius subinermis) are new also to the Balkan
Peninsula (marked in the check list with **),

The species Euophrys gambosa (SiMoN, 1868), Macaroeris flavicomis (Snmon, 1884) and
Pseudicius espereyi FAGE, 1921 are mentioned by Nikori¢, PoLENEC (1981) as species probably
occurring in Macedonia, but their presence has still not been confirmed and therefore they are
not included in the checklist. Nikori¢, PoLeEnEc (1981) and Bracoev (2002) cited Talavera ae-
quipes ludio (SMon, 1871), but the presence of this species in Macedonia is very doubtful and
highly improbable. Its taxonomic status is uncertain as well and needing revision (Logunov pers.
comm., Proszynski pers. comm.). On the territory of Macedonia only Talavera aequipes has been
recorded for sure.

Compared with the number of jumping spiders recorded from the neighbouring countries, e.g.
Greece - 139 species (Bosmans, CHatzaki 2005), Bulgaria - 82 species (DELTSHEV, BLAGOEV 2001)
and Serbia - 49 species (DELTSHEV ef al. 2003) the number of recorded species shows that jumping
spiders in Macedonia are relatively well studied. Further investigations will undoubtedly increase
their number in the country.

ChecKklist of the Salticidae registered in the Republic of Macedonia

*Aelurillus sp. 1
New data: Skopje, Radishani, 13, 03.09.1995.
Distribution: Republic of Macedonia.
Note: It’s very likely a new species (Azarkina, pers.comm.).

*Aelurillus sp. 2
New data: Slandol, rocky site, 300 m alt., 23J, 28.09.2002.
Distribution: Republic of Macedonia.
Note: It’s very likely a new species (Azarkina, pers.comm.).

Aelurillus concolor KuLczyxski, 1901
Literature data: FiSHER, AzARKINA 2005.
Distribution: Central Asia, Iran, Republic of Macedonia.

**Aelurillus laniger Locunov, MaRrusik, 2000
New data: Skopje, Radishani, 13, 04.05.1996.
Distribution: Kazakhstan, Republic of Macedonia.

*Aelurillus m-nigrum Kurczyxski, 1891
New data: Katlanovo, 19, 23.05.1996.
Distribution: Palearctic.
Note: The record in Macedonia is among the westernmost ones (AzARKINA 2002).

Aelurillus v-insignitus (CLErck, 1757)

Literature data: KomneNov, 2002, 2003, FisHER, AZARKINA 2005.

New data: Ograzhden Mt., along the Prevedenska Reka River, 800-1167 m alt., 15,
14.07.2000; Pelister Mt., track to Nizhepole, 1200-1500 m alt., 19, 13.07.2001; Skopje, Vodno
Mt., 900 malt., 13, 05.05.2002; Skopje, Vodno Mt., 900 m alt., 13, 29.10.2002; Plachkovica Mt.,
Lisec, 1764 m alt., 1, 08-20.05.2002; Skopje, Vodno Mt., 900 m alt., 24'J, 26.04.2003; Demir
Kapija, from Stojkova Chuka to Samarot, 550 m alt., 13 299, 21.05.2005.

Distribution: Palearctic.
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Afraflacilla epiblemoides (Cuyzer, 1891)
Literature data: STonc¢evic 1929, DrReNsKY 1936, NikoLI¢, PoLENEC 1981, BLaGoEV 2002.
Distribution: Central and Eastern Europe.
Note: The presence of this species in Macedonia is yet to be confirmed.

Asianellus festivus (C. L. Koch, 1834)
Literature data: Stonc¢evi¢ 1929, DrRensky 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
New data: Katlanovo, 1J, 02.06.2002.
Distribution: Palearctic.

Ballus chalybeius (WALCKENAER, 1802)
Literature data: Stonc¢evi¢ 1929, DrRensky 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
New data: Demir Kapija, from village Dren to Prsti, Quercus coccifera shrubs, 250-350 m
alt., 13, 21.05.2005.
Distribution: Europe, North Africa to Central Asia.

Carrhotus xanthogramma (LATREILLE, 1819)
Literature data: Stoncevic 1929, DrensKY 1929, 1936, NikoLi¢, PoLENEC 1981, BLaGOEV 2002.
New data: Dojran, Zafirka, Quercus coccifera shrubs, 13, 24.04.2005.
Distribution: Palearctic.

Chalcoscirtus infimus (Simon, 1868)

Literature data: DELTSHEV et al. 2000, BLaGOEV 2002.

New data: Bitola, inside military barracks Stiv Naumov, 19, 20-30.06.2000; Kajmakchalan
Mt., exact locality unknown, 19, 07-22.07.2002; village Teovo, near the Babuna Reka River,
19, 17.05.2003.

Distribution: Southern, Central Europe to Central Asia.

*Chalcoscirtus nigritus (THORELL, 1875)
New data: Bitola, inside military barracks Stiv Naumov, 13, 20-30.06.2000.
Distribution: Palearctic.

Cyrba algerina (Lucas, 1846)

Literature data: Stoncevic 1929, Drensky 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.

New data: Slandol, 300 m alt., 433 142 Qjuv., 28.09.2002; Demir Kapija, from village
Dren to Prsti, Quercus coccifera shrubs, 250-350 m alt., 1, 21.05.2005; Slandol, above village
Ulanci, 19, 05.07.2005.

Distribution: From Canary Islands to Central Asia.

Dendryphantes hastatus (CLErRck, 1757)
Literature data: NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
Distribution: Palearctic.
Note: The presence of this species in Macedonia is yet to be confirmed.

Dendryphantes rudis (SunpevaLL, 1833)

Literature data: Stonc¢evi¢ 1929, DReNsKY 1936, BLAGOEV 2002.

New data: Pelister Mt., ski track near Kopanki hut, on tree branches, 233 12, 20.07.2001;
Pelister Mt., near Kopanki hut, meadow, 1%, 07.07.2001.

Distribution: Palearctic.

Euophrys frontalis (WALCKENAER, 1802)

Literature data: Stonc¢evic 1929, Drensky 1936, BLaGoev 2002, Komnenov 2002, 2003,
Lazarov 2004.

New data: Ograzhden Mt., near Ograzhden Peak, 1170 m alt., 19, 13.07.2000; Bitola,
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below Tumbe Kafe, 13 12, 04.06.2000; Bitola, inside military barracks Stiv Naumov, 53, 29-

31.05.2000; Skopje, village Kadino, in garden, 1, 25.05.2001; Skopje, Vodno Mt., 12, 02.06.2001;

Kozhuf Mt., exact locality unknown, beech forest, 1000-1200 m alt., 19, 09-27.07.2004.
Distribution: Palearctic.

*Euophrys herbigrada (Simon, 1871)

New data: Slandol, above village Ulanci, 19, 16.03.2002; Skopje, Vodno Mt., 600-900 m
alt., 29 2, 26.04.2003; village Marvinci, Isarot, hill pasture in Quercus coccifera shrubs, 120 m
alt., 19, 24.04.2005; Dojran, spring area of the Toplec River, 170 m alt., 19, 24.04.2005; village
Mlado Nagorichane, 29 %, 29.04.2005.

Distribution: Europe.

Notes: The material was provisionally identified as E. herbigrada. Males are required to
confirm the presence of the species in Macedonia.

*Euophrys rufibarbis (Simon, 1868)

New data: Bitola, below Tumbe Kafe, 299, 04.06.2000; Karadzica Mt., Orlov Kamen, near
the Patishka Reka River, 19, 19.03.2005.

Distribution: Palearctic.

Notes: Having at disposal only females, the true species identity remains uncertain. Males
are required to confirm the present identification.

Evarcha arcuata (CLERCK, 1757)

Literature data: DRENSKY 1929, 1936, NikoLi¢, PoLENEC 1981, BLaGoEV 2002, Lazarov 2004,

New data: Shar Planina Mt., Ljuboten hut, near road, 1300-1400 m alt., 299, 08.07.1999;
Bitola, below Tumbe Kafe, 19, 04.06.2000; Ograzhden Mt., children’s resort Suvi Laki, near the
Suvolachka Reka River, 1000-1100 malt., 19, 11.07.2000; Ograzhden Mt., along the Prevedenska
Reka River 800-1167 malt., 13, 14.07.2000; Pelister Mt., below Hotel Molika, 1200-1400 m alt.,
19 12.07.2001; Gevgelija, Negorski Banji spa, wetland, 13 39 Q, 09.04.2005.

Distribution: Palearctic.

Evarcha falcata (CLErck, 1757)

Literature data: DRENSKY, 1929, 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002, KOMNENOV
2002, 2003, Lazarov 2004,

New data: Katlanovo, 243 19, 23.05.1996; Jakupica Mt., Gorno Kjule, beech forest, 1500-
1800 m alt., 14, 13.07.1999; Kitka Mt., from village Dolno Kolichani to Kitka hut, 600-1350
m alt., 19, 30.05.1999; Kitka Mt., from village Dolno Kolichani to Kitka hut, 600-1350 m alt.,
292 11.05.2002; village Gabrovnik, Oraov Dol, 13, 19.06.2002; Kajmakchalan Mt., exact local-
ity unknown, 29 9, 07-22.07.2002; Kajmakchalan Mt., from Redir hut to the military barracks,
1600-1800 m alt., 13, 07.2002; village Miravci, 13, 22.05.2005.

Distribution: Palearctic.

Evarcha jucunda (Lucas, 1846)

Literature data: FISHER, AzaRKINA 2005.

New data: Katlanovo, 23&, 23.05.1996; Krivolak, inside military training polygon Kriv-
olak, near the Vardar River, 1J, 05.06.2000; Kozhuf Mt., near the Dlaboka Reka River, 19, 09-
27.07.2004; village Karabunishta, near St. Ilija Monastery, 450 m alt., 13, 30.08.2003.

Distribution: Mediterranean, introduced in Belgium.

Evarcha laetabunda (C. L. Koch, 1846)
Literature data: DrRENsKy 1929, 1936, NikoLi¢, PoLENEC 1981, BLagogev 2002, KoMneNov 2003.
New data: Bitola, inside military barracks Stiv Naumov, 1&, 01.06.2000; Plachkovica Mt.,
Lisec, 1764 m alt., 13, 08-20.05.2002.
Distribution: Palearctic.
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Heliophanus aeneus (Haun, 1832)

Literature data: DRENSKY 1929, 1936, Stoic¢evic 1929, Baum 1930, NikoLi¢, PoLENEC 1981,
Bracogv 2002.

Distribution: Palearctic.

Note: The presence of this species in Macedonia is yet to be confirmed.

Heliophanus auratus C. L. Koch, 1835

Literature data: StoyiCEvIC 1929, DReENSKY 1936, NikoLi¢, PoLENEC 1981, DELTSHEV et al.
2000, BLacoev 2002, Komnenov 2002.

New data: Kitka Mt., from village Dolno Kolichani to Kitka hut, 600-1350 m alt., 19,
30.05.1999; Jakupica Mt., near the Chepleska River to village Nezhilovo, 750-900 m alt.,
799, 18.07.1999; Krivolak, inside military training polygon Krivolak, near the Vardar River,
19, 06.06.2000; Krivolak, inside military training polygon Krivolak, near the Vardar River,
19, 07.06.2000; Ograzhden Mt., near the Bezgashtevska Reka River, 700-1000 m alt., 39 %,
14.07.2000; Pelister Mt., above Neolica hut, meadow, 1500-1700 m alt., 1%, 19.08.2000; Pelister
Mt., village Lavci, near the Lavska Reka River, 800-900 m alt., 1, 26.08.2000; Pelister Mt.,
village Nizhepole, 1000 m alt., 19, 13.07.2001; Pelister Mt., near the Rotinska Reka River, 399
09.08.2001; village Teovo, near the Babuna Reka River, 283 19, 17.05.2003; Deshat Mt., from
military barracks Bitushe to Velivrv Peak, 1149-1500 m alt., 29 %, 20.07.2003.

Distribution: Palearctic.

Heliophanus cupreus (WALCKENAER, 1802)

Literature data: Stoncevic 1907, 1929, DrRensky 1929, 1936, NikoLIi¢, PoLENEC 1981, BLAGOEV
2002, Komnenov 2002, 2003.

New data: Shar Planina Mt., Ljuboten hut, near road, 1300-1400 m alt., 19, 08.07.1997;
Kitka Mt., from village Dolno Kolichani to Kitka hut, 600-1350 m alt., 13, 30.05.1999; Jakupica
Mt., above Cheples hut, meadow with fern, 1450-1500 m alt., 299, 11.07.1999; Bitola, inside
military barracks Stiv Naumov, 1, 29-31.05.2000; Pelister Mt., Hotel Molika, 1200-1400 m alt.,
14, 12.07.2001; Kitka Mt., from village Dolno Kolichani to Kitka hut, 600-1350 m alt., 13 19,
11.05.2002; Plachkovica Mt., Lisec, 1764 malt., 33'J, 17.05.2002; village Gabrovnik, Oraov Dol,
14, 19.06.2002; Veles, Dolgi Rid, 243, 19.06.2002; Kajmakchalan Mt., Chemerika, meadow
in Scots pine forest, 1, 16.07.2002; Kajmakchalan Mt., village Budimirci, near the Trnovchica
Reka River 750 m alt., 13, 21.07.2002; Bushava Mt., Krushevo, near reservoir, 1400 m alt., 13,
02.05.2005; Demir Kapija, from Stojkova Chuka to Samarot, meadow in oak forest, 550 m alt.,
13 12, 21.05.2005; village Miravci, 24'J, 22.05.2005.

Distribution: Palearctic.

*Heliophanus dubius C. L. Kocn, 1835
New data: Kajmakchalan Mt., above Redir hut, Scots pine forest, 19, 19.07.2002.
Distribution: Palearctic.

Heliophanus flavipes (Hann, 1832)
Literature data: Stoncevi¢ 1907, 1929, Drensky 1929, 1936, BLaGogv 2002, KoMNeNov 2003.
New data: Bitola, inside military barracks Stiv Naumov, 19, 20-30.06.2000; Jablanica Mt.,
Krivi Virovi, high-mountain pasture, 1700-1800 m alt., 19, 08.06.2003.
Distribution: Palearctic.

Heliophanus kochii Simon, 1868

Literature data: STonc¢evic 1929, DrRENsKY 1936, NiIkoLI¢, PoLENEC 1981, BLaGoEV 2002.

New data: Bitola, inside military barracks Stiv Naumov, 13, 29-31.05.2000; Bitola, inside
military barracks Stiv Naumov, 13, 20-30.06.2000; Skopje, Stenkovec, quarry, 500 m alt., 13,
20.10.2002; village Teovo, near the Babuna Reka River, 243 19, 17.05.2003.

Distribution: Palearctic.
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Heliophanus lineiventris Simon, 1868

Literature data: Komnenov 2002, 2003.

New data: Jakupica Mt., Gorno Kjule, high mountain pasture, 2000 m alt., 399, 11.07.1999;
Skopje, Kuchevishka Bara, 13, 28.07.1999; Krivolak, inside military training polygon Krivolak,
near the Vardar River, 19, 07.06.2000; Kitka Mt., from village Dolno Kolichani to Kitka hut,
600-1350 m alt., 19, 11.05.2002; Kajmakchalan Mt., Belo Grotlo, pine forest, 1750 m alt., 19,
17.07.2002; Kajmakchalan Mt., high-mountain pasture, 2000-2200 m alt., 1&, 07.2002; village
Teovo, near the Babuna Reka River, 1&, 17.05.2003; Korab Mt., high mountain pasture, 2200
m alt., 243, 07.09.2003.

Distribution: Palearctic.

Heliophanus melinus L. KocH, 1867

Literature data: Stoncevic 1929, Drensky 1936, NikoLi¢, PoLENEC 1981, BLaGOEV 2002,
Komnenov 2003.

New data: Skopje, Radishani, 19, 04.05.1996; Katlanovo, 19, 23.05.1996; Skopje, Kisela
Voda, 433 12, 18.05.1999; Jakupica Mt., beech forest, 1500-1800 m alt. 13, 11.07.1999; Jakupica
Mt., snow patches, high-mountain pasture, 2100 m alt., 19, 13.07.1999; Bitola, Titov Rid, 744
m alt., 23&, 06-10.05.2000; Bitola, inside military barracks Stiv Naumov, 23'J, 29-31.05.2000;
Bitola, below Tumbe Kafe, 19, 04.06.2000; Bitola, inside military barracks Stiv Naumov, 19,
20-30.06.2000; Veles, near the Babuna Reka River, 29 @, 27.05.2001; Katlanovo, 1, 02.06.2002;
village Teovo, near the Babuna Reka River, 13, 17.05.2003; Kozhuf Mt., exact locality unknown,
18, 09-27.07.2004; Dojran, spring of the Toplec River, 170 m alt., 23J, 24.04.2005; village
Mlado Nagorichane, 933, 29.04.2005; Demir Kapija, from village Dren to Prsti, Quercus coc-
cifera shrubs, 250-350 m alt., 1133 692 Q, 21.05.2005; Demir Kapija, from Stojkova Chuka to
Samarot, meadows in oak forest, 550 m alt., 23'J, 21.05.2005.

Distribution: Palearctic.

Heliophanus simplex Sivon, 1868
Literature data: SToncevic 1929, DrReNsKY 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
Distribution: Palearctic.
Note: The presence of this species in Macedonia is yet to be confirmed

Heliophanus tribulosus Simon, 1868
Literature data: Stoncevic 1929, DrensKY 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
New data: Village Marvinci, Isarot, hill pasture in Quercus coccifera shrubland, 120 m alt.,
14, 24.04.2005.
Distribution: Europe to Kazakhstan.

**|cius subinermis (Simon, 1937)
New data: Skopje, Ostrovo, found dead in apartment, 13, 02.02.2002.
Distribution: Western Mediterranean, Germany, Republic of Macedonia.

Leptorchestes berolinensis (C. L. KocH, 1846)

Literature data: Stonc¢evic 1929, DrReNsKY 1936, BLAGoOEV 2002.

New data: Skopje, Vodno Mt., 19, 12.08.1995; Bitola, inside military barracks Stiv Naumov,
19, 20-30.06.2000.

Distribution: Europe to Turkmenistan.

Macaroeris nidicolens (WALCKENAER, 1802)

Literature data: DorLEIN 1921, Stonc¢evic 1929, DrRenskY 1929, 1936, Baum 1930, Bra-
GOEV 2002.

New data: Katlanovo, 1J, 23.05.1996; Bitola, inside military barracks Stiv Naumov, 17,
14-26.05.2000; Bitola, inside military barracks Stiv Naumov, 1J, 29-31.05.2000; Krivolak,
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inside military training polygon Krivolak, near the Vardar River, 13, 05.06.2000; Bitola, inside
military barracks Stiv Naumov, 699, 20-30.06.2000; Pelister Mt., Caparska Preseka, meadow,
1500 m alt., 19, 09.07.2001; Pelister Mt., near Kopanki hut, meadow, 1%, 07.07.2001; village
Gabrovnik, Oraov Dol, 1&, 19.06.2002; Skopje, Vodno Mt., 13, 07.07.2002; Skopje, inside
building of the Institute of Agriculture, 533 4022, 08.06.2005; Slandol, above village Ulanci,
18, 05.07.2005.

Distribution: Europe to Central Asia.

Marpissa muscosa (CLERCK, 1757)

Literature data: DRENSKY 1929, 1936, Stonc¢evic 1929, NikoLi¢, PoLENEC 1981, BLAGOEV
2002, Lazarov 2004.

New data: Pelister Mt., village Lavci, near the Lavska Reka River, 800-900 m alt., 13 12,
26.08.2000; Skopje, Vodno Mt., 13, 01.06.2002.

Distribution: Palearctic.

Marpissa nivoyi (Lucas, 1846)
Literature data: DorLEIN 1921, BLaGOEV 2002.
New data: Katlanovo, wetland, 19, 30.05.2002; Katlanovo, wetland, 59 %, 05.07.2005.
Distribution: Palearctic.

Mendoza canestrinii (NIn~1, 1868)

Literature data: DorLEIN 1921, DreENskY 1929, 1936, Stoncevic 1929, NikoLi¢, POLENEC
1981, BLaGogv 2002.

Distribution: Palearctic.

Note: The presence of this species in Macedonia is yet to be confirmed.

*Menemerus semilimbatus (Haun, 1829)

New data: Skopje, Vlae, 1312, 07.08.1995; Katlanovo, 12, 02.05.1996; Vodno Mt., Pripor,
14, 11.08.2001; Gevgelija, Bogdanci, 13 19 juv., 01.06.2005.

Distribution: Canary Islands to Azerbaijan; Argentina.

*Mogrus neglectus (Simon, 1868)

New data: Krivolak, inside military training polygon Krivolak, near the Vardar River, 19,
07.06.2000; Slandol, above village Ulanci, 1&, 16.03.2002; Slandol, above village Ulanci, 29 2,
23.06.2002; Slandol, above village Ulanci, 599, 05.07.2005.

Distribution: Greece, Republic of Macedonia, Turkey, Israel, and Azerbaijan.

Note: The new localities in Macedonia form the northernmost border of species’ dis-
tribution.

Myrmarachne formicaria (De GEkr, 1778)

Literature data: Stoncevi¢ 1929, DrRensky 1936, BLaGOEV 2002.

New data: Krivolak, inside military training polygon Krivolak, near the Vardar River, 13,
05.06.2000; Skopje, village Kadino, in garden, 13, 01.10.2000; Gevgelija, Nergorski Banji spa,
wetland, 13, 09.04.2005.

Distribution: Palearctic.

Neaetha absheronica Locunov, GuseiNov, 2001

Literature data: FISHER, AZARKINA 2005.

New data: Probishtip, 1, 10.06.1996.

Distribution: Azerbaijan and Republic of Macedonia.

Notes: According to Locunov, GusemNov (2002) the areal of N. absheronica reaches the
Balkan Peninsula in the west. Therefore, all records of N. membrosa in the region should in fact
be referred to this species.
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Neon levis (Simon, 1871)
Literature data: Curcic et al. 2000, BLacoev 2002.
Distribution: Palearctic.

Neon reticulatus (BLAckwaLL, 1853)

Literature data: Lazarov 2004.

New data: Ograzhden Mt., children’s resort Suvi Laki, 1000 m alt., 19, 15.07.2000; Skopje,
Stenkovec, quarry, 500 m alt., 19, 20.10.2002.

Distribution: Holarctic.

*Pellenes brevis Simon, 1868

New data: Village Mlado Nagorichane, 23J, 29.04.2005.

Distribution: Spain, France, Germany, Greece (incl. Rhodos Island), and Republic of
Macedonia.

Pellenes diagonalis (Simon, 1868)
Literature data: FISHER, AZARKINA 2005.
New data: Slandol, above village Ulanci, 13, 16.03.2002.
Distribution: Greece (incl. Corfu Island), Republic of Macedonia, Turkey, and Israel.

Pellenes geniculatus (Simon, 1868)
Literature data: FISHER, AZARKINA 2005.
Distribution: Southern Palearctic, Tanzania, introduced in Belgium.

Pellenes nigrociliatus (Sivon, 1875)

Literature data: Stoncevic 1907, 1929, Drensky 1929, 1936, NikoLi¢, PoLENEC 1981, BLA-
GOEV 2002, KomMNENOV 2003.

New data: Katlanovo, 19, 23.05.1996; Skopje, Zajchev Rid, meadow, 19, 26.05.1999;
Slandol, above village Ulanci, 1, 16.03.2002; Skopje, exact locality unknown, 19, 06.2002;
village Teovo, near the Babuna Reka River, 13, 17.05.2003.

Distribution: Palearctic.

Pellenes seriatus (THORELL, 1875)

Literature data: KomNeENov 2002, Lazarov 2004.

New data: Shar Planina Mt., near Jelak hut, meadow, 19, 07-23.07.1995; Katlanovo, 233,
02.05.1996; Bitola, Titov Rid, 744 m alt., 233, 06-10.05.2000; Skopje, village Petrovec, canal,
1412, 30.05.2002; Kajmakchalan Mt., Chemerika, meadow in Scots pine forest, 19, 16.07.2002;
Kajmakchalan Mt., above Redir hut, Scots pine forest, 19, 19.07.2002; Kajmakchalan Mt., from
Redir hut to military barracks, 1600-1800 m alt., 15, 07.2002; village Teovo, near the Babuna
Reka River 13, 17.05.2003; Kozhuf Mt., Chichi Kjaja, beech forest, 1400-1650 m alt., 19, 09-
27.07.2004; village Miravci, 13, 22.05.2005.

Distribution: Greece, Bulgaria, Republic of Macedonia, Russia, Central Asia.

Pellenes tripunctatus (WALCKENAER, 1802)
Literature data: DELTSHEV et al. 2000, BLAGOEV 2002.
Distribution: Palearctic.

Philaeus chrysops (Popa, 1761)

Literature data: Stoncevic 1907, 1929, Drensky 1929, 1935, 1936, NikoLI¢, PoLENEC 1981 ;
DELTSHEV et al. 2000, BLaGoEv 2002, KomNeNov 2002, 2003, Lazarov 2004.

New data: Katlanovo, 233 49 Q, 23.05.1996; Skopje, Radishani, 13, 30.04.2000; Bitola,
Titov Rid, 744 m alt., 283 19, 06-10.05.2000; Bitola, inside military barracks Stiv Naumov,
14, 20-30.06.2000; Veles, near the Babuna Reka River, 13 19, 27.05.2001; Skopje, Vodno Mt.,
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900 m alt., 18 292, 02.06.2001; Pelister Mt., Jorgov Kamen-Nizhepole, 1200-1500 m alt., 13,
13.07.2001; Pelister Mt., Orlovi Bari-Muza, high mountain pasture, 13 19, 18.07.2001; Kitka
Mt., from village Dolno Kolichani to Kitka hut, 600-1350 m alt., 19, 11.05.2002; Katlanovo, 243
19, 02.06.2002; Kajmakchalan Mt., near Redir hut, 233, 08-22.07.2002; village Teovo, near the
Babuna Reka River, 29 @, 17.05.2003; Bistra Mt., Medenica, 283 299, 06.06.2003; Jablanica
Mt., Krivi Virovi, high mountain pasture, 19, 08.06.2003; Bistra, Tonivoda, 19, 13.07.2003; De-
shat Mt., near Lake Lokuv, 1550 m alt., 19, 20.07.2003; Kozhuf Mt., Alcak, meadow, 1500-1700
m alt., 13, 09-27.07.2004; village Mlado Nagorichane, 19 13 juv., 29.04.2005; Demir Kapija,
from Stojkova Chuka to Samarot, meadows in oak forest, 550 m alt., 13 1%, 21.05.2005.
Distribution: Palearctic.

Phlegra bresnieri (Lucas, 1846)
Literature data: Stonc¢evi¢ 1929, DrRensKy 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
Distribution: Southern Europe to Azerbaijan; Tanzania.
Note: The presence of this species in Macedonia is yet to be confirmed.

*Phlegra cinereofasciata Simon, 1868

New data: Veles, near the Babuna Reka River, 13, 27.05.2001; Katlanovo, village Kozhle -
village Blace, 19, 24.02.2002; Slandol, above village Ulanci, 19, 16.03.2002; Skopje, Vodno Mt.,
600-900 m alt., 13, 26.04.2003; Slandol, above village Ulanci, 12, 05.07.2005.

Distribution: France to Central Asia.

Phlegra fasciata (Hann, 1826)

Literature data: Stoncevic 1907, 1929, DrRensky 1929, 1936, NikoLI¢, PoLENEC 1981, BLAGOEV
2002, KomneNov 2003.

New data: Katlanovo, 18, 19, 02.05.1996; Skopje, Radishani, 19, 04.05.1996; Skopje,
Zajcev Rid, meadow, 13, 26.05.1999; Jakupica Mt., snow patches, high-mountain pasture, 2100
m alt., 19, 13.07.1999; Bitola, Titov Rid, 744 m alt., 19, 06-10.05.2000; Prilep, Markovi Kuli,
meadow, 13, 16-18.05.2000; Bitola, inside military barracks Stiv Naumov, 19, 20-30.06.2000;
Pelister Mt., near Lake Malo Ezero, high mountain pasture, 2100 m alt., 19, 16.07.2001; vil-
lage Gabrovnik, Oraov Dol, 13, 19.06.2002; village Teovo, near the Babuna Reka River, 1J
19,17.05.2003; Gevgelija, Negorski Banji spa, wetland, 13, 09.04.2005; Demir Kapija, from
Stojkova Chuka to Samarot, 550 m alt., 1, 21.05.2005; village Miravci, 13 19, 22.05.2005;
Dojran, Zafirka, Quercus coccifera shurbs, 19, 24.04.2005; Dojran, spring of the Toplec River,
170 malt., 13 19, 24.04.2005; village Mlado Nagorichane, 12, 29.04.2005; village Karabunishta,
near St. Ilija Monastery, 450 m alt., 19, 30.08.2003.

Distribution: Palearctic.

Phlegra lineata (C. L. KocH, 1846)
Literature data: NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
Distribution: Southern Europe, Syria.
Note: The presence of this species in Macedonia is yet to be confirmed.

Pseudeuophrys erratica (WALCKENAER, 1826)

Literature data: Stonc¢evi¢ 1929, DRenskY 1936, BLAGOEV 2002, KomNENov 2003, Laz-
AROV 2004.

New data: Jakupica Mt., beech forest, 1500-1800 m alt. 15, 11.07.1999; Kitka Mt., from
village Dolno Kolichani to Kitka hut, 600-1350 m alt., 15, 11.05.2002; Kajmakchalan Mt., from
Redir hut to military barracks, 1600-1800 m alt., 25'3, 07.2002.

Distribution: Palearctic (introduced in USA).

Pseudeuophrys obsoleta (Simon, 1868)
Literature data: KomNeENov 2003; FiSHER, AZARKINA 2005.
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New data: Kitka Mt., from village Dolno Kolichani to Kitka hut, 600-1350 m alt., 19,
30.05.1999; Jakupica Mt., beech forest, 1500-1800 m alt. 13, 11.07.1999; Bitola, inside military
barracks Stiv Naumov, 13, 29-31.05.2000; Bitola, below Tumbe Kafe, 15, 04.06.2000; Bitola,
inside military barracks Stiv Naumov, 19, 20-30.06.2000; Skopje, village Kadino, garden, 173,
25.05.2001; Veles, near the Babuna Reka River, 29 9, 27.05.2001; Skopje, Vodno Mt., 900 m alt.,
1412, 02.06.2001; Pelister Mt., Orlovi Bari-Muza, high mountain pasture, 220-2350 m alt., 29 2,
18.07.2001; Prespa, Ezerani, 1, 20.04.2002; Kitka Mt., from village Dolno Kolichani to Kitka
hut, 600-1350 m alt., 283, 11.05.2002; Skopje, Vodno Mt., 900 m alt., 19, 26.04.2003; village
Teovo, near the Babuna Reka River, 19, 17.05.2003; Gevgelija, Negorski Banji spa, wetland,
14, 09.04.2005; village Marvinci, Isarot, hill pasture in Quercus coccifera shrubs, 120 m alt.,
18, 24.04.2005; Demir Kapija, from village Dren to Prsti, Quercus coccifera shrubs, 250-350
malt., 19, 21.05.2005.

Distribution: Palearctic.

Pseudicius encarpatus (WALCKENAER, 1802)
Literature data: Stonc¢evi¢ 1929, DrRensKy 1936, NikoLi¢, PoLENEC 1981, BLaGoEvV 2002.
Distribution: Europe to Kazakhstan.
Note: The presence of this species in Macedonia is yet to be confirmed.

Pseudicius picaceus (Simon, 1868)

Literature data: FISHER, AzaRKINA 2005.

New data: Katlanovo, 13, 23.05.1996; Veles, near the Babuna Reka River, 13, 27.05.2001;
Skopje, inside building of the Institute of Agriculture, 08.06.2005.

Distribution: Mediterranean.

Saitis barbipes (Simon, 1868)

Literature data: Stoncevic 1929, DrenskY 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.

Distribution: Mediterranean, Central Europe (introduced?).

Notes: This species has been reported in the country only once, from Skopje (cf. SToncevie
1929) and this record was not confirmed by modern authors. It is very likely due to a misidenti-
fication of S. tauricus, which is a common species in Macedonia (see below).

*Saitis tauricus KuLczyXski, 1905

New data: Skopje, Ostrovo, 19, 11.11.2002; Gevgelija, garden, 283, 19, 06.2003; Skopje,
inside building of the Institute of Agriculture, 19, 01.07.2005.

Distribution: Bulgaria, Greece, Republic of Macedonia, Turkey, Ukraine.

Salticus cingulatus (PANzERr, 1797)

Literature data: Stonc¢evi¢ 1907, 1929, Drensky 1929, 1936, NikoLi¢, PoLENEC 1981, BLA-
GOEev 2002.

Distribution: Palearctic.

Note: The presence of this species in Macedonia is yet to be confirmed.

Salticus mutabilis Lucas, 1846
Literature data: NikoLi¢, POLENEC 1981, BLAGOEV 2002.
Distribution: Europe, the Azores, Georgia, Argentina.
Note: The presence of this species in Macedonia is yet to be confirmed.

*Salticus propinquus Lucas, 1846

New data: Dojran, Zafirka, Quercus coccifera shrubs, 13, 24.04.2005.

Distribution: Mediterranean.

Note: On the Balkan Peninsula this Mediterranean species is known only from Greece and
Macedonia.
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Salticus scenicus (CLERCK, 1757)

Literature data: DReENSKY 1929, 1936, Stonc¢evi¢ 1929, Nikori¢, PoLENEC 1981, BLAGOEV
2002, KoMmneENov 2002.

New data: Shar Planina Mt., near Jelak hut, meadow, 19, 07-23.07.1995.

Distribution: Holarctic.

Salticus zebraneus (C. L. Kocnh, 1837)

Literature data: Stoncevic 1929, DrRensky 1936, NikoLi¢, PoLENEC 1981, BLaGOEV 2002,
Komnenov 2002, Lazarov 2004,

New data: Krivolak, inside military training polygon Krivolak, near the Vardar River, 19,
07.06.2000; Skopje, village Kadino, garden, 1&, 25.05.2001; Ohrid, docks, 13, 15.06.2002;
Skopje, inside building of the Institute of Agriculture, 499, 08.06.2005.

Distribution: Palearctic.

Sibianor aurocinctus (OHLERT, 1865)
Literature data: Stoncevi¢ 1929, DrRensKy 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
Distribution: Palearctic.
Note: The presence of this species in Macedonia is yet to be confirmed.

Sitticus atricapillus (Simon, 1882)

Literature data: Stonc¢evi¢ 1929, Drensky 1936, Nikori¢, PoLENEC 1981, BLagoev 2002,
Komnenov 2002, 2003, KrRoNENSTEDT, Logunov 2003.

New data: Pelister Mt., Kunina Stena, 1900 malt., 23, 10.07.2000; Pelister Mt., from Virovi
to Pelister Peak, 2200-2601 m alt., 243 29 Q, 10.07.2001; Pelister Mt., Pelister Peak, 2601 m
alt., 19, 10.07.2001; Pelister Mt., Shiroka, high mountain pasture, 13, 16.07.2001; Pelister Mt.,
from Lake Golemo Ezero to Lake Malo Ezero, high mountain pasture, 13, 17.07.2001; Pelister
Mt., Orlovi Bari-Muza, 18, 18.07.2001; Bistra Mt., Medenica, 13, 06.06.2003; Bistra, Tonivoda,
283 19, 13.07.2003; Deshat Mt., Velivrv Peak, 2350 m alt., 13 29 9, 20.07.2003; Kozhuf Mt.,
Dlabok Dol, 19, 09-27.07.2004.

Distribution: Europe.

Note: Re-examination of all specimens from Macedonia previously identified as S. zim-
mermanni showed that they belong to S. atricapillus (cf. KRONESTEDT, Logunov 2003).

Sitticus caricis (WESTRING, 1861)
Literature data: Stonc¢evi¢ 1929, DrRensky 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
Distribution: Palearctic.
Note: The presence of this species in Macedonia is yet to be confirmed.

*Sitticus distinguendus (Smvon, 1868)
New data: Skopje, near the Lepenec River, sandy soil, 1&, 03.09.2002.
Distribution: Palearctic.

Sitticus dzieduszyckii (L. Koch, 1870)

Literature data: Stoncevic 1907, 1929, Drensky 1929, 1936, NikoLi¢, PoLENEC 1981, BLA-
Goev 2002.

Distribution: Europe.

Note: The presence of this species in Macedonia is yet to be confirmed.

Sitticus floricola (C. L. KocHu, 1837)

Literature data: Stoncevi¢ 1907, DreNsky 1929, 1936, NikoLi¢, PoLENEC 1981, BLAGOEV
2002.

New data: Deshat Mt., near Lake Lokuv, 1550 m alt., 1, 20.07.2003.

Distribution: Palearctic.
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Sitticus penicillatus (Simon, 1875)
Literature data: SToncevic 1929, DrReNsKY 1936, NikoLi¢, PoLENEC 1981, BLAGoEV 2002.
New data: Katlanovo, 12, 02.05.1996; Bitola, inside military barracks Stiv Naumov, 19,
14-26.05.2000; village Crnichani, Odzheva Cheshma, 160 m alt., 233, 24.04.2005.
Distribution: Palearctic.

Sitticus pubescens (Fasricius, 1775)

Literature data: Stoncevi¢ 1907, 1929, Drensky 1929, 1936, NikoLi¢, PoLENEC 1981, BLA-
GoEev 2002.

New data: Bitola, inside military barracks Stiv Naumov, 13, 29-31.05.2000; Plachkovica
Mt., Lisec, 1764 m alt., 28'J, 08-20.05.2002; Deshat Mt., from military barracks Bitushe to
Velivrv Peak, 1149-1500 m alt., 19, 20.07.2003 Bushava Mt., Krushevo, near reservoir, 1400 m
alt., 13, 01.08.2004.

Distribution: Europe, USA.

Sitticus saltator (O. P.-CAMBRIDGE, 1868)
Literature data: Stonc¢evi¢ 1929, DrRensky 1936, NikoLi¢, PoLENEC 1981, BLaGoOEV 2002.
Distribution: Palearctic.
Note: The presence of this species in Macedonia is yet to be confirmed.

Synageles dalmaticus (KEYSERLING, 1863)
Literature data: DrRENsKY 1935, 1936, NixoLi¢, PoLENEC 1981, BLAGOEV 2002.
New data: Village Miravci, 13, 22.05.2005.
Distribution: Mediterranean.

Synageles hilarulus (C. L. KocH, 1846)
Literature data: Stonc¢evi¢ 1929, DrRensKY 1936, BLAGOEV 2002.
Distribution: Palearctic.
Note: The presence of this species in Macedonia is yet to be confirmed.

Synageles venator (Lucas, 1836)
Literature data: DReENsSKY 1924, 1929, 1936, NikoLi¢, PoLENEC 1981, BLAGOEV 2002.
Distribution: Palearctic, Canada.
Note: The presence of this species in Macedonia is yet to be confirmed.

*Talavera aequipes (O. P.-CAMBRIDGE, 1871)
New data: Village Crnichani, Odzheva Cheshma, 160 m alt., 13, 24.04.2005.
Distribution: Palearctic.

Talavera monticola (KuLczyxski, 1884)
Literature data: CURCIC ef al. 2000, BLaGoEv 2002.
Distribution: Central and Southern Europe.

Talavera petrensis (C. L. Koch, 1837)
Literature data: SToncevic 1929, DRENsKY 1936, NikoLI¢, PoLENEC 1981, BLAGOEV 2002.
Distribution: Europe to Central Asia.
Note: The presence of this species in Macedonia is yet to be confirmed.
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HoBu nanuu 3a ckavaniute nasiy Ha Permyonuka MakenoHus ¢
I'BJICH CIIMCHK HA YCTAaHOBEHHUTE JOCETa BUIOBE
(Araneae: Salticidae)

M. Komnenos

(Pe3rome)

B cratusTa ce cro01aBatT HOBY IaHHU 32 Pa3MpOCTPAHCHUETO Ha 58 BUA Masd OT CEMENHCTBO
Salticidae. Ot Tsx, 17 Buna u 3 poma ca HOBH 3a CTpaHarta, a 1Ba Buna — Aelurillus laniger v Icius
subinermis — ce cp00IIaBaT 3a MbPH BT OT bankaHCcKus momyocTpoB. [IpencraBeH e mbIeH CIIMCHK
Ha Jiocera ycTaHoBeHHTe B MakesioHus BuioBe. UeTupu TakcoHa OT BU0BaTa rpyma — Euophrys
gambosa, Macaroeris flavicomis, Pseudicius espereyi u Talavera aequipes ludio, ca n3KIH04EHU OT
CIHCHKA MMOPAIH JIUIICA HA KOHKPETHU JaHHH 3a TAXHOTO IIPUCHCTBHE B cTpaHara. [IpencraBeHu
Ca ¥ OPUTMHAJIHU JaHHH 33 MECTOOOMTAHUTA HA OTACIIHUTE BUIOBE.
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Spiders in Mangalavanam, an ecosensitive mangrove forest in
Cochin, Kerala, India (Araneae)

Pothalil A. Sebastian', Shourimuthu Murugesan®, Mundackatharappel J.
Mathew', Ambalaparambil V. Sudhikumar', Enathayil Sunish'

Abstract: A preliminary study was conducted to document the spider fauna in Mangalavanam, an ecosensitive
and threatened mangrove forest located in the heart of Cochin City in Kerala state, India. Mangalavanam is
popularly known as the Green Lung of Cochin City. The faunistic survey yielded 51 species of spiders belong-
ing to 40 genera and 16 families. This represents 27% of the total families reported from India. Araneidae
was the most dominant family recording 12 species belonging to 8 genera. On species level, Pisaura gitae
TiKADER, 1970 was the dominant species. Guild structure analysis revealed seven feeding guilds, namely orb
weavers, stalkers, ground hunters, foliage runners, sheet web builders, scattered line weavers and ambushers.
Orb weavers and stalkers were the dominant feeding guilds representing 33% and 29% respectively of the
total collection. The genus Tapponia is reported for the first time from India.

Key words: Mangalavanam, diversity, urban forest, spiders, Tapponia

Introduction

Urban areas in India are faced with excessive population along with the pressure of unplanned
economic development, industrialization, and vehicular emissions. In this paper, we present the
results of a faunistic survey conducted to document the spider diversity in Mangalavanam, an
ecologically threatened urban forest located in the heart of Cochin City in Kerala state, India.

Materials and Methods

Cochin (Kochi) city, acclaimed as the commercial capital of Kerala, Queen of the Arabian Sea,
Gateway of South India, etc., is located on the west coast of India at a latitude of 9° 58’ N and
longitude of 76° 14’ E. Lying at sea level, this port city receives an annual rainfall of 343 cm with
139 rainy days. Temperature ranges from 20°C to 35°C. Mangalavanam, popularly known as the
Green Lung of Cochin City, is a mangrove forest located in the north-west area of the city. This
green belt, with an area of 2.4 ha, also supports many varieties of rare and endemic mangrove
vegetation. Acanthus ilicifolius LINNAEUS, Avicennia officinalis LINNAEUS, Bruguiera gymnor-
rhiza (LINNAEUS) LaMaRrck, Kandelia candel (LINNAEUS) DRUCE, Rhizophora apiculata BLUME
and Excoecaria agallocha LINNAEUS are a few among them (RAMACHANDRAN, MOHANAN 1989).
Mangalavanam was in the limelight recently owing to a series of protests by environmentalists
to protect this area from being turned into a parking zone for vehicles coming to the High Court
of Kerala State.

Spiders were collected from Mangalavanam in February 2005. Collections were made by
a visual searching method following a line transect. Each plant along the transect was carefully

! Division of Arachnology, Department of Zoology, Sacred Heart College, Thevara, Cochin, Kerala 682013,
India. E-mail: drpothalil@rediffmail.com

2 Division of Forest Protection, Institute of Forest Genetics & Tree Breeding, R.S. Puram, Coimbatore 641
002, Tamil Nadu, India
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searched for spiders. Smaller spiders were collected by leading them into tubes containing alcohol
with the help of a brush dipped in alcohol. Sedentary spiders found on the leaf blades, tree trunks
and those on the webs were caught in the jar by holding it open beneath them and by tapping the
spiders into it with the lid. Running and vagabond species such as lycosids were caught by throw-
ing a kerchief over them and carefully holding them with the hand in the folds, then transferring
them to the jars. The collected spiders were preserved in 70% alcohol. Adult males and females
were identified up to species level with the help of available literature (TikaDER 1970, 1977, 1980,
1982, 1987, BARRION, LITSINGER 1995, MuUrpHY, MURPHY 2000). Immature spiders were identified
up to generic level. The scientific names of spiders and their classification follow PLaTNICK (2005).
Voucher specimens were deposited in the reference collection housed with the Arachnology Divi-
sion, Department of Zoology, Sacred Heart College, Cochin, Kerala, India.

Table 1. Total number of families, genera, species composition and functional guilds of spiders sampled
from Mangalavanam urban forest, India.

No. Family No. of genera No. of species Guild
1. Araneidae 8 12 Orb web weavers
2. Clubionidae 1 1 Foliage hunters
3. Corinnidae 1 1 Ground runners
4. Hersiliidae 1 1 Foliage hunters
5. Linyphiidae 1 1 Sheet web builders
6. Lycosidae 2 2 Ground runners
7. Miturgidae 1 1 Foliage hunters
8. Oxyopidae 2 4 Stalkers
9. Pisauridae 1 1 Foliage hunters
10. Salticidae 10 11 Stalkers
11. Scytodidae 1 2 Foliage hunters
12. Sparassidae 1 1 Foliage hunters
13. Tetragnathidae 3 4 Orb web weavers
14. Theridiidae 3 4 Scattered line weavers
15. Thomisidae 3 4 Ambushers
16. Uloboridae 1 1 Orb web weavers
Total 40 51
2% 8%

Results and Discussion
800
’ Spiders representing 16 families, 40
genera and 51 species were recorded
from Mangalavanam during the study
; (Tables 1, 2). This represents 27% of
29% the total families reported from India
(SiLiwAL et al. 2005). Araneidae was
the dominant family constituting 12

12%

B Orb web weavers (33%) B0 Stalkers (29%) species from 8 genera. The Salticidae
Bl Foliage hunters (12%) 1 Ground runners (8%) was represented by 11 species from
[ Scattered line weavers (8%) [ Sheet web builders (2%) 10 genera. On species level, Pisaura

gitae TIKADER, 1970 was the domi-
nant species. Guild structure analysis
revealed seven feeding guilds (UETz
etal. 1999). These are orb web weav-
ers, stalkers, ground runners, foliage
hunters, sheet web builders, scattered line weavers and ambushers (Table 1). Orb web weavers
constituted the dominant feeding guild representing 33% of the total collection (Fig. 1). They are
followed by stalkers and foliage hunters constituting 29% and 12% respectively of the total catch.

1 Ambushers (8%)

Fig. 1. Guild structure of spiders collected from Mangalavanam
urban forest, India.
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Table 2. Checklist of spiders collected from Mangalavanam urban forest, India. * - species endemic to India.

Family Genus/ Species

Scytodiidae Scytodes thoracica (LATREILLE, 1802)
Scytodes sp.

Hersiliidae Hersilia savignyi Lucas, 1836

Uloboridae Uloborus sp.

Theridiidae Achaearanea mundula (L. Koch, 1872)
A. tepidariorum (C.L. KocH, 1841)
Theridion sp.
Theridula angula TIKADER, 1970

Linyphiidae Erigone sp.

Tetragnathidae Leucauge celebesiana (WALCKENAER, 1842)

L. pondae TIKADER, 1970

Opadometa sp.

Tetragnatha mandibulata WALCKENAER, 1842
Araneidae Araneus mitificus (SIMoN, 1886)

A. nympha (Sivon, 1889)

Argiope aemula (WALCKENAER, 1842)

A. pulchella THORELL, 1881

Cyclosa confraga (THORELL, 1892)
Cyclosa quinqueguttata (THORELL, 1881)
Cyrtarachne sp.

Cyrtophora citricola (ForskAL, 1775)
Eriovixia laglaizei (SimoN, 1877)
Gasteracantha geminata (FaBricius, 1798)
Neoscona mukerjei TIKADER, 1980

N. vigilans (BLACKWALL, 1865)

Lycosidae Lycosa sp.

Pardosa sumatrana (THORELL, 1890)
Pisauridae Pisaura gitae TIKADER, 1970"
Oxyopidae Oxyopes birmanicus THORELL, 1887

O. quadridentatus THORELL, 1895
O. sunandae TIKADER, 1970"
Tapponia sp.

Miturgidae Cheiracanthium sp.

Clubionidae Clubiona sp.

Corinniidae Castianeira sp.

Sparassidae Heteropoda sp.

Thomisidae Amyciaea forticeps (O. P.-CAMBRIDGE, 1873)

Thomisus lobosus TIKADER, 1965"

T. pugilis StoLiczkaA, 1869"

Xysticus sp.

Salticidae Asemonea tenuipes (O. P.- CAMBRIDGE, 1869)
Bavia sp.

Carhottus sp.

Cyrba sp.

Hyllus sp.

Menemerus bivittatus (DUFOUR, 1831)
Myrmarachne orientales TIKADER, 1973
M. plataleoides (O. P.-CAMBRIDGE, 1869)
Phintella vittata (C.L. KocH, 1846)
Plexippus petersi (KarscH, 1878)
Telamonia dimidiata (SiMoN, 1899)

The genus Tapponia has been discovered for the first time from India. Also, 7 species collected
from Mangalavanam are endemic to the Indian region (Table 2).

This study brought out the fact that Mangalavanam, the urban forest in Kochi city which is on
the verge of destruction due to rapid urbanization, is an abode of spiders in addition to the multitude
of migratory birds nesting in this mangrove forest. This rich diversity of spiders is also indicative
of the overall biodiversity of this urban forest since spiders are considered to be useful indicators
of the species richness and health of terrestrial ecosystems (Noss 1990) and amply emphasizes the
need for preserving this forest patch intact from a biodiversity conservation perspective.
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[Tasiim (Araneae) B ManraiaBaHaMm — ysi3BUMa MaHTpOBA ropa B
Koxun (Kepana, Muaus)

1I. Cebacmuan, L. Mypyeecan, M. Mamio, A. Cyoxuxymap, E. Cynuw

(Pe31ome)

[IpoBegeHo e MHOHEPHO MpOyYBaHE Ha apaHeodayHaTa Ha yI3BHMAaTa MaHTpOBa Tropa
“ManranaBaHam’”’, HaMUpalla ce B IeHThpa Ha rpag Koxun, mara Kepana B uaus. YcraHoBeHH
ca 51 Buna masiiu, npuHaAIexkamm kKeM 40 poma u 16 cemeiicTBa, KoeTo mpencTasisiBsa 27 % ot
BCHYKH CeMEHCTBa, cpemamy ce B Muamsa. Haii-Ooraro Ha Bumose e cemeiicTBo Araneidae (12
Buga ot 8 pona). [IpeobiamaBamusT B u3cieaBaHus paiioH Bun ¢ Pisaura gitae TIKADER, 1970.
PonwT Tapponia ce peructpupa 3a mbpeu bT B Hams. Ha moBeneHuecka 0CHOBA ca pa3rpaHIdcHA
HSKOJIKO €KOJIOTUYHH THUMA MMaslU-ThKaul Ha KBIOOBHIHHW MPEKU, HA3€MHH JIOBIH, JOBIU B
MOACTHIIKATA, ThKaYl Ha MEIICHOBUIHHA MPEXH, JIOBIM OT 3acana u np. Bumosere, nsrpaxmamm
KBJIOOBHIHN MPEXHU U TE3W, KOUTO AeOHAT KEPTBUTE CH OT 3acaja, JOMHHUPAT B U3CIICABAHUS
paiioH csc choTBETHO 33% 1 29% MpencTaBeHOCT B IsIaTa KOJEKIIHS.
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Preliminary studies on the spider fauna in Mannavan shola
forest, Kerala, India (Aranecae)

Ambalaparambil V. Sudhikumar', Mundackatharappel J. Mathew', Enathayil
Sunish', Shourimuthu Murugesan®, Pothalil A. Sebastian’

Abstract: A pioneering study was conducted to reveal the spider diversity in Mannavan shola Forest in
Kerala state, India. Mannavan shola, the largest Shola patch in Asia, exists in “Western Ghats”, one of the
biodiversity hot spots of the world. A total of 72 species of spiders belonging to 57 genera of 20 families
were collected from this area during this five-day study. This represents 5% of the total families recorded
in India. Guild structure analysis of the collected spiders revealed 6 feeding guilds viz., orb-web builders,
foliage hunters, ground hunters, sheet web builders, scattered line weavers and ambushers. The families
Araneidae, Tetragnathidae, Salticidae and Thomisidae exhibited maximum species diversity. The dominant
family was Araneidae with 17 species. The most striking feature of the spider fauna of Mannavan shola is
the number of new records. About 15 species discovered in Mannavan shola are endemic to Western Ghats
of Kerala. The high species diversity of spiders in Mannavan shola can be attributed to the high diversity of
plants and insects. Because of the complex interaction of various climatic factors such as high rainfall and
humidity, with topographical features, Mannavan shola holds many smaller but diverse environmental niches
which make this shola forest an important centre of speciation in Western Ghats. This is the first report of
the spider fauna from any shola forest in India.

Key words: Mannavan shola, India, spiders, diversity, guild structure

Introduction

Though spiders form one of the most ubiquitous and diverse groups of organisms existing in
Kerala, their study has always remained largely neglected. They have, however, largely been ig-
nored because of the human tendency to favour some organisms over others of equal importance
because they lack a universal appeal (HumpHRIES et al. 1995). Due to high species endemism,
Western Ghats are listed in the 34 ‘Biodiversity hotspots’ of the world (MITTERMEIER ef al. 2005).
Inaccessibility of these forest areas had considerably facilitated its protection. Due to the scarcity
of workers much of the arthropodan diversity in Western Ghats remains unexplored. As a result,
the disappearance of many species remains undocumented. With the extinction of such species any
prospect for their future utilization ceases. Considering the importance of spiders in the natural
suppression of many insect pests and as bioindicators, urgent efforts are needed to understand their
diversity. The present knowledge on the spiders of Western Ghats remains confined to the works
of Pocock (1895, 1899, 1900), HirsT (1909), GrRaVELY (1915, 1935), SHERRIFF (1919, 1927a,b,c),
SivHA (1951), SuBRAMANIAN (1955) and CHARPENTIER (1996). Recently Josg, SEBasTIAN (2001),
Smita (2004), SUGUMARAN et al. (2005), and Josk et al. (2006) tried to document the diversity of
spider fauna in and around Western Ghats. However, there are many works on the vertebrate and

! Division of Arachnology, Department of Zoology, Sacred Heart College, Thevara, Cochin, Kerala 682013,
India. E-mail: drpothalil@rediffmail.com

2 Division of Forest Protection, Institute of Forest Genetics & Tree Breeding, R.S. Puram, Coimbatore 641
002, Tamil Nadu, India
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invertebrate diversity in the Mannavan shola forest (NAR 1991), but there is no work on spider
diversity. The aims of this study were to investigate the diversity of spiders in this shola ecosystem
and to reveal the species richness, endemism, affinity and similarity with other geographic faunas.
Though the study of spiders from Mannavan shola forest is still far from complete, the present
study forms a basis for further investigations on this group.

Materials and Methods

Mannavan Shola forms the largest Shola patch in Asia with an approximate size of 14 km?. It is
located in Idukki district falling within the Marayur Forest range of Munnar Division. Mannavan
shola forest is situated at 10°05° N latitude and 77°05° E longitude and forms a part of Western
Ghats. Elevation ranges from 600 m to 1350 m, with average elevation being 1100 m. Annual
rainfall is 1720 mm, there is more rain in June - August. The vegetation comprises mostly of
southern subtropical hill forests, gradually transforming to the southern montane wet temperate
forests. This type of forest is composed of tree species much stunted in habit with spreading
canopy, twiggy branchlets and foliage of different colours ranging from dark green to purplish,
depending upon the flushing periods of various component species. Wild fauna of this shola forest
is also quite diverse and characteristic and the endemic Nilgiri Tahr is one among them, totally
restricted to the shola-grassland ecosystem and the associated rocky cliffs. Temperature ranges
from a maximum of 17°-25° C with an average of 19°C. This shola was pronounced a reserved
forest with a government order in 1901 (NAIR 1991).

The study was of limited duration extending for five days from December 8, 2003 to Decem-
ber 12, 2003. Bushes, tree trunks, ferns, forest floor, foliage and grass lands were all searched for
spiders and collected by hand picking method as suggested by TikaDER (1987). Global Positioning
System hand unit (GPS) was used to determine the exact geographical locations. The identification
of spiders was done following TikADER (1970, 1977, 1980, 1982), KoH (1996), MurPHY, MURPHY
(2000) and DipPENAAR (2002).

Results

A total of 72 species of spiders belonging to 57 genera of 20 families were collected during the
study (Table 1). Voucher specimens were preserved in 70% ethanol and deposited in a reference
collection lodged with the Division of Arachnology, Department of Zoology, Sacred Heart Col-
lege, Thevara, Cochin, Kerala, India.

Functional groups: The collected spiders can be divided into six functional groups (guilds)
based on their foraging behaviour in the field (Ugtz et al. 1999). The dominant guild was of the
orb web builders (Fig. 1) and it comprised of 30 species of spiders. Spiders of the families Ara-
neidae, Tetragnathidae and Uloboridae fall under this category. Spiders of the category ground
runners formed the next dominant guild in this ecosystem comprising of 13 species of spiders.
Foliage runners (12 species), ambushers (8 species), scattered line weavers (6 species) and sheet
web builders (3 species) are the other functional groups.

Family diversity: Out of the 59 families recorded in the Indian region, 20 families are
discovered in Mannavan shola. This represents 36% of the total families recorded in India. Ara-
neidae was the dominant family in this biome, which is composed of 17 species of 10 genera.
Tetragnathidae was the next dominant family with 10 species of 6 genera. Salticidae (7 species),
Lycosidae (6 species) and Thomisidae (6 species) was the order of dominance of the other major
families in this ecosystem. The families consisting of hunting and wandering spiders represent
55% of the spiders found.
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18%
Orb web builder Ground runner Foliage runner
Ambusher Scattered line weaver Sheet web builder

Fig. 1. Composition (%) of guild structure of spiders collected from Mannavan shola during the study.

Generic diversity: Out of the 252 genera recorded from the Indian region (SiLiwaL ef al.
2005), 57 genera are discovered in Mannavan shola. Maximum generic diversity was found in
Araneidae (10), Salticidae (7), Tetragnathidae (6) and Thomisidae (6). The number of genera
recorded here is higher than that of other major Indian spider studies viz., Andaman and Nicobar
islands — 33 genera, Sikkim — 41 genera and Calcutta — 47 genera (TikaDER 1970, 1977, TIKADER,
Biswas 1981). Genera such as Arachnura (Araneidae); Castianeira, Oedignatha (Corinnidae);
Linyphia (Linyphiidae); Tibellus (Philodromidae); Hyllus, Phintella, Telamonia (Salticidae);
Achaearanea, Argyrodes, Coleosoma, Theridula (Theridiidae); Camaricus, Misumenops, Ozyp-
tila, Pistius, Xysticus (Thomisidae) and Miagrammopes (Uloboridae) are first records for Kerala
state of India.

Species richness: A total of 72 species are discovered from a limited area of 14 km?. This
number is very high compared with other regions like Andaman and Nicobar islands — 65 species,
Sikkim — 55 species and Calcutta — 99 species (TIKADER 1970, 1977 and TIKADER, Biswas 1981).
The above three studies were conducted over a period of one to two years while the present study
was limited to five days.

New records: The most striking feature of the spider fauna of Mannavan shola is the number
of new records. Two species, Oedignatha carli (Corinnidae) and Hyllus diardi (Salticidae), and 2
genera, Neriene (Linyphiidae) and Coleosoma (Theridiidae), were recorded for the first time from
India. A total of 30 species were recorded for the first time from Kerala (Table 1).

Endemism: A total of 252 endemic species of spiders are reported from India so far (SiLiwaL
et al. 2005). Among the collection, 15 species discovered in Mannavan shola are endemic, known
so far exclusively from the Western Ghats of Kerala (Josk et al. 2006). Similarly, 44 species are
endemic to India. Of the 72 species of spiders found in Mannavan shola, 24 species are found to
be endemic to Indo-Srilankan region.

Affinities: The present studies conducted in Mannavan shola revealed that the spider fauna
of this ecosystem bears affinities with Oriental and Palearctic regions. The presence of species
like Cyclosa bifida, Eriovixia excelsa, Gasteracantha dalyi (Araneidae); Leucauge decorata and
Nephila pilipes (Tetragnathidae) bears oriental affinities. A small fraction of species, namely
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Table 1. List of the spiders collected from Mannavan shola. ' - First report from India, " - First report from
Kerala.

No. Family/Species Guild
Araneidae Orb web builder
1. Arachnura” angura TIKADER, 1970
2. Araneus bilunifer Pocock, 1900
3. A. himalayaensis” TIKADER, 1975
4. A. nympha” (SivoN, 1889)
5. Argiope pulchella THORELL, 1881
6. Chorizopes bengalensis TIKADER, 1975
7. Cyclosa bifida” (DOLESCHALL, 1859)
8. C. hexatuberculata™ TIKADER, 1982
9. C. insulana (Costa, 1834)
10. Cyrtarachne sp.
11. Cyrtophora bidenta™ TIKADER, 1970
12. Eriovixia excelsa (StMon, 1889)
13. Gasteracantha dalyi Pocock, 1900
14. G. kuhli C. L. KocH, 1837
15. G. remifera BUTLER, 1873
16. Neoscona mukerjei TIKADER, 1980
17. N. vigilans™ (BLACKWALL, 1865)
Clubionidae Foliage runner
18. Clubiona drassodes CAMBRIDGE, 1874 Ground runner
Corinnidae
19. Castianeira” zetes SIMON, 1897
20. Oedignatha” carli' REIMOSER, 1934
Ctenidae Ground runner
21. Ctenus indicus GRAVELY, 1931
Gnaphosidae Ground runner
22. Poecilochroa sp.
Hersilidae Foliage runner
23. Hersilia sp.
Linyphiidae Sheet web builder

24, Linyphia® urbasae TIKADER, 1970
25. Neriene'sp.

Lycosidae Ground runner
26. Hippasa agelenoides (SMoN, 1884)
27. H. greenalliae (BLackwaLL, 1867)
28. H. lycosina” Pocock, 1900

29. H. olivacea” (THORELL, 1887)

30. Lycosa carmichaeli GrRavELy, 1924
31. Pardosa atropalpis GRavELY, 1924

Miturgidae Foliage runner
32. Cheiracanthium sp.

Oxyopidae Foliage runner
33. Oxyopes birmanicus THORELL, 1887
34, O. shweta” TIKADER, 1970

Philodromidae Ambusher

35. Philodromus sp.

322



A. Sudhikumar et al.: Spiders from Mannavan shola

Table 1. Continued.

No. Family/Species Guild
36. Tibellus™ sp.
Pholcidae Scattered line weaver
37. Artema atlanta W ALCKENAER, 1837
Psechridae Sheet web builder
38. Psechrus torvus (CAMBRIDGE, 1869)
Salticidae Foliage runner
39. Bavia sp.
40. Hasarius sp.
41. Hyllus®™ diardi' (WALCKENAER, 1837)
42. Myrmarachne plataleoides (CAMBRIDGE, 1869)
43. Phintella” vittata (C.L. KocH, 1846)
44, Telamonia” dimidiata (SIMON, 1899)
45. Thiania sp.
Scytodidae Ground runner
46. Scytodes fusca WALCKENAER, 1837
Sparassidae Ground runner
47. Heteropoda phasma Sivon, 1897
48. Olios sp.
Tetragnathidae Orb web builder
49. Herennia ornatissima (DoLEsCHALL, 1859)
50. Leucauge decorata (BLaCKWALL, 1864)
51. L. dorsotuberculata” TIKADER, 1982
52. L. tessellata (THORELL, 1887)
53. Nephila kuhlii* DOLESCHALL, 1859
54. Nephila pilipes (FaBricius, 1793)
55. Opadometa fastigata (SIMON, 1877)
56. Tetragnatha sutherlandi GRAVELY, 1921
57. Dylorida culta” (CAMBRIDGE, 1869)
58. T. ventralis (THORELL, 1877)
Theridiidae Scattered line weaver
59. Achaearanea” mundula (L. Koch, 1872)
60. Argyrodes” gazedes TIKADER, 1970
61. Coleosoma' sp.
62. Theridula® angula TiKADER, 1970
63. Steatoda sp.
Thomisidae Ambusher
64. Camaricus” khandalaensis TIKADER, 1980
65. Misumena decorata” TIKADER, 1980
66. Misumenops™ andamanensis TIKADER, 1980
67. Ozyptila” sp.
68. Pistius” sp.
69. Xysticus™ himalayaensis TIKADER, Biswas, 1974
Uloboridae Orb web builder
70. Miagrammopes™ sp.
71. Uloborus krishnae TIKADER, 1970
72. Zosis geniculata (OLIVIER, 1789)
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Araneus nympha (Araneidae) and Nephila kuhlii (Tetragnathidae) show Palearctic affinities.
Affinities with the island fauna of Sri Lanka are also pronounced. Argiope pulchella, Cyclosa
insulana, Gasteracantha remifera (Araneidae) Tylorida culta, Tylorida ventralis (Tetragnathidae)
are some of the species having Srilankan affinities discovered from Mannavan shola. A total of
16 species recorded in Mannavan shola are widely distributed in South Asia; 6 of these are found
only in the Indo-Srilankan region.

Faunal similarity: Faunal similarity of spiders found in Mannavan shola with other regions
of India is also striking. Artema atlanta (Pholcidae); Myrmarachne plataleoides (Salticidae) and
Nephila pilipes (Tetragnathidae) are species commonly found in the spider fauna of Andaman
and Nicobar islands (Tikaper 1977). Species like Cyrtophora bidenta, Cyclosa insulana (Ara-
neidae); Oxyopes shweta (Oxyopidae); Leucauge decorata, Leucauge tessellata, Nephila pilipes
(Tetragnathidae); Argyrodes gazedes and Theridula angula (Theridiidae) are commonly found
in the spider fauna of Sikkim (TiKADER 1970). Argiope pulchella (Araneidae); Nephila kuhlii, Ty-
lorida ventralis, Leucauge decorata (Tetragnathidae); Phintella vittata and Telamonia dimidiata
(Salticidae) are also found in Calcutta (TIKADER 1981).

Discussion

Of about 1442 species reported from India (SiLiwaL et al. 2005), 72 species have been recorded
from Mannavan shola. The high species diversity of spiders in Mannavan shola can be attributed
to the high diversity of plants (850 spp.) and insects (7500 spp., 65 spp. of butterflies) (Swaru-
PANANDAN ef al. 2000). It can be assumed that a high floral diversity sustains a high faunal diversity
by providing diverse microhabitat especially for invertebrates. Unlike other ecologically impor-
tant zones, there is no previous work to compare the spider diversity. This indicates the need for
further sampling in this area. Because of the complex interaction of various climatic factors like
high rainfall and humidity, with topographical features Mannavan shola holds many smaller but
diverse environmental niches. The presence of diverse habitats like forests, bushes and grasslands
in this ecosystem is further evidence to this. This makes Mannavan shola an important centre of
speciation in Western Ghats.

There are many environmental factors that affect species diversity (RoSENZWEIG 1995).
However, when spiders were divided according to their functional group there was a significant
effect of habitat on the diversity of these groups. The web building and foliage running spiders
rely on vegetation for some part of their lives, either for finding food, building retreats or for web
building. The structure of the vegetation is therefore expected to influence the diversity of spiders
found in the habitat. Studies have demonstrated that a correlation exists between the structural
complexity of habitats and species diversity (HawksworTH, KALIN-ARROYO 1995). Diversity gener-
ally increases when a greater variety of habitat types are present (RiEp, MILLER 1989). UeTZ (1991)
suggests that structurally more complex shrubs can support a more diverse spider community.
DowniE ef al. (1999) and New (1999) have demonstrated that spiders are extremely sensitive to
small changes in the habitat structure, including habitat complexity, litter depth and microclimate
characteristics. Spiders generally have humidity and temperature preferences that limit them to
areas within the range of their “physiological tolerances” which make them ideal candidates for
land conservation studies (RiEcHERT, GILLESPIE 1986). Therefore, documenting spider diversity
patterns in this ecosystem can provide important information to justify the conservation of this
ecosystem.

The most striking result is the surprisingly high diversity in this biome compared with other
biomes that have been surveyed in India. The number of species found here is a lot higher than
in other studies conducted in Western Ghats (SUGUMARAN et al. 2005). However, that study was
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conducted for a period of more than one year and sampling for the present study was done in a
limited number of days only. CuLIN, YEARGAN (1983) noted that the species richness of spiders is
significantly higher in systems that have not been heavily manipulated. Species richness is only one
way of assessing habitat quality. The uniqueness of species compositions, as indicated by levels
of endemism and habitat specialization, is more important in establishing regional conservation
priorities (PLaTnIcK 1991). This shola habitat has a diverse spider community and further research
should be encouraged in this biome. However, to maintain and manage this high diversity biome,
factors other than habitat type need to be identified. Factors at the microhabitat scale, which may be
important in influencing the diversity, need to be investigated. This conclusion is also supported by
existence of 45 endemic and numerous widely distributed species in Western Ghats (SUGUMARAN et
al.2005). In a zoogeographic respect the widely distributed spiders are more dominant. However
the characteristic faunal element is the endemic species. Their number is high and their faunistic
composition reflects the local character of the fauna. Many of the species found in Mannavan
shola are not reported from any other region in India. This phenomenon can be explained by the
relative isolation of Western Ghats provided by mountains in the east and Arabian Sea in the west
(NAGENDRA, GADGIL 1998). Thus the existing data suggest that Western Ghats represents one of
the main centres of speciation in Asia. HoLLoway (2003) observed that conversion of forest to
plantation and other man-induced disturbances lead to reduction in the diversity of invertebrates,
both in species richness and in the taxonomic and biogeographic quality. Being an area of varied
habitat, top priority must be given to the conservation of its rich diversity. This study is the first
survey of shola forest spiders in Western Ghats. It also emphasizes the need for conservation of
this ecosystem by characterizing species diversity and highlighting rare and endemic species in
the sholas. This study serves as a baseline for future study of spiders in shola ecosystems. Such
studies can build upon this one by using additional collecting methods and/or collecting in dif-
ferent seasons. Future studies can build upon this checklist and continue to catalogue the poorly
documented spider fauna and perhaps discover new species along the way.
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[IpenBapurennu npoyuBaHusi BbpXy apaneogaynara (Araneae)
Ha ManagaH Illona (Kepana, Unaus)

A. Cyoxuxymap, M. Mamro, E. Cynuw, I11. Mypyeecan, I1. Cebacmuan

(Pe3rome)

[TpoBeneHo € MMOHEPHO W3CIEABAaHE BBPXY MHasiure, oduraBamu ropara Maunasan Illona B
unauiickus mar Kepana. [To oTHomeHne Ha 6ropasHooOpasueto, Manasas I1lona ce Hapexaa
Cpell CBETOBHO 3HAYMMHTE MECTa Ha IulaHeTara. B pamkuTe Ha riet JjeHa ca cs0panu o010 72 Buaa
nasiy ot 57 poza u 20 cemeiictsa. ToBa nmpeacrarisisa 5% ot 001Iust Opoit Ha BCHUKU CEMEHCTBA B
Wupus. Hait-noOpe ca npencraBenu cemerictara Araneidae, Tetragnathidae, Salticidae u Thomis-
idae, xaro B npoy4eHust paiioH qomuHupa Araneidae cbe 17 Buna. Oxoso 15 Buzaa ce npuemar 3a
ennemutn Ha Kepascku 3ananen ['arc. Bucokoto BU10BO pa3Ho0Opa3ue MpH MasiuTe ce CBbpP3Ba
C BUCOKOTO BHJIOBO Pa3HOOOpa3ue Ha pacTeHUsITa U HACEKOMHTE. AHAJIM3UpaHa € CTPYKTypara
Ha pasjIMYHUTE C€KOJIOT'MYHH TUIIOBE IasAlM, KaTO Ca YCTAHOBCHHU IIECT I'PylH — CTPOUTEIIN Ha
K'BJ'[6OBHI[HI/I MPEKH, JTIOBIH B ITIOACTUJIKATa, HA3EMHH JIOBIIU, CTPOUTECIIN Ha IICJICHOBUIHU MPEKHU,
CTPOUTEIH Ha HEMIPABUIIHK MPEXKHU U JIOBIM OT 3aca/ia.
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New data on the occurrence of Gnaphosa rufula (L. KocH, 1866)
and Gnaphosa mongolica SiMoN, 1895 in Hungary
(Araneae: Gnaphosidae)

Eva Szita', Ferenc Samu', Csaba Szinetdr?, Gyérgy Dudds®, Erika Botos',
Roland Horvath*, Otté Szalkovszki®

Abstract: Several years of study on the spider assemblages of mosaics of grassland habitats in Hungary
revealed that two little known gnaphosid species are both dominant spiders of their particular habitats.
Gnaphosa rufula (L. Koch, 1866) proved to be one of the most dominant spiders in salt marshes and saline
meadows, while Gnaphosa mongolica Simon, 1895 was collected in large numbers on sandy grasslands.
Hungary is their westernmost location. Both species can be collected mainly from April to August.

Key words: spiders, Gnaphosa, habitat preferences, phenology, faunistics

Introduction

Most of the grassland habitats of Hungary are mosaics of agricultural and different types of natural
habitats. These habitats possess their specialised flora and fauna. In the last few years remarkable
attention was devoted to many kinds of natural grassland habitats, e.g. loess steppes, alkaline
grasslands, wet marshes and sandy grasslands from a faunistical and ecological point of view.

Our several years of studies on the spider assemblages of these mosaics of grassland habitats
in Hungary revealed that two, previously little known gnaphosid species are in fact the dominant
spiders of their particular habitats. Gnaphosa rufula (L. Koch, 1866) was found for the first time
in Hungary in 1998 (Dupas 2001, Szita et al. 2000), while Graphosa mongolica Sivon, 1895 was
known earlier from Hungarian and Romanian localities as Gnaphosa spinosa KuLczy§ski, 1897
(BaLoGH, Loksa 1946, 1948, CHyzer, KuLczyNski 1897, Loksa 1987, KEREKES 1988, WEISS, MARCU
1988). This name proved to be the junior synonym of G. mongolica (OVTSHARENKO et al. 1992).
G. mongolica was also known from Kazakhstan, Kyrgyzstan, southern part of Russia, Ukraine
and Mongolia, while G. rufula was found in Kazakhstan and the southern part of Russia; Hungary
seems to be their known westernmost location (OVTSHARENKO et al. 1992, PLaTNICK 2005).

Material and Methods
Collecting places and study years

The sampling sites were located in areas belonging to four national parks: alkaline and sandy
grasslands of Biikk N.P., Hortobagy N.P., Kiskunsag N.P. and Koros-Maros N.P. The surveys

! Plant Protection Institute of Hungarian Academy of Sciences, P.O. Box 102, H-1525 Budapest, Hungary.
E-mail: szita@julia-nki.hu

2 Berzsenyi College, Department of Zoology, Szombathely, Hungary

3 Biikk National Park Directory, Eger, Hungary

4 University of Debrecen, Department of Evolutionary Zoology and Human Biology, Debrecen, Hungary
3 University of Debrecen, Department of Ecology, Debrecen, Hungary
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were carried out between 1998 and 2004. We collected spiders with pitfall traps with the standard
methodology of our previous experiments (SaMu, SAROSPATAKI 1995, TOTH et al. 1996). In the case
of G. mongolica we took into consideration Hungarian literature data as well. Currently these
locations belong to the Duna-Ipoly N.P. For the exact location of the study sites and the years
of sampling see Table 1 and Fig. 1. The nomenclature of plant communities of habitats follows
FekEeTE (1997) and DeviLLERS (2000). The system used by TorT (1976) was adopted for presenta-
tion of phenological data.

" =
A

50 km '@'

Fig. 1. Study sites of Graphosa mongolica () and G. rufula (o). Numbers correspond to those of Table 1.

Results and Discussion

Diagnosis

Genitalia of both species are rather characteristic, easy to distinguish from other Hungarian
Gnaphosa species (G. alpica Sivon, 1878; G. bicolor (HanN, 1833); G. lucifuga (WALCKENAER,
1802); G. lugubris (C.L. KocH, 1839); G. microps HoLm, 1939; G. modestior KuLczyNski, 1897;
G. opaca HErmaAN, 1879) (SaMu, SZINETAR 1999).

The males of Graphosa mongolica can be recognized by the long embolus originating from the
prolateral part of the tegulum and by slightly curved median apophysis with hook-like apical part
(Figs 2 a,b), while females have large diamond-shaped epigynal hood and the spermathecal ducts
are anteriorly extended (Figs 2 c,d). Male body size: 7-9 mm, female body size: 8-11 mm. The
males of Gnaphosa rufula can be recognised by the long narrow embolus with rounded basal
prolateral protuberance and the slim and curved median apophysis (Figs 2 e,f). Females have deep
epigynal atrium with long parallel lateral margins, wide epigynal midpiece and long wide median
ducts of spermathecae (Figs 2 g,h). Male body size: 6-8 mm, female body size: 7-9 mm.

Habitat preferences

Both species prefer xerothermic habitats.

330



E. Szita et al.: Gnaphosa rufula and G. mongolica in Hungary

Gnaphosa mongolica: Specimens were collected in large numbers (85 females, 331 males) in
sandy grasslands and on clearings of Juniper downs on sand (Fig. 1 and Table 1: 1-12). This spe-
cies proved to be one of the most abundant spiders. Values ranged between 1% rank with 37.8% or
16% of all collected specimens of a given area to 7" rank with 4.9%. Their occurrence in adjacent
agricultural fields was not investigated. Sandy grasslands (Festucetum vaginatae) are perennial,
more or less open grasslands dominated by Festuca vaginata or feather grasses (Stipa capillata,
Stipa borysthenica). Juniper downs on sand (Festucetum vaginatae juniperetosum) constitute a
primary successive stage in the colonisation of sand dunes, with groove-like appearance of mosa-
ics of open sandy grassland and juniper (Juniperus communis) shrubs.

Gnaphosa rufula: We collected 205 female and 450 male specimens of G. rufula. This species
proved to be one of the most dominant spiders of saline steppes and saltmarsh meadows (Fig. 1
and Table 1: 13-21). Abundance values ranged between 2™ with 13%-11% of all collected speci-
mens to 8" with 3%. This species may occur also in the adjacent non-saline meadows or cereal
fields, but in negligible amount (1 or 2 specimens per year). The grassy saline steppe (Achilleo-
Festucetalia pseudovinae) and the Artemisia saline steppe (Artemisio-Festucetalia pseudovinae)
are dominant salt-steppe communities of dry soils. The latter developed on more low-laying
surfaces, mostly constituting intermediate belts between grassy saline steppes and rills—alkali

Table 1. Sampling sites, study years and habitats of G. mongolica and G. rufula in Hungary.

Nr. on L National . .
Fig 1 Sampling site park Study years or lit. data Plant community
1 Pocsmegyer DINP (BaLogH, Loksa 1946) Festucetum vaginatae
2 Szigetmonostor DINP (BaLogH, Loksa 1948) Festucetum vaginatae
3 Sashegy /Budapest/ | DINP | (CHyzer, KuLczyNski 1897) ?
4 Csévharaszt DINP (Loksa 1987) Festucetum vaginatae juniperetosum
5 Kunadacs KNP 2001-2002 Festucetum vaginatae
6 Kunbaracs KNP 2001-2002 Festucetum vaginatae
7 Kerekegyhaz KNP (Loksa 1987) Festucetum vaginatae stipetosum
8 Fiilophaza KNP 2001-2002 Festucetum vaginatae
9 Soltszentimre KNP 2001-2002 Festucetum vaginatae
10 Orgovany KNP 2002-2004 Festucetum vaginatae juniperetosum
11 Bugac KNP | (Kerekes 1988),2001-2002 | Festucetum vaginatae juniperetosum
12 Boécsa KNP 2001-2002 Festucetum vaginatae juniperetosum
13 Csanadpalota KMNP 1998-2000 Artemisio-Festucetum pseudovinae
. Puccinellietum limosae + Artemisio-
14 Kiralyhegyes KMNP 1998-2000 uccinellietum limosae : rtemisio
Festucetum pseudovinae
+A4 isio-
15 Fiilopszillds KNP 2001-2002 Camphorosmetum annuae . rtemisio
Festucetum pseudovinae
16 Kunszentmiklos KNP 2001-2002 Artemisio-Festucetum pseudovinae
jo- is +
17 pély BNP 1998-1999 Agrostlzo. -Alopecuretum pratens.zs
Artemisio-Festucetum pseudovinae
+ isio-
17 Jaszivény BNP 1998-1999 Camphorosmetum annuae ‘Artemlsto
Festucetum pseudovinae
18 Heves BNP 1998-1999 Achilleo- Festucetum pseudovinae
o T
19 | Taraszentmiklés | BNP 1998-1999 Artemisio-Festucetum pseudovinac -
Agrostio-Beckmannietum eruciformis
] - 1 +
20 Hajdiiszobosz16 HNP 2004 Achilleo . Festucetum pseudovma?
Agrostio-Alopecuretum pratensis
21 Hortobdgy HNP 2004 Artemisio-Festucetum pseudovinae+
Camphorosmetum annuae
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Fig. 2. G. mongolica: a - male palp, ventral view; b - retrolateral view; ¢ - epigyne; d - spermatheca. G.
rufula: e - male palp, ventral view; f - retrolateral view; g - epigyne; h - spermatheca. Scale lines: 0.1 mm

hollow communities. These rills are eroded shallow depressions with bare or sparsely vegetated
saline soils, dry (Camphorosmetum annuae) or moist (Puccinellietum limosae) in spring and
prone to white salt efflorescences.

Salt-marsh meadow communities (Festuceto-Puccinellietalia) are also associated with saline
steppes. They mainly consist of medium tall often tussock-forming grasses developed on summer-
dry carbonate-poor clay soils (Agrostio-Beckmannietum eruciformis) and on silt accumulations,
in particular of drift lines of larger marshes and along rills (Agrostio-Alopecuretum pratensis).

Phenology

Both species are stenochronous — adult specimens can be collected mainly from April to August
(Fig. 3). Individuals of G. mongolica overwinter in Hungary in juvenile or subadult stages and
the first adult spiders appear at the beginning of April, while most of matures in May. Specimens

332



E. Szita et al.: Gnaphosa rufula and G. mongolica in Hungary

2 & & & 2 ofG rufulaoverwinter mainly as juveniles,

Y S the first adult spiders appear at the end of
— April and most of the individuals mature

in June.
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Hungarian spider fauna can be con-
sidered a well studied one (Samu, SZINETAR
1999). Exploration of special habitats like
the extremely dry sandy grasslands and
a saline steppes, however, lead to surprising
results: the discovery of two poorly known
& & 2 gnaphosid species with a relatively large

% R body size which proved to be the dominant
_— species of their respective habitat. The rea-

sons for previous underestimation of the

amount of these two species in the Hungar-
ian arachnofauna might be the narrow niche
of the species and the sparse data on these
specific habitats. Taking into consideration
b their occurrence in such particular habitats
(DEviLLERS 2000), the presence of G. mon-

Fig. 3. Phenology of G. mongolica (a) and G. rufula (b). golica and G. rufula can also be expected in
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HoBu nannu 3a nasiiure Gnaphosa rufula (L. KocH, 1866) u
Gnaphosa mongolica SIMON, 1895 B YHrapus
(Araneae: Gnaphosidae)

E. Cuma, @. llamy, K. Cunemap, I /Iyoaw, E. bomow, P. Xopsam,
O. Canxoscku

(Pe31ome)

JIBITOroAMIIHUTE U3CTICABAHUS HA MASIMTE, OOUTABAIIM TPEBHH Xa0UTATH B YHrapus, OKa3Bar, 4e
nBa crabo mo3Hatu Buna — Gnaphosa rufula n G. mongolica, ca TOMUHAHTH B HAKOH CIICI(PHIHH
Mectoobutanus. G. rufila e cpen Hail-4ecTO CpellaHuTe BUAOBE MAsl{ OKOJO COJICHH Oiara
u nuBaau, nokaro G. mongolica xvuBee B mechbwinBH nacuiia. M nBara Buga morar ga Obaar
HAMEPEHH B TIEPHO/Ia OT aripuii 10 aBryct. [IpeacTaBeHu ca OpUrHHATHY HIFOCTPALMH HA MBXKH
M )KEHCKH KOITYJIATOPHU OpTraHu, OCHOBABAIIM CE HAa HOBUsI MaTepuai. HoBute Haxonku odopmsit
3araJiHaTa TpaHuIla Ha apealluTe Ha JBara BH/A.
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A contribution to the knowledge of the Turkish spider fauna
(Araneae)

Aydin Topgu', Osman Seyyar', Hakan Demir', Tuncay Tiirkes®

Abstract: Six spider species, Araneus quadratus CLERCK, 1757, Parazygiella montana (C.L. KocH, 1834),
Alopecosa etrusca LUGETTI, TONGIORGI, 1969, Arctosa stigmosa (THORELL, 1875), Heliophanus cupreus
(WALCKENAER, 1802) and Talavera aequipes (O. P.-CAMBRIDGE, 1871), are reported for the first time from
Turkey. Their morphology is briefly described and illustrated.

Key words: new records, Araneus quadratus, Parazygiella montana, Alopecosa etrusca, Arctosa stigmosa,
Heliophanus cupreus, Talavera aequipes, Turkey

Introduction

The spiders of Turkey are insufficiently studied as hitherto only 613 species have been registered
on the territory of the country (Topcu et al. 2005). Taking into account the unique geographic posi-
tion of the country as a bridge between Europe and Asia Minor, a much higher species diversity is
expected, especially when the investigations are laid on a systematic ground. In comparison, the
spider faunas of Bulgaria, Germany, Greece and Russia number 985 (DELTSHEV, BLAGOEV 2001),
925 (KopoNeN 1993), 856 (Bosmans, CHATzAKI 2005) and 1974 species (MikHAILOv 2002), respec-
tively. The present study reports six species new for the Turkish araneofauna. Information about
the species morphology, exact locality and general distributions is provided for each species.

Material and Methods

The material were collected by pitfall trapping, or manually under stones and on plants, and were
preserved in 70% ethanol. The identification and drawings were made by using SZX9 Olympus
stereomicroscope with a camera lucida. The keys of HEMER, NENTWIG (1991), RoBERTS (1995),
and LockeT, MiLLIDGE (1951, 1953) were used for the species’ identification. All measurements
reported in the text are in millimetres. The material is deposited in the Arachnology Museum of
Nigde University (NUAM).

Results

Araneus quadratus CLERCK, 1757
Material examined: 19, Adana province, Belemedik, 15.VI1.2002, found in the grass.

Female: Body length: 12.8; carapace length: 4.52, width: 5.96; length of legs: I - 22.9,
IT-19.5 1I- 14.2, IV - 20.8; leg I: coxa - 1.82, trochanter - 0.98, femur - 6.04, patella - 2.44,

! University of Nigde, Faculty of Science and Arts, Department of Biology, 51200 Nigde, Turkey.
E-mail: aydintopcu@nigde.edu.tr

2University of Hacettepe, Faculty of Science, Department of Biology, 06532 Ankara, Turkey.
E-mail: osmanseyyar@hotmail.com
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tibia- 4.88, metatarsus - 4.72, tarsus - 2.2. Carapace with extremely variable colours: pale yellow
- greenish, orange and reddish-brown; edge darker. Chelicerae - brown. Opisthosoma: usually
greenish-yellow varying to full red-brown, but always with 4 large, white spots. Sternum - elliptic,
black, with bright central spot. Legs - light brown. Epigyne (see Fig. 1).

General distribution: Palearctic (PLaTnick 2006)

Parazygiella montana (C.L. Koch, 1834)
Material examined: 79, Nigde province, 06.VII.2001. Found on tree trunks and rocks.

Female: Body length: 4.96-7.12; carapace length: 1.44-2.04, width: 1.68-2.56; length of legs:
I-6.36-9.58, I - 9.56-12.64, 111 - 4.08-6.44, 1V - 5.14-8.24; leg I: coxa - 0.52-0.86, trochanter
- 0.32-0.58, femur - 1.94-2.5, patella - 0.86-1.12, tibia - 1.38-1.96, metatarsus - 1.12-1.74, tarsus
- 0.74-1.04. Carapace - brown with some white hairs. Opisthosoma - brown-yellowish, with four
black spots. Sternum - oval, faintly sharp at the apex. Legs - yellow but articulary regions are
very dark. Epigyne (see Fig. 2).

General distribution: Palearctic (PLaTNIcK 2006)

Alopecosa etrusca LuGerTi, TONGIORGI, 1969

Material examined: 29 9, Ankara province, 21.V.2004; 12, Osmaniye province, Kadirli
district, Maksutoglu plateau, 22.V.2002. Found on the ground.

Female: Body length: 17.42-18.5; carapace length: 7.92-8.52, width: 5.88-6.16; length of
legs: 1-20.54-23.16, 11 - 19.66-22.78, 111 - 18.96-21.88, IV - 24.84-27.58; leg I: coxa - 2.14-2.32,
trochanter - 1.34-1.66, femur - 5.08-5.84, patella - 1.92-2.32, tibia - 3.78-4.02, metatarsus - 3.94-
4.26, tarsus - 2.34-2.74. Carapace - dark brown, ocular area black, lateral longitudinal bands yel-
lowish, median band light, reticular black stripes in the centre. Opisthosoma - dark brown, with
clear heart-like mark. Sternum - oval, black. Legs - yellow-brown, all coxae blackish, femora
yellow, with black spots. Epigyne (see Fig. 3).

General distribution: Italy to Central Asia (PLaTNICK 2006).

Arctosa stigmosa (THORELL, 1875)
Material examined: 1, Nigde province, 06.V.2001. Found on the ground.

Male: Body length: 7.32; carapace length: 3.82, width: 2.74; length of legs: I - 11.54, 1T
-9.44, 111 - 10.18, IV - 14.22; leg I: coxa - 1.24, trochanter - 0.66, femur - 2.64, patella - 0.95,
tibia - 2.18, metatarsus - 2.34, tarsus - 1.52. Carapace - dark brown, ocular area very dark, me-
dian band not very clear, lateral bands clear, with two black lines between ocular area and fovea.
Opisthosoma - blackish, with yellow-greenish longitudinal band covering half of the opistosoma.
Sternum - oval. Legs - yellowish, covered with fine hairs. Male palp (see Fig. 4).

General distribution: Palearctic (PLATNICK 2006)

Heliophanus cupreus (WALCKENAER, 1802)

Material examined: 13, Ankara province, Kizilcahamam district, 21.V.2003. Found on low
vegetation.

Male: Body length: 3.82; carapace length: 1.98, width: 1.42; length of legs: I - 3.97, 1I -
3.78, 11 - 4.25, IV - 6.22; leg I: coxa - 0.42, trochanter - 0.32, femur - 1.02, patella - 0.44, tibia
- 0.82, metatarsus - 0.58, tarsus - 0.52. Carapace - dark brown-reddish, ocular area - dark brown
or black, covered with some black and white hairs. Opisthosoma - grey, with metallic sheen and
white hairs, with two white spots near the anterior spinnerets. Sternum - oval, black and shiny,
covered with sparse white hairs. Legs - yellow-brown, with femora very dark; black lines present
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Figs. 1-6. 1 — Araneus quadratus CLERCK, 1757: epigyne, ventral view. 2 — Parazygiella montana (C. L.
KocH, 1834): epigyne, ventral view. 3 — Alopecosa etrusca LUGETTI, TONGIORGI, 1969: epigyne, ventral view.
4 — Arctosa stigmosa (THORELL, 1875): male palp: a — ventral view, b — retrolateral view. 5 — Heliophanus

cupreus (WALCKENAER, 1802): male palp: a — ventral view, b — femoral apophyse. 6 — Talavera aequipes
(O. P.-CaMBRIDGE, 1871): epigyne, ventral view. Scale lines: 0.5 mm.
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along both sides of femur and tibia of all pairs of legs. Male palp (see Fig. 5) yellow to yellow-
ish-brown, embolus long, tibial apophysis with a thin process.

General distribution: Palearctic (Bosmans, CHaTzAKI 2005)

Talavera aequipes (O. P.-CaMBRIDGE, 1871)

Material examined: 19, Ankara province, Cubuk district, 16.V.2003. Found under a wil-
low tree.

Female: Body length: 5.42; carapace length: 2.02, width: 1.62; length of legs: I - 4.45, 11
-4.08, III - 4.86, IV - 5.64; leg I: coxa - 0.52, trochanter - 0.42, femur - 1.28, patella - 0.6, tibia
- 0.82, metatarsus - 0.55, tarsus - 0.44. Carapace - dark brown-blackish with some yellowish
hairs, ocular area - black covered with numerous yellowish hairs. Opisthosoma - longer than
carapace; black, with brownish spots, covered with whitish hairs. Sternum - oval, blackish with
a small yellowish area in the centre. Legs - brown-yellowish. Leg I - darker than others. Epigyne
(see Fig. 6).

General distribution: Palearctic (Bosmans, CHatzaki 2005)
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[IpuHoc kM apaneodaynara Ha Typrus (Araneae)
A. Tonuy, O. Ceiisap, X. [lemup, T. Tropkew

(Pe3iome)

3a mppBU BT OT TepUTOpHUATA Ha TypIws ce choOImaBaT WeCT BUAA Hastuu: Araneus quadratus
CLERCK, 1757, Parazygiella montana (C. L. KocH, 1834), Alopecosa etrusca LUGETTI, TONGIORGI,
1969, Arctosa stigmosa (THORELL, 1875), Heliophanus cupreus (WALCKENAER, 1802) u Talavera
aequipes (O. P.-CAMBRIDGE, 1871). IlpencraBenn ca faHHH 32 MOP(OIOTHATA Ha BCEKH €IIH OT
BUJIOBETE, KAKTO M MIFOCTPAlMK Ha TAKCOHOMHYHO BayKHU Oeie3u.
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Detection of Borrelia burgdorferi sensu lato, Anaplasma
phagocytophilum and Spotted Fever Group Rickettsiae in
ticks from the region of Sofia, Bulgaria (Acari: Parasitiformes:
Ixodidae)

Teodora K. Gladnishka', Evgenia I. Tasseva', Iva S. Christova’,
Milko A. NikoloV?, Stoyan P. Lazarov?

Abstract: The aim of this study is to determine the prevalence of a number of bacterial pathogens in ticks
from Sofia region. The data on prevalence for Borrelia, Anaplasma and Rickettsia in ticks can be used to
assess the risk for human health of tick-borne diseases. Up to now, only a few surveys on the presence of
Borrelia and Anaplasma in ticks from Bulgaria exist. Detection of Rickettsia spp. in ticks corresponds to
the risk of tick-borne rickettsioses, because of existence of pathogenic and apathogenic rickettsiae. The high
prevalence of tick-borne pathogens found revealed many cases of co-infections. Our data showed that about
half of the males and one third of the tick females were simultaneously infected with two or three pathogens.
Furthermore, the risk for humans to be infected becomes very high after a long stay of the tick in the skin.

Key words: Ixodes, Rickettsia spp., tick-borne diseases, co-infections

Introduction

Nowadays, tick-borne diseases are of great interest to the medical science. Lyme borreliosis is
the most common tick-borne disease in the Northern Hemisphere. The etiological agent, Bor-
relia burgdorferi sensu lato, is transmitted by Ixodes ricinus LATREILLE, 1795 ticks in Europe. The
complex B. burgdorferi sensu lato, has been divided into a number of genospecies: B. burgdorferi
sensu stricto, B. afzelii CANICA et al., 1994 and B. garini BARANTON ef al., 1992 (BARANTON 1992,
Canica 1993, Jounson 1984). Some other species with still-questionable pathogenicity have been
found in European I. ricinus ticks (WANG 1997, LErLECHE 1997). The anaplasmosis had been a
well known disease of domestic animals until 1980, but later it became associated with human
infection as well. There are many reports of granulocytic anaplasmae-infected /. ricinus ticks —the
main vector of the disease and some polymerase chain reaction (PCR) -proved cases of HGA have
been reported in patients (KArRLsSON 2001, TyLEWsKA-WIERZBANOWSKA 2001).

The etiological agents of rickettsioses belong to the genus Rickettsia divided into two groups:
the typhus group and the spotted fever group. Mediterranean spotted fever is transmitted mainly
by Rhipicephalus sanguineus Latreille, 1806 ticks, and presents itself with tache noire, high
fever, rash, headache, myalgia and arthralgia. Prevalence data for Rickettsia in ticks can be used
to assess the risk of tick-borne disease for public health, because of existence of pathogenic and

! National Center of Infectious and Parasitic Diseases, 26, Yanko Sakazov Blvd., 1504 Sofia, Bulgaria.
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3 Institute of Zoology, Bulgarian Academy of Sciences, 1, Tsar Osvoboditel Blvd., 1000 Sofia.
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apathogenic rickettsiac. Up to now, only a few surveys on Borrelia, Anaplasma and Rickettsia
prevalence in ticks from Bulgaria exist. The aim of this study is to determine the prevalence of
the number of bacterial pathogens in ticks from the Sofia region.

Materials and Methods

The ticks were collected by flagging vegetation in the wooded area of the Sofia region in May
2005. The ticks were determined by sex and stage: 96 females, 70 males, 80 nymphs. The DNA
was extracted using phenol-chloroform as described previously (Curistova 2001). The ticks were
mechanically homogenized in lysing buffer consisting of 10 mM Tris, 1 mM EDTA, 100 pg/ml
proteinase K and 0.5% Soium dodecyl sulfate. After 1h of incubation at 60°C and 10 min of boil-
ing, 5 mM NaCl and 5 mM CTAB were added, and the samples were incubated at 65°C for 20
min. DNA was precipitated with isopropanol, washed with 70% ethanol, air dried, and dissolved
in 10 mM Tris, pHS. All DNA extracts were stored at -20°C until usage. Two microliter aliquots
of the tick extracts were amplified in 25 pl PCRs using B. burgdorferi sensu lato specific primers:
LD primers (Marcont 1992), Anaplasma specific primers LA1/LA6 (WaLLs 2000) and Rickettsia
specific primers Rick 16S For and B-Rick 16S Rev (Curistova 2003b). Each PCR run included
samples containing DNA of the various species as positive controls. Each PCR run also included
negative controls containing PCR mix with water added instead of DNA extract. For typing of
the complex B. burgdorferi sensu lato primers for genospecies were used: B. burgdorfer senso
stricto BB1/BB2; B. garinii — BG1, BG2; B. afzelii — BA1/BA2. All ticks were studied for pres-
ence of Borrelia using dark field microscopy (D.F.M.). A detailed description of the method and
its estimation was published previously (TAssEva 1999)

Results and Discussion

A total of 246 . ricinus ticks were examined. The largest number of ticks harbouring borreliae
was found among the females — 29% (28/96), followed by the males — 19% (13/70) (Table 1). It
was lowest among the nymphs — 10% (8/80). This correlated with the data from other areas in
Bulgaria (Atova 1993, GEorGIEVA 1995) and confirmed the presence of transstadial transmission
of borreliae in ticks. The largest number of B. burgdorferi sensu lato RCR-positive ticks was found
among the males — 40% (28/70). The prevalence of the B. burgdorferi sensu lato complex was
35% (34/96) in females and the least — 14% (11/80) in nymphs. B. afzelii was the predominant
species in the adults with prevalence of 19% (31/166). In the second place was B. burgdorferi
sensu stricto species which was detected in 11% (18/166) of the adult ticks and in 3% (2/80) of
the nymphs. Approximately 2% of the adult ticks and 1% of the nymphs carried simultaneously
more than one B. burgdorferi species. Nineteen percent (32/166) of the adult ticks and 4% (3/80)
of the nymphs harboured Anaplasma phagocytophilum.

Thirty one percent (52/166) of the adult ticks and 16% (13/80) of the nymphs were found
to carry Rickettsia species. Our data showed good correlation between positive results from two
methods: D.F.M. and PCR. The adults were more infected than nymphs. The differences were
due to the different sensitivity and specificity of the two methods.

Three kinds of co-infections were found in 1. ricinus: Borrelia + Rickettsia, Anaplasma +
Rickettsia, and Borrelia + Anaplasma. Borrelia and Anaplasma co-infections in ticks have been
reported by a number of authors (Schoul s 1999, Jenkins 2001, Baumgarten 1999). Co-infections
with these pathogens in patients have been confirmed by studies in the USA, Europe (Tissot-
Dupont 1994, Nadelman 1997). Nineteen percent (18/96) of triple infections with agents were
found in the females, 27% (19/70) - in the males, and 1% (1/80) - in the nymphs. Up to now only
a few surveys on Borrelia and Anaplasma prevalence in ticks from Bulgaria have been carried
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Table 1. Distribution of Borrelia, Anaplasma and Rickettsia species in Ixodes ricinus ticks.

No (%) | of ticks
Positive results: Female Males Adults Nymphs
(n=96) (n=70) (n=166) (n=80)
D.F.M. Borrelia 281 (29) 13] (19) 41 (25) 8| (10)
PCR Borrelia 341 (3% 28 | (40) 62| (37 11 (14)
burgdorferi sensu
lato
PCR Borrelia 8 10 18 2
burgdorferi sensu
stricto
PCR Borrelia 18 13 31 4
afzelii
PCR Borrelia 5 5 5
garinii
PCR Borrelia 3 5 8
unspeciated
PCR, ticks, infected 3 3 1
with two Borrelia
species
PCR Anaplasma 251 (26) 71 (10) 321 (19) 3 “)
phagocytophilum
PCR Rickettsia 231 (24) 29| (41) 521 (3D 13| (16)
species
PCR Borrelia + 8 ®) 71 (10) 15 ) 2 3)
Rickettsia
PCR Anaplasma + 4 @) 10, (14) 14 ®) 2 3)
Rickettsia
PCR Borrelia + 3 3) 1 (€9 4 2)
Anaplasma
PCR Borrelia 18| (19) 19, (27 370 (22) 1 €))
+ Rickettsia +
Anaplasma

out (Christova 2001, 2003b). The high prevalence of tick-borne pathogens found revealed many
cases of co-infections. Our data showed that about half of the males and one third of the females
were infected simultaneously with two or three pathogens. Furthermore, the risk of human infec-
tion is very high due to the long stay of ticks in the skin.

However, co-infections with three microorganisms — Borrelia, Anaplasma and Rickettsia were
found more frequently than co-infections with two microorganisms (Christ ova 2003a). There was
a remarkable difference between prevalence rates established for the different sexes of the adult
ticks. It is unclear what is causing these changes and whether they have any biological significance.
Changes in prevalence are probably determined by many factors: animal reservoirs, temperature,
humidity, etc. B. afzelii was the most common Borrelia species in all ticks that correlates with
the most common clinical manifestation of late Lyme borreliosis in Bulgaria - neuroborreliosis
(Stoilov 1995). Some of the Ixodes ticks were co-infected with different genera and/or species
of the same genus. These ticks may be infected with multiple tick-borne pathogens which prede-
termines a possibility of simultaneous transmission during a single tick bite. The results of this
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study show that many tick-borne diseases are probably endemic in Bulgaria. Further investiga-
tions based on molecular-biological methods will be useful to reveal the regional characteristics
of these microorganisms.
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YcranossiBane Ha Borrelia burgdorferi sensu lato, Anaplasma
phagocytophilum u puKkeTCUU OT TpyIaTa Ha METHUCTUTE
Tpecku B Kbpuexu (Acari: Parasitiformes: Ixodidae) ot paiiona
Ha rpag Codus (bbarapus)

T I'naonuwxa, E. Tacesa, U. Xpucmosa, M. Huxonos, C. Jlazapos

(Pe3rome)

LenTa Ha MPOyYBaHETO € Jla YCTAaHOBH Pa3NpOCTPAHEHUETO Ha HAKOM OaKTEepUallHH MaTOTeHH B
KbpJIexu ot paiiona Ha rpag Codus. lanante 3a Hanmuuerto Ha Borrelia, Anaplasma v Rickettsia
B TAX Ca OT TOJISIMO 3HAYEHUE MIPU OLICHKATa Ha PUCKa OT 3apa3sBaHe Ha YOBEKa ChC ChbOTBETHATA
nHpeKMs, npeaaBana upe3 Kbpiieskure. Jlo MOMEHTa IPOyYBaHUsI 3 3apa3eHOCTTa Ha KbPIIEKUTE
¢ Borrelia n Anaplasma B cTpaHara ca J0cTa OCKBIHU. YCTaHOBSIBAHETO Ha BUIOBE OT PO
Rickettsia cpOTBETCTBAa Ha PUCKA OT NPUYMHEHHUTE OT KBPJICKH PUKETCHO3U. [onemusar Opoit
MaTOreHH NT0Ka3Ba HAJTMYUETO Ha B3aUMHO 3apassiBaHe. Pe3ynraruTe mokaspar olie, 4e NOJIOBUHATA
OT MBXKHTE M €IHa TpeTa OT KEHCKHUTE KBPJEKHU ca 3apa3eHH C JIBa WM TPU MH(EKIHO3HH
areHra egqHoBpeMeHHO. OCOOEHO BUCOK € PUCKBT 3a 3apa3siBaHe Ha YOBEKa IPH IBJIBI IPECTOH
Ha KbpJIeXa BEPXy KOXKara.
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